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TheeditingofahandbookofresearchonTheoryandPracticeofEnergyandEnvironmentalFinance
(EEF)ismoreexcitingandchallengingthaneverbefore.Thepastfewdecadeshavebeeneventfulfor
theEEF,especiallyforCarbonEmissions,Sustainability,EnvironmentalPollution,CarbonMarkets,
EnergyPricingtonameafew.TheseterminologieshavebecomeabuzzwordfromG20toWorldEco-
nomicForumtoglobalandnationaleconomicagendas.TodaytacklingtheproblemsofEEFisbeing
consideredakeyissueindevelopedanddevelopingcountriesalike.

INTRODUCTION

“We have met the enemy and they are ours” - Oliver Hazard Perry, 1813

Mankindiswitnessingdisastrouseffectsofclimatechangethatarecontinuingtowreakhavoc.The
ecosystemsareaffectedbyhumaninterventionsthatincludetheuseoffossilfuels,industrialemissions,
wastedumpingintooceans,deforestationtonameafew(Olayungboet al.,2022).Alltheseinterventions
areresultedindevastatingfloods,meltingofglaciers,riseintemperature,droughts,cyclones,hurricanes,
degradationofecosystems,reductioninwetlands,lossofbiodiversity,airpollutionetc.Thefrequency,
scaleandseverityofalltheseclimatichazardsareincreasingdaybyday.

POLLUTION AND HEALTH

“Environmental Pollution is an incurable disease. It can only be prevented” - Barry Commoner

Alargenumberofcountriesarerelyingonfossilfuels(oil,gasandcoal)basedenergyresources(which
represents80%oftheenergyconsumed)fortheireconomies.EnergySectorCoal-firedbasedenergy
isoneofthebiggestreasonsforCO2emissions.Coalburningisnotonlycontributingtotheongoing
climatecatastrophebutalsoharmingthehealthofthepeople(Rehmanet al.,2022).Airpollutionisthe
leadingcauseofdeathsanddisabilities.Pollutedaircontainscarbondioxide,carbonmonoxide,lead,
sulphurdioxideandotherpollutants.Indevelopingcountriesaround42percentofallstrokecases,car-
diovasculardiseasesandlungailmentsareduetopoorairquality(Bhatti,2021).Forexample,annual
coal-relatedairpollutiondeathsinSouthAfrica(whichisthe12thlargestCO2emitterintheworld)is
about2300asreportedbyenvironmentaljusticeNGOgroundwork.
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Despitetheclimatecrises,manycoal-producingcountries(especiallyAfricaandtheGlobalSouth)
areoftheviewthattheyshouldhavetheirturninbenefitingfromtheircoalreserves.Inthisregard,
Zimbabweisgoingtoopenitsnewcoalminestomeetitsenergyneeds(Mwareya,2021).Despiteall
thesefacts,manycountriesarepledgedtoreducecoalusage.ThesecountriesincludeChina,Chile,India,
PolandandVietnam(Aliet al.,2021).

MIGRATION AND DISPLACEMENT

Climate-drivenmigrationisalsoanemergingissue.In2020,around40.5millionpeopleweredisplaced
duetoclimate-driveneventslikefloods,droughts,hurricanes,sealevelrising,extremewildfireswith
hightemperaturesetc.Globalresiliencystrategiesforclimatechangeandresettlementpathwaysfor
climate-displacedpersonsarealsoindiscussion.ProPublicaandPulitzerCenteraredevelopingmodels
toestimatetheeffectofclimatechangeonmigration.

Figure 1. Carbon emissions per capita by country
Source: Visualcapitalist.com (2021)
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DAMAGES CONTROL PLANS

Environmental Conventions/Accords/Indices

Eradicationofenvironmentalpollutionandallofitsformsthroughaholisticapproachofawareness,
preventionandenforcementistheneedofthehour.Forafewyears,nationalandinternationalorga-
nizationsbasedindifferentcountriespositionedthemselvesintheglobalfightagainstenvironmental
pollution.Coastalcitiesarealsoplanningtobuildseawallsduetorisingsealevelsduetothereduction
inthicknessofmulti-yearicesheetsoftheArctic(Hunziker,2022).Thesebodieshavebeenworking
withthegovernmentstostreamlinethelegalframeworks,regulatoryinstitutions,capacitiesofthestates
andstandardization(Rafay,2021).Similarly,manyinternationalConventions/Treaties/Standardsforthe
environmenthavebeensignedandimplemented.Variousindicesareusedtomeasuretheperformance
ofenergyandtheenvironment.

Figure 2. Coal power plant capacities
Source: Visualcapitalist.com (2021)
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Conservation

Conservationpoliciesforasustainableenvironmentareimportantinordertomaintainanaturalbal-
anceintheecosystems.Manydevelopingcountriesaretryinghardtofocusonnature-basedsolutions
torestoreeco-system.AnidealexampleistheeffortsofPakistan,whichhasgainedglobalrecognition
fortheprojectslike“10billiontreetsunami”(whichisexpectedtosequester148.76MtCO2by2030),
“Recharge Pakistan”, REDD+, Sustainable Forest Management, Generating Global Environmental
Benefits(GGEB),“CleanandGreenPakistan”,EcosystemRestorationFund,ProtectedAreaInitiative
(Ahmed,2021).TheNationallyDeterminedContributions(NDCs)ofPakistansubmittedbeforethe
beginningofthe26thConferenceofParties(COP26)oftheUnitedNationsFrameworkConventionon
ClimateChange(UNFCCC)showsthatthecountryhasalreadyledtoan8.7%decreaseinemissions
during2015-2018.ThegovernmentofPakistanhasplans to increase thenumberofprotectedareas
from12%to15%by2023andinitiate20yearsprogramtoreducefloodriskintheIndusBasin(Aliet 
al.,2021).UndertheumbrellaoftheGlacierLakeOutburstFlood(GLOF-II)RiskReductionProject,
fiveartificialglaciersaredevelopedintheGilgit-BaltistanprovinceofPakistantomitigatetheeffectof
climatechange(Abbasi,2022).However,thedownsideofforcedconservationmayresultinignoranceof
fundamentalrights,deprivationoflivelihood,displacementfromancestrallands,lossofculturalvalues,
theconflictbetweenstateandpeopleandcommodificationattheexpenseofconservation(Shimshali,
2021).Otherissuesaretheburningofagriculturefieldresidues,brickkilnsandvehicularandindustrial

Figure 3. Expected climate migration by 2050
Source: Statista (2021)
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emissions.Moreover,limitingglobalwarmingto1.5oC,asdecidedinGlasgowClimatePact,isnotan
easytask.Renewableenergysystemslikesolarpanels,windturbines,electriccarsneedalotofmetals
likegraphite,lithiumandcobalt.Therenewablesystemswillrequireabout3billiontonsofthesemetals
tokeepthetemperatureat1.5oCby2050(Dunbaret al.,2022).Untilalloftheabove-saidissuesare
addressed,theworldwillcontinuetolagbehindinsustainableenergyandtheenvironment.

Table 1. Important environment related frameworks/treaties and accords

Frameworks/Treaties/Accords Year of 
Adoption Purpose and Main Features

UnitedNationsFrameworkConventiononClimate
Change(Signedby150countries) 1992

•Foundationalclimateagreementthathasprovidedtheplatform
formostsubsequentinternationalclimateagreements(Kuh,
2018)

KyotoProtocol 1997 •ReductionofGreenhousegasesconcentration

IntergovernmentalPanelonClimateChange(IPCC) 2007 •Projectstheincreaseinglobalmeantemperature

ParisAgreement 2016
•Keep1.5oCtemperaturebytheendofthecentury
•AdaptiontoClimateChangeEffects
•MobilizationofsufficientClimateFinance

EUtaxonomy 2020

•PurposeistomeettheEU’sclimateandenergytargetsfor
2030
•Aclassificationsystem,establishingalistofenvironmentally
sustainableeconomicactivities
•Createsecurityforinvestorsandprotectprivateinvestorsfrom
greenwashing,
•Helpcompaniestobecomemoreclimate-friendly,mitigate
marketfragmentation
•Helpshiftinvestmentswheretheyaremostneeded

EuropeanGreenDeal 2020
•Nonetemissionsofgreenhousegasesby2050
•Economicgrowthdecoupledfromresourceuse
•Nopersonandnoplaceleftbehind

GlasgowClimatePact 2021
•KeepalivetheParisagreementtargetof1.5oCtemperature
•Phase-downthecoalusage
•Availabilityofclimatefinancefordevelopingcountries

GlasgowLeadersDeclarationonForestsandLand
Use
(Pledgedby120countries)

2021 •Haltandreversede-forestationby2030

BeyondOil&GasAlliance(BOGA)
(Pledgedby23countries) 2021 •Oil&GasPhase–out

•Inclusionofclimateeducationinnationalcurriculums

TheGlobalMethanePledge-US&EU
(Pledgedby100countries) 2021 •Reduceglobalmethaneemissionsbyatleast30%by2030

Source:AuthorsCompilation
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Technology

CleanEnergyportfoliosarecombinationsofrenewableenergy,efficiency,demandresponseandbattery
storage(Stone,2022).Inthisregard,technologyisalsoplayingasignificantrole(Rafay,2019).Thereis
adireneedtoinvestininnovativetechnologiestomanageenvironmentalpollution.Emergingtechnol-
ogylikeDirectAirCapture(DAC)isusedtosuckCO2outoftheatmosphere.Currently,ORCAplant
inIcelandistheworld’slargestcarbon-capturingplantcapturing4000tonsofCO2annually.Another
alternativetechnologyisBio-EnergywithCarbonCaptureStorage(BECCS).Butthesetechnologiesare
facingissueslikescarcityoffreshwater,large-scaleplantsandhighcapturingcost(Whalley,2021;Reza

Table 2. Important energy and environment related indices

Index Organization Main Features

EnergyTransitionIndex
(ETI) •WorldEconomicForum •Benchmarks115countriesontheperformanceoftheirenergy

systems

Environmental
SustainabilityIndex
(ESI)

•YaleCenterforEnvironmentalLawand
Policy
•CenterforInternational
EarthScienceInformationNetwork
(CIESIN)
•WorldEconomicForum
•JointResearchCentre
EuropeanCommission

•Ameasureofoverallprogresstowardsenvironmental
sustainability
•Providesacompositeprofileofnationalenvironmental
stewardshipbasedonacompilationofindicatorsderivedfrom
underlyingdatasets

Environmental
PerformanceIndex
(EPI)

•YaleCenterforEnvironmentalLaw&
Policy

•providesadata-drivensummaryofthestateofsustainability
aroundtheworld
•offersascorecardthathighlightsleadersandlaggardsin
environmentalperformance
•providespracticalguidanceforcountriesthataspiretomove
towardasustainablefuture

Source:AuthorsCompilation

Figure 4. Emissions and expected warming by 2100
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&Tularam,2022).Talksareinprogressaboutfindingwaysofshiftingfromfossilfueltoinvestments
inrenewable(wind,solar)andcarbon-neutralenergies(Garcia,2022).RecentlyBelgiangovernment
decidedtoshutdownsevenofitsnuclearplansby2025infavourofotherenergyresources.Instead,the
governmentshallinvestEuro113milliononnew-generationsmallmodularreactorswhichareclimate-
friendly.Inordertoimprovetheenergysystemperformanceandsustainableoutcomes,Sweden,Norway
andDenmarkareputtinginplaceregulatoryenvironments,diversifiedenergymixandcost-effective
energypricingmethodologies(Shah,2021).Eco-innovationslikeGreenHydrogenandFloatingwind
turbinesarealsoinfocusasacarbon-freesourceofenergy(Lane,2021).Inordertode-carbonization
of the industrialprocessespeciallycement,UKresearchersdevelopeda low-temperatureprocessof
limestonedecarbonizationtodrasticallycutthecarbonemissionofcementmanufacturing(Haneinet 
al.,2021).Inasimilarmove,researchersofRMITAustraliahavedevelopedacarbondioxideutilization
technologytocapturecarbondioxideandconvertittosolidcarbon(Kaszubska,2022).

Climate Finance

Climatefinancetakesacenterstageinallglobalclimatemeetings.Thisterminologyisbroadlyusedto
describefundingforactivitiesthathelptoslowtheclimatechange(Telle,2021).ClimateFinancemay
begeneratedbilateral/multilateralconcessionallendingfromthePublicandPrivatesectors.Inorderto
enhancetheadaptioncapacitiesofdevelopingcountrieswithoutcollapsingtheireconomies,thedevel-
opedcountriesshouldcommitclimateadaptionfunds(Kiranmai,2022).Forexample,atleastUSD750
billionarerequiredannuallybythe“GlobalSouth”toswitchtosustainableenergyresources(Mwareya,
2021).OverUSD100billionpledgedbythedevelopedcountriesduringParisAgreement2015isstill
notfulfilled.InApril2021,theUSPresidentaskedcongressforUSD861millioninaidtoGuatemala,
HondurasandElSalvadorforresiliencetoclimatechange(Moss,2021).

Anotherissueistheavailabilityoffinancetobuildseawallsduetorisingsealevels.Forexample,
in theUS, theestimatedcosts tobuildCharlestonseawall (8miles),Miami-Dadeseawall (1mile),
NewYork-NewJerseyHarborseawall(6miles)areUSD2billion,USD4.6billionandUSD119billion
respectively(Hunziker,2022).AcostofUSD400billionisrequiredtobuildseawallsineverycoastal
communityintheUS(CCI,2022).

Trillionsofdollarsarerequiredtoavoidclimatecatastrophe(Baraldiet al.,2021).Theroleofprivate
capitalisessentialtoslowclimatechange.InternationalfinancialinstitutionsagreedtoalignUSD130
forthispurpose.ClimatetechinnovationstoreduceemissionsrequireapproximatelyUSD150trillion
overthenextthirtyyears(BCG,2021).VentureCapitalistsarerequiredtodrivebreakthroughclean
technologies(Pitchbook,2021).Blendedsourcesofpublicandprivatecapitalarenecessarytoachieve
a“NetZero”future.

WHAT THE ENVIRONMENTAL GURU SAID?

BerryCommoner(1917–2012),anAmericanecologist, is famousforprimitivescholarlyworkon
ecology.Hewasthefatherofthemodernenvironmentalmovement,publiccampaignsagainstnuclear
testingandchemicalpollution.AsreportedbyNewYorkTimes,hewasaleaderamongagenerationof
Scientist-Activist.Hisoutstandingbook“The Closing Circle: Nature, Man and Technology”,published
in1971,isoneofthemostcitedbooksonthedamageoftheecosphere.Inthefirstchapterofthisbook,
hedescribedthefourlawsofecology(Commoner,1971):
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1. Everythingisconnectedtoeverythingelse;
2. Everythingmustgosomewhere;
3. Natureknowsbest;and
4. Thereisnosuchthingasafreelunch

Thefinalhypothesisofthebookreadsasfollows:

“Restore to nature the wealth that we borrow from it”

CONCLUSION

Thetransitiontoagreeneconomymustbeaccelerated.Globalgovernmentsareattheforefronttodevise
planstomanagethechallengesofenergyandtheenvironment.Robustpublic-orientedgreenenergy
policiesarebeingdevelopedtoreducetheclimate-inducedrisksinaswiftmanner.In2021,cleanen-
ergymadeup46%oftheNetPublicPowerGenerationofGermany(Lewis,2022).Inordertomove
towardscleanenergyforabetterandsustainableenvironment,variousstepsarerequiredlikeinvest-
mentsinrenewableenergy(sunlight,wind,rain,tides,waves,andgeothermalheatetc.),protectionof
naturaleco-system,marineconservation,climateadaption,resiliencebuilding,re-forestation(reversal
ofdeforestation),de-carbonization,mobilizationofclimatefinancing,endoffossilfuelsubsidies,re-
ductioninmethaneemissions,endthesaleoffossilfuel-poweredheavy-dutyvehicles(by2040),reach
netzero-emission(by2050),promotionofzero-emissioncarsandvans,phasingoutorphasingdown
coal,putapriceoncarbonandpromotionofeco-tourism(Talpur,2021).AsperInternationalEnergy
Agency,iftheworldhastoreachnet-zerocarbonemissionsby2050,animmediatehalttoinvestment
intheextractionofhydrocarbonsisrequired.

Figure 5. Climate adaption investment
Source: UNCTAD (2021)
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Inanutshell,thetransitiontoacarbon-neutralfutureisontheactiveagenda.Worldwideawareness
regardingalltheabove-saidissuesisimportant.Inthisregard,UNO’sflagship“WorldEnvironmental
Day”takesplaceeveryyearon5thofJune.In2021,theUNdecadeonEcosystem2021-2030isalso
launched.

Figure 6. Solar power in global energy mix
Source: Visualcapitalist.com (2021)
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CONTEXT AND ORGANIZATION OF THIS VOLUME

Regardlessofwhetheryouareabeginneroraseasonedresearcher,thishandbookofresearchwilldeepen
thediscourseaboutenergyandenvironmentalfinance.Iamhopefulthatthishandbookofresearchis
afascinatingandinvaluableguideforunderstandingthetheory,practiceandcasesofenergyandenvi-
ronmentalfinance.

Thishandbookofresearchisorganizedintotwosectionsthatconsistofeighteenchaptersbywriters
fromseventeencountries.Forty-sixauthorscontributedfromdisparatepartsoftheworld:

• Europe:UK,Spain,Germany,Croatia
• Americas:Brazil
• Middle East:Turkey
• Asia:Taiwan,China,India,Pakistan,KuwaitandMalaysia
• Africa:SouthAfrica,Nigeria,Tanzania,Ghana,Morocco

Section1addressesEnergyFinancewithasetoftenchaptersauthoredbywritersfromtheUK,Tan-
zania,India,Kuwait,SouthAfrica,Ghana,Croatia,Turkey,MalaysiaandNigeria.Section2addresses
EnvironmentalFinancewithasetofeightchapterscontributedbyauthorsfromSpain,China,India,
Pakistan,Brazil,Taiwan,Turkey,Germany,Morocco,PakistanandNigeria.

InSection1,thefirstchapter,“Investor-StateDisputeSettlement(ISDS)inEnergySector:APoison-
ousGiftforDevelopingCountries,”byDelphineDefossezofNorthumbriaUniversity,UK,elaborates
that inorder topalliateanyabuse towards the foreign investors,astrongprotectionframeworkwas
developed;theso-calledinvestor-statedisputesettlement(ISDS)coupledwiththearbitration,whichis
currently,putstheinterestsofprivatecorporationsabovetheneedsofthepopulation.Thesecondchapter,
“Microfinance,EnergyPoverty,andSustainability:TheCaseofTanzania,”byPendoShukraniKasoga
andAmaniGrationTegambwageofTheUniversityofDodoma,Tanzania,discusstheuseofmodern
energysourcesforotherpurposes,butnotforcooking,issignificantlyinfluencedbyhouseholdsize.
Microcreditscustomizedforcontemporaryenergysourcesshouldbeimplementedtocombatenergy
poverty.Thethirdchapter,“FinancialAssessmentModelforEnergyStreams:EvidenceFromtheMiddle
East,”bySJithenderKumarNaikandMalekHassanpourofOsmaniaUniversity,India,contendsthatthe
energyassessmentinanyindustrial/engineeringprojectisanimportantaspectofprojectidentification
intheEnvironmentalImpactAssessment(EIA)planandtheapplicationoftheDEAmodelishighly
recommendedformanagingenergystreamsintheEIAplan.Thefourthchapter,“DistributionalEffects
ofReductioninEnergySubsidy:EvidenceFromKuwait,”byAyeleUlfataGelanandAhmadShareef
AlAwadhiofKuwaitInstituteforScientificResearch,Kuwait,examinesthedistributionaleffectsofenergy
subsidyreductioninKuwait.ThestudyconcludedthatthewelfaregainsamongKuwaitinationalswere
progressive;thelower-incomegroupsgainedmorethanhigher-incomegroups.Thefifthchapter,“Oil
PriceShocksandIncomeInequality:EvidenceFromtheUS,”byXinSheng(AngliaRuskinUniversity,
UK)andRanganGupta(UniversityofPretoria,SouthAfrica)investigateslinearandnonlinearimpulse
responsesoftheUnitedStates(US)householdincomeinequalitytooilpriceshocks.Thenonlinearim-
pulseresponseresultsrevealsomeevidenceofheterogeneousresponsesofincomeinequalitytooilprice
shocksbetweenhigh-andlow-oil-dependentUSstates.Thesixthchapter,“FDI,EnergyConsumption,
andInstitutionalQuality:TheCaseofAfrica,”byJosephDeryNyeadi,KannyiriThadiousBanyenof
SDD-UBIDS,GhanaandSimonAkumboEugeneMbilla(UniversityofEducation,Ghana),highlights
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thatforeigndirectinvestment(FDI)andfinancialsectordevelopment(FSD)arehighlyrecommended
fordevelopingcountries.ItisthereforecriticalandimportanttoexaminetheimpactofbothFDIand
FSDonenergyconsumption.Theseventhchapter,“CorporateIntegratedReporting:AnOverviewof
GRIStandards,”byValentinaVinšalekStipićofPolytechnicNikolaTesla,Croatia),explainsthatthe
goalofeverycompanyshouldnotbeprofitexclusivelybutalsopublicwelfareandsocialresponsibility.
ReportingonCSRisnecessarybecausecompaniesneedtoberesponsiblefortheimplementationofits
principles,aimedatprotectingtheinterestsofstakeholders.Theeighthchapter,“RenewableEnergy:
AnOverviewforInternationalLegislation,”byNimaNorouziofYashaHoldings,Turkey,discusses
thattheproliferationofinternationalinstrumentscoupledwiththeuncertaintyoftheprinciples/rulesof
internationallawregardingthedevelopmentofrenewableenergysources,necessitatestheconsideration
ofaninternationallawapproach.Theninthchapter,“FDIandtheGapofCleanPowerFinance:TheCase
ofAfrica,”byAhmedRashed,YongChenandSiew-VoonSoonoftheUniversityofMalaya,Malaysia,
discussesthattwindeficitsinenergyandfinancingareextensivelydetrimentalinAfricawhichinturn
entailsforeigndirectinvestment(FDI)tobeeffectivelypromoted.Improvingrenewableenergyeducation
withthetimelyavailabilityofdatapromotesawarenessinsocietyandthusmayfacilitatethedevelopment
ofthecleanpowerindustryinAfricainthenearfuture.Thetenthchapter,“EconomicGrowth,Energy
Consumption,andCarbonEmissions:TheCaseofNigeria,”byDavidOluseunOlayungbo(Obafemi
AwolowoUniversity,Nigeria)AyodeleAdekunleFaiyetole(FederalUniversityofTechnology,Nige-
ria)andAdenikeAnikeOlayungbo(ObafemiAwolowoUniversity,Nigeria)examinestheinteractions
amongenergyconsumption,economicgrowth,andcarbonemissionsinNigeria.Itisrecommendedthat
theNigeriangovernmentshouldcontinuepursuingemissionsreductionpolicies,suchastheNationally
DeterminedContributions(NDCs).

InSection2,theeleventhchapter,“EconomicValuationandCostofAirPollution,”byDoloresHidalgo
andSergioSanz-BedateofCARTIFTechnologyCentre,Spain,discussesthatairpollutionhashuge
economicconsequencesforsociety,includingreducedworkhours,increasedhealthcarecosts,andlost
householdincome.Itisproposedtocarryoutapublicpolicystrategytointernalizethecostsofpollution.
Thetwelfthchapter,“CarbonFinancingandSustainableDevelopmentMechanism:TheCaseofChina,”
byPoshanYu(SoochowUniversity&AustralianStudiesCentre,ShanghaiUniversity,China),YueWen
WengandAashrikaAhuja,discussesChinahasbeenoneofthelargestglobalemittersofcarbondioxide.
Policiesandmeasuresrelatedtocarbonfinancearebeingcontinuouslypromulgated,andanationalcarbon
emissiontradingmarkethasbeenestablished.Thethirteenthchapter,“TechnologicalInnovationand
FinancializationforEnvironment:TheCaseofPakistan,”bySamiaNasreen,LahoreCollegeforWomen
University,Pakistan,andAbdulRafay,UniversityofManagement&Technology,Pakistan,examinesthe
asymmetriclinkbetweentechnologicalinnovationandfinancializationinPakistan.Basedonempirical
evidence,theresearchemphasizesthesuitablechannelizationoffinancialinstitutionstowardsenviron-
mentallyfriendlyprojectsandformulationofthosepoliciesthatencourageenergy-efficienttechnologies.
Thefourteenthchapter,“DeterminantsofCarbonEmissionPrices:EvidenceFromtheEuropeanUnion,”
bySolangeKileber,JavierToro,MatiasRebelloCardomingo,LucianodaSilva,MarcioIssaoNakane
andVirginiaParenteofUniversityofSaoPaulo,Brazil,explainsthatcarbonemissionallowancesare
consideredanimportantpolicyinstrumenttopreventanundesirableincreaseintheEarth’stemperature
causedbytheexcessofgreenhousegasesintheatmosphere.Theresultsdepictedthatthemostrelevant
variablesaffectingtheallowancespricesweretheregulatorymeasuresthatmainlyrestrictthenumber
of allowances available. The fifteenth chapter, “Environmental Performance and Capital Structure:
EvidenceFromAsia,”byNaiweiChen(NationalChiayiUniversity,Taiwan)andMin-TehYu(National
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YangMingChiaoTungUniversity,Taiwan)examinestheeffectofenvironmentalperformance(EP)on
thecapitalstructureoffirms.Amorein-depthanalysisfurtherrevealsthatthefinancialsystemplays
amoreimportantrolethanthelegalsystemindeterminingtheeffectofEPonleverage.Thesixteenth
chapter,“EnvironmentalPolicyandFDIInflows:EvidenceFromOECDCountries,”byMuhammed
SehidGorus(AnkaraYildirimBeyazitUniversity,Turkey)andErdalTanasKaragol(BerlinEducation
AttachéofTurkey,Germany)explorestheimpactofenvironmentalpolicystringencyindex(EPS)on
FDIinflowsin26OECDcountries.ItwasdeterminedthatenvironmentalpoliciescauseFDIinflows
in12outof26countries.Theseventeenthchapter,“CarbonFinancialMarket:TheCaseofEUTrading
Scheme,”byAdilElAmri,SalahOulfarsi,AbdelhakSahibEddine,AbdelbariElKhamlichi,Yassine
HilmiofChouaibDoukkaliUniversity,Morocco,AbdelmajidIbenrissoul,AbdelouahadAlaouiMdaghri
ofHassanIIUniversity,Morocco,andRachidBoutti(IbnZohrUniversity,Morocco)explainsthedrivers
forcarbonpricesrelatedtoinstitutionaldecisions,energypricesandweatherevents.Thestudyfocuses
onpricechangesintheEU,asbeingthemostliquidcarbonasset.Theeighteenthchapter,“FDIand
EnvironmentalDegradation:EvidenceFromaDevelopedCountry,”byBurcuBahceciBaskurt(Izmir
KatipCelebiUniversity,Turkey),SabanCelik(IzmirKatipCelebiUniversity,Turkey),AbdulRafay
(UniversityofManagement&Technology,Pakistan)andTayoOke(AfeBabalolaUniversity,Nigeria),
highlightsthefactorsaffectingenvironmentalquality.FDIinflowsarefoundtoaffectecologicalfootprint
negatively,meaningthatitdecreasestheenvironmentaldeteriorationinthelongrun.

Ithankthecontributorsandalsotheexternalreviewerswhohavepatientlycritiquedthesechaptersto
meettheminimumacceptablestandard.WhilethepublisherandtheEditor(myself)haveusedtheirbest
effortsinpreparingthisbook,theymakenorepresentationsandwarrantieswithrespecttotheaccuracyor
completenessofthecontentsofthisbookandspecificallydisclaimanyimpliedwarrantiesofmerchant-
abilityorfitnessforaparticularpurpose.Thestrategiesorsuggestionsorwhatsoevercontainedinthis
bookmaynotbesuitableforanyspecificsituationforwhichanyoneshouldconsultwithaprofessional,
whereappropriate.NeitherthepublishernortheEditorshallbeliableforanylossofprofitoranyother
commercialdamages,includingbutnotlimitedtospecial,incidental,consequential,orotherdamages.

Abdul Rafay
University of Management and Technology, Pakistan 
March 2022
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ABSTRACT

The creation of an international energy market has brought along new challenges. In order to palliate any 
abuse towards the foreign investors, a strong protection framework was developed: the so-called investor-
state dispute settlement (ISDS) coupled with the arbitration. Recent cases have, however, highlighted that 
private institutions are becoming so powerful that they can prohibit states from implementing changes 
without being threatened by arbitral proceedings. This threat works as a limitation of state sovereignty. 
Currently, the system puts the interests of private corporations above the needs of the population. ISDS 
in the energy sector has always been a poisoned gift for developing countries.

INTRODUCTION

The increasing liberalisation of markets coupled with more developed technologies and a decrease in 
trade barriers have led to an international energy market. To fulfil the need of this market, energy com-
panies have to invest massively to extract minerals, oil, and gas. Those investments are often situated in 
developing economies with sometimes unstable political regimes. In order to mitigate any abuse towards 
the foreign investors on the part of the host state, a solid protection framework was developed, called the 
investor-state dispute settlement (ISDS) (Garcia, Ciko, Gaurav, & Hough, 2015).

As Zhan (2016) noted, “Originally, the ISDS mechanism was designed to ensure a neutral forum 
that would offer investors a fair hearing before an independent and qualified tribunal, granting a swift, 
cheap and flexible process for settling investment disputes”. Indeed, ISDS allows the foreign investors 
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to bypass national jurisdiction and solve the dispute before a tribunal of supposedly neutral arbitrators 
selected by the parties (AMES, 2015). To best fit those requirements, arbitration has been regarded as 
the ‘best option’ because it is a “speedy disposition of differences through informal procedures without 
resort to court action.” (Firmin vs. Garber, 1977). Arbitration is also regarded as fairer, as national courts 
could be biased towards the state. In addition to being considered more appropriate, arbitration is less 
expensive. However, this statement should be nuanced; arbitration is not always cheaper than litigation; 
it actually depends (Phelps Gay, 2018).

ISDS coupled with arbitration is regarded as providing strong protection for those foreign investors is 
necessary to avoid any unlawful exploitations and negative financial consequences (Gaitis et al., 2017). 
Without such protection, states could easily expropriate investors without compensation and on dubious 
grounds. Indeed, those arbitral clauses are often found in bilateral investment treaties (BITs) or multilat-
eral frameworks, such as the Energy Charter Treaty (ECT). Moreover, energy projects are characterised 
by complex and capital-intensive deals with long-term transactions and investments. Consequently, the 
energy sector has always been a fertile ground for investment disputes.

This standard protection has, nevertheless, sparked public outcry and opposition due to the outcomes 
it generates. Public perception is that foreign investors, which are often large corporations, are granted 
too much power. Additionally, private arbitral tribunals, which are often pro-investors, are not legiti-
mate in balancing private profits with public interests. Consequently, the use of private arbitration in 
State-investors disputes is becoming increasingly questioned and faces great opposition, resulting in a 
legitimacy crisis.

In addition to being increasingly questioned, it is also regarded as disadvantageous, especially for 
developing countries and indigenous communities. The Gold Reserve v. the Bolivarian Republic of 
Venezuela1 ruling probably best exemplifies this increasing problem. Similarly, the Cosigo Resources v 
Colombia, on mineral extraction, demonstrated the powerful nature of arbitration. In addition to being 
forced to pay millions in compensations, Colombia was prohibited from setting a natural reserve. These 
recent cases highlight that governments from developing states are in a weaker position compared to big 
international corporations. Additionally, those agreements put indigenous rights at risks because these 
native populations are often part of the contracts but are affected by them. In fact, private arbitration in 
investor-state dispute limits state sovereignty2 in a hidden manner.

While protection of investors is necessary, such protection has evolved into a form of state sovereignty 
limitation as foreign investors can directly challenge a measure if such measure is believed to violate 
the said BIT (Salacuse, 2015). In fact, recent cases have highlighted that private institutions are becom-
ing so powerful that they can prohibit states from implementing changes without being threatened by 
arbitral proceedings (Alvarez, 2011; Arato, 2015).3 This phenomenon has been referred to as regulatory 
chill, whereby governments do not enforce or enact measures due to concern about potential litigations, 
therefore threatening the host state’s regulatory power (Thakur, 2021; Tienhaara, 2018; Bonnitcha, 2014; 
Tienhaara, 2011). This article goes a step further and claims that arbitral clauses in ISDS limit state sov-
ereignty to revoke previously granted concessions without incurring a duty to compensate. The potential 
to interfere with state sovereignty flows from the limitation on regulatory powers, which are an integral 
part of sovereignty (Van Harten & Loughlin, 2006). Indeed, under international law, states have a right 
to implement their economic, social and political system.4 By signing an IIA, states are bound by some 
obligations towards foreign investors; however, such obligations should not be so extensive as to restrain 
the right to regulate important aspects without having to compensate foreign investors. The Vattenfall v 
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Germany quite clearly demonstrates that it is not only about regulatory power but also limiting state’s 
actions to meet the population expectations and, therefore, limits state’s sovereignty.

At the same time, exploration contracts are extremely lucrative for countries, especially developing 
economies, and require security for investors. Normal litigation would not bring this kind of security 
and stability because it would mean that a dispute against a state would be determined by the courts 
of that state applying that country’s laws. The chances of things going wrong are, therefore, very high. 
However, other dispute resolution mechanisms exist that might offer a better balance and avoid granting 
private companies’ undue power to limit state sovereignty (Paldi, 2020). It is, therefore, time to review 
whether arbitration is really that advantageous for developing countries or whether it has always been 
a poisoned gift.5

WHY ARBITRATION IS THE PREFERRED METHOD OF 
DISPUTE RESOLUTION IN THE ENERGY SECTOR?

Compared to traditional court proceedings, arbitration is a less public dispute resolution scheme. Indeed, 
arbitration can be divided into two types; state-supervised model, where the voluntary character of 
arbitration can be removed, and private arbitration, where parties have complete freedom to engage in 
arbitration (Van Harten, 2007). The State’s only role in a private arbitration model is to guarantee that 
agreements to arbitrate will be legally binding. The latest has been the prevailing method in the energy 
sector. It is often said that the energy sector is largely responsible for driving the growth of international 
arbitration (Rowley, 2020).

Arbitration requires a private third party to decide a dispute between two litigants, binding them on 
the outcome (Ashenfelter & Iyengar, 2009). As such, arbitration is a creature of consent because parties 
are only bound by it if they have agreed on its use to settle their dispute. Additionally, only matters au-
thorized, or at least not expressly prohibited by law, can be arbitrated, meaning that not all disputes can 
be resolved using this mechanism. The inherent advantages of being flexible, confidential, autonomous, 
professional and enforceable means that arbitration might be beneficial for energy claims (Moses, 2012).

Some view arbitrations as a kind of lex mercatoria; however, the efficacy of an award depends on 
the legal framework where this award is to be enforced. As Reisman and Richardson (2012) noted, “[…] 
international commercial arbitration, no less than arbitration within nation-states, while conducted in 
the sphere of private law, is a public legal creation whose operation and effectiveness is inextricably 
linked to prescribed actions by national courts” (p. 17). As such, arbitration’s legitimacy contains two 
components: first, the legal authorization allowing parties to empower a third party to decide their dis-
pute, and second, the agreement between the parties to empower the third party.

Although arbitration developed as a private mechanism of dispute resolution, some mechanisms have 
evolved in a way that it becomes the only de facto method for solving disputes. As Lillich and Brower 
(1994) noted,

By and large, parties to international transactions choose to arbitrate eventual disputes not because 
arbitration is simpler than litigation, not because it is cheaper, not because arbitrators may have greater 
relevant expertise than national judges, although any one of those factors might be of interest; they 
arbitrate simply because neither will suffer its rights and obligations to be determined by the courts of 
the other party’s state of nationality. 
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The increasing liberalisation of markets coupled with more developed technologies and a decrease 
in trade barriers have led to an international energy market. This international market has driven foreign 
direct investment and the need for complex agreements to protect those investments. Indeed, the energy 
sector features capital-intensive transactions involving multiple jurisdictions and often requiring a per-
mit from states. Energy projects typically require a licence or concession from the host state because 
exploration involves sovereign resources. The international nature and intrinsic business complexity 
coupled with the high business risk also mean a higher risk of disputes. Disputes between States and 
companies can, therefore, involve multiple contracts and parties. Finally, projects are often long-term 
in nature and highly sensitive to regulatory changes, requiring extensive protection for investors. Since 
“energy investments are often made in countries providing less stability and security than the inves-
tor’s host state,” foreign investors are looking for certainty through the inclusion of arbitration clauses 
(Brueckner, 2020; Akgul, 2008).

To best adapt to the need of the parties and face the new challenges created by this international 
energy market, arbitration was regarded as the solution. Indeed, as Katharina Brueckner (2020) noted:

State courts are often not in the position to meet the demands of the international energy market com-
munity. They frequently lack the capability to handle complex cross-border disputes or cannot provide 
the required impartiality, technical knowledge or efficiency. Furthermore, the applicable law often dif-
fers from the law of the state court competent for potential disputes and, thus, constitutes the risk of a 
misapplication of the law. 

The two main advantages traditionally ascribed to arbitration are flexibility and efficiency. However, 
it is questionable whether these are achieved in the energy sectors. Moreover, there is a (mis)conception 
that investors will have less chances of success in national courts (Sabahi, Rubins, & Wallace, 2019). 
Arbitration also helps to overcome the inefficiency of certain local courts and possible corruption.

In addition to being considered more appropriate, arbitration is said to be less expensive. However, 
as Phelps Gay (2018) argued, this statement should be nuanced -- arbitration is not always cheaper than 
litigation; it actually depends (p. 180). “Consequently, most contracts in the energy sector contain a dis-
pute resolution mechanism resorting to arbitration, closely followed by mediation” (Brueckner, 2020).

Those clauses foster certainty for at least two reasons: the binding nature of the arbitration and its 
‘neutrality’. Investor-State arbitration has as its central tenet the financial investment principle enshrined 
in Article 25(1) ICSID:

The jurisdiction of the Centre shall extend to any legal dispute arising directly out of an investment, 
between a Contracting State (or any constituent subdivision or agency of a Contracting State designated 
to the Centre by that State) and a national of another Contracting State, which the parties to the dispute 
consent in writing to submit to the Centre. When the parties have given their consent, no party may 
withdraw its consent unilaterally.

This highlights the binding nature of arbitration. Second, foreign investors tend to avoid arrange-
ments whereby disputes involving their investment in a country would be determined in that country’s 
courts applying that country’s laws. Whilst the principle of judicial independence may be entrenched, 
the system remains representative of the authority of the state and is, therefore, bound to apply national 
laws and procedures. As such, arbitration offers ‘neutral’ ground for dispute resolution due to the man-
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ner it has been structured. Moreover, parties have considerable control in determining the conduct of 
the proceedings and adapting the procedures according to their circumstances. For those reasons, in-
ternational investment agreements (IIAs) mostly prescribe arbitration as a means of dispute settlement 
(Schill, 2017). Its costs, however, can easily outweigh any benefits.

According to the London Court of International Arbitration (LCIA) 2019 Report, 22% of LCIA 
disputes were related to the energy and resources sector. This percentage surged further in 2020, with 
energy dispute representing 41% of all the International Centre for Settlement of Investment Disputes 
(ICSID) cases (Calvert, Gilbert, & Meade, 2021). Fry and Bret (2019) report that “the mining and met-
als sector has emerged as one of the main users of international arbitration” (p.1). As Gaitis et al., 2017 
argued, the oil and gas industry has “long been a leader in promoting the resolution of industry disputes 
through the use of binding arbitration”. Indeed, it is considered an important incentive for promoting 
international investment (Roberts, Bromund, & Dasgupta, 2015). As Rowley (2020) rightly pointed 
out, “bolstered by the advantages of party autonomy (particularly over access to a neutral forum and 
the ability to choose expert arbitrators), confidentiality, relative speed and cost-effectiveness, as well as 
near worldwide enforceability of awards, the system is flourishing.” (p.1). However, the various recent 
cases in the energy field raise many questions regarding the wide use of arbitration clauses and whether 
such clauses are really advantageous for developing countries or if they are, in fact, a poisonous gift.

WHY IS THE RELIANCE ON ARBITRATION IN PUBLIC-
PRIVATE SITUATION A PROBLEM?

The proliferation of international investment agreements and disputes generates public protest. While 
foreign investors deserve protection, the overreliance on arbitration has resulted in unfair outcomes and 
regulatory chill. The current system also grants private institutions way too much unrestricted power. 
Arbitrators are ill-equipped to balance human rights considerations with monetary considerations. The 
system limits state sovereignty and impacts local communities that were never consulted prior to con-
cluding those agreements.

Regulatory Chill Effect and Limitation of State Sovereignty

Notwithstanding the benefits of arbitration, its use in public-private disputes is problematic for both 
developing and developed countries because it allows private companies to sue in private arbitral tribu-
nals, which are not bound by the same rules as courts. In fact, Investor-State Dispute Settlement (ISDS) 
seems to be a very expensive gamble for developing states. Indeed, States are unable to be winners in 
the manner foreign investors do because treaties have been framed not to prohibit states from suing and 
recovering damages from foreign investors. States are only able to avoid losing, but even in this case, 
they are still required to pay proceeding costs. As Van Harten & Malysheuski (2016) pointed out, sadly, 
“ISDS has produced monetary benefits primarily for those companies or individuals at the expense of 
respondent states” (p.1). Putting it plainly, ISDS is very lucrative for investors at public expenses, which 
creates great incentives for private companies to start proceedings.

This incentive is even more present, knowing that the number of cases investors win is much higher 
than in the judicial process. According to UNCTAD (2019), most cases decided in favour of states were 
dismissed on the ground of jurisdiction, while 70% of the cases decided on merits were won by inves-
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tors (p.102). This could result in very high costs for states both with regard to proceeding costs and 
compensation (Roberts & Bouraoui, 2018).

The ISDS was created to protect foreign investors by allowing them to sue states when they believe 
public decisions may have had a negative impact on their potential profits. However, it seems that such 
protection has turned against the states themselves by allowing foreign investors to directly challenge a 
measure taken against a said BIT. This means that States do no longer have the supreme power within 
their territories and have to justify their actions to foreign third parties. Moehlecke (2017) even dem-
onstrated that ISDS is used to slow the host states’ policy-making down. The system is also unfair as 
foreign investors are better protected than national investors who cannot rely on those provisions.

More importantly, recent cases have highlighted that private institutions are becoming so powerful 
that they can prohibit states from implementing changes without being threatened by arbitral proceedings, 
resulting in regulatory standstill or chill (Tienhaara, 2018; Bonnitcha, 2014; Tienhaara, 2011).6 Renco 
Group Inc v Republic of Peru, explained in details below, is probably the best example whereby the pri-
vate company was not complying with environmental norms for years, resulting in the local population 
being faced with several health issues. When the Government decided to close the mine, after years of 
non-compliance with environmental norms, it was sued for unlawful expropriation.7 This case exemplifies 
the unfairness of the current system. Renco never complied with Peruvian environmental regulations, 
as such, negating Peru’s sovereignty, and when Peru took the last option left, closing the mine, Renco 
started arbitration. In France, the 2017 Hulot law to phase out oil and gas extraction was watered down 
after France was threatened to be sued (Corporate Europe Observatory, 2019).

In addition to states being cautious in taking new measures due to the threat of arbitration, other coun-
tries could avoid formulating similar rules. For instance, if another country is facing a similar situation, 
the outcome of an arbitration proceeding against another state could influence its decision (Shekhar, 
2016). This phenomenon is also called cross border chill (Tienhaara, 2018).

Biases and High Compensation

It seems that the narrative regarding the benefits of arbitration is only valid from a private company point 
of view. Although there are rules safeguarding impartiality and independence8, the arbitration system has 
been criticised for being “designed in a way that systemic bias creeps in, due to the arbitrator’s interest 
in being reappointed in future disputes and also because of frequent changing of hats – being appointed 
as arbitrator in one case and counsel in another” (Thakur, 2021). The so-called double hatting is a real 
problem as it creates a conflict of interests. It is not uncommon for arbitrators to work as counsel in one 
case and arbitrator in another regarding similar issues. In addition to creating a conflict of interest, it 
also can grant ‘insider’ information with arbitrators, knowing which arguments might be more impact-
ful on the panel. Finally, it is also not uncommon for arbitrators to sit on company boards, which could 
influence their decisions.

Instead of being impartial, arbitrators are appointed by each party because they are sympathetic to 
their case. This could result in biased arbitrators, especially because those arbitrators are often drawn 
from the same small pool. While parties are free to appoint ‘outsiders’, they often refrain from doing so 
because those outsiders are less likely to have the power to influence co-panellists. Therefore, arbitra-
tors enjoy exorbitant power. Part of the problem is explained by “the absence of conventional markers 
of judicial independence,” which results in asymmetric biases (Van Harten, 2012).
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Arbitrators have more power than judges as their decision is binding and often final even if the law or 
the facts are incorrectly interpreted (Moses, 2012). Linked to this issue is the findings of Norton (2018), 
who established that the reliance on precedents is mainly to legitimise the arbitrators’ decision. Therefore, 
any biases can have far more reaching consequences than in the judiciary and can impact future cases.

These possible biases and the very small number of recognized arbitrators endanger the fairness of 
the awards. In fact, the perception of ISDS being more burdensome than advantages led to a backlash 
against it and attempts to reform the system (Waibel, Kaushal, Chung, & Balchin, 2010). Singh and 
Ilge (2016) noted that “Bolivia became the first country to denounce the Convention on the Settlement 
of Investment Disputes between States and Nationals of Other States (ICSID Convention)” (p.5). South 
Africa followed the trend by terminating agreements and replacing them with national legislation, which 
safeguards domestic policy space while affording protection to foreign investors (Singh & Ilge, 2016).

From a developing country point of view, these possible biases could lead to a very high amount of 
compensation and very little possibility of revisions. Singh and Ilge (2016) have reported that Ecuador 
claimed the system is biased towards investors (p.1). This claim has been strongly rebutted by ISDS pro-
moters (European Federation for Investment Law and Arbitration, 2015). However, it was confirmed by 
Gerstetter & Meyer-Ohlendorf (2013), who concluded that arbitral tribunals tend to rule more in favour 
of investors compared to domestic courts. Such finding is in line with Moore & Perez Rocha’s (2019) 
analysis, which highlighted that investors are often winning on merits. Although states have reportedly 
won more cases than investors, states are still often required to pay their legal costs (Moore & Perez 
Rocha, 2019; UNCTAD, 2019).

Additionally, the valuation techniques used by arbitral tribunals are highly controversial and specula-
tive, resulting in financial wards that significantly burden public budgets and discourage Government 
from taking actions (Bonnitcha & Brewin, 2020). The Exxonmobil v Venezuela ruling probably best 
exemplifies this increasing problem. In addition to being totally disproportionate, the issue with high 
compensation is that those amounts are decided by arbitrators who are not linked to the system and 
without any possible oversight by domestic courts. In a sense, those arbitrators are deciding how public 
funds should be spent by awarding mind-blowing compensation while not experiencing that specific 
country’s financial situation. This could also be regarded as a form of limitation of state sovereignty, as 
states are no more able to freely decide how public money is spent.

The Deficiencies of the Current System: Lack of Predictability and Consistency

The system lacks transparency, confidentiality, appellate mechanism and above all, predictability. Confi-
dentiality is one of the key characteristics of arbitration, making it a popular choice to solve commercial 
disputes. While confidentiality makes perfect sense in private parties’ dispute, when involving a state, 
it raises some objections. Indeed, when such matters are solved in a confidential manner, it generates 
public distrust in the integrity and fairness of the process (Menakeration, 2010). This distrust has re-
sulted in a greater transparency in investment arbitration but also a greater knowledge of the issues it 
creates, resulting in greater public protest. At the same time, the system has considerably improved on 
the transparency and confidentiality aspects.

The major problem of the system is the lack of predictability. Indeed, no further express consent by 
the state is required before a claim is brought under ISDS, meaning that states are in the dark regarding 
when or which investor could bring a claim. As Thakur (2021) noted, “This situation of uncertainty 
provides the foreign investor with first mover’s advantage in dispute resolution”.
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Moreover, arbitral decisions lack consistency (Jones, 2013; Johnson & Sachs, 2018; Nilsson & Eng-
lesson, 2013). It is not uncommon to find inconsistent findings by arbitral tribunals leading to “divergent 
legal interpretation of identical or similar treaty provisions, as well as differences in the assessment of 
the merits of cases involving the same facts. Inconsistent interpretations have led to uncertainty about the 
meaning of key treaty obligations and lack of predictability as to how they will be read in future cases” 
(Zhan, 2016). Inconsistencies also occur because a country can be sued in different arbitral tribunals for 
the same conduct (Johnson & Sachs, 2018). For instance, TECO v Guatemala and Iberdrola v Guate-
mala9, two foreign shareholders of the same company, brought two different ISDS suits to challenge the 
same conduct. The tribunals interpreted the same provisions differently. While arbitration deliberately 
attempts to avoid precedent, interpreting the same provisions in a similar manner is necessary for legal 
certainty. The fact that consistency could defeat the purpose of arbitration demonstrates that arbitration 
is not adequate in energy disputes, as to enact policy agendas, states need predictability (Brown, Ortino, 
& Arato, 2019).

Balancing Human Rights and Economic Consideration: 
The Job of a Judge, Not Arbitrator

Recent cases have demonstrated that private institutions now have the power to limit State regulatory 
powers and, consequently, sovereignty. In fact, arbitration clauses seem attractive from the outset but 
are, in reality, limiting state sovereignty in a hidden manner. These limitations do not only concern 
health measures and endangering local populations for the benefits of private companies. Aalthough 
exploration contracts are extremely lucrative for countries, especially developing economies, they often 
significantly impact the local communities and the environment. These communities are often not part 
of the negotiations and have to face the consequences while they are the first affected by it.

The major problem is that private arbitration is mainly concerned with commercial or contractual 
agreements, which means that human rights protections or democratic concerns are not given priority. 
In fact, States find themselves in an awkward position of either maintaining democratic decisions and 
paying multinationals or endangering democracy to benefit private groups. Such type of questions would 
be best answered by impartial judges. ISDS is often criticised for the use of private arbitrators rather 
than judges that might be pre-disposed or biased and can be influenced by monetary incentives (Zhan, 
2016). Indeed, private arbitrators do not seem most suited to assess the validity of States’ acts that are 
not impacting those arbitrators directly.

The Cosigo Resources v Colombia, on mineral extraction, demonstrated the powerful nature of arbi-
tration. Colombia was no longer able to set a natural reserve to preserve sacred places for the indigenous 
communities due to the threat of arbitration. The Colombian Government had to decide between giving 
way to foreign investors or protecting indigenous rights by setting a reserve. In this case, two obligations 
are in conflicts: indigenous rights protection, i.e., a form of human rights, against contractual obligations. 
Private arbitration is mainly based on commercial or contractual obligations meaning that human rights 
protections are not a priority. This approach and the threat of arbitration creates a de facto prohibition to 
set a natural reserve. Moreover, this case will create a precedent that could have disastrous consequences 
for indigenous ethnic groups.
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Overlooking Changes in Circumstances or How 
ISDS Is Used as a Tool to Resist Changes

The international investment agreements (IIAs) and bilateral agreements have often been around for 
some time. They had been negotiated when environmental concerns were not such a hotly debated topic. 
While some licences require the abstention of an environmental impact assessment (EIA), some private 
companies have initiated proceedings for the revocation of a concession, although no EIA was obtained. 
In Harken v Costa Rica, the company’s concession was put on hold over environmental concerns after 
a new legislation was passed to fulfil its obligation under a World Bank and International Monetary 
Fund (IMF) structural adjustment programme. Harken started proceedings for reparations for its aborted 
exploits. The case was submitted for the dispute to the Arbitration Centre of the Costa Rican Chamber 
of Commerce. Costa Rica challenged the Arbitration Centre’s jurisdiction before the Supreme Court. In 
October 2006, the Supreme Court declared that the Arbitration Centre lacked jurisdiction. While this 
ruling is welcomed in a sense, it also demonstrates that national courts and arbitration centres might not 
be the best suited for hearing those disputes.

The changes of a situation are rarely considered by arbitral tribunals. For instance, Venezuela has 
been condemned to pay nearly three billion (2.883 million) in three proceedings brought by three dif-
ferent Canadian private investors (Moore & Perez Rocha, 2019). On top of that, it had to defend itself in 
six more proceedings, meaning that it had to pay legal costs and arbitration fees in those situations. The 
economic situation of Venezuela does not seem to have been taken into consideration. Similarly, when 
Argentina took some strict measures due to a severe economic crisis, it still faced various arbitration 
with each tribunal interpreting the term ‘necessary’ differently (Alvarez & Khamsi, 2009). Interestingly, 
in more recent cases against Spain, the tribunal recognised a right for States to adapt their framework. 
However, the tribunals also “concluded that the measures had to comply with the standards of protection 
established by the applicable international treaties, principally fair and equitable treatment (including 
legitimate expectations) and full protection and security and that the measures should not be unreason-
able, arbitrary, disproportionate or discriminatory” (Magallanes & Barradas, 2020. This means that 
radical changes that are needed to mitigate the effects of climate change will never take precedent over 
private economic interests.

In fact, ISDS has been criticised for being a tool to resist climate actions by making it much more 
expensive. Energy transition measures can have direct impacts on investors by limiting extraction or 
combustion of certain energies to meet the objectives of the Paris Agreement, for instance. These mea-
sures could mean loss of sunk investment and/or expected future profits for companies, which are an-
swerable to their shareholders (Tienhaara & Cotula, 2020). As Tienhaara and Cotula (2020) concluded, 
those businesses expect to be compensated. If States do not accept to compensate or the compensation 
is insufficient in the investors’ view, they are threatened with arbitration. The greater good is left aside 
to comply with some economic interests of multinational companies. For instance, two claims have 
been initiated in 2021 under the Energy Charter Treaty (ECT) against The Netherlands (ICSID, 2021).

While foreign investors should be protected against unlawful expropriations and should be com-
pensated for the losses they incurred from such expropriation, this right should not impede states from 
enacting necessary measures to avoid possible proceedings. Instead, countries are bound by sometimes 
old treaties which de facto refrains their regulatory power. The threat of arbitration is so real that it can 
lead to regulatory chill or standstill (Tienhaara, 2018; Bonnitcha, 2014; Tienhaara, 2011). The Vattenfall 
v Germany saga highlight that even developed countries are no more on the safe side.
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Examples From Latin America and Other Developing Countries

Nearly 50 years ago, Galeano (1973), in his work ‘The Open Veins of Latin America’, described how 
foreign powers plundered Latin America’s wealth. Little did he know that currently, it is even easier to 
do so. Since 1997, there have been at least 35 claims by investors involving Latin America and more than 
15 awards granted since 2004 (Ali, et al. 2019). According to Ali et al. (2019), out of the 16 awards, only 
eight addressed the merits; “In seven of these cases, the investors were awarded monetary compensation; 
the eighth award rejected all of the investor’s claims”.

For instance, in 2016 alone, Colombia faced three arbitration requests. Two involved Canadian 
companies, and the final one a Swiss company, Glencore. The most interesting is probably the Cosigo 
Resources dispute. Cosigo Resources, a Canadian company, and Tobie Mining and Energy, an American 
company, submitted an arbitration request against Colombia under the Free Trade Agreements (FTAs) 
concluded by Colombia with the United States and Canada. The claimants argued that they were ex-
propriated fraudulently and without compensation from the mining concession of Taraira South. This 
concession is located in the Amazon region and was the territory of indigenous communities. In 2009, 
Colombia passed a resolution that granted the status of ‘natural park’ to that specific region at the request 
of the indigenous communities. Renco spent years trying to overturn this decision in the Colombian court 
system. In 2014, the Constitutional Court in Bogotá ruled that the national park is lawful and that mining 
would not be permitted there (Corte Constitucional, 2014). The claimants started arbitral proceedings 
before an ISDS panel and asked for US$16.5 billion for expropriation and US$11 million for the costs 
incurred to acquire the concession. At the time of writing, the proceeding was still ongoing.

Endangering Democratic Decisions and Indigenous Rights

The opacity of the agreements is also generating problems from a democratic point of view. Indeed, the 
communities that are the most directly concerned by the exploration are often not involved in the nego-
tiations. At least four cases related to community consent were heard by arbitral tribunals after permits 
were revoked.10 Even more aberrant is the case of Gran Colombia Gold v. Colombia, whereby the com-
pany sued Colombia for a perceived lack of action over the need for further community consultation.11

Commercial arbitration has taken away the power of these local communities to protest and enforce 
their rights while they are the first impacted by those decisions. For instance, in the Bear Creek v. Peru 
award, the tribunal decided that the revocation was not justified by the social conflict, although this 
conflict quickly escalated to high levels of disruption. At the time of revocation, the project was still in 
the pre-feasibility stage and lack most permits and licences.12 Nonetheless, the tribunal recognized from 
the magnitude of the social conflict that the project was no longer viable. Interestingly, the tribunal lim-
ited compensation to investors on the basis of their failure to secure community support. The investors 
were still awarded US$18.2 million. In another similar case, the tribunal reached a different outcome 
by stating that the state was justified in revoking the mining concessions because of the claimant’s sig-
nificant contribution to aggravating the social conflict sparked by the mining activities.13 Although the 
expropriation was regarded as lawful, Bolivia was still condemned to pay damages for sunk investments 
worth US$18.7 million.

Indigenous rights are also greatly threatened by commercial arbitration, which often does not recognize 
these rights. These were also relevant in Gold Reserve v. the Bolivarian Republic of Venezuela.14 In this 
case, the government revoked a construction permit due to the project’s impact on the environment and 
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indigenous communities. The tribunal ruled that Venezuela had breached the fair and equitable treatment 
(FET) standard under the Canada–Venezuela bilateral investment treaty (BIT) of 1996. Interestingly, 
while the social and environmental importance was argued by the parties, it was not decisive. In fact, 
the tribunal decided that “Venezuela’s responsibility for the protection of the environment and the local 
communities did not release it from its commitment to international investors” (Ali et al., 2019).

Arbitration threatens not only indigenous rights but also some legal orders, for instance, in Abu Dhabi 
or ARAMCO, where the arbitral tribunals refused to apply Islamic law. The reasons for such refusal are 
not clear, but this raises further questions for countries where Sharia law form an integral part of the 
legal system (Alsaidi, 2004; El Kosheri, 2007). The power of a private arbitral tribunal to disregard an 
entire legal order is worrying.

Various cases demonstrate that environmental concerns are not a priority. Tribunals often stick to 
the words of BIT or FTA that have been decided decades ago and do no longer reflect the modern trend 
towards the environment. Quiborax et al. v. the Plurinational State of Bolivia best reflect this problem.15 
In this case, the concessions were located in the Salar de Uyuni without an environmental licence. In 
2004, the investors were granted an environmental licence, but due to a wave of protests from civic or-
ganizations, it was soon cancelled. Although no licences were delivered for the concession at the time 
of revocation, the tribunal did not find it sufficient to justify the state’s actions.

Finally, multinationals are able to attack democratic choices in front of private arbitral tribunals. In 
fact, Ecuador’s Constitutional Court found the arbitration clauses of six BITs unconstitutional (Singh & 
Ilge, 2016). Moreover, although various Latin American countries have submitted a notice to terminate 
BITs, the regime is not fully dismantled because of the so-called survival clause found in most BITs 
(Singh & Ilge, 2016). This clause allows investors to still bring claims in front of arbitral tribunals in 
relation to investments that were made whilst the BIT was in force. This means that a country can still 
face arbitral proceedings for “an additional period of 10-15 years, depending on the treaty” (Singh & 
Ilge, 2016) yet again demonstrating the powerful nature of ISDS provision as well as how easily it can 
limit state sovereignty. This raises questions regarding the safeguards of democratic principles. Indeed, 
as already noted, some of those BITs are older agreements that might no more accurately represent the 
country’s philosophy or situation. Venezuela is a very good example; when it entered those BITs, its 
economy was still flourishing.

As such, it can be said that ISDS mechanisms can be used to stymie human rights (Bradlow, 2018). 
Countries have been sued in arbitration for taking measures to protect the health of their citizens. In the 
Renco Group Inc v Republic of Peru dispute, for instance, although Renco did not comply with environ-
mental norms for years, when the Peruvian government decided to close the mine, it was sued for unlaw-
ful expropriation.16 This case shows how those major groups are playing with the inequality of powers. 
Indeed, the Peruvian government was unable to make the company comply with environmental norms 
due to power balance inequality. The arbitral tribunal dismissed Renco’s claims based on a procedural 
error (DAC Beachcroft, 2017). The arbitral tribunal considered that the rule of the ‘unsuccessful party’ 
bears the costs was not applicable and required both parties to bear their own cost as well as half of the 
arbitration cost (DAC Beachcroft, 2017).

The Disproportionate Compensation

In addition to restricting state sovereignty by not allowing states to create new nature reserve and preserve 
indigenous rights, the amount of compensation claimed seems indecent (Moore & Perez Rocha, 2019, 
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appendix 1). For instance, in a 2018 request for arbitration against Uruguay, the amount claimed was 
equivalent to nearly 6% of the country’s GDP. Venezuela was also required to pay the largest amount 
awarded in a single mining case, US$1.2 billion, plus interest, to Crystallex, a Canadian mining com-
pany, for the cancellation of a mine operation contract. This means that private companies could lead 
to the bankruptcy of a state.

This possibility of bankruptcy is very well exemplified in the long-running dispute of Crystallex In-
ternational Corporation v. Bolivarian Republic of Venezuela. In this case, after Crystallex was awarded 
$1.2 billion, plus interest, it converted the award into a US judgment in the DC District Court. The 
judgment was then registered “in the Delaware District Court where Crystallex successfully pierced the 
veil to reach Venezuela’s assets, including PdVSA, Venezuela’s national oil company, and the shares it 
holds in the US oil refining company Citgo” (Davidson et al., 2020). As Davidson et al., (2020) rightly 
pointed out,

Crystallex’s attempts to enforce its judgment (as a single creditor) is somewhat in tension with the 
administration’s policy to protect Venezuela’s US assets for the interim government of Venezuela led 
by President Juan Guaidó. In the near term, the Supreme Court’s decision to deny review is likely to 
incentivize enforcement actions by Venezuela’s creditors and encourage creditors of foreign sovereign 
entities more generally to consider alter-ego claims as part of their enforcement strategies. 

This also means that states’ assets are at risks after arbitral decisions, which are not easily reviewable.

Questioning the Rationale of Investments Agreements

All of these downfalls have resulted in a number of developing countries questioning the rationale of 
investments agreements. Indeed, there is a lack of clear evidence that IIAs positively impact foreign in-
vestments (Webb Yackee, 2010). Such presumption seems to be confirmed when looking at the Brazilian 
situation. Brazil never ratified BITs containing the ISDS clause, nor did it adhere to the ICSID Conven-
tion, yet it has always been very attractive for foreign investments without ISDS (Vidigal & Stevens, 
2018). In fact, developing countries have started to realize that such agreements are often not sufficient 
to attract foreign investments and that the arbitration clauses could have disastrous consequences on their 
economy. ISDS has turned into high stakes gambling from developing counties.

The perception of ISDS being more burdensome than advantages led to a backlash against it and at-
tempts to reform the system (Waibel, Kaushal, Chung, & Balchin, 2010). Singh and Ilge (2016) noted that 
“Bolivia became the first country to denounce the Convention on the Settlement of Investment Disputes 
between States and Nationals of Other States (ICSID Convention)” (p.5). South Africa followed the trend 
by terminating agreements and replacing them with national legislation, which safeguards domestic 
policy space while affording protection to foreign investors (Singh and Ilge, 2016). Interestingly, already 
in 1973, Domke & Glossner (1973) noted, “developing countries no longer wish to see their disputed 
commercial relations determined by Western-oriented arbitral bodies outside their countries”. However, 
it took much longer for countries to take the initiative to replace the existing agreements.

Other countries have questioned the reliance on private arbitration to solve state disputes. For instance, 
Belgium blockage of CETA due to the private arbitration clause in the deal (BBC News, 2016; Vidigal 
& Stevens, 2018). CETA was nonetheless signed. Some of its provisions have been challenged in front 
of the CJEU, which did not share Belgium’s preoccupation with regard to arbitration (Kassoti & Oder-
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matt, 2020). In fact, in Opinion 1/17, the Court established that Section F on Resolution of investment 
disputes between investors and states is compatible with EU law (Opinion 1/17 EU:C:2019:341, 2019).

The Problem Is Not Limited to Developing 
Countries: Examples From EU Countries

The use of private arbitration in energy disputes is not only a problem for developing countries. Indeed, 
traditionally, developed countries that did not host investments from their BITs counterparts have found 
their policies challenged through ISDS (Vidigal & Stevens, 2018). European states have been sued by 
private companies when passing legislation to protect the health of their citizens. For instance, Spain 
faced a large number of proceedings when enacting “a series of measures that effectively suppressed 
the economic incentives created to boost the renewable energy sector” (Magallanes & Barradas, 2020). 
These measures “had the effect of significantly reducing the level of economic incentivization for renew-
able energy producers and, thus, the rate of return for investors, lowering the value of their investments 
and the profitability of their projects” (Magallanes & Barradas, 2020). This resulted in Spain being 
the second most frequently respondent state in ISDS cases being ordered to pay €290.6 million so far 
(UNCTAD, 2020). One of the first cases was the so-called PV Investors disputes where claimants sought 
more than €1.9 billion in damages but only obtained €9.1 million (The PV Investors v Spain, 2020). This 
highlighted the lack of proportionality in the investors’ claims, which are only trying to obtain a form 
of profit maximization through arbitral proceedings.

Similarly, Italy has been sued by Rockhopper following Italy’s decision not to grant a concession for 
oil drilling because of concerns over earthquake risks and environmental damage (Ruggero Di Bella, 
2018). Italy passed a law to prohibit oil drilling within 12 miles of its coastline after waves of protests 
regarding drilling in Abbruzzo (Red Carpet Courts, 2019). The amount claimed by Rockhopper is alleg-
edly more than seven times what the company spent on Ombrina Mare, the Italian branch of the project. 
This means the lawsuit represented a real cash cow for the company. Once again, an arbitral tribunal will 
have to balance private interests against democratic decisions.

Germany has been involved in a long international arbitration proceeding launched by Swedish 
company Vattenfall in front of the International Centre for Settlement of Investment Disputes (ICSID) 
in Washington D.C. The dispute started when the German Parliament amended the Act on the Peaceful 
Utilisation of Atomic Energy and the Protection against its Hazards (the Atomic Energy Act) to phase 
out nuclear energy by 2022. Consequently, Vattenfall’s licences to operate both plants were immediately 
withdrawn, and operations in both plants were shut down. Vattenfall’s strategy to counter this enactment 
was two-fold: the filing of a challenge with the German Federal Constitutional Court and the initiation 
of an investment arbitration against Germany under the Energy Charter Treaty (Paez-Salgado, 2021). 
The court rendered two judgments, first in 2016 and second in 2020, both finding that Vattenfall’s rights 
were violated due to a lack of adequate remedial provision.17 The court ruled that compensation payments 
should be granted to the companies. Additionally, in 2021, the German government agreed to settle the 
arbitral claim (Sanderson, 2021).

Unlike developing countries, Member States face an additional problem: the compatibility of private 
arbitration with EU law. The tension derived from the coexistence of EU law and arbitration is well 
illustrated in the Achmea case.18 Until that ruling, it was believed, “save in some exceptional circum-
stances, EU law and private arbitration constitute two legal orders traditionally deemed merely to coexist, 
functioning in parallel according to distinctive logics” (Penades Fons, 2020). However, in that case, the 
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Court of Justice of the European Union (CJEU) ruled that the Netherlands-Slovakia BIT was incompat-
ible with EU law and confirmed the autonomy of the EU legal order. For the CJEU, the fact that arbitral 
awards are not subject to review by a Member State court to ensure compatibility with EU law made 
it unacceptable. Moreover, the Court established that an arbitral tribunal is not a court or tribunal of a 
Member State within the meaning of Article 267 TFEU (Fouchard & Krestin, 2018). Although the CJEU 
established that arbitration clauses in intra-EU BITs are incompatible with EU law, the ruling did not 
influence the Vattenfall v Germany saga. This decision could influence future decision as it constitutes 
an important precedent.

In 2021, Uniper has threatened to sue the Netherlands over its plan to phase out coal power by 2030 
(Darby, 2020) In this case, ISDS can be viewed as a tool to resist climate actions by making it much more 
expensive. If this claim is successful, it will set a dangerous precedent that can water down future climate 
policies. The threat is very real and also shows that changes in situations are not given enough weight. 
Another proceeding was initiated in 2021 against the Netherlands by a German company (ICSID, 2021).

Currently, investment treaties are not aligning with the Paris Agreement. Consequently, European 
countries are facing a difficult choice between complying with the Paris Agreement and paying inves-
tors or honouring their private contracts and paying fines to the EU for not complying with the Paris 
Agreement. European countries are facing an important dilemma.

HOW DID WE GET THERE? AND POSSIBLE WAYS FORWARD

Investor-State Dispute Settlement (ISDS) is often included in bilateral treaties or free trade agreements. 
As Zhan (2016) noted, “Originally, the ISDS mechanism was designed to ensure a neutral forum that 
would offer investors a fair hearing before an independent and qualified tribunal, granting a swift, 
cheap and flexible process for settling investment disputes”. The assumption is that “ISDS acts both as 
a deterrent to states and as an insurance policy for investors” (Tienhaara, 2015). So, if States decided 
to change the rules of the game, the investors were still protected. However, ISDS has been gradually 
used to challenge state decisions and the regulatory capacity to protect other rights and interests differ-
ent to foreign investors’, including the “public” interest. It allows private entities to sue States in private 
arbitration tribunals, which can render binding and globally enforceable awards.

The major issue with the current system is the extensive protections granted to foreign investors against 
government measures that might damage their investments. These measures include expropriation or 
the implementation of other policies that may affect their economic expectations or treat them unfairly. 
One of the main arguments to afford more protection to foreign investors is that energy projects are often 
long-term and capital-intensive in countries with political instability and different cultural background. 
This argument is, however, hard to sustain in the Vattenfall v Germany context. Indeed, Germany is 
quite stable politically with a quite similar cultural background to Sweden. This tends to show that the 
‘protection’ for political instability is a non-argument and has been used to enforce a system that allows 
private companies to limit state sovereignty.

Moreover, the ISDS system is profoundly unfair, not only regarding states or indigenous communities 
but also regarding investors in general. First, they do not protect national investors. Second, only specific 
investors have standing under a treaty or have the ability to gain such standing through restructuration 
(Tienhaara, 2015). For instance, major multinationals use their foreign affiliates to gain standing. As 
argued by Aisbett, Karp, & McAusland (2010), “compensation also distorts investment and entry deci-
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sions” (p.381). This could lead to abuses. For instance, some foreign investors continued to invest in 
Spain even after bringing an ISDS case, which raises the question of whether ISDS is not regarded as 
an additional source of profit by investors (Olivet & Eberhardt, 2014).

While multinational and big companies are to blame for using the system to their advantage, states 
are often their accomplices. Indeed, states have created this system and are the only ones able to stop 
it. States often play ambiguous roles by, on the one hand, trying to attract foreign investors and, on the 
other hand, promulgate laws for the benefit of their population. Often, these laws that are promulgating 
the wellbeing of the population goes against the interests of the multinationals.

Furthermore, the IIAs have been traditionally kept vague with regard to the substantive obligations 
of states. The substantive protection provisions virtually always included in these agreements are the 
protection from uncompensated expropriation, fair and equitable treatment, national treatment, most-
favoured-nation treatment and full protection and security. Although these provisions are somewhat 
similar in all IIAs, the interpretation of the provisions are dependent on the exact wording, scope, context 
and intent of the parties to the treaty. Compulsory arbitration combined with ambiguous substantive 
provisions resulted in arbitral “tribunals to increasingly rely on previous arbitral decisions for guidance 
as regards legal interpretation of the scope and content of the obligations set forth in IIAs” (Vidigal & 
Stevens, 2018). More importantly, although arbitration is a creature of consent, states’ consent is regarded 
as implicit in the IIAs. Therefore, no further consent is required, even if the situation in a specific state 
changed over time.

The power given to these international companies is so important that it seems we are now facing two 
levels of power: the traditional power represented by the states and a new power dominated by money. 
Through these treaties or bilateral agreements, which often treat foreign investors much better than 
national ones, states have given those companies the impression to be above the laws. This is especially 
exemplified by two facts; first, the choice of forum, procedures and rules mainly lies with the foreign 
investors. Taking the Vattenfall v Germany dispute, all the connecting factors are in Europe. Despite 
this, the proceedings were started in the US. Second, IIAs allows for investors to bring claims against 
states but not the opposite (Thakur, 2021).

This impression of being above the laws and being more than just a tool to protect foreign investment 
is very well embodied in a quote by Echandi & Newson (2014). They argued that “the time has come 
to start visualising the international investment regime not merely as an instrument to protect foreign 
investments abroad, but rather as a tool of international economic governance” (Echandi & Newson, 
2014). This statement demonstrates that for its proponents, ISDS serves a much greater purpose than its 
initial aim. If we accepted that ISDS is an international economic governance tool, it also means that 
we allow these major corporations to be above the laws by setting their own rules.

In a sense, the energy sector is to blame for the globalisation of arbitration because of the financial 
stakes which are involved. As Rowley (2020) noted, “if a single industry sector can lay claim to parental 
responsibility for the present universality of international arbitration as the go-to choice for the resolution 
of commercial and investor-state dispute, it must be the energy business. It is the poster boy of arbitral 
globalisation” (p.1).

While the system is definitively inadequate, various proposals have emerged to cure its defects. Some 
countries, such as the US and Japan, have advocated for the introduction of a code of conduct for arbitra-
tors. The EU has debated the possible creation of a whole new institution, the Multilateral Investment 
Court (MIC). It is “one of the most ambitious procedural reform efforts to impact international investment 
law since the negotiation of the ICSID Convention” (American Society of International Law, 2020). The 
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proposal seeks to avoid conflicts of interests by employing full-time judges (Torgal & Saavedra Pinto, 
2019). Other proposals related to the establishment of domestic forum for dispute settlement. However, 
domestic forum faces the same critics as domestic courts, namely that they are biased towards states.

The best solutions so far are found in Brazil and South Africa, which have established state-to-state 
adjudication to replace ISDS.19 The Brazilian system called Cooperation and Investment Facilitation 
Agreements (CIFAs) “combines dispute prevention mechanisms, creating institutions to ensure contin-
ued communication and foster cooperation, and state-to-state arbitration (inspired by dispute settlement 
provisions common in trade agreements and codified in the World Trade Organization’s Dispute Settle-
ment Understanding)” (Vidigal & Stevens, 2018). Under this system, investors are required to get an 
authorisation from their home state before any proceedings can be initiated.

Unfortunately, despite the recent restructuring of cross-border investments and supply chains, there 
is no sign that other means of dispute resolution will take precedence over the use of international arbi-
tration in the energy sector. As a result, it seems important to “safeguard sufficient regulatory space in 
future IIAs to protect public health and to minimise the risk of ISDS proceedings, while protecting and 
promoting international investment for development” (UNCTAD, 2020).

CONCLUSION

Private arbitration is a poisonous gift, which often results in unfair decisions for developing countries. 
The growth in disputes also increases the power of commercial arbitral tribunals, rendering them more 
powerful than ever. The current system gives exorbitant jurisdiction to private companies and arbitral 
tribunals, which can, in effect, limit state sovereignty and results in regulatory chill.

Although the arbitral tribunal should perform a balancing exercise between the protection of the inves-
tors’ legitimate expectations and the regulatory power of a state, many have reported a form of bias in 
the ruling. The simple inability of states to sue foreign investors in arbitration not only results in absurd 
outcomes such as in the Renco decision but tend to show an imbalance in the system. Moreover, errors 
in interpretation have much harsher consequences compared to litigation. Indeed, while domestic courts 
can also err in applying domestic, EU or international law, private arbitration is much more troublesome 
due to the very limited avenues of reviews. It is, therefore, time to reassess the use of arbitral tribunals.

States have created this system and are now facing the consequences. However, little did they know 
the difficulties they would be facing even after terminating BITs? The danger of the system and the need 
for reforms have been discussed for decades without much success. The EU MIC initiative is far from 
being ready. Similarly, there is no consensus on the introduction of a code of conduct for arbitrators. The 
best solution so far is probably found in Brazil and South Africa, which have established state-to-state 
adjudication to replace ISDS. As has been discussed, the Brazilian situation is very peculiar because it 
never ratified BITs containing ISDS clauses. Despite the recent restructuring of cross-border investments 
and supply chains, there is no sign that other means of dispute resolution will take precedence over the 
use of international arbitration in the energy sector.

While states are also to blame, multinationals have taken advantages of the system, resulting in the 
number of claims skyrocketing. ISDS is now used to water down legislation and is a tool to resist climate 
actions by making it much more expensive. ISDS is such a powerful tool and serious threat that it results 
in a de facto limitation of state sovereignty through regulatory chill. Climate change mitigation is an issue 
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that must be urgently addressed and should not be restricted by private interests. It is, therefore, time to 
broaden the debate instead of keeping a narrow focus on the investment policy sphere.

The current system is very unfair for local populations, which are not part of the negotiation process. 
The unfairness of the system mainly stems from allowing private companies to challenge state measures 
and claim mind-blowing amounts of compensation. Even though the costs of explorations are often very 
high, investors also earn money through these explorations. The fact that future gains of major interna-
tional companies weigh more than the health of the local populations, rights of indigenous communities 
or the conservation of the environment demonstrates a broken system. States are left at the mercy of 
wealthy private groups, which see themselves as above the laws. It might be time to change the system 
and investigate new forms of dispute resolutions that would be fairer for everyone.
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ABSTRACT

The role of microfinance in reducing energy poverty among Tanzanian micro-borrowers is examined in 
this chapter. A standardized questionnaire was used to conduct a survey of 490 micro-borrowers. The data 
was analyzed using the multiple regression technique. Micro-borrowers are eager to spend on modern 
energy sources for cooking and other activities, according to the findings. Affordability and willingness 
to spend on contemporary energy sources for cooking have a substantial positive impact on their usage. 
The willingness to utilize modern energy sources for other purposes has a significant positive impact on 
their usage. Age, marital status, and education have no bearing on the use of modern energy sources for 
cooking and other purposes. The use of modern energy sources for other purposes, but not for cooking, 
is significantly influenced by household size. Microcredits customized for contemporary energy sources 
should be implemented to combat energy poverty.

INTRODUCTION

Access to clean, affordable, reliable, and contemporary energy sources has been connected to the 
Sustainable Development Goals (SDGs) (Crentsil et al., 2019). 2.5 billion People utilize traditional 
biomass for cooking, 120 million use kerosene, and 170 million use coal (IEA, 2017). Around 905 mil-
lion people in Sub-Saharan Africa (SSA) do not have access to clean cooking fuels, while 578 million 
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do not have access to electricity (IEA, 2020). Around 80% of all Tanzanian families rely on traditional 
energy sources like firewood and charcoal, with over 90% of rural and disadvantaged households doing 
so (World Bank, 2016).

The high prevalence of energy poverty has serious socioeconomic consequences for people’s health, 
livelihoods, and social well-being (Churchill et al., 2020a). As such, energy poverty can be seen as one 
of the drivers underlying extreme income poverty among households. Hence, lowering energy poverty 
serves as a catalyst for many other development goals through bolstering microfinance institutions’ social 
aim of alleviating income poverty and improving the well-being of micro-borrowers (Rafay, et al., 2020). 
Low purchasing power, on the other hand, is mentioned by Koomson and Danquah (2021) as one of the 
issues impeding households’ exit from energy poverty. This implies that energy and income poverty are 
intertwined. In other words, energy poverty leads to income poverty and vice versa (Boutabba, 2020; 
Groh & Taylor, 2015; IRENA, 2019; PAMIGA, 2020; World Bank, 2019; Aziz et al., 2020). Since 
microfinance has been identified as a way to alleviate income poverty and improve household wealth 
(Allet, 2016; Du Can et al., 2018; Koomson & Danquah, 2021), it is also expected to relieve energy 
poverty among the poor (Yunus, 1999).

Despite increased access to microfinance among Tanzania’s poor (Kasoga, 2020), the majority of 
Tanzania’s poor still live in energy poverty (World Bank, 2016). This circumstance necessitates an 
empirical study of the effects of microfinance on energy poverty reduction, with a special focus on the 
following research questions: Are micro-borrowers willing to use and afford contemporary sources of 
energy? Is there a relationship between micro-borrowers’ willingness and ability to use contemporary 
energy sources and the use of contemporary energy sources?

Adusah-Poku and Takeuchi (2019) argue that in order to alleviate energy poverty, households must be 
ready to spend on contemporary fuels as they become more widely available. Similarly, a home may be 
in energy poverty due to low income and high energy costs (WEO, 2017). Income poverty is a significant 
driver of energy poverty, but it is neither the only reason nor even a required condition for energy poverty 
(WEO, 2017). Because there is no universal consensus on the influence of microfinance on energy pov-
erty reduction around the world, and because energy poverty is a context-specific phenomenon (Kumar, 
2020), it is necessary to investigate the role of microfinance in eradicating energy poverty in Tanzania.

Boutabba et al. (2020), Groh and Taylor (2015), Levaï et al. (2011), Mohiuddin (2006), Morris et 
al. (2007), and Rao et al. (2009) are among the few research studies in the literature that has focused on 
microfinance and energy poverty. This chapter adds to the body of knowledge by presenting evidence of 
the impact of microfinance on the decrease in energy poverty among Tanzanian micro-borrowers. This 
was important because, while energy poverty is a context-specific problem, there is no general consensus 
on the influence of microfinance on the decrease in energy poverty around the world (Kumar, 2020). 
The findings are also crucial for policymakers working to alleviate energy poverty among the poor.

Specifically, the objectives of this chapter are to determine micro-borrowers’ willingness and abil-
ity to use modern energy sources, as well as to investigate the relationship between micro-borrowers’ 
willingness and ability to spend on contemporary energy sources and their use of contemporary energy 
sources. The chapter also looks into the impact of micro-borrowers’ demographic characteristics (age, 
marital status, level of education, and household size) on their use of contemporary energy sources.



27

Microfinance, Energy Poverty, and Sustainability
 

LITERATURE REVIEW

Energy Access and Poverty

One of the world’s most pressing development concerns is poverty. Indeed, the United Nations’ 2030 
Agenda for Sustainable Development (UN, 2015) recognizes that “the biggest global challenge and an 
imperative condition for sustainable development is eradicating poverty in all its forms and dimensions, 
including extreme poverty.” Despite the fact that the number of people living in extreme poverty decreased 
by more than half between 1990 and 2015 (from 1.9 billion to 836 million) (UNDP, 2016), many people 
still struggle to obtain the most basic necessities of life, such as food, shelter, clothing, health services, 
and safe drinking water (UNDP, 2016).

Many international organizations stress the relevance of energy access in poverty reduction (UNDP, 
2016; WHO, 2018; World Bank, 2019; Rafay, 2022). As a result, ensuring that everyone has access to 
affordable, dependable, sustainable, and contemporary energy is a top priority in the 2030 Agenda for 
Sustainable Development. The IEA (2009) identified three degrees of access to energy services based on 
household energy demands and the services provided by energy sources. The first is the bare minimum 
of energy availability required by households to meet their basic human needs (electricity for lighting, 
health, education, and community services). Second, the level of energy access that families need to 
raise production (electricity and modern fuels); third, the level of energy access that households need 
to meet modern society’s needs (modern services for domestic appliances, increased requirements for 
cooking and heating, and private transport). However, despite the broad availability of microfinance 
institutions, the majority of Tanzanians are at the first level of access to energy services, with only 32.8 
percent of households having access to electricity (Tanzania Bureau of Statistics, 2017). Hence, it is 
critical to investigate the role of microfinance in eradicating energy poverty.

Households are severely hampered by energy poverty, which is characterized as a lack of access to 
modern energy services (Ambrose, 2015; Azpitarte et al., 2015; Boardman, 2009; Churchill & Smyth, 
2020; Hills, 2011; Moore, 2012). According to prior studies, energy poverty has an impact on the hours 
of production available to households, as well as economic activity and time available for schooling, 
homework, and other activities (Kaygusuz, 2011; Reddy, 2000). Insufficient energy, according to So-
vacool (2012), causes serious and rising public health issues due to a lack of refrigeration and medical 
care. Energy poverty, he believes, has an impact on both gender roles in society and the educational 
opportunities available to children and adults. Hence, energy poverty is one of the causes of income 
poverty among households (Boutabba, 2020; Groh & Taylor, 2015; IRENA, 2019; PAMIGA, 2020; 
World Bank, 2019).

Biomass fuels are used by the majority of households in underdeveloped countries to meet their basic 
energy demands (Kaygusuz, 2011; Sovacool, 2012). Biomass use has a significant negative impact on 
household health, especially when it is burned inside without the use of a working stove or a chimney 
to help regulate smoke emissions (Kaygusuz, 2011; Sovacool, 2012). Aside from the expensive cost, 
using biomass fuel could result in higher medical bills and a reduction in the poor’s ability to work 
productively. According to the WHO (2018), around 4 million people die prematurely each year as a 
result of illnesses induced by inefficient cooking methods, such as the use of polluting solid-fuel stoves 
and kerosene. The fact that biomass users are less likely to boil their drinking water for cost or tradition 
reasons exacerbates these effects (Kaygusuz, 2011; Sovacool, 2012). Because the use of biomass in cities 
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causes deforestation, reliance on biomass in the future may tend to boost its price, further decreasing 
the poor’s living standards and leading to income poverty.

Despite having access to electricity, Marufu et al. (1997) discovered that some urban Zimbabwean 
households choose not to use it due to the expensive cost. Homeowners in South Africa (Davis, 1998) 
and India have observed similar findings (Bhide & Monroy, 2011). As a result, energy access and afford-
ability are closely intertwined (Du Can et al., 2018). They also noted that energy-efficient equipment and 
supplies have higher initial prices, but less efficient devices are less expensive to install. However, the 
former is more cost-effective in the long run since they are more efficient (Du Can et al., 2018). They 
go on to say that energy efficiency has numerous advantages, including lowering power plant fuel input, 
lowering hazardous pollutants, improving energy security, and serving the energy needs of a larger number 
of clients. A household may be in energy poverty for three reasons: low-income, high-energy expenses, 
and energy inefficient housing (WEO, 2017). In response to the question of whether energy poverty 
is just a result of poverty, WEO (2017) noted that while poverty is a major driver of energy poverty, 
it is not the only reason or even a necessary condition. Hence, the need to provide empirical evidence 
regarding the role of microfinance in eradicating energy poverty among micro-borrowers in Tanzania.

Microfinance and Energy Poverty

Microfinance is a method of delivering financial services to those who are too poor to be served by 
regular financial institutions (Yunus, 1999). Alternative collateral, such as shared liability borrowing, 
is commonly used by microfinance organizations to provide these services (Yunus, 1999). The World 
Economic Forum (2010) defines energy poverty as “the absence of access to contemporary energy 
services and goods.” Energy poverty is described as a lack of appropriate, reliable, economical, safe, 
and environmentally suitable energy services (Awan et al., 2013) and Reddy et al. (2000). In order to 
distinguish contemporary energy sources from traditional energy sources, Pachauri and Spreng (2004) 
define contemporary energy sources as clean energy with no negative environmental impact, whereas 
traditional energy sources are defined as energy with negative environmental and health impacts on 
households. This chapter defines energy poverty as the lack of sufficient choice in getting enough reli-
able, affordable, safe, and ecologically compatible energy services, as suggested by Awan et al. (2013) 
and Reddy et al. (2000).

The 2015 Sustainable Development Goals (SDGs) (number 7) intend to provide everyone with af-
fordable, reliable, sustainable, and contemporary energy by 2030. This aim underlines the importance 
of providing all people in developing countries with contemporary and sustainable energy services, 
as well as adopting a wellness approach to energy consumption (Kiranmai, 2022). People’s access to 
modern energy services can be significantly improved, according to Morris et al. (2007) if they also 
have access to microfinance loans to pay for them. Energy access is a catalyst for many other develop-
ment goals, and its facilitation can support microfinance’s social mission of eradicating poverty and 
enhancing the well-being of consumers (PAMIGA, 2020). Few research, however, has looked into the 
effect of microfinance on reducing energy poverty (Boutabba et al., 2020; Groh & Taylor, 2015; Morris 
et al., 2007; Rao et al., 2009).

Boutabba et al. (2020) found that microfinance reduces energy vulnerability, with microfinance clients 
having higher energy poverty indices and energy expenditures than non-client households, in their study 
on understanding the impact of microfinance on energy access in the peripheral districts of Lomé, Togo. 
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They suggested that policymakers take steps to encourage and expand access to microfinance, as this has 
the potential to reduce energy poverty and improve access to high-quality, contemporary energy services.

Koomson and Danquah (2021) investigated the impact of financial inclusion on energy poverty in 
Ghana. According to their findings, financial inclusion has the ability to eliminate energy poverty. Simi-
larly, Groh and Taylor (2015) discovered that microfinance plays a key role in reducing energy poverty 
in their study based on case studies from Bangladesh, Pakistan, and Cameroon, as well as lessons gained 
from experiences in Mexico, Peru, and the Philippines. While major microfinance programs are likely 
to improve rural communities’ access to energy and, as a result, reduce energy poverty, they are rare, if 
not non-existent, according to them. They go on to suggest that solar must adapt to local needs if it is to 
become a viable option for energy access in rural areas.

In a similar vein, Mohiuddin (2006) addressed this issue by proposing a new strategy for develop-
ing countries to take the lead by expanding the role of microfinance programs in financing renewable 
energy generation and distribution, as well as outlining how affluent countries may assist. According to 
the author, microfinance institutions are a possible alternative to closing the energy gap since they can 
offset the high prices that limit the development of renewable energy generation. Microfinance institu-
tions, according to the author, can aid in the commercialization of renewable energy technologies by 
making them more affordable for consumers and businesses. Allet (2016) corroborated this finding by 
examining a sample of rural financial institutions in Cameroon, Ethiopia, and Kenya that have begun to 
develop financial products to assist their poor rural consumers in obtaining excellent pico-solar systems.

Morris et al. (2007) discovered that having access to microfinance loans to pay for contemporary 
energy services improves people’s access to them significantly. Their study shows that if individuals 
have access to appropriately designed loans in order to purchase contemporary energy services, the 
potential market for energy products can be transformed into effective demand. They looked at the ex-
periences of selected microfinance institutions in Asia, Africa, Latin America, and the Caribbean that 
have energy-lending programs.

Furthermore, Ekouevi and Tuntivate (2012) examined the World Bank’s funding operations as well 
as selected interventions by other institutions in the area of household energy access in order to identify 
success and failure variables that may be used to inform the next generation of interventions. They dis-
covered that programs that incorporate microfinance options to assist families in obtaining better stoves 
are more successful. They recommend that the poor have a long-term plan in place to pay for the better 
stoves. Rao et al. (2009) presented energy-microfinance initiatives that provide low-income households 
with novel energy solutions such as clean lighting and upgraded cook stoves, as well as much-needed 
financing.

Generally, studies on the role of microfinance in reducing energy poverty are few and limited in the 
specific context. Since energy poverty is a context-specific phenomenon (Kumar, 2020), there is still a 
need for more work to be conducted in developing countries such as Tanzania.

Microfinance and Energy Poverty in Tanzania

Microfinance institutions began operating in Tanzania in the 1980s with the goal of providing financial 
services to those who were not served by traditional financial institutions (Randhawa & Gallardo, 2003). 
Due to their relationship with poor clients, understanding of their basic needs, and ability to provide 
end-user financing to overcome the affordability barriers associated with accessing modern energy 
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services, microfinance institutions have been hailed as an effective and sustainable actor in addressing 
energy poverty (Morris et al., 2007).

Despite widespread access to microfinance among Tanzania’s poor (Kasoga, 2020), the country’s energy 
sector is still dominated by traditional biomass for home use, which is mostly harvested and processed 
in unsustainable ways (African Development Bank, 2015). Similarly, according to USAID (2018), the 
majority of Tanzanian families rely on charcoal, firewood, and cow dung as their primary energy sources. 
According to Bonjour et al. (2013), more than 85 percent of Tanzanians use traditional fuels as domestic 
energy sources, significantly limiting the country’s economic and social growth potential. Similarly, the 
Tanzania Bureau of Statistics (2017) found that just 32.8 percent of Tanzanian households had access to 
electricity, with urban areas (65.3 percent) having better access than rural areas (16.9 percent).

The survey also shows that of the total electrified households, 74.9 percent use national grid power 
and 24.7 percent utilize solar power. Individual electricity generated from other sources, such as small 
generators, is used to electrify the remaining 0.3 percent. Although electricity access and consumption 
are still low, they are rapidly expanding, with 75 percent of Tanzanians expected to have access to elec-
tricity by 2035 (African Development Bank, 2015).

According to the statistics cited above, the majority of Tanzanians now rely on traditional energy 
sources. Traditional energy sources have an impact on health and contribute to climate change concerns, 
which are particularly concerning in developing nations (Bishoge et al., 2018). According to the World 
Bank (2016) report, Tanzania’s poverty reduction rate is slowing, with around 12 million residents 
out of a total population of 51.8 million living in extreme poverty, while a large share of the non-poor 
population lives just over the poverty line. The report maintains that increased productivity is required to 
generate jobs, improve the living conditions of Tanzanian households, and promote the achievement of 
the country’s socioeconomic goals. This chapter is set to examine the role of microfinance in eradicat-
ing energy poverty, particularly focusing on the willingness to use and affordability of modern energy 
sources among micro-borrowers in Tanzania.

Sources of Energy in Tanzania

Biomass, hydropower, and solar power are Tanzania’s principal energy sources (URT, 2017). Other 
sources include natural gas, petroleum, wind, and thermal energy (Bishoge et al., 2018; African Devel-
opment Bank, 2015). In Tanzania, hydropower accounts for almost one-third of the total installed power 
capacity of 2612 MW (International Hydropower Association, 2017; Otsuki, 2017).

Tanzania’s prospective solar energy resources are found in the country’s central regions, where 24.7 
percent of households use solar energy as a source of power (Sarakikya, Ibrahim & Kiplagat, 2015). 
Solar energy is primarily used in rural areas (64.8 percent vs. only 3.4 percent in urban areas), with 
the Lindi, Njombe, Mtwara, Katavi, and Ruvuma regions leading the way in Tanzania’s use of solar 
power (Bishoge et al., 2018). In Tanzania, there are about 1,000,000 solar-powered homes, with solar 
photovoltaic panels ranging from 10 to 100 kW per home (Hansen et al., 2014). Tanzania is naturally 
adapted to creating solar energy as a viable alternative source of contemporary energy supply and rural 
electrification (Bishoge et al., 2018).

Biomass is the most frequent energy source in Tanzania’s residential sector (Martin et al., 2009), and 
it is mostly derived from forests, agricultural residue, animal dung, and solid industrial waste. Much 
of Tanzania’s biomass is harvested in an unsustainable manner (Muhumuza & Balkwill, 2013; Gain & 
Watanabe, 2017), due to issues such as limited law enforcement, low knowledge, and high poverty levels. 
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Tanzania has 33 million hectares of forest, but it loses about 400,000 hectares each year, with around 
75% of wood harvested not accounted for in government budget systems, resulting in tax collection losses 
(Smith, 2015). Tanzanian households consume an average of 46.4 kg of charcoal per month, with urban 
inhabitants consuming an average of 93.6 to 180 kg of charcoal per year (Msuya et al., 2011). Biomass 
generates roughly 18 MW of grid power in Tanzania (Terrapon-Pfaff et al., 2012). The raw materials 
available, such as municipal solid waste, forest residue, sugar bagasse, rice husk, sisal, and coffee, might 
be used to generate more power, according to these writers.

Other renewable energy sources in Tanzania include wind and geothermal energy. Tanzania has high 
wind potential areas that cover more than 10% of its land area in terms of wind energy (Tanzania Invest, 
2015). There are places with annual average wind speeds of 5-8 m/s running from southeast to northeast 
over an 800 km shoreline (Kasasi & Kainkwa, 2002). Tanzania’s wind energy resources, according to 
Bishoge et al. (2018), are concentrated in the Rift Valley’s Great Lakes, lowlands, and highland plateau 
regions. Wind energy evaluation in Tanzania, according to URT (2015), suggests that sites like Makam-
bako (Njombe area) and Kititimo (Singida region) have sufficient wind speed for grid-scale electricity 
generation, with average wind speeds of 8.9 m/s and 9.9 m/s at 30 meters, respectively. In Tanzania, the 
government and commercial firms (both domestic and foreign) are working on a number of wind energy 
generation projects (The Economist, 2017).

Tanzania has large geothermal energy resources, which are still unquantified (Bishoge et al., 2018). 
Tanzania has a total capacity of 5000 MW of geothermal energy, according to URT (2018), with the 
majority of prospects located in the East African Rift System. Tanzania’s geothermal blessings and 
prospects are grouped into three zones, according to ESI Africa (2016): northeast (Mara, Kilimanjaro, 
and Arusha areas); southwest (Rukwa and Mbeya regions); and the eastern coastal belt zone (Rufiji 
basin). Technology is another important factor (Rafay, 2019). According to Bishoge et al. (2018), every 
developing country is advised to increase infrastructure and update technology in order to supply clean 
energy as a basic goal that can boost socioeconomic and political growth while also improving the 
environment. As a result, in order to meet the Sustainable Development Goal number 7, the Tanzanian 
government is currently investing in increasing power generation, primarily by combining natural gas 
with coal and renewable energy sources such as hydro, solar, biomass, wind, and thermal energy, in 
collaboration with local and international private companies (Bishoge et al., 2018).

HYPOTHESES DEVELOPMENT

Financial services such as loans help households increase their income and alleviate poverty by allowing 
them to make productive investments, maintain consumption levels over time, and endure economic shocks 
(Demirgüç-Kunt et al., 2017). Inclusion of financial services such as credit has been linked to poverty 
reduction in numerous studies (Bruhn & Love, 2014; Burgess & Pande, 2005; Chibba, 2009; Churchill 
et al., 2020b; Churchill & Marisetty, 2019; Koomson et al., 2020a; Koomson & Ibrahim, 2018). Burgess 
and Pande (2005), for example, found a decrease in rural poverty in India as a result of an increase in 
bank branches in rural areas. In Ghana, Koomson et al. (2020) discovered that an increase in financial 
services is associated with a decrease in household poverty and reduces the likelihood of future poverty.

Churchill et al. (2020b) discovered that an increase in multi-dimensional financial services, such as 
bank accounts, credit, and insurance, is associated with a reduction in poverty. Other studies have ar-
gued that access to financial services promotes social inclusion by allowing low-income and vulnerable 
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people in a society to obtain affordable financial services (Aslan et al., 2017; Kim, 2016; Koomson et al., 
2020a). Equal access to financial services encourages the economic integration of socially disadvantaged 
households and improves society’s overall welfare (Ibrahim et al., 2018; Nanziri, 2016).

The studies described above were all about poverty reduction in general. Few studies have looked 
specifically at the effect of microfinance on eradicating energy poverty. Boutabba et al. (2020) discov-
ered that microfinance decreases energy vulnerability, with microfinance customers in Togo’s peripheral 
districts having greater energy poverty indices and energy expenditures than non-client households. As 
a result, financial services provide opportunities for poor parts of the community to thrive while also 
reducing income disparity (Omar and Inaba, 2020; Park and Mercado Jr, 2018). Financial inclusion, 
according to Koomson and Danquah (2021), has the potential to eliminate energy poverty in Ghana. 
Microfinance plays an important role in tackling energy poverty, according to Groh and Taylor (2015) 
and Mohiuddin (2006). Microfinance, according to Allet (2016) and Morris et al. (2017), improves ac-
cess to contemporary energy sources.

According to Adusah-Poku and Takeuchi (2019), households must be willing and able to spend on 
contemporary fuels as they become more widely available in order to eliminate energy poverty. This 
means that the willingness and ability of micro-borrowers may impact the adoption of modern energy 
sources for cooking and other purposes, such as lighting and domestic appliances. Furthermore, past 
research has discovered a positive and significant association between contemporary energy use and 
demographic variables such as age, education, marital status, and household size (Boutabba et al., 2020; 
Groh & Taylor, 2015; Koomson et al., 2020a). Increased educational attainment, for example, improves 
energy poverty, according to Acharya and Sadath (2019), Crentsil et al. (2019), and Sharma (2016). As 
a result, the following hypotheses are presented based on the foregoing:

H1: There is a strong positive association between willingness to spend on contemporary energy sources 
and their use for (a) cooking and (b) other purposes.

H2: A considerable positive association exists between the affordability of contemporary energy sources 
and their use for a) cooking and (b) other purposes.

H3: There is a substantial positive link between (a) age, (b) marital status, (c) degree of education, and 
(d) family size and the use of contemporary energy sources for cooking.

H4: There is a substantial positive link between (a) age, (b) marital status, (c) degree of education, and 
(d) family size and the use of contemporary energy sources for other purposes.

METHODOLOGY

The study population was composed of micro-borrowers from three major microfinance institutions 
(NMB, FINCA (T) and BRAC (T) in three major commercial cities in Tanzania: Dar es Salaam, Arusha, 
and Mwanza. Many microfinance institutions and borrowers are found in major commercial cities in 
Tanzania (Kasoga, 2020). Questionnaires were distributed to a systematic sample of 600 joint liability 
borrowers using a step of 3 (200 borrowers from each of the three major commercial cities in Tanzania) 
as they exited microfinance institutions. Systematic sampling was used as a proxy for simple random 
sampling (Hair et al., 2019). Participation was voluntary with respondents requested to answer questions 
concerning their willingness and ability to use modern energy sources.
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The questionnaire items were validated in a pretest with 5 microfinance experts. The revised ques-
tionnaire was piloted among 20 individual group borrowers in Dodoma city before being accepted as 
the final version. A total of 490 useable responses were obtained with an average response rate of 82 
percent across exits. The willingness to spend on contemporary energy sources for cooking, affordability 
of contemporary energy sources for cooking, use of contemporary energy sources for cooking, willing-
ness to spend on contemporary energy sources for other purposes, such as lighting and running domestic 
appliances like refrigerators, televisions, radios, etc., affordability of contemporary energy sources for 
other purposes, and the usage of contemporary energy sources for other purposes were captured using 
a 5-point Likert scale ranging from (1) strongly disagrees to (5) strongly agrees. Previous studies have 
indicated that attitudes of customers can significantly predict their behavior.

The usage of contemporary energy sources among Tanzanian micro-borrowers was measured by ask-
ing respondents to indicate the extent of use of a combination of contemporary sources of energy such as 
biogas, electricity, natural gas, etc. for cooking and other purposes, such as lighting and running domestic 
appliances like refrigerators, televisions, radios, etc. The researchers decided to employ the extent of use 
because most poor people in Tanzania do not use contemporary sources of energy consistently as they 
tend to switch from one source of energy to another depending on the prevailing situation, particularly 
purchasing power (Teske et al., 2017; URT, 2017). Correlation and multiple regression analyses were 
employed to predict the constructs’ relationships.

Table 1. The demographics of the respondents (N = 490)

Variables Frequency Percent

Gender
Male 30 6.1

Female 460 93.9

Age

18-25 30 6.1

26-35 177 36.1

36-45 197 40.2

>45 86 17.6

Marital Status

Single 46 9.4

Married 361 73.7

Divorced 34 6.9

Widowed 49 10

Level of Education

None 68 13.9

Primary School 272 55.5

Secondary 111 22.7

Tertiary 39 8

Household Size

2-3 7 1.4

4-5 87 17.8

6-7 231 47.1

> seven 165 33.7

Source: (Field Data, 2021)
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RESULTS

Respondents’ Demographic Characteristics

The demographic characteristics of respondents are shown in Table 1.
Table 1 shows that women made up the majority of the responders (93.9 percent). This means that 

the majority of micro-lenders in Tanzania are women. The bulk of respondents (76.3 percent) were be-
tween the ages of 26 and 45, indicating that youthful micro-borrowers are productive and have families 
and other community responsibilities. The fact that the majority of the respondents (73.7 percent) were 
married backs this up. Furthermore, the findings show that the majority of respondents (55.5%) had only 
an elementary education, implying that the majority of micro-borrowers are uneducated. Furthermore, 
the majority of respondents (80.8 percent) have a large household size (living with six or more family 
members), implying increased family responsibilities.

Descriptive Statistics

Table 2 shows the descriptive data for willingness, affordability, and usage of contemporary energy 
sources for cooking, as well as other purposes such as lighting and powering household equipment such 
as refrigerators, televisions, and radios.

Table 2 shows that the willingness to use contemporary energy sources for cooking has a mean 
value of 1.463, indicating that micro-borrowers are unwilling to spend on modern energy sources for 
cooking. The average willingness to spend on contemporary energy sources for other purposes was also 
4.879, according to the findings. This study suggests that micro-lenders are prepared to spend money 
on modern energy sources for other purposes, such as lighting and powering household equipment such 
as refrigerators, televisions, and radios. In addition, the data shows that the average affordability of 
contemporary energy for cooking is 1.155, implying that micro-borrowers cannot afford modern energy 
sources for cooking.

Table 2. Descriptive statistics (N = 490)

Variables Mean SD Min. Max. Skew Kurtosis Reliability 
Estimates

Willingness for Cooking 1.463 0.511 1.00 4.00 0.378 0.220 0.82

Willingness for Other Purposes 4.879 0.326 4.00 5.00 -0.340 1.490 0.89

Affordability for Cooking 1.155 0.362 1.00 2.00 0.911 1.660 0.81

Affordability for Other Purposes 4.063 0.243 4.00 5.00 0.599 1.990 0.87

Use of Contemporary Energy for 
Cooking 1.341 0.561 1.00 3.00 0.417 1.039 0.76

Use of Contemporary Energy for 
Other Purposes 4.798 0.402 4.00 500 -0.489 0.217 0.78

Source: (Field Data, 2021)
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Furthermore, the mean value for contemporary energy affordability for other uses was 4.063, indicat-
ing that micro-borrowers can afford modern energy sources for other uses, such as lighting and running 
household appliances such as refrigerators, televisions, and radios. The average score for using contem-
porary energy sources for cooking was 1.341, indicating that micro-borrowers do not use contemporary 
energy sources for cooking. The mean score for using contemporary energy sources for other uses was 
4.798, indicating that micro-borrowers utilize contemporary energy sources for things like lighting and 
powering household equipment like refrigerators, televisions, and radios.

Cronbach’s alpha coefficients higher than the suggested limit of 0.6 were used to validate the measures’ 
reliability, as indicated in Table 2. (Hair et al., 2019). In addition, the skewness and kurtosis readings 
were within the required ranges (Hair et al., 2019). Specifically, skewness values are not less than-1 nor 
more than +1, and kurtosis values are not less than-2 nor more than +2, implying a normal distribution 
within the sample (Table 2).

Correlation Results

The relationships between the research variables are shown in Table 3. The results suggest that there is 
no difficulty with multicollinearity among independent variables because the variables were unrelated 
to one another, with a correlation of less than 0.7. The findings of the correlation analysis between the 
independent and dependent variables demonstrate that the study hypotheses are tentatively supported or 
not supported. The positive correlation between willingness to spend on contemporary energy sources 
for cooking and the use of contemporary energy sources for cooking (r = 0.090, p< 0.05) suggests that 
willingness to spend on contemporary energy sources for cooking is related to the use of contemporary 
energy sources for cooking, implying that H1a is supported. Similarly, the willingness to spend on 
contemporary energy sources for other purposes was found to have a larger positive correlation than the 
use of contemporary energy sources for other purposes (r = 0.635, p< 0.01). This means that the readi-
ness to spend on contemporary energy sources for other purposes is very important when it comes to 
employing contemporary energy sources for other purposes, which supports H1b. The findings support 
Adusah-Poku and Takeuchi’s (2019) hypothesis that willingness to use contemporary energy sources is 
linked to willingness to use them.

In a similar vein, the study discovered that the affordability of contemporary energy sources for cook-
ing had a favorable link with their use (r = 0.102, p<0.05). This means that the affordability of modern 
energy sources for cooking is linked to their use, implying that H2a is supported. Furthermore, a positive 
connection was discovered between the affordability of contemporary energy sources for other purposes 
and their use for other purposes (r = 0.131, p<0.01), showing that the affordability of modern energy 
sources for other purposes is related to their use for other purposes. As a result, H2b was accepted. The 
findings support those of Boutabba et al. (2020), who discovered that the affordability of contemporary 
energy sources is connected to their use.

Table 3 shows that use of modern energy sources for cooking has no statistically significant rela-
tionship with age (r = -0.042, p>0.05); married status (r = 0.018, p>0.05); degree of education (r = 
-0.056, p>0.05); and household size (r = 0.040, p>0.05), rejecting H3a, H3b, H3c, and H3d. In addi-
tion, all demographic characteristics, except household size, show no significant link with the use of 
contemporary energy sources for other purposes: age (r = -0.058, p>0.05); married status (r = 0.051, 
p>0.05); level of education (r = -0.203, p>0.05), rejecting H4a, H4b, and H4c. These findings suggest 
that demographic factors are unrelated to the use of modern energy sources for cooking and other func-
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tions such as lighting and operating household equipment such as refrigerators, televisions, and radios. 
Other research, such as Boutabba et al. (2020), Groh and Taylor (2015), and Koomson et al. (2020a), 
have revealed that demographic variables (age, education, and marital status) are positively connected 
to the use of contemporary energy sources. In terms of household size, there is a positive and substantial 
association (r = 0.300, p<0.01) between household size and the usage of contemporary energy sources 
for other purposes, which supports H4d. This finding supports Koomson et al. (2020a)’s hypothesis that 
household size is related to the utilization of contemporary energy sources for other purposes.

Multiple Regression Results

Tables 4 and 5 provide the results of the multiple regression analyses, while Table 6 shows the results of 
the hypothesis testing. The effect of willingness to spend on contemporary energy sources for cooking 
on their use is positive and significant (β=0.086, p<0.05), indicating that H1a is correct (Table 4). On 
the other hand, the effect of willingness to spend on contemporary energy sources for other purposes 
on their use is positive and significant (β=0.684, p<0.01), indicating that H1b is correct (Table 5). The 
influence of the affordability of contemporary energy sources for cooking on their use is positive and 
significant (β=0.097, p<0.05), indicating that H2a is correct (Table 4). The influence of contemporary 
energy source affordability on the use of contemporary energy sources for other purposes, on the other 
hand, is positive and insignificant (β=0.042, p>0.05), rejecting H2b (Table 5).

In terms of demographic characteristics, Table 4 shows that age, marital status, level of education, 
and household size have no effect (p>0.05) on the use of contemporary energy sources for cooking (β= 
-0.056, 0.019, -.053, 0.041, respectively). As a result, H3a, H3b, H3c, and H3d are ruled out. Similarly, 

Table 3. Correlation matrix

Variables WILL 
COOK

WILL 
OTHER

AFFORD 
COOK

AFFORD 
OTHER

USE 
COOK

USE 
OTHER AGE MST LE HS

WILLCOOK 1

WILLOTHER -.094* 1

AFFORDCOOK .031 -.067 1

AFFORDOTHER -.022 .096* .028 1

USECOOK .090* .046 .102* -.023 1

USEOTHER -.011 .635** -.065 .131** .025 1

AGE .005 -.032 .003 -.055 -.042 -.058 1

MST .012 .003 -.003 .075 .018 .051 .309** 1

LE -.086 -.186 -.048 -.049 -.056 -.203 -.208 -.221 1

HS -.073 .191 -.007 .090 .040 .300** .090* .104 .022 1

Source: (Field Data, 2021)
**, * imply significance < 0.01 levels, and 0.05 levels (2-tailed) respectively. Willingness to spend on contemporary energy sources 

for cooking (WILLCOOK), affordability to contemporary energy sources for cooking (AFFORDCOOK), use of contemporary energy 
sources for cooking (USECOOK), willingness to spend on contemporary energy sources for other purposes (WILLOTHER), affordability 
of contemporary energy sources for other purposes (AFFORDOTHER), and the use of contemporary energy sources for other purposes 
(USEOTHER). Marital Status (MST); Level of Education (LE); Household size (HS)
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all demographic characteristics, with the exception of household size, have no effect (p>0.05) on the 
usage of contemporary energy sources for other purposes: age (β= -0.045), married status (β= 0.025), 
and educational level (β= -0.081). As a result, H4a, H4b, and H4c are ruled out. Household size, on the 
other hand, had a positive and substantial effect on the use of contemporary energy sources for other 
purposes (β= 0.160, p<0.01), supporting H4d.

DISCUSSION OF RESULTS

The role of microfinance in reducing energy poverty among Tanzanian micro-borrowers is examined 
in this chapter. The findings confirm H1a by demonstrating that willingness to spend on contemporary 
energy sources for cooking has a positive and significant effect on the use of contemporary energy 
sources for cooking. This study implies that as people’s desire to spend more on contemporary energy 

Table 4. Multiple regression results

Variables Beta Coefficients (β) t-Values Sig.
Collinearity Statistics

Tolerance VIF

Constant 1.087 5.064 .000

Willingness for Cooking .086 1.890 .052 .986 1.014

Affordability for Cooking .097 2.152 .032 .997 1.003

Age -.056 -1.155 .249 .870 1.149

Marital Status .019 .319 .696 .861 1.161

Level of Education -.053 -1.125 .261 .920 1.087

Household Size .041 .899 .369 .967 1.035

R = .158, R2 = .025, Adj.R2 = .013, Durbin-Watson = 0.489, F = 2.050, Sig. 0.051
Dependent variable: Use of contemporary energy for cooking
Source: (Field Data, 2021)

Table 5. Multiple regression results

Variables Beta Coefficients (β) t-Values Sig.
Collinearity Statistics

Tolerance VIF

Constant .246 .893 .372

Willingness for Other Purposes .684 22.130 .000 .917 1.091

Affordability for Other Purposes .042 1.410 .159 .975 1.026

Age -.045 -1.398 .163 .864 1.158

Marital Status .025 .789 .431 .854 1.171

Level of Education -.081 -2.577 .110 .888 1.126

Household Size .160 5.227 .000 .930 1.075

R = .760, R2 = .577, Adj.R2 = .572, Durbin-Watson = 0.172, F = 109.965, Sig. 0.000
Dependent variable: Use of contemporary energy for other purposes
Source: (Field Data, 2021)
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sources for cooking grows, so does their inclination to use them. The results in Table 2 support the lower 
regression coefficient for willingness to spend on contemporary energy sources for cooking on the use 
of contemporary energy sources for cooking, indicating that micro-borrowers are unwilling to spend 
on contemporary energy sources for cooking. This outcome could be explained by Tanzanian micro-
borrowers’ inability to buy contemporary energy sources for cooking (Table 2). According to Kasoga and 
Tegambwage (2021), Tanzanian micro-borrowers have greater degrees of over-indebtedness, resulting 
in reduced purchasing power.

The influence of willingness to spend on contemporary energy sources for other purposes on the 
use of contemporary energy sources for other purposes, on the other hand, is positive and significant, 
indicating that H1b is correct. This conclusion implies that as people’s willingness to spend money on 
modern energy sources for other purposes grows, so does their readiness to use modern energy sources 
for other purposes. The results in Table 2 support the higher regression coefficient for readiness to spend 
on contemporary energy sources for other purposes, implying that micro-borrowers are eager to spend on 
modern energy sources for other uses than cooking. This could be because, as shown in Table 2, modern 
energy sources for various applications are inexpensive for Tanzanian micro-borrowers.

The affordability of contemporary energy sources for cooking has a positive and considerable impact 
on the use of contemporary energy sources for cooking, which supports H2a. This conclusion suggests 
that as the cost of contemporary energy sources for cooking becomes more affordable, so does the use 

Table 6. Results of hypotheses testing in summary

S/N Hypothesis Result

H1a There is a strong positive association between willingness to spend on contemporary energy sources for 
cooking and the use of contemporary energy sources for cooking. Accept

H1b There is a strong positive association between willingness to spend on contemporary energy sources for other 
purposes and the use of contemporary energy sources for other purposes. Accept

H2a There is a considerable positive association between affordability of contemporary energy sources for cooking 
and the use of contemporary energy sources for cooking. Accept

H2b There is a considerable positive association between affordability of contemporary energy sources for other 
purposes and the use of contemporary energy sources for other purposes. Reject

H3a There is a substantial positive link between use of contemporary energy sources for cooking and age. Reject

H3b There is a substantial positive link between use of contemporary energy sources for cooking and marital status. Reject

H3c There is a substantial positive link between use of contemporary energy sources for cooking and level of 
education. Reject

H3d There is a substantial positive link between use of contemporary energy sources for cooking and household 
size. Reject

H4a There is a substantial positive link between use of contemporary energy sources for other purposes and age. Reject

H4b There is a substantial positive link between use of contemporary energy sources for other purposes and marital 
status. Reject

H4c There is a substantial positive link between use of contemporary energy sources for other purposes and level of 
education. Reject

H4d There is a substantial positive link between use of contemporary energy sources for other purposes and 
household size. Accept
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of contemporary energy sources for cooking. The results in Table 2, which show that micro-borrowers 
in Tanzania cannot afford contemporary energy sources for cooking, support the lower regression coef-
ficient for affordability of contemporary energy sources for cooking and the use of contemporary energy 
sources for cooking. The fact that the majority of Tanzanian micro-borrowers live in poverty backs 
this argument (Kasoga & Tegambwage, 2021). This suggests that Tanzanian micro-borrowers have not 
been able to reduce their energy poverty, notably for cooking purposes. This finding agrees with Kumar 
(2020), who claims that even in industrialized countries with reliable access to contemporary energy, 
the affordability of modern energy sources for cooking remains a problem.

In order to address the affordability of contemporary energy sources among the poor and bring them 
out of energy poverty, it is critical to provide customized micro-credits to pay for contemporary energy 
services (Allet, 2016; Ekouevi & Tuntivate, 2012; Morris et al., 2007; PAMIGA, 2020; Rao et al., 2009). 
Ekouevi & Tuntivate (2012) discovered that programs that incorporate microfinance options to assist 
families in obtaining contemporary energy are more successful. Rao et al. (2009) recommended energy-
microfinance initiatives that provide poor people with novel energy solutions such as clean lighting and 
upgraded cook stoves, as well as much-needed financing. In this regard, governments, with the help of 
the business sector, may push these micro-credit programmes. Two case studies, one from India and the 
other from Bangladesh, might be mentioned in this regard.

The Government of India implemented the 1Ujjwala scheme in 2016 (GoI, 2021). The scheme proposed 
to offer Rs. 1600 per family to cover the security deposit and regulator for a 14.2-kilogram cylinder. A 
deposit-free liquefied petroleum gas (LPG) connection is offered to a woman from a below-poverty-line 
(BPL) family under the scheme. The beneficiary is responsible for the cost of the hot plate and the first 
refill. Beneficiaries have the option of borrowing a hot plate, a first refill, or both from public sector 
oil marketing companies (OMCs) at no interest. The loan is repaid using a subsidy that the beneficiary 
receives when he or she buys refills (s). As of July 30, 2021, there were 79, 995, 022 LPG cylinder 
hookups available under the plan (GoI, 2021). The Ujjwala plan is a good example of effective micro-
credits that could inspire other countries to create tailored micro-credits to boost poor people’s access 
to and affordability of contemporary energy sources.

Bangladesh’s Solar Home System (SHS) program, which combines microfinance with rural electri-
fication, has attracted international attention. The Government of Bangladesh (GoB) formed the Infra-
structure Development Company Limited (IDCOL) in 1997 to help in SHS distribution by selling them 
to families and small businesses primarily through “cash sales” and “micro credit schemes” (GoB, 2008). 
In 1998, Bangladesh Bank granted IDCOL a non-bank financial institution (NBFI) license. IDCOL has 
been instrumental in bridging the finance gap for medium and large-scale infrastructure and renewable 
energy projects in Bangladesh since its start (GoB, 2008). In Bangladesh, the firm is the market leader 
in private sector energy and infrastructure financing (Khan et al., 2009). By October 2013, the IDCOL 
program had sold over 2.3 million SHSs, making it one of the world’s fastest growing renewable energy 
initiatives (Khan et al., 2009). The lessons learnt from Bangladesh’s microcredit programmes will aid 
other developing countries, notably African countries, in their efforts to make contemporary energy 
sources financially accessible to the poor.

The influence of contemporary energy source affordability on the use of contemporary energy sources 
for other purposes, on the other hand, is positive and minor, rejecting H2b. This study shows that afford-
ability, rather than the desire of micro-borrowers, is a significant predictor of the use of contemporary 
energy sources for other purposes. This is because, as shown in Table 2, the use of contemporary energy 
sources for various uses other than cooking is inexpensive among Tanzanian micro-borrowers. This means 
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that Tanzanian borrowers have been able to use microcredits to alleviate energy poverty for other uses such 
as lighting, radio, and television. This finding is consistent with the findings of Boutabba et al. (2020), 
who discovered that microfinance organizations helped Togolese borrowers lower their energy poverty.

In terms of demographic characteristics, studies show that age, marital status, education level, and 
household size have no effect on the use of contemporary energy sources for cooking, rejecting H3a, 
H3b, H3c, and H3d. This means that micro-borrowers’ use of modern energy sources for cooking is 
unrelated to their age, marital status, degree of education, or family size. Similarly, with the exception 
of household size, all demographic variables had no effect on the utilization of contemporary energy 
sources for other purposes, rejecting H4a, H4b, and H4c. This means that age, marital status, and level 
of education have no impact on Tanzanian micro-borrowers’ use of contemporary energy sources for 
other purposes. Other recent research, such as Acharya and Sadath (2019) and Crentsil et al. (2019), has 
revealed that demographic variables (age, education, and marital status) have a beneficial impact on the 
use of contemporary energy sources.

Household size, on the other hand, had a favorable and considerable impact on the use of contem-
porary energy sources for other purposes, indicating that H4d is correct. This suggests that the size of 
a household has a considerable impact on the use of contemporary energy sources for other purposes, 
suggesting that the larger the household, the more modern energy sources are used for other purposes. 
This could be owing to the fact that contemporary energy sources for other uses, such as lighting, radio, 
and television, are not prohibitively expensive for Tanzanian micro-borrowers. As a result, microcredits 
in Tanzania have enabled impoverished individuals to minimize their energy poverty, particularly for 
non-cooking uses. This finding is in line with that of Koomson and Danquah (2021), who discovered 
that increasing household size results in more use of contemporary energy sources for other purposes 
but not for cooking.

CONCLUSION AND RECOMMENDATIONS

Micro-borrowers are willing to spend on contemporary energy sources for cooking and other purposes, 
such as lighting and powering domestic appliances such as refrigerators, televisions, and radios, accord-
ing to the findings of this study. Tanzanian micro-borrowers can afford contemporary energy sources 
for other purposes, but not for cooking. This suggests that microcredits have helped to alleviate energy 
poverty by allowing people to use contemporary energy sources for purposes other than cooking. Af-
fordability and desire to spend on contemporary energy sources for cooking have a positive and major 
impact on their use, but willingness to utilize modern energy sources for other purposes has a positive 
and large impact on their use. The utilization of contemporary energy sources for cooking is unrelated 
to age, marital status, education, or household size in terms of demographic characteristics. In addition, 
age, marital status, and educational level have little bearing on the use of contemporary energy sources 
for other purposes. The size of a household, on the other hand, has a positive and considerable impact 
on the use of contemporary energy sources for other uses, but not for cooking.

This chapter adds to the body of knowledge by examining the influence of microfinance organizations 
on the decrease in energy poverty, with a focus on Tanzania. This was important because, while energy 
poverty is a context-specific problem, there is no general consensus on the influence of microfinance 
on the decrease of energy poverty around the world (Kumar, 2020). Furthermore, the research adds to 
the body of knowledge by exposing the positive and significant effects of micro-borrowers’ affordability 
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and willingness to utilize contemporary energy sources for cooking and other purposes on the use of 
contemporary energy sources for cooking and other purposes.

In terms of the chapter’s practical implications, microfinance institutions in Tanzania should de-
velop tailored micro-credits to make contemporary energy sources financially feasible to the poor. In 
other countries, such as Mali (Levaï et al., 2011) and China, microfinance institutions have launched 
customized micro-credits to pay for contemporary energy sources with the goal of pulling the poor out 
of energy poverty.

Furthermore, policymakers are urged to develop strategies and policies aimed at reducing energy 
poverty by making contemporary energy sources more accessible and inexpensive for the poor. This 
will not only enhance the poor’s use of modern energy sources, but it will also improve their health and 
preserve the environment. Other developing nations, notably in Africa, are likely to benefit from the 
lessons learned from India’s Ujjwala system and Bangladesh’s SHS program.

There are some limitations to this study. First, it made use of cross-sectional data. Longitudinal data 
could be employed in future studies to obtain additional insight into this problem. Second, it took place in 
Tanzania. This has an impact on the findings’ generalizability to other contexts. As a result, comparable 
investigations should be carried out in various contexts.
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ENDNOTE

1 Ujjwala scheme is a tailored micro-credit established by the Government of India in 2016 to boost 
poor people’s access to and affordability of contemporary energy sources.
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ABSTRACT

The energy assessment in any industrial/engineering project is an important aspect of project identifica-
tion in the environmental impact assessment (EIA) plan. It figures out the efficiency of projects through 
data envelopment analysis (DEA) in comparison with revenue, prior to the establishment of full-scale 
industries. This study assessed eight groups of Iranian small and medium-sized industries (ISMSI) for 
the energy stream/revenue. The DEA model is supported by weighing systems of Friedman test, criteria 
importance through intercriteria correlation (CRITIC), analytical hierarchy process (AHP), and entropy 
Shannon to assess the efficiency of industries. Four weighing systems of the multi-criteria decision-making 
(MCDM) model revealed no significant differences among findings of industrial groups, keeping in view 
the sensitivity analysis conducted and good reliability of Cronbach’s Alpha (α = 0.858). Therefore, the 
application of the DEA model is highly recommended for managing energy streams in the EIA plan.

INTRODUCTION

The ISMSI holds a prominent role in the economic cycle of any nation. In Iran, the dependence of the 
economic cycle of the country to ISMSI is 98% in comparison with large industries that its proportion 
is around 2% in this regard (Singh et al., 2016). The project identification step is the first step of any 
industrial project before it goes to the next levels of assessment like screening. According to enacted 
rules of EIA, the whole inventory of availability of industrial projects must be listed as materials & 
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energy streams, land area required for industrial projects individually, plus an inventory of facilities and 
equipment implemented (Lohani et al., 1997). In this case, the Iranian evaluator team of the in-charge 
organizations took the assessment and tabulated the initial data for Iranian industrial projects. This re-
search only used the collected data of the evaluator team for the first year of running industries before 
complete constructing them and data were processed to find the efficiency score.

There is no difference between guidelines for handling industrial projects in lots of nations in the EIA 
plan. The concept and procedure are the same depending on an inventory of the availability of projects. 
The importance of projects in itself and the environment depends on the properties of projects. The 
environmental impact pertains to pollutants dissipated from project ambient and mitigation of defined 
environmental impacts to impede culminating emissions. By the screening step of the project identification 
is sorted out the energy and materials streams and is listed whole facilities and equipment accommodated 
in the project ambient. On the other hand, experts can manage the time to make a list of whole proper-
ties of the project which underpin the content of financial, environmental, and economical assessments 
and pave the way towards modeling based on an inventory of properties and decision-making theory. 
Lots of criteria can be sorted out to assess financial, and environmental aspects. The variables or criteria 
proceed the projects towards decision-making science and configure the matrix of decision based on a 
variety of models developed. If the projects move ahead by a completed review in an uncertain situation 
decision theory brings MCDM models to solve the challenges raised. The prominent organizations that 
participated in the EIA plan of projects are industries organization, environment protection agency, World 
Bank, European Development Bank, Asian Development Bank, etc. (Lohani et al., 1997).

DEA is an important decision-making instrument with a strong base in economic sciences consisting 
of a variety of introduced variables to assess the performance of projects. Concerning this fact that a wide 
range of DEA models was recently introduced and developed but all of them follow the same purpose 
to find the efficiency score of alternatives and discover the way to offer some improvement points for 
escalating the performance of assessed alternatives (Zurano-Cervello et al., 2018).

DEA as a powerful management instrument for performance evaluation has gained considerable 
attention over the past decade. A decision tree is a data mining technique for classifying samples into 
nonlinear and nonparametric regression. Nowadays, the DEA model is recognized as a suitable method 
for evaluating the performance of units in which, based on the available information, the efficiency bound-
ary is estimated empirically. As mentioned, DEA is an instrument to measure the relative efficiency of 
homogeneous decision-making units that have multiple inputs and outputs. In the conventional model 
of DEA analysis, decision-making units are viewed as a black box and therefore their internal structure 
is generally ignored and it is assumed that the performance of the decision-making unit is a function 
of selected inputs and outputs. But in many cases, decision-making units have hierarchical multilevel 
structures or an internal network of activities and decisions that the performance of each of these levels 
can affect the performance of the entire organization. DEA technique is not able to consider the neces-
sary details, including the impact of decisions of different departments, existing levels, and mediating 
activities between these levels, each of which may affect the overall outcome of the performance ap-
praisal, in calculating efficiency. Multilevel mathematical planning models are known as mathematical 
planning instruments that can solve decentralized planning problems with multiple implementers in a 
multilevel or hierarchical organization. Therefore, to eliminate the above shortcomings, by combining 
the concepts of DEA analysis and multilevel mathematical programming, an integrated model (called 
multilevel DEA analysis) can be presented. Mathematical techniques are methods that reduce mental 
effects and resort to objective methods and have the ability to combine different theoretical tendencies 
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in measurement. DEA analysis is one of the mathematical techniques for performance evaluation that 
has been used in this article (Emrouznejad et al., 2011).

By the present research, it is tried to compose the framework of inputs and outputs variables based 
on the initial assessment of in-charge organizations in the EIA plan. The inputs and outputs variables 
assumed for the DEA model arranged to be quantities of water, power, fuel consumed, and revenue of 
industries in currency reports individually. The eight groups of ISMSI have been taken into consideration 
by the present research. It was ignored to separate data of small industries from medium-sized industries 
because the medium-sized industries were in minority. The definition of the scale of industries refers 
to the number of employees in industries. This is a certain classification for industries groups that has 
been assumed up to 10 and 50 staff for micro and small industries respectively (Ghanatabadi, 2005).

The use of MCDM models has been encouraged in a variety of science these days. The DEA as an 
effective decision-making model has been applied in lots of studies to find the efficiency scores (ESs) 
of organizations regarding a certain time interval. But by the current study, it was employed for the 
industrial projects before complete construction. It means the DEA model assigned to figure out the 
efficiency of industrial projects for a time interval of one year or the first year of operation. The weigh-
ing systems of Friedman test, CRITIC, AHP, and entropy Shannon were used to release the weights 
for inputs and outputs variables. Generally, the base of both the weighing systems of Friedman test and 
CRITIC models gets back to statistical equations while mathematical equations interfere in releasing 
the weights via both models of AHP and entropy Shannon. So, the four weighing systems were joined 
to the conventional DEA model to rank the industries in an analysis of costs for energy stream/revenue.

The motivation in conducting this research derived from some initial objectives such as

1.  Classification of industries based on ESs relied on costs of energy stream/revenue
2.  Figuring out the values of the weights for criteria based on 4 weighing systems
3.  Comparing the results of ESs in different weighing systems
4.  Conducting statistical analysis (correlation test, t-test, null hypothesis) for the reported values in 

currency
5.  Comparing the results of ESs in different weighing systems based on statistical analysis
6.  Conducting a sensitivity analysis among results of ESs in 4 weighing systems.

MAIN FOCUS OF THE CHAPTER

The application of decision-making theory strongly emphasized to take into attention by scientists who 
are working in the EIA plan. The EIA reports enacted to give a relevant decision for the alternatives 
raised from projects. The important points refer to the allocation of decision-making theory consisting 
of a variety of models to prioritize, classify, select, and highlight the alternatives in the decision-making 
science. The main steps of EIA comprised project identification, screening, public involvement, scoping, 
impact analysis, mitigation and impact analysis, EIA report, review, decision-making process, and imple-
mentation of the project. It needs to point out that this is the first research for ISMSI based on Nominal 
Capacity (NC) of industrial projects that investigated the efficiency and performance of units across Iran.
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Issues, Controversies, Problems

The energy and gas consumption in Pacific Northwest food processing industries have been scrutinized 
and classified as follows, animal slaughtering > grain and oilseed milling > dairy > fruit and vegetable 
preserving > sugar for electrical consumption. The natural gas consumption in food industries reported 
as animal slaughtering > grain and oilseed milling > fruit and vegetable preserving > dairy > sugar 
(Compton et al., 2018). 

A study conducted via the DEA-CCR model to determine the performance of around 744 Turkish 
industries picked up from 10 various groups. Inputs and outputs variables defined based on 14 items 
(12 inputs and 2 outputs variables) that accomplished by finding 94 full efficient plants and inefficient 
plants also distinguished to get some advice for improving performance (Bulak and Turkyilmaz, 2014). 
The research of Rezaee and Ghanbarpour (2016) made the framework of the traditional DEA model 
towards a linear multi-group extension to find the efficient units among 59 Iranian industries in different 
classes based on cost/revenue reports. The inputs and outputs variables of the DEA model encompassed 
the fuel, water, the power consumed plus the number of employees and revenue respectively. Hassanpour 
(2020) used the DEA-Additive Ratio Assessment (ARAS) model to classify 405 Iranian industries (in 9 
groups) based on materials and energy streams with input and output variables in a variety of scales and 
dimensions (not in currency). The classification produced different values of the weights for the variables 
using the Friedman test as a weighing system. The iterative two-stage optimization model – a statistic-
based applied model to figure out the strongest indicators of over 800 existing firms in the stock market 
of the US. The statistical analysis practices also assigned to further analysis of the model. The findings 
of the study promoted the dominance of the DEA model as a decision-making instrument (EdiriSinghe 
and Zhang, 2010). The dynamic slacks-based (DSB) DEA model exploited to sort out ESs between 0-1 
for Chinese life insurance companies from 2006 to 2010. The findings manifested an efficiency score 
of around 0.905-0.973. Also, results were emerged different from the findings of the conventional DEA 
model (Lu et al., 2014). Rahmani (2017) used the DEA-AHP model in the productivity assessment of 21 
Iranian industries in a time interval of 1980 to 2000. The research reported the presence of 38% efficient 
units (8 industries) with an efficiency borders range of 0.0091-1 for the minimum and maximum values of 
weights in the model. The inputs and outputs criteria of research were manpower, remuneration, capital, 
inputs values, and outputs values, and added value respectively. A study assessed the eco-efficiency of 
Chinese industries in 30 regions via additive DEA model under variable return to scale from 2005 to 
2013. The minimum and maximum ESs reported around 0.3298 to 1 respectively. The full efficiency 
reported for 48 cases among 240 alternatives. The financial assessment of 14 shipping industries carried 
out using the DEA-CCR model based on inputs and outputs variables of assets, stockholder, s equity, and 
operating revenue, and net income respectively. The efficiency score reported to be around 0.07-1 for 
cases examined. The regression line has depicted based on input versus output variables and compared 
with efficiency borders of 14 shipping industries (Lin et al., 2005). The thirty-two Chinese banks have 
passed through the efficiency assessment step via using DEA- Multiplier weights based on 3 inputs and 
two desirable outputs and one undesirable output variable from 2014 to 2018. The results appeared with 
a wide range of values between 0-1 (Li et al. 2020a). The integrated cooperative game DEA has applied 
to assess the performance of 31 manufacturing industries for carbon emission and mitigation plans. The 
assessment resulted in distinguishing 5 industries and 2 provinces for exceeding the allowable rules for 
the emissions and further mitigation plans recommended for them. The efficiency score ranged between 
0-1 (Li et al., 2020b). The importance of lean and sustainable direction novelty investigated in 35 small 
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and medium-sized industries. The inputs and outputs variables of research comprised the lean practice, 
innovation, and economic performance, operational performance, environmental performance, and 
social performance respectively. The minimum and maximum DEA scores fell into a range of 0.772-1 
(De et al., 2020).

The DEA-CCR model has applied to estimate the ESs of 71 offshore wind farms across 5 European 
countries with regard to 4 inputs and 3 outputs variables. The ESs ranged between 0.52-1 for the alterna-
tives (Akbari et al., 2020). To evaluate the slack-based technical efficiency of 32 banks used DEA model 
consists of 3 inputs and 2 outputs variables from 2000 to 2017 in Ghana. The medium efficiency score 
obtained around 79% and some precautions emphasized to take into consideration for the inefficient cases 
(Duho 2020). To find the financial performance of 15 life insurance companies the DSB-DEA model 
requested. A time interval from 2005 to 2012 considered. By the way, the study revealed the prominent 
variations in ESs and paved the way towards offering some improvement points (Sinha, 2015). To assess 
the efficiency of 17 suppliers used the conventional DEA united with fuzzy-nearest weighted interval 
approximation. The ranking of suppliers accomplished regarding inputs and outputs variables (2*6) of 
economic, environmental, and social aspects (Izadikhah et al., 2017). To assess and improve the perfor-
mance of forty cloth retail shops utilized DEA-input oriented model from 2010 to 2013 in Portuguese. 
The findings declared a fall in technical efficiency during the time interval mentioned except 2013. Six 
variables used in distinguishing the values of DEA rank (Xavier et al., 2015). The DEA enhanced Russell 
in fuzzy ambient requested to assess the sustainability of 26 suppliers with various variables as inputs and 
outputs. The ranking of alternatives completed with a sensitivity analysis based on rank reversal (Azadi 
et al., 2015). To rank 12 garment suppliers assigned the DEA-principal component analysis-VIKOR 
models containing 6 inputs and 4 outputs variables. The weights of criteria determined by experts. It 
found 5 efficient suppliers among the 12 alternatives investigated (Karami et al., 2021). The railways 
of 9 European countries have passed through the DEA-Fuzzy-AHP models to assess the ESs based on 
financial statements. Both models of CCR, and BCC of DEA model examined via considering 5 inputs 
and outputs variables. The maximum and minimum values of ESs estimated to be around 0.266 to 1. The 
use of information for right action planning and programming has recommended raising the ESs in future 
plans (Blagojevic et al., 2020a). The financial variables (as inputs and outputs) have considered to figure 
out the performance of 5 car industries via DEA-CCR and DEA-BCC models in the Czech Republic 
and Germany respectively. The full ESs reported in most cases for the alternatives (Papouskova et al., 
2020). To find the performance of 42 main public roads of India consist of 23 criteria the DEA-AHP-
VIKOR model used as the ranking and weighing systems. The variables encompassed accident, traffic 
revenue, expenses, vehicle operation, manpower, maintenance, utility score, and regret score respectively. 
The ranking system of VIKOR classified alternatives in a certain class. Then the alternatives classi-
fied in intervals of efficiency based on the DEA model (Kumar et al., 2020). The DEA-Gray relational 
analysis model developed for assessing the performance of poultry houses in egg generation during 15 
months of the year. The hens stayed in the best maintenance and service conditions to lay enough eggs. 
The combination of the DEA model with the gray system also examined other types of MCDM models 
as a sensitivity analysis. The similarity has proved the obtained results with partial compliance. The 5 
variables assumed as the main criteria in this assessment (Küçükönder et al., 2019). The Tobit analysis 
and DEA models integrated to assess 32 airports in Italy. It has reported the existence of some efficient 
units but small airports containing low-outlays could not be allocated in this list. The size of alterna-
tives has an independent effect on their efficiencies. The variables of the study included percentages of 
movement, numbers of passengers, cargo, and transit. The sensitivity analysis put together the outputs 
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of other DEA models to compare each other (Sergi et al., 2020). Research conducted to determine the 
performance of 12 transport and cargo controls during 2008 to 2012 in Brazil. The inputs and outputs 
variables listed as a percentage of fuel, costs, acquis-transp, and revenue respectively. The level of total 
efficiency reached 91.5% and full efficiency reported for all years of study except 2010. To improve the 
ESs of alternatives has given some recommendations and advice (Lepchak and Voese, 2020). To estimate 
the ecological efficiency of 116 capital cities the DEA models supported by entropy Shannon integrated 
together regarding non-discretionary uncontrollable inputs, desirable and undesirable outputs in 2011 
in Italy. The minimum and maximum ESs tabulated from 0-1 (Storto, 2016). China’s transport sector in 
thirty locations has evaluated for sustainability via a three-stage DEA model by 2017. The maximum and 
minimum ESs estimated to be around 0.52-1 respectively. By the way, 3 inputs and 3 outputs variables 
have considered plus 5 environmental variables (Song et al., 2020). The road transport operation has 
assessed in thirty locations regarding 11 variables for the inputs and outputs criteria from 2010 to 2017 
in China. The methodology of research comprised basic DEA-directional distance function. The authors 
calculated the DEA score for each year individually. Then, they took the mean of years for releasing 
the total rank from 2010 to 2017. The minimum and maximum values of ESs reported being around 
0.6028 to 1 respectively (Xu et al., 2020). The circumstances of 9 railways traffic safety investigated by 
Blagojevic et al. (2020b) via Entropy-Fuzzy PIPRECIA-DEA model in Bosnia and Herzegovina. The 
variables of research included 6 inputs and 5 outputs totally. The results examined via sensitivity analy-
sis to verify the accuracy and precision of findings. The low-performance alternatives removed from 
the following estimations. The minimum and maximum values of ESs estimated around 0.387 to 1.125 
respectively. Badiezadeh et al. (2018) used the network-DEA model to discover the ESs of 9 alternatives 
in supply chain management for any kind of inputs and outputs variables. The efficiency of alternatives 
manifested to be around a range of 0.6-0.76 for minimum and maximum scores. The main achievement 
of this model gets back to the possibility of allocating desirable, undesirable, optimistic, pessimistic, 
and even intermediate variables for assessing ESs. The efficiency of 82 banks of the Mena region in 28 
nations underwent an assessment by dynamic network DEA model regarding the financial statements 
from 2006 to 2014. The variables of the study were net loans, total earning assets, non-earning assets, 
loan loss, and costs respectively (Wanke et al., 2019). The slack-based DEA model assigned to rank 13 
life insurance companies with the presence of 3 inputs and 2 outputs variables in both China and Taiwan 
from 2005 to 2011. After comparing findings, it was found that the efficiency of alternatives in Taiwan 
was higher than the efficiency of alternatives in China before 2008. The total ranking of alternatives 
has shown very close results to the full efficiency border (Shieh et al., 2020). The shipping services 
in 5 Malaysian ports in transport operation investigated for performance analysis using DEA-Window 
software for 5 years. This research consists of 4 inputs and 2 outputs variables. The highest efficiency 
reported for alternatives (Alwadood et al., 2019).

A study reviewed the performance of insurance companies via dynamic network DEA and similar 
models of DEA in a matrix of 4*4 for inputs and outputs variables from 1993 to 2018. The applica-
tion, methodologies, new changes, and developments have reviewed on efficiency promotions and have 
discussed improvement circumstances (Kaffash et al., 2020). To evaluate the efficiency level of twenty-
five Indian container ports exploited the DEA-Malmquist index model for a period of 2015 to 2018. 
The importance of terminal size highlighted in the efficiency score (Iyer and Nanyam, 2021). The 42 
cement industries investigated by the non-radial DEA model from 2015-2017. By the way, 8 variables 
assumed as inputs, and outputs introduced into the model. The efficiency score had appeared in a range 
of 0.767-1 for all assayed years (Motevalli Darvish, 2020). The DEA models employed to assess the 
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container ports, risk control in healthcare cardiovascular patients, the sustainability of supply chains, 
and sustainability of semiconductor industries by Mustafa et al., (2021), Rafiei and Asadzadeh, (2020), 
Kahi et al., (2017), and Lin et al., (2018) respectively.

METHODOLOGY

Project identification is a compulsory step in project management and in the EIA plan. According to 
enacted rules of the Islamic republic Iran all industrial projects must go through the initial assessment 
of EIA to prepare an inventory of availability in the screening step. By this study, this step has carried 
out by the Iranian evaluator team and the initial data has exploited to further process. So, this study 
arranged a time to make the framework of the initial matrix for the decision-making process via DEA. 
Also, it was employed four weighing systems of Friedman test, CRITIC, AHP, and Entropy Shannon 
to estimate the values of the weights of criteria. The selected criteria in the current research encompass 
the main variables of energy stream outlays, the salary of employees, and annual revenue. To estimate 
the costs of the energy stream, the salary of employees and annual revenue (NC of industries or annual 
products generated) was exploited the daily prices in the market of Tehran, Iran. After that, all outlays 
were tabulated and the initial matrix of data was configured. To calculate the DEA scores the vectors 
of the values of weights were introduced into the initial matrix of costs based on variables. Then a di-
vision of values of weighted outputs to values of weighted inputs in the conventional DEA model has 
released the productivity of industries. Finally, the ESs were executed based on the maximum value of 
the productivity index. The sensitivity analysis was accomplished via a comparison based on values in 
4 weighing systems integrated with the DEA model along with reliability test and statistical analysis. 
The steps underwent to finalize the assessment were presented in Figure 1.

Figure 1. The evaluation steps of EIA and followed work for current research
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1. Weighing System of Friedman Test

In the review of studies, many equations have been introduced and developed in the estimation of the 
values of weights by the Friedman test. But the present study preferred to rely on the devised and designed 
formula in the framework of SPSS software for this test. The input of software is the initial matrix of 
variables and the output of the software is the weights of variables.

2. Entropy Shannon

In this method, each element of the matrix is divided by the sum of the elements of each column accord-
ing to equation (1). The entropy of each criterion is calculated by equation (2). The applied factor of K 
causes the entropy value of the indices to remain between 0-1. The symbol of m indicates the number of 
alternatives. Using Equation 4, the distance of each index from the entropy value is determined. Finally, 
the weight of each criterion is calculated using equation 5 (Cavallaro et al., 2016).
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3. Weighing System of CRITIC

The decision matrix is used for weighting criteria in the CRITIC method. The decision matrix is made 
up of criteria for scoring them. The decision matrix is denoted by X and each element is distinguished 
by Xij. The next step is to form a correlation matrix. Each element of this matrix is represented by a rij. 
The standard deviation (∂j) of the values of the correlation matrix is then calculated. The final weights 
are calculated using equation (8) (Mitrović Simić et al., 2020). 
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4. Weighing System of AHP

AHP is a simple computational method based on the main operation on the matrix, which calculates its 
specific values   by creating a suitable hierarchy and processing step by step and constructing adaptive 
matrices at different levels of the hierarchy. Then, in the final weight coefficients vector, the relative 
importance of each option is determined. This method has many applications due to its simplicity, flex-
ibility, application of quantitative and qualitative criteria simultaneously, as well as compatibility. The 
AHP method is based on multiplying the elements of the matrix by each other and dividing it by the 
inverse of the number of alternatives. Finally, the weight of the criterion is calculated from the arithmetic 
mean according to equation (10) (Stankovic et al., 2019).
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5. Conventional DEA

To find the ESs of industries (alternatives) was sorted out the matrix of data for the inputs and outputs 
variables initially. Then the vectors of weights values were assigned to collect the weighted values of 
outputs and weighted values of inputs variables. The productivity was tabulated from the division of 
weighted values of outputs to weighted values of inputs. The DEA score was released based on maximum 
value among values of productivity. The outputs and inputs variables were allocated as revenue of products 
of industries and the salary of employees, the outlays of power, water, and fuel consumed respectively.
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The presence of n DMUs (alternatives) and individual DMU j (j=1,….n) consist of outputs and m 
various inputs which are recognized by Yrd (r = 1,….,s) and Xij (I = 1,….,m) were evaluated the ef-
ficiency (E) of industrial projects (DMU K). The symbols of Vk = (V1k,…, Vmk) and Uk = (U1k,…, 
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Usk) introduce the input and output weighing vectors to assess DMU k, as Urk and Vik were multipliers 
of the inputs and outputs respectively (Vujičić et al., 2017).

RESULTS AND DISCUSSION

Iranian Industries

By the present study, the Iranian industries encompassed 8 groups according to appendices such as Iranian 
Wood and Cellulose Industries (IWCI), Iranian Textile and Leather Industries (ITLI), Iranian Mining and 
Aggregate Industries (IMAI), Iranian Food Manufacturing and Processing Industries (IFMPI), Iranian 
Plastic Industries (IPI), Iranian Electronic Products Manufacturing Industries (IEPMI), Iranian Chemical 
Industries (ICI), and Iranian Household Appliance Industries (IHAI). The existing information below, 
figures & Tables indicate the data of power, water, and fuel consumed and the number of employees 
as main industry-specific factors (energy stream) that estimated by the team of evaluators of Iranian 
organizations. The values have estimated for 8 industrial groups in the EIA plan initially.

The Values of Weighing Systems of MCDM Models

The values of weights for criteria were estimated in four weighing systems of MCDM and were tabulated 
according to Table 2.

Figure 2. The power demand of industrial units
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The t-test has revealed significant differences among the values of weights of 8 industries groups 
(p-value ≤ 0.012, 0.013, 0.03, 0.012, 0.061, 0.01, 0.012, 0.011, 0.012, 0.002, 0.01, 0.058, and 0.012) for 
the values of the weights of ITLI (F), IHAI (F and E), ICI (F and E), IMAI (F), IWCI (F and E), IFMPI 
(F and E), IPI (F and E), and IEMPI (F) respectively. The F and E indicate the values of the weights of 

Figure 3. The water demand of industrial units

Figure 4. The fuel demand of industrial units
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the Friedman test and Entropy Shannon respectively. The same results were also reported using paired 
samples test. The depiction of the diagram of the sequence number for the same values in weighing sys-
tems has not followed a regular linear development trend among the values of 8 groups of industries. In 
the second analysis was conducted a t-test analysis among 4 columns of weighing systems and it resulted 
in coming into view significant differences (p-value ≤ 0.006) among the values of obtained weights via 
Friedman test, CRITIC, AHP, and Entropy Shannon weighing systems. Further analysis has performed 
by paired samples test but no significant difference was reported for the same data in 4 columns.

The Values of DEA Ranking for 8 Groups of Industries

The values of weights for alternatives were estimated in four weighing systems of MCDM models inte-
grated with the DEA model and were tabulated according to Tables 3-10.

The output of SPSS software had shown a significant difference (p-value ≤0.001) for all variables 
of Table 3. It means there is no significant difference among results of DEA supported by 4 weighing 
systems.

The output of SPSS software had proved a significant difference (p-value ≤0.001) for all variables 
of Table 4. It means there is no significant difference among results of DEA supported by 4 weighing 
systems.

The t-test analysis had appeared with significant differences (p-value ≤0.002) and (p-value ≤0.001) 
between obtained results by both weighing systems of Friedman test - CRITIC and separately with En-
tropy Shannon respectively (Table 5). It needs to explain that the huge currency calculated for costs of 
products does not let us estimate the weights of criteria via AHP procedure for both groups of industries 
of ICI and IFMPI.

Conducting a t-test among findings of the DEA model supported with 4 weighing systems had pre-
sented no significant differences among them (Table 6).

The findings of the DEA model integrated with 4 weighing systems in Table 7 had represented the 
same significant difference among the 3 weighing systems of Friedman, CRITIC, and AHP (p-value 
≤ 0.001) and (p-value ≤0.002) with the weighing system of Entropy Shannon respectively (Table 7).

The t-test had displayed no significant difference for the findings estimated via the DEA model in-
tegrated with 3 weighing systems of MCDM (Table 8).

It was found significant differences (p-value ≤0.005, 0.004, 0.004, and 0.006) among the findings 
of the DEA model united with four weighing systems of Friedman test, CRITIC, Entropy Shannon, and 
AHP respectively (Table 9).

The output of the t-test had revealed no significant difference among tabulated values of IEMPI in 
the DEA model joined to 4 weighing systems of MCDM (Table 10).

It needs to explain that the Iranian industrial projects had revealed a minimum ESs by the current 
research. One reason for this low level of ESs refers to raising prices in the market of Tehran because of 
sanctions enacted against the Iranian government. The awareness of the performance of industrial proj-
ects encourages the stakeholders to find the right way for investing their budget. Obviously, the efficient 
industries attract more interest of stakeholders, especially in the EIA plan. The first year of efficiency 
assessment procures enough knowledge for understanding the weakness points to offer some improve-
ment pathways. Figure 7 displays the sequence number of the values of weights vs industrial units.
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The application of the diagram of the sequence number is about presenting linear progress of the values 
of weights in various scenarios. But the linear development trend does not achieve by this study. It means 
that the compliance among values of weights is very low despite the existence of regular expansion of 
curves among them. The good reliability of findings in the DEA model united with weighing systems 
(α = 0.858) has proved the existing precision and accuracy among findings of 8 industrial groups in 30 
columns displayed by Tables 3-10 or sequence chart. With regard to the knowledge that the Cronbach’s 

Table 1. IFMPI and energy demand

Industries IFMPI; 
Power (kw)

IFMPI; 
Water (m3)

IFMPI; Fuel 
(Gj)

1 161 95 83

2 118 11 23

3 136 37 31

4 193 145 102

5 82 24 38

6 307 35 68

7 133 81 46

8 71 7 5

9 138 15 48

10 95 5 5

11 1749 5 19

12 199 26 67

13 67 7 3

14 320 23 217

15 306 130 26

16 174 23 37

17 216 39 37

18 196 15 10

19 229 27 82

20 175 11 19

21 217 27 4

22 92 4 12

23 132 50 241

24 91 7 9

25 132 50 241

26 77 8 4

27 91 5 2

28 64 4 6

29 122 51 41

Industries IFMPI; 
Power (kw)

IFMPI; 
Water (m3)

IFMPI; Fuel 
(Gj)

30 87 15 20

31 301 31 123

32 87 15 20

33 292 16 99

34 133 21 47

35 164 33 63

36 75 33 21

37 120 8 20

38 173 19 37

39 258 29 4

40 60 5 19

41 509 30 10

42 807 87 145

43 524 40 103

44 67 15 4

45 224 9 11

46 49 10 7

47 269 55 62

48 128 10 60360

49 213 15 89

50 138 27 69

51 828 13 17

52 344 11 50

53 213 17 35

54 107 15 8

55 193 4 3

56 177 22 36

57 252 54 3

Source: Authors’ Calculations
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Alpha rule of thumb is expressed as α ≥ 0.9 (excellent), 0.8 ≤ α <0.9 (good), 0.7 ≤ α < 0.8 (acceptable), 
0.6 ≤ α < 0.7 (questionable), 0.5 ≤ α < 0.6 (poor), and α < 0.5 (unacceptable) (Hassanpour, 2018).

Figure 5. ICI and its energy demand
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Statistical Analysis for Eight Groups of Iranian Industries

To run a statistical analysis among criteria of 8 groups of industries, it was used IBM 20 statistic software 
after shifting the initial values of criteria in currency. Conducting the one-sample test among criteria 
of products, employees, power, water, and fuel of ITLI had shown no significant difference. The null 
hypothesis summary had proved that the distribution of all criteria was normal via the one-sample Kol-
mogorov-Smirnov test. The highest correlation had appeared between criteria of power and employees 
around 0.577 via Pearson correlation sig (2-tailed).

The distribution of 5 criteria of IHAI was obtained normally via one-sample Kolmogorov Simonov 
test in null hypothesis test summary. The null hypothesis was rejected for the 3 criteria of products, wa-
ter, and fuel. The distribution of all criteria was also obtained normally via related samples Friedman’s 
two-way analysis of variance by ranks. Therefore, it has resulted in the rejection of the null hypothesis 
in this regard. Conducting the t-test among 5 criteria of products, employees, power, water, and fuel in 
financial reports has proved significant differences around (p-value ≤ 0.047 and 0.025) for both criteria 
of products and fuel in comparison with other criteria respectively.

It was found a significant difference (p-value ≤0.014) among the 5 criteria of ICI. The highest cor-
relation appeared with the value of about 0.433 between both variables of power and employees via 
Pearson correlation sig (2-tailed). The distribution of all variables of ICI emerged normally in the null 
hypothesis test summary via a one-sample Kolmogorov Smirnov test. It has resulted in the rejection of 
the null hypothesis. The findings of the null hypothesis summary via related samples Friedman’s two-way 
analysis of variance by ranks were the same as findings of the one-sample Kolmogorov Simonov test.

Figure 6. The number of employees in industrial units
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Table 2. The values of weights in 4 weighing systems for 8 groups of industries

Weighing System/Criteria Friedman Test CRITIC AHP Entropy Shannon

ITLI

Employees 4.03 0.173028396 0.070282574 0.037532146

water 3.05 0.215809 0.01860188 0.076878633

Fuel 1.05 0.174830387 4.03383E-05 0.645133645

Power 1.97 0.212189846 0.000307111 0.077145441

Product 4.89 0.224142386 0.910768097 0.163310135

IHAI

Employees 4.08 0.186321655 0.041405978 0.06825935

Water 3.04 0.208767143 0.009348985 0.098809661

Fuel 1 0.24381589 1.72602E-05 0.343836217

Power 2 0.17990752 0.000218193 0.140487994

Product 4.88 0.181187791 0.949009583 0.348606778

ICI

Employees 3.98 0.248805966 - 0.044045056

Water 3.08 0.191497173 - 0.172200434

Fuel 1.08 0.214381096 - 0.242914468

Power 1.94 0.182420263 - 0.066632059

Product 4.92 0.162895503 - 0.474207983

IMAI

Employees 4 0.187729564 0.057963007 0.037931

Water 3.35 0.226250108 0.028588888 0.088777922

Fuel 1.04 0.198371648 6.3319E-05 0.228771382

Power 2 0.191024572 0.000723972 0.0539771

Product 4.62 0.196624108 0.912660814 0.590542596

IWCI

Employees 4.13 0.180183559 0.074783351 0.009380528

Water 3.13 0.204923298 0.024533706 0.026326953

Fuel 1 0.225048447 5.26918E-05 0.036893858

Power 2 0.180101072 0.000669056 0.015763689

Product 4.75 0.209743624 0.899961196 0.036874146

IFMPI

Employees 3.89 0.202413523 - 0.147052076

Water 3.16 0.24089177 - 0.156855733

Fuel 1.09 0.182542949 - 0.274369565

Power 1.95 0.190631167 - 0.153203567

Product 4.91 0.183520591 - 0.268519059

IPI

Employees 2.88 0.172980489 0.051377287 0.082748739

continues on following page
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Table 3. DEA rank based on 4 weighing systems for ITLI

Industry Friedman Test CRITIC AHP Entropy Shannon

(1) 0.088118644 0.089205537 0.086836597 0.09071905

(2) 0.096683792 0.096291019 0.09709802 0.095794277

(3) 0.070833802 0.069557059 0.072137908 0.066761066

(4) 0.006176884 0.006298937 0.006037227 0.006485743

(5) 0.014263778 0.014494222 0.014001585 0.014828765

(6) 0.016859333 0.017016994 0.016678515 0.017241176

(7) 0.007238812 0.007325668 0.007140605 0.007453779

(8) 0.06074182 0.049448233 0.083195555 0.039663211

(9) 0.011241912 0.009518423 0.014294268 0.00784019

(10) 0.122443642 0.120884141 0.124143546 0.11902301

(11) 0.024171766 0.019462134 0.03386089 0.015334293

(12) 0.074347441 0.074017355 0.07474343 0.073284367

(13) 0.10829634 0.101527926 0.117538114 0.093670797

(14) 0.006431531 0.006049304 0.006948132 0.005611422

(15) 0.058497471 0.055647382 0.062132587 0.050796758

(16) 0.379300651 0.37454026 0.384942109 0.368742618

(17) 0.090551156 0.089309417 0.092039942 0.087523062

(18) 0.321652621 0.323476908 0.319231145 0.326307411

(19) 0.074283932 0.074067234 0.074497286 0.073813108

(20) 0.057016434 0.057303927 0.056670317 0.057765067

(21) 0.308317975 0.2811149 0.346974098 0.244044719

(22) 0.08095208 0.082240738 0.079468323 0.084125071

(23) 0.040918347 0.041008235 0.040813048 0.040953597

Weighing System/Criteria Friedman Test CRITIC AHP Entropy Shannon

Water 1.74 0.212093396 0.012551738 0.108277691

Fuel 1.52 0.245805192 2.14789E-05 0.476580099

Power 3.86 0.172980489 7.47306E-05 0.082748739

Product 5 0.196140435 0.935974765 0.249644732

IEPMI

Employees 4.15 0.211806934 0.10715445 0.042930425

Water 3.06 0.206686682 0.023237542 0.047706614

Fuel 1 0.201434716 2.46481E-05 0.052577033

Power 2 0.203587675 0.000376344 0.13443607

Product 4.79 0.176483994 0.869207015 0.722349857

Source; (This study)

Table 2. Continued

continues on following page
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Table 4. DEA rank based on 4 weighing systems for IHAI

Industry Friedman Test CRITIC AHP Entropy Shannon

(1) 0.638885629 0.581730764 0.759799141 0.542768443

(2) 0.031385352 0.031718625 0.030870604 0.03203558

(3) 0.01865783 0.01872714 0.018530403 0.018735167

(4) 0.05767559 0.05822894 0.056787012 0.058649973

(5) 0.009144908 0.008694983 0.009946107 0.008307244

(6) 0.109716208 0.111908018 0.106328041 0.113743257

(7) 0.128547063 0.129374663 0.127273937 0.13021555

(8) 0.000169203 0.000168731 0.000169835 0.00016799

(9) 0.165092262 0.162881056 0.168469307 0.160318644

(10) 0.085004924 0.085458516 0.084222098 0.085684999

(11) 0.048853758 0.049059825 0.048516484 0.049213745

(12) 0.009315694 0.009356901 0.009253109 0.009403776

(13) 0.142701088 0.143755856 0.141075634 0.14481871

(14) 0.186414317 0.187069863 0.185356441 0.187630468

(15) 0.016601703 0.016783231 0.016307257 0.016912825

(16) 0.183229224 0.178862078 0.189949444 0.173673956

(17) 0.029698651 0.028197357 0.032464359 0.027016603

(18) 0.355449852 0.359329936 0.349464499 0.363002706

Industry Friedman Test CRITIC AHP Entropy Shannon

(24) 0.032707928 0.032493866 0.032946841 0.031791202

(25) 0.111192296 0.110882312 0.111538656 0.110624938

(26) 0.043289492 0.043507322 0.043025949 0.043799611

(27) 0.007623064 0.006734639 0.009010318 0.005715019

(28) 0.348706549 0.344117741 0.353354395 0.339269855

(29) 0.034209494 0.032632389 0.036195014 0.030622573

(30) 0.018671148 0.018677341 0.018666709 0.018693827

(31) 0.000728024 0.000691072 0.000773366 0.000645614

(32) 1 1 1 1

(33) 0.055897957 0.055383882 0.056494371 0.054699129

(34) 0.008975363 0.00781362 0.010874652 0.006583413

(35) 0.002415814 0.002445828 0.002379092 0.002493478

(36) 0.011522591 0.008973124 0.013148625 0.001773549

(37) 0.403241072 0.393190462 0.415398499 0.379531838

(38) 0.001978288 0.001927311 0.002033193 0.001867938

Source: Authors’ Calculations

Table 3. Continued

continues on following page
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Table 5. DEA rank based on 3 weighing systems 
for ICI

Industry Friedman 
Test CRITIC Entropy 

Shannon

(1) 0.007333558 0.007311278 0.008623168

(2) 0.012158088 0.012156224 0.017306667

(3) 0.013000649 0.013023587 0.010606646

(4) 0.010682517 0.010690783 0.016261327

(5) 0.005647385 0.005649284 0.007871468

(6) 0.001849264 0.001845383 0.002014583

(7) 0.002846652 0.002848218 0.003544146

(8) 0.006709091 0.006710805 0.005659751

(9) 0.004235479 0.00423714 0.004952911

(10) 0.000151472 0.00015136 0.000222202

(11) 0.00640595 0.00633106 0.007756668

(12) 0.000852604 0.000853159 0.000857535

(13) 0.001747112 0.001744086 0.002478511

(14) 0.112056439 0.112127309 0.15546306

(15) 0.000784532 0.000782555 0.001049492

(16) 0.000528926 0.000529553 0.000397153

(17) 0.002713729 0.002717868 0.002890018

(18) 0.01782027 0.017816407 0.01594707

(19) 0.006497762 0.006488931 0.005799707

(20) 0.00524563 0.005244756 0.004272628

(21) 0.000675022 0.000675275 0.000904142

(22) 0.000238514 0.000238543 0.000320499

(23) 0.001535369 0.001532336 0.001650192

(24) 0.010255614 0.01024734 0.011044469

(25) 0.001472543 0.001473399 0.00232669

Industry Friedman 
Test CRITIC Entropy 

Shannon

(26) 0.000892503 0.000892447 0.001101171

(27) 0.003780875 0.0037829 0.004675502

(28) 0.008965639 0.00896285 0.009125297

(29) 0.02094375 0.020916019 0.021521421

(30) 0.005995057 0.00598286 0.008808389

(31) 0.002581545 0.002580788 0.003510794

(32) 0.002508508 0.002499772 0.003543546

(33) 0.003543483 0.003543964 0.005444306

(34) 0.000248678 0.000248877 0.000356972

(35) 0.271634405 0.270879272 0.340501365

(36) 0.00069014 0.000688506 0.000589441

(37) 0.008610283 0.00859602 0.009221371

(38) 0.000392266 0.000391278 0.000524746

(39) 0.02052258 0.020493081 0.022880445

(40) 0.008002595 0.007984775 0.009830395

(41) 0.003005178 0.003005315 0.00444285

(42) 0.002681307 0.002684907 0.002990042

(43) 0.018111566 0.018076531 0.026280299

(44) 0.004658011 0.004662189 0.006044635

(45) 0.008598416 0.008605088 0.011413623

(46) 0.021851811 0.021837948 0.031066737

(47) 0.02097441 0.02096873 0.02271308

(48) 0.024830202 0.024622979 0.027559156

(49) 0.023147414 0.023147453 0.023669106

Industry Friedman Test CRITIC AHP Entropy Shannon

(19) 1 1 1 1

(20) 0.29239686 0.294823291 0.288623281 0.29712764

(21) 0.328915395 0.328257814 0.330064817 0.328080014

(22) 0.065583614 0.064851367 0.066612118 0.063943441

(23) 0.00072672 0.000732511 0.000715787 0.000734128

(24) 0.054259909 0.048316076 0.06784477 0.044505327

(25) 0.455304514 0.457749016 0.451188592 0.459110072

Source: Authors’ Calculations

Table 4. Continued

continues on following page
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Industry Friedman 
Test CRITIC Entropy 

Shannon

(50) 0.032195788 0.03215496 0.035033398

(51) 8.68466E-05 8.68331E-05 8.57612E-05

(52) 0.02074761 0.020759732 0.025265558

(53) 0.028233265 0.028175905 0.02326883

(54) 0.000508414 0.000510742 0.00025183

(55) 4.72008E-05 4.71686E-05 3.75357E-05

(56) 0.001260455 0.001260776 0.001839909

(57) 0.001925005 0.00192598 0.002210293

(58) 0.000434103 0.000433181 0.000647327

(59) 0.000568098 0.000568432 0.000798761

(60) 0.027591476 0.027514186 0.030461516

(61) 0.710286374 0.710356027 0.842940002

(62) 0.007841267 0.007849108 0.009732621

(63) 0.004121944 0.004122795 0.005418852

(64) 0.012148876 0.012145679 0.017284693

(65) 0.010215514 0.010211131 0.011704343

(66) 0.004436399 0.004437558 0.005477263

(67) 0.001274245 0.00127509 0.001052196

(68) 0.007005422 0.006981034 0.009354117

(69) 0.002166084 0.002163102 0.00337146

(70) 0.096757084 0.096700125 0.131497007

(71) 0.002109939 0.002111261 0.002506602

(72) 1 1 1

(73) 0.019589224 0.019578381 0.029917941

(74) 0.066063055 0.066059751 0.096355749

(75) 0.005356213 0.00535811 0.006837248

(76) 0.006394845 0.006399841 0.009042514

(77) 0.001052146 0.001052532 0.001553289

(78) 0.002695894 0.002696735 0.004266775

(79) 0.013145445 0.013115543 0.013523914

(80) 0.001313534 0.001315396 0.00076056

(81) 0.242813069 0.241812656 0.339473272

(82) 0.17993982 0.180036756 0.19407501

(83) 0.005583148 0.005575529 0.006435589

(84) 0.004114293 0.004125455 0.00286022

Industry Friedman 
Test CRITIC Entropy 

Shannon

(85) 0.000869552 0.000872076 0.000528357

(86) 0.050994289 0.050830387 0.069471858

(87) 0.010447043 0.010454743 0.007870485

(88) 0.115609361 0.115299774 0.114144668

(89) 0.002753283 0.002750345 0.002725751

(90) 4.37036E-05 4.36759E-05 6.21335E-05

(91) 0.039999645 0.039964857 0.047908808

(92) 0.045797855 0.04574145 0.059201033

(93) 0.01036391 0.010365393 0.012615084

(94) 0.008628143 0.008622653 0.007479055

(95) 0.02021437 0.020260448 0.015713225

(96) 0.015689239 0.01566015 0.022722531

(97) 0.090141244 0.090307874 0.064916732

(98) 0.085167018 0.085263685 0.07926287

(99) 8.57735E-05 8.54936E-05 0.000126546

(100) 0.014458468 0.014467904 0.018900165

(101) 0.000860154 0.000858606 0.001263968

(102) 0.001266117 0.001266141 0.00180269

(103) 0.008080308 0.008069735 0.010355175

(104) 0.172279398 0.172233787 0.252103508

(105) 0.003836602 0.003838042 0.006154665

(106) 0.006536701 0.006530085 0.008904148

(107) 0.014896378 0.014835341 0.019808432

(108) 0.003650628 0.003624541 0.005320166

(109) 0.005109601 0.005101287 0.011226349

(110) 0.001083576 0.001083706 0.00154319

(111) 0.014992046 0.015004565 0.01947539

(112) 0.021951349 0.021942997 0.031614386

(113) 0.039898919 0.039853651 0.030695384

(114) 0.005776953 0.00577646 0.008817561

(115) 0.04847436 0.048499193 0.066040652

(116) 0.02501224 0.025009167 0.029961579

(117) 0.00505175 0.005045471 0.007174803

(118) 0.021764393 0.021746555 0.019479738

Source: Authors’ Calculations

Table 5. Continued
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The t-test analysis had shown a significant difference (p-value ≤ 0.015) among the 5 criteria of IMAI 
such as products, employees, power, water, and fuel. The Pearson correlation sig. (2-tailed) appeared 
with the highest correlation between both variables of power and employees around 0.665. The null 
hypothesis test summary had presented with a normal distribution for all variables via a one-sample 
Kolmogorov-Smirnov test. It was retained the null hypothesis only for both variables of employees and 
power. Conducting the same hypothesis for the same variables led to reject the null hypothesis via related 
samples Friedman’s two-way analysis of variance by ranks.

In the analysis of data of IWCI, the t-test analysis had shown significant differences (p-value ≤0.001 
and 0.002) among three criteria of product, water, and fuel in comparison with the values of the em-
ployees, and power in currency. The output of Pearson correlation sig. (2-tiled) had proved the highest 

Table 6. DEA rank based on 4 weighing systems for IMAI

Industry Friedman Test CRITIC AHP Entropy Shannon

(1) 1 1 1 1

(2) 0.083788271 0.089115004 0.076888047 0.095733297

(3) 2.81241E-05 2.88347E-05 2.72989E-05 2.99876E-05

(4) 5.90824E-05 6.19849E-05 5.58562E-05 6.82259E-05

(5) 9.45104E-05 9.24337E-05 9.72167E-05 8.78941E-05

(6) 0.00880194 0.009133305 0.008415999 0.009689254

(7) 3.73104E-05 3.76022E-05 3.69327E-05 3.76569E-05

(8) 2.94594E-05 3.16265E-05 2.71675E-05 3.64858E-05

(9) 0.00029271 0.000307647 0.000275323 0.000339206

(10) 0.00013956 0.000146228 0.000132023 0.000159844

(11) 1.89839E-07 1.80179E-07 2.03356E-07 1.61974E-07

(12) 0.000189839 0.000180179 0.000203356 0.000161975

(13) 0.000903202 0.000856365 0.00096502 0.000765028

(14) 8.52306E-08 9.0611E-08 7.94368E-08 1.04374E-07

(15) 5.22338E-05 5.4288E-05 4.9916E-05 5.8256E-05

(16) 0.00015615 0.000159876 0.000151659 0.000165298

(17) 7.77128E-05 7.35663E-05 8.3393E-05 6.5697E-05

(18) 7.95922E-05 8.11285E-05 7.77864E-05 8.42663E-05

(19) 2.0212E-06 2.116E-06 1.91514E-06 2.29805E-06

(20) 1.38021E-05 1.25833E-05 1.56552E-05 1.05617E-05

(21) 1.4176E-06 1.34627E-06 1.51439E-06 1.21044E-06

(22) 2.92361E-05 2.76973E-05 3.13962E-05 2.51209E-05

(23) 0.000304556 0.000319951 0.000287469 0.000350732

(24) 8.6642E-05 7.22484E-05 0.000114959 5.38674E-05

(25) 1.13978E-05 1.23145E-05 1.04409E-05 1.447E-05

(26) 4.45739E-07 4.46907E-07 4.44304E-07 4.45096E-07

Source: Authors’ Calculations
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correlation between both criteria of water and fuel around 0.886. The distribution of all criteria had ap-
peared normally via one-sample Kolmogorov Smirnov test so it resulted in retaining the Null hypothesis.

Analysis of one-sample test had manifested there is no significant difference among 5 variables of 
IFMPI. Using Pearson correlation sig. (2-tailed) led to the appearance of the highest correlation between 
both variables of water and employees around 0.579. The null hypothesis test summary had proved the 
normal distribution of all variables via a one-sample Kolmogorov-Smirnov test. The results of the test 
led to reject the null hypothesis except for the variable of employees. But the results of related samples 
Friedman’s two-way analysis of variance by ranks came into view with the rejection of null hypothesis 
for all variables.

The t-test analysis confirmed a significant difference (p-value ≤0.009) between the criterion of fuel 
with the remaining criteria of IPI such as products, employees, power, and water. The highest correlation 
was obtained for the criteria of employees and water around 0.808 via Pearson correlation sig (2-tails) 
test. The distribution of all criteria had appeared with equal probabilities the via one-sample chi-square 
test except the normal distribution of products criterion via one-sample Kolmogorov Smirnov test.

Conducting one-sample statistics among the 5 criteria of IEMPI has presented a significant differ-
ence (p-value ≤ 0.307). The Pearson correlation sig. (2-tailed) test has proved the highest correlation 
between both criteria of water and the power of IEMPI. The distribution of criteria emerged normally 
via the one-sample Kolmogorov Smirnov test. So, it resulted in the rejection of the null hypothesis. The 
results were the same with the null hypothesis test summary in related samples Friedman’s two-way 
analysis of variance by ranks.

Table 7. DEA rank based on 4 weighing systems for IWCI

Industry Friedman Test CRITIC AHP Entropy Shannon

(1) 0.289958269 0.298694258 0.278432766 0.323328128

(2) 0.054592697 0.057305553 0.051101389 0.065837956

(3) 1 1 1 1

(4) 0.184167166 0.181846839 0.18774274 0.175726515

(5) 0.431401161 0.457081036 0.398670959 0.543961023

(6) 0.789210812 0.829031973 0.738143532 0.952865479

(7) 0.194207093 0.197680131 0.189373319 0.207271789

(8) 0.107228042 0.100253492 0.119209554 0.086181093

(9) 0.094943903 0.098521167 0.090230599 0.109180486

(10) 0.25254635 0.266408002 0.234873889 0.310819609

(11) 0.001034095 0.001077094 0.000977311 0.00121271

(12) 0.005571509 0.005645341 0.005474695 0.005831164

(13) 0.005056294 0.00497441 0.00518907 0.004762119

(14) 0.584460001 0.621424618 0.538243095 0.741636734

(15) 0.26482382 0.240114385 0.312320607 0.192006467

(16) 0.305556495 0.300509087 0.31309236 0.288684701

Source: Authors’ Calculations
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Table 8. DEA rank based on 3 weighing systems 
for IFMPI

Industry Friedman 
Test CRITIC Entropy 

Shannon

(1) 0.000625707 0.000626972 0.000627933

(2) 0.000362126 0.000401858 0.000390142

(3) 0.000199923 0.000206791 0.000205188

(4) 3.51972E-05 3.36154E-05 3.41266E-05

(6) 0.000958686 0.000987564 0.00098042

(5) 0.00029084 0.000297886 0.000295832

(7) 0.001789126 0.001788301 0.001792915

(8) 0.000259558 0.000294703 0.000284385

(9) 0.000691036 0.000742583 0.000727091

(10) 0.245892253 0.27136189 0.263812629

(11) 3.00057E-05 3.21816E-05 3.07701E-05

(12) 7.06514E-05 7.23691E-05 7.18392E-05

(13) 0.000543691 0.000592367 0.000578736

(14) 0.001325668 0.001436085 0.001397071

(15) 0.000783197 0.000695071 0.000719907

(16) 0.000790507 0.000805023 0.000801149

(17) 0.000315427 0.000313246 0.000314234

(18) 0.00632356 0.006949808 0.006769406

(19) 0.000513547 0.000514556 0.000513477

(20) 0.000619151 0.000703344 0.000678129

(21) 0.000660746 0.000683251 0.000677943

(22) 0.000763455 0.00087251 0.000839125

(23) 0.000873238 0.000868753 0.000867839

(24) 0.000633033 0.000708301 0.000686151

(25) 0.000942154 0.000937316 0.00093633

(26) 0.001918565 0.00215506 0.00208653

(27) 0.000619108 0.00069203 0.000670566

(28) 0.000913629 0.001018449 0.000987324

(29) 0.001186007 0.001174562 0.00118014

Industry Friedman 
Test CRITIC Entropy 

Shannon

(30) 0.001341588 0.001391863 0.00137881

(31) 0.000538982 0.000569266 0.000559651

(32) 0.00038757 0.000402094 0.000398323

(33) 0.004011444 0.004236159 0.004153324

(34) 3.34228E-05 3.45853E-05 3.42554E-05

(35) 0.000935869 0.00087658 0.000892168

(36) 0.001647305 0.001588463 0.001608167

(37) 0.000143368 0.000154351 0.00015102

(38) 7.86657E-05 8.11901E-05 8.04577E-05

(39) 5.02195E-05 5.18594E-05 5.14695E-05

(40) 1.15476E-05 1.26825E-05 1.23361E-05

(41) 0.000966169 0.000971759 0.000969932

(42) 8.63566E-05 9.04689E-05 8.93044E-05

(43) 0.002315117 0.002447313 0.002406852

(44) 5.81794E-06 6.04054E-06 5.98953E-06

(45) 0.000179043 0.000203235 0.000195917

(46) 2.68621E-06 3.0507E-06 2.94469E-06

(47) 0.000199929 0.000184171 0.00018848

(48) 0.00035961 0.000221483 0.000122441

(49) 0.133022108 0.139333404 0.136983016

(50) 0.000169684 0.000175404 0.000173765

(51) 7.71806E-05 8.58407E-05 8.29751E-05

(52) 0.004132042 0.004595388 0.004446349

(53) 0.000385679 0.000423615 0.000412402

(54) 0.001096763 0.001186296 0.001161709

(55) 0.000359218 0.000403868 0.000389825

(56) 1 1 1

(57) 0.000399649 0.00036739 0.000376841

Source: Authors’ Calculations



73

Financial Assessment Model for Energy Streams
 

Table 10. DEA rank based on 4 weighing systems for IEPMI

Industry Friedman Test CRITIC AHP Entropy Shannon

(1) 0.001741264 0.001712496 0.001815429 0.001671247

(2) 4.0068E-06 4.09758E-06 3.79818E-06 4.18456E-06

(3) 0.000137692 0.000142086 0.000127813 0.000146265

(4) 0.000159064 0.000160557 0.000155941 0.000162776

(6) 3.46029E-05 3.57958E-05 3.1937E-05 3.69214E-05

(5) 0.000137355 0.000140145 0.000131048 0.000143074

(7) 0.000274731 0.000280327 0.000262095 0.00028629

(8) 0.000397206 0.000405291 0.000378746 0.000413328

(9) 0.000288622 0.000295304 0.00027347 0.000302115

(10) 1.16195E-05 1.16606E-05 1.15338E-05 1.17003E-05

(11) 0.001482047 0.001527504 0.001379066 0.001569165

(12) 0.000409392 0.000421018 0.000382524 0.000430209

Table 9. DEA rank based on 4 weighing systems for IPI

Industry Friedman Test CRITIC AHP Entropy Shannon

(1) 0.104455476 0.108670903 0.101117053 0.109485087

(2) 0.053460833 0.057058095 0.050738654 0.057650574

(3) 1 1 1 1

(4) 0.009158892 0.01033219 0.008351899 0.010502459

(5) 0.044156815 0.049995523 0.040165582 0.050842691

(6) 0.017208122 0.019076298 0.01588445 0.019358763

(7) 0.097256218 0.104287217 0.091979646 0.105271117

(8) 0.118140866 0.128501285 0.110558144 0.129369606

(9) 0.112348625 0.128829869 0.101319609 0.131278573

(10) 0.089020018 0.101088672 0.080810894 0.102866804

(11) 0.159779391 0.180812728 0.145388856 0.183853044

(12) 0.129676123 0.146324613 0.118239834 0.145057155

(13) 3.38921E-05 3.90213E-05 3.04828E-05 3.97669E-05

(14) 0.305420411 0.326425154 0.289565613 0.329416749

(15) 0.012571866 0.013447567 0.011911778 0.013587401

(16) 0.089901595 0.103333168 0.080948757 0.105285003

(17) 0.85772266 0.940180355 0.798158286 0.952160041

(18) 0.184249158 0.210639309 0.166499654 0.214556439

(19) 0.102031855 0.111822119 0.094957975 0.113149168

(20) 0.373396792 0.425360767 0.338250327 0.428026152

(21) 0.01415359 0.015821455 0.012988516 0.016070743

Source: Authors’ Calculations

continues on following page
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FUTURE RESEARCH DIRECTIONS

The DEA model integrated with weighing systems was employed to assess the industrial projects based 
on energy/revenue reports successfully. The future research orientation can take into consideration 
other types of DEA models to assess the ESs. Also, uniting the DEA model with other types of weigh-
ing and ranking systems of MCDM would be an alternative to figure out the ESs. The classification of 
industries based on NC in currency reports can be taken into progress in future studies for all existing 
industries. The sustainability assessment is the need of the hour (Rafay, 2022). It is recommended that 
Iranian industrial projects to be investigated by the right scientists of the field regarding a variety of 
environmental, social, financial, and theoretical criteria.

Industry Friedman Test CRITIC AHP Entropy Shannon

(13) 2.90289E-05 2.97567E-05 2.73937E-05 3.05301E-05

(14) 0.003480584 0.003514174 0.003411213 0.00356709

(15) 0.000111557 0.000111076 0.000113331 0.000111419

(16) 0.001340661 0.001353615 0.001313523 0.001372793

(17) 4.31388E-07 4.46485E-07 3.97334E-07 4.59365E-07

(18) 0.000276548 0.00028122 0.000266113 0.000286723

(19) 0.000396576 0.000400957 0.000386998 0.000406524

(20) 0.000640065 0.000654066 0.000608621 0.000669395

(21) 0.003434602 0.003553548 0.003168852 0.003665843

(22) 0.000897955 0.000920404 0.000846653 0.000941317

(23) 0.000230005 0.000237719 0.000212725 0.000244898

(24) 0.000500569 0.000514114 0.000469686 0.000526668

(25) 0.000543006 0.000559373 0.000505339 0.000572442

(26) 0.000869402 0.000883465 0.000837454 0.00089985

(27) 0.000265818 0.000274931 0.000245023 0.000282106

(28) 0.000769658 0.000784193 0.000736682 0.000799342

(29) 0.000141198 0.000146277 0.000129826 0.000150815

(30) 1 1 1 1

(31) 0.000369179 0.000376866 0.000351174 0.000383116

(32) 0.001835653 0.001861249 0.001773546 0.001876262

(33) 0.000144919 0.000143208 0.000150525 0.000143785

Source: Authors’ Calculations

Table 10. Continued
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CONCLUSION

In the current study, a financial assessment model was devised to demystify and classify industrial projects 
based on ESs. The model managed to manifest the findings in four weighing systems integrated with 
the DEA model. The productivity of projects came into view when the division of weighted outputs to 
weighted inputs variables was accomplished. The industrial projects were classified based on the ESs 
and weights of all criteria were tabulated. The first year is a very short time for industries to start mak-
ing a profit or move towards a full efficiency border. It will take time to emerge the profit like a time 
interval of a few years. According to the number of employees assumed for each industry by the evaluator 
team of EIA, the main costs spent on employee’s salaries and it induced a strong shock in the efficiency 
score obtained via the DEA model. However, it was assumed medium salary for staff by the current 
study individually. The decline in the number of staff to raise the efficiency score is a bit difficult but 

Figure 7. The sequence number of the values of weights (vertical axis) vs industrial units
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automation in industries can be a booster to improve efficiency score. Superseding renewable energy 
consumption in industrial units can be a prominent alternative to thrift the outlays.

The Nominal Capacity (NC) of industrial projects was taken into consideration as a distinguishing 
feature in this regard. Another option for escalating the ESs can be a layout of similar industries in cer-
tain groups based on NC and avoid putting a combination of small and medium-size industries together. 
However, the classification of industries as small and medium-sized industries based on employee 
numbers does not make anything to change. In this case, the highest productivity among a column of 
values plays a prominent role.
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KEY TERMS AND DEFINITIONS

DEA: It is a powerful instrument for assessing a variety of projects to find the efficiency score or 
performance of projects.

Decision Science: It seeks to make plain the scientific issues and value judgments underlying these 
decisions, and to identify tradeoffs that might accompany any particular action or inaction.

EIA: It is a plan for assessing many projects before the complete construction of projects.
Energy Demand in Industrial Projects: It includes the energy stream for running industries such 

as water demand, power demand, and fuel demand.
Nominal Capacity: It means materials streams produced (products of industries) by industries 

individually.
Screening: It is a step of EIA to assess the projects initially.
Sensitivity Analysis: It is a procedure to validate the findings.
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APPENDIX 1

Iranian Textile and Leather Industries (ITLI)

ITLI comprised 38 various kinds of industries such as (1) Bag (NC=120000 No), (2) Carpet thread 
(NC=600t), (3) Cotton spinning (NC=1400t), (4) Jeans (NC=81000 No), (5) Leather artifacts (NC=90000 
No), (6) Leather shoes (NC=135000 pairs), (7) Quilts, mattresses and pillows (NC=85000 No), (8) Raw 
leather (NC=618300 Ft2), (9) Sewing and embroidery thread (NC=150t), (10) Spinning (NC=2500t), 
(11) Tannery (NC= 45500 skin covers+214.988t), (12) Underwear (embroidered series) (NC=350000 
No), (13) Wicker oil burner (NC=620000 No), (14) Spinning the woolen yarn (NC= 306t), (15) Knitting 
cotton, synthetic fibers (NC=1000000 m2), (16) Band and medical wound texture gas (NC= 1407659 
No), (17) Rachel Curtain Fabrics (NC=330000 m), (18) Mink blankets (NC=500000 m2), (19) Woolen 
blanket (NC=131500 No), (20) Spinning wool (NC=263.5t), (21) Palash and blanket (NC=2250000 
m2), (22) Winter clothing (NC=137500 No), (23) Clothing (shirt) (NC=135000 No), (24) Knitted Tri-
cot (NC=130t), (25) Fishing net (NC=270t), (26) Stinger mosquito net (NC=300000 m2), (27) Socks 
(NC=243000 jeans), (28) Crust leather (NC=2398000 Ft2), (29) Cotton gloves (NC= 62400 pair), 
(30) Leather gloves (NC=70000 pair), (31) Wipes (Cleansing) (NC=4000 yard), (32) Ribbon Weaving 
(NC=3000000 m), (33) Carpet coverage (NC=54000 No), (34) Spinning silk (NC=102.8t), (35) Zipper 
(NC=3000000 m), (36) Animal skin pickle (NC= 200000 No), (37) Raw silk fabrics (NC= 330000 m), 
(38) Layer on diapers and sanitary pads (NC=8750 m2).

Iranian Household Appliance Industries (IHAI)

Types of IHAI based on NC comprised 25 industries such as Earphone (20000 No) (1), Hairdryer Hand-
held (100000 No) (2), Household ventilator (100000 No) (3), Household crystal containers (500t) (4), 
Pyrex glass containers (100000 No) (5), Semi-Automatic Washing Machine (10000 No) (6), Tea flask 
(100000 No) (7), Teflon containers (211t) (8), Water Cooler (20000 No) (9), Gas oven (12000 No) (10), 
Steam iron (20000 No) (11), Juicer (48000 No) (12), Electrical miller and mixer (20000 No) (13), Steam 
cooked double glazed steel (50000 No) (14), Electrical stove (30000 No) (15), Gas stove (20000 No) (16), 
Semi-automatic electric cooker (20000 No) (17), Ceiling fan (assembly) (50000 No) (18), Desktop fan 
(100000 No) (19), Household vacuum cleaner (assembly) (30000 No) (20), Meat grinders (assembled) 
(40000 No) (21), Chinese dishes (800t) (22), Chinese decorative dishes (500t) (23), Samovar (electric 
and oil) (82500 No) (24), Household refrigerator (15000 No) (25).

Iranian Chemical Industries (ICI)

Types of ICI based on NC comprised 118 industries such as Animal Feed from Agricultural Waste 
(NC=10000t) (1), Animal drugs (NC= 500t+50000 No) (2), Ammonium Chloride (NC=1500t+2000t 
NaSO4) (3), Antifreeze (NC=960 m3) (4), Baby carriage (NC= 25000 No) (5), Blood Powder (NC=500t) 
(6), Buds of different seeds (NC=150t) (7), Barium carbonate (NC=3000t+1187t solfide sodium) (8), 
Braided wax plates (NC= 130t) (9), Calcium carbonate (light and active) (NC= 19200t) (10), Calcium 
carbide (NC=1350t) (11), Clothes hanger and pin (NC=504000 No) (12), Disinfectants (NC=900000 
L) (13), Fiberglass boat (NC=5000 No) (14), Fiberglass pieces (NC=100t) (15), Fragrant aromas 
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(NC=130t) (16), Glass- strip away (NC=650t) (17), Glucose from starch (NC=2160t) (18), Healthy 
Soap (NC=1090t) (19), Helmet (NC=65000 No) (20), High pressure hoses (NC=240t) (21), Household 
Lighting Candles (NC=7560 No) (22), Insecticide coil (NC=50000 No) (23), Isolator (NC=2000000 
m2) (24), Kitchen lighter (NC=100000 No) (25), Knife with injectable handle (NC=800000 No) (26), 
Adhesive plaster (NC=1700t) (27), Lining materials and insulating gas pipes (NC=3500t) (28), Liquid 
fertilizer (NC=1250t) (29), Matches (NC= 7776000 No) (30), Mechanical disposable lighters (5000000 
No) (31), Medicinal glycerin (NC=1500t) (32), Melamine dishes (NC=1000t) (33), Metal flexible hose 
pipes (NC=309t) (34), Nitrobenzene (NC=1620t) (35), Potassium chloride (NC=400t) (36), Printing ink 
(NC=500t) (37), Rubber parts (NC= 25t) (38), Shoe wax (NC=3750000 No) (39), Soft polyurethane 
foam (NC=6000t) (40), Starch from wheat (NC=1580t) (41), Throw-away crockery (NC=962.35t) (42), 
Tooth brush (NC=5000000 No) (43), Detergents (Shampoo, etc.) (NC=1080t) (44), Welding glasses 
(NC=50000 No) (45), Insecticide spray containing flavoring materials (NC=2700000 No) (46), Acetic 
acid ester (NC=1200t) (47), Phthalic anodic esters (NC=970t) (48), Calcium stearates (NC=2592t) 
(49), Boric acid (2700t + 3600t NaSO4) (50), Hydrochloric acid (NC=3000t) (51), Chromic acid (270t) 
(52), Zinc oxide (500t+887.5t NaSO4) (53), Oxygen; Ar and N2 (NC=3643200 m3) (54), Alcohol from 
beet molasses (NC=5000 No) (55), Types of gaskets (200t) (56), Acid and distilled water (NC=1725 
m3) (57), Rubber plugs (NC=25t) (58), Sprinkler (NC=81000 No) (59), Sodium hypochlorite (NC= 
837900 gallon) (60), Recycling silver from film and its solution (NC=40.40t) (61), Industrial Paraffin 
(NC=3000t) (62), Raw silk fabrics (NC=330000 m) (63), Pacifier (NC=300000 No) (64), Unsaturated 
polyester (NC=1000t) (65), Bleach powder (NC=2700t) (66), Electrostatic coating (NC=81000 m2) (67), 
Tri-calcium phosphate (NC=15000t) (68), Hub and rubber ball (NC=360000 No) (69), Synthetic leather 
of polyurethane (NC=12000000 m2) (70), Gum stick (NC=200000 No) (71), Wood gum (polyvinyl ac-
etate) (NC=7000t) (72), Shoe adhesive (NC=1800t) (73), Medical and sanitary adhesives (NC=45600000 
No) (74), Toothpastes and health cosmetics (NC=800t) (75), Hexagon pen (NC=24000000 NO) (76), 
Pen (NC=2000000 No) (77), Plugs and screws head (NC=800000 No) (78), Diethyl ether (NC=100t) 
(79), CO2 (NC=1800t) (80), Epoxy resin (NC=5475t) (81), Alkyd resin (NC=17500t) (82), Bakelite 
resin (NC=2000t) (83), Resin; urea formaldehyde gum (NC=1000t) (84), Dyeing and printing of fabrics 
(NC=2000000 m2) (85), Transformer Oil (NC= 8100 m3) (86), Used motor oil and grease recycling 
(NC=3000 m3 + 750t, grease) (87), Drying oils (500t+1000t wastes) (88), Rubber profiles (200t) (89), 
Insecticide spray (NC=2700 No) (90), Rubber glass head (NC=3240000 No) (91), Canopy (NC=1540t) 
(92), Agricultural liquid pesticides, Butachlor (NC=750t) (93), Zinc sulfate (NC=3400t) (94), Sodium 
sulfate (NC=25000t) (95), Alkyl benzene sulphonation (NC=5000t) (96), Sodium sulfite (NC=5000t) 
(97), Sodium sulfide (NC=3000t) (98), Sodium silicate (NC=3000t) (99), Drip irrigation system (NC= 
1000 No+383.9t) (100), Glasses frames (NC=80000 No) (101), Oil filter recycling (NC=2000t) (102), 
Thermos and ice box (NC= 150000 No) (103), Industrial and consumable taps (NC=3000000 No) 
(104), Teflon strips (NC=12393000 No) (105), Hair comb (NC=1000000 No) (106), Glass artifacts 
(NC=1787.5t) (107), Industrial crystals (NC=1000t) (108), Spectacle glass (NC=500000 pairs) (109), 
Chinese insulator (NC=730t) (110), Ceramic magnet (NC=869565 m) (111), Tape (for electronic equip-
ment) (NC=3370000 No) (112), Fruit concentrate (NC= 19820t) (113), Shuttered windows (NC=330000 
No) (114), Hygiene products made of artificial stone (NC=4500t) (115), Household, industrial and medi-
cal gloves (NC=12600000 pair) (116), Metal octet of Ca, Zn, Mn, Co (NC=1000t) (117), Refrigerator 
above zero for crops (NC=5000t) (118).
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Iranian Mining and Aggregate Industries (IMAI)

IMAI encompassed 26 various types of industries as (1) Bitumen blown 90/15 (NC= 27000t), (2) 
Building plaster (NC=150000t), (3) Ceramic dishes (NC=250t), (4) Ceramic tiles (NC= 600000 m2), 
(5) Floor Tiles (NC=600000 m2), (6) Glazed tile and ceramic (NC=150000t), (7) Gypsum (NC= 500 
packages), (8) Industrial ceramic parts (NC=300t), (9) Ceramic brick (NC=30000000 moulds), (10) Fire-
brick (NC=10000t), (11) Façade brick (NC=30000 pieces), (12) Semi-automatic brick (NC=30000000 
moulds), (13) Hot asphalt (NC=135000t), (14) Building lime (NC=75000t), (15) Orthopedic bandage 
(NC=1300000 rolls), (16) Rock wool (NC=1500t), (17) Glass wool (NC= 7000t), (18) Stone powder and 
mosaic (NC= 18000t), (19) Precast pressed beam and concrete pile (NC=15000 pieces), (20) Gypsum 
prefabricated walls (NC=356400 m2), (21) Prefabricated wooden wall by wood powder (NC=15000 m3), 
(22) Cutting granite stone (NC=30000 m2), (23) Grindstone (NC= 500t), (24) Broken stone and debris 
washed (NC=200000t) (25) Mineral powders (NC=200000t), (26) Cement asbestos tube (NC=500t).

Iranian Wood and Cellulose Industries (IWCI)

IWCI included 16 types of industries based on confirmation information in IIO such as (1) Cooler 
bangs (NC=1400t), (2) Carton (NC=1500t), (3) Industrial drying wood (NC= 7500t), (4) Hydrophilic 
cotton (NC=400t), (5) Sheet rolls and packing (NC= 1000t), (6) Wax paper (NC= 1000t), (7) Booklet 
(NC=2600000 No), (8) Hasp (NC=120000 No), (9) Decal (NC=6250000 piece), (10) Multilayer paper 
bags (NC= 12000000 No), (11) Row board (NC=12000 Piece), (12) Wooden and paper disposable 
products (NC=7565000t), (13) Wooden pencil (NC=324000 No), (14) Carbon paper (NC= 450000 
package), (15) Parquet (NC=150000 m+150000 m2), (16) Sandpaper (NC= 2000000 m2).

Iranian Food Manufacturing Industries (IFMPI)

IFI comprised many of confirmed industries in the industries organization in Iran such as (1) Barley water 
(NC=30000000 bottles), (2) Cake and muffins (NC=650 kg), (3) Canned Beans and Caviar Eggplant 
(NC=3700 No), (4) Canned fish (tuna) (NC=11000 No+1056t), (5) Canned meat (NC=6500000 bottles), 
(6) Canned mushrooms (NC=2800000 bottles), (7) Compote (NC=8000000 No), (8) Concentrated fruc-
tose syrup of corn sugar (NC=2400t), (9) Corn Flakes (NC= 600t), (10) Fantasy Bread (NC=1000000t), 
(11) Fish food (NC= 12000 kg), (12) Glucose from starch (NC=2160t), (13) Hamburger (NC=1000t), 
(14) Margarine (NC= 12000t), (15) Milk, yogurt and pasteurized cream (NC=8255t), (16) Date sap 
(NC=2000t), (17) Potatoe based foods (NC=800t), (18) Poultry slaughterhouse (NC=3780000 No), 
(19) Iodized salt (NC=10000t), (20) Starch from wheat (NC=1580t), (21) Treating fish (NC=1000t), 
(22) Wafer chocolate (NC=500t), (23) Alcohol from beet molasses (NC= 1500000 No), (24) Mineral 
water (NC= 12000t), (25) Wheat flour (NC=27000t), (26) Pistachio packaging (NC=1269.5t), (27) 
Packing grains; peeling off barley (NC= 2430t), (28) Spice Packing (NC=250t), (29) Fruit packaging 
(NC=10000t), (30) Wafer biscuits (NC=1000t), (31) Corn grits (NC= 5800t), (32) Biscuit (NC=1000t), 
(33) Soya protein (NC=1900t), (34) Mushroom cultivation (NC=600t), (35) Cheese from fresh milk 
(NC= 1500t), (36) Cheese Pizza (NC=1500t), (37) Meat and Olive Industrial Powder (NC= 545.5t), 
(38) Fish powder (NC= 500t), (39) Artificial sausage and sausage coating (NC=243t), (40) Preparation; 
packaging of honey (NC=24000 No), (41) Purification and packaging of salt (NC=21600t), (42) Cream 
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dyed (NC= 1400t), (43) Dates and liquid sugar (NC=4680t), (44) Smoked fish (NC= 15t), (45) Tomato 
paste (NC=1500t), (46) Flour string (NC= 24192 No), (47) Olive oil (NC=280t), (48) Oil Seeds from 
Vegetable Seeds (except soya; olive) (NC=8000t), (49) Drying oils (NC= 1500t), (50) Dried vegetables 
(NC= 1412000 No), (51) Soya sauce (NC= 60000 barrels+72000 bottles), (52) Ketchup (NC= 16000t), 
(53) Food sauces (NC= 4451998 (bottles 300 g)+1250000 (bottles 120g)), (54) Raisin Packaging (NC= 
1000t), (55) Dates packaging (NC= 400t), (56) Sausage (NC=1000000t), (57) Ice (NC= 12920t).

Iranian Plastic Industries (IPI)

Types of IPI based on NC comprised 21 industries such as congressional sheets of PP (Polypropylene) 
and PS (Polystyrene) (2000 T (Ton)), (1), Flat sheets of PP and PS (1200t), (2), Plastic waste recycling 
(630t), (3), Plastic buttons (100t), (4), PVC (Polyvinylchloride) hose (500t), (5), Plastic rope (1000t), 
(6), PVC flooring (1700t), (7), PP bags (900t), (8), Plastic bags (1052.67t), (9), PE (Polyethylene) pipes 
and fittings (1500t), (10), PVC pipes and joints (1400t), (11), Plastic welding artifacts (1000000 No = 
Number), (12), Plastic bottle (18000 No), (13), PVC shoe bed (2160000 No), (14), Plastic Box (Fruit, 
Chili) (246140 No), (15), Plastic flashlight (600000 No), (16), PVC gum (4854109 No), (17), Plastic 
shaver (75000000 No), (18), Cellular Plastic Sheets (385000 m2), (19), PVC film for agricultural use 
(21600000 m2), (20), Plastic products (175.26t+13580 rolls), (21).

Iranian Electronic Products Manufacturing Industries (IEPMI)

Types of IEPMI based on NC comprised 33 industries such as Flux wire (NC=2000t) (1), Thermostat 
samovar (NC= 200 kg) (2), Automatic starter (NC=100000 NO) (3), Automotive starter (NC=20000 
NO) (4), Automatic selector (NC=5400 NO) (5), Adapter (NC=100000 NO) (6), Ampere meter, volt-
meter (NC=200000 NO) (7), Alarm (NC=100000 NO) (8), Desktop phone device (NC=20000 NO) (9), 
Electrical connector (NC=5000 NO) (10), Electro-Motor (NC=120000 NO) (11), Electronic thermostat 
(assembly) (NC=20000 NO) (12), Electronic laboratory devices (NC=10000 NO) (13), Electronic 
encoder lock (NC=100000 NO) (14), Electric key and socket (NC=500000 NO) (15), Soldering iron 
(NC=110000 NO) (16), Sockets and rods (NC=2000 NO) (17), Flashing device (NC=20000 NO) (18), 
Home electric drill (NC=10000 NO) (19), Household Emergency Light (NC=20000 NO) (20), Gas torch 
relay (NC=50000 NO) (21), Limit Switch (NC=70000 NO) (22), Moonlight ballast (NC= 200000 NO) 
(23), Moonlight Starter (NC=2000000 NO) (24), Paper loudspeakers (NC=500000 NO) (25), Projec-
tor and spotlight (NC=100000 NO) (26), Plugs and screws head (NC= 800000 NO) (27), Pocket radio 
(NC=40000 NO) (28), Trans-amplification (NC=100000 NO) (29), Trans moonlight (NC=450000000 
NO) (30), Thermal relay (NC=60000 NO) (31), Coaxial cables (NC=408000 crank) (32), Electronic 
boards and printed circuits (NC=20000 m2) (33).
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APPENDIX 2

List Price of Products of Industries

Table 11. The prices of products of industries for ITLI

Industry $ Total $

(1) Bag (NC=120000 No) 19 2280000

(2) Carpet thread (NC=600t) 3 1800000

(3) Cotton spinning (NC=1400t) 2 2800000

(4) Jeans (NC=81000 No) 5.7 467307.7

(5) Leather artifacts (NC=90000 No) 3 270000

(6) Leather shoes (NC=135000 pairs) 5.7 778846.2

(7) Quilts, mattresses and pillows (NC=85000 No) 3 255000

(8) Raw leather (NC=618300 Ft2) 2 1236600

(9) Sewing and embroidery thread (NC=150t) 2 300000

(10) Spinning (NC=2500t) 3 7500000

(11) Tannery (NC= 45500 skin covers+214.988t) 9+2.7 409500+578813.9

(12) Underwear (embroidered series) (NC=350000 No) Avg 3 1050000

(13) Wicker oil burner (NC=620000 No) Avg 2 1240000

(14) Spinning the woolen yarn (NC= 306t) 3+10 528+204000

(15) Knitting cotton, synthetic fibers (NC=1000000 m2) Avg 2 2000000

(16) Band and medical wound texture gas (NC= 1407659 No) 4 5630636

(17) Rachel Curtain Fabrics (NC=330000 m) 10 3300000

(18) Mink blankets (NC=500000 m2) Avg 20 10000000

(19) Woolen blanket (NC=131500 No) Avg 19 2498500

(20) Spinning wool (NC=263.5t) 3 790272

(21) Palash and blanket (NC=2250000 m2) 6 13500000

(22) Winter clothing (NC=137500 No) 8 1100000

(23) Clothing (shirt) (NC=135000 No) 8 1080000

(24) Knitted Tricot (NC=130t) Avg 7 910000

(25) Fishing net (NC=270t) 6 1620000

(26) Stinger mosquito net (NC=300000 m2) 2 600000

(27) Socks (NC=243000 jeans) 0.5 121500

(28) Crust leather (NC=2398000 Ft2) 2 4796000

(29) Cotton gloves (NC= 62400 pair) 3 187200

(30) Leather gloves (NC=70000 pair) 8 280000

(31) Wipes (Cleansing) (NC=4000 yard) 1.5 6000

(32) Ribbon Weaving (NC=3000000 m) 0.2 15000000

(33) Carpet coverage (NC=54000 No) 10 540000

continues on following page
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Table 12. The prices of products of industries for IHAI

Industry $ Total $

(1) Earphone (20000 No) 153.85 3076923

(2) Hairdryer Handheld (100000 No) 4.5 450000

(3) Household ventilator (100000 No) 3.5 350000

(4) Household crystal containers (500t) 2 1000000

(5) Pyrex glass containers (100000 No) 5.26 526923.07

(6) Semi-Automatic Washing Machine (10000 No) 76.92 769230.77

(7) Tea flask (100000 No) 24 2403846.15

(8) Teflon containers (211t) 19.23 4057.53

(9) Water Cooler (20000 No) 192.3 3846153.84

(10) Gas oven (12000 No) 192.3 2307692.3

(11) Steam iron (20000 No) 38.46 769230.77

(12) Juicer (48000 No) 2 96000

(13) Electrical miller and mixer (20000 No) 82.30 1546153.8

(14) Steam cooked double glazed steel (50000 No) 38.5 1923076.923

(15) Electrical stove (30000 No) 11.55 346153.85

(16) Gas stove (20000 No) 88.5 1769230.769

(17) Semi-automatic electric cooker (20000 No) 38.5 769230.76

(18) Ceiling fan (assembly) (50000 No) 123 6153846.154

(19) Desktop fan (100000 No) 38..85 53846153.84

(20) Household vacuum cleaner (assembly) (30000 No) 134.61 4038461.53

(21) Meat grinders (assembled) (40000 No) 96 3846153.846

(22) Chinese dishes (800t) 58 4640000

(23) Chinese decorative dishes (500t) 38 50000

(24) Samovar (electric and oil) (82500 No) 20.7 1707115.4

(25) Household refrigerator (15000 No) 1153.85 17307692.31

Source: Authors’ Calculations

Industry $ Total $

(34) Spinning silk (NC=102.8t) 8+4+1.5 388800+90800+32250

(35) Zipper (NC=3000000 m) 0.058 57692

(36) Animal skin pickle (NC= 200000 No) 1 200000

(37) Raw silk fabrics (NC= 330000 m) 16 5285328

(38) Layer on diapers and sanitary pads (NC=8750 m2) 0.5 17500

Source: Authors’ Calculations

Table 11. Continued
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Table 13. The prices of products of industries for ICI

Industry $ Total $

(1) Animal Feed from Agricultural Waste (NC=10000t) 0.115 1153846.154

(2) Animal drugs (NC= 500t+50000 No) 3 1501000

(3) Ammonium Chloride (NC=1500+2000t NaSO4) 2+2 6000000

(4) Antifreeze (NC=960 m3) 1 960000

(5) Baby carriage (NC= 25000 No) 58 1442308

(6) Blood Powder (NC=500t) 0.5 250000

(7) Buds of different seeds (NC=150t) 1 150000

(8) Barium carbonate (NC=3000t+1187t solfide sodium) 0.61+0.61 2554070

(9) Braided wax plates (NC= 130t) 4 520000

(10) Calcium carbonate (light and active) (NC= 19200t) 0.0057 110770

(11) Calcium carbide (NC=1350t) 1 1350000

(12) Clothes hanger and pin (NC=504000 No) 0.115 58153.85

(13) Disinfectants (NC=900000 L) 0.2 173076.93

(14) Fiberglass boat (NC=5000 No) 770 38461153.85

(15) Fiberglass pieces (NC=100t) 1 100000

(16) Fragrant aromas (NC=130t) 1 130000

(17) Glass- strip away (NC=650t) 1 650000

(18) Glucose from starch (NC=2160t) 2 4320000

(19) Healthy Soap (NC=1090t) 1 1090000

(20) Helmet (NC=65000 No) 9 585000

(21) High pressure hoses (NC=240t) 1 240000

(22) Household Lighting Candles (NC=7560 No) 2 15120

(23) Insecticide coil (NC=50000 No) 2 100000

(24) Isolator (NC=2000000 m2) 1 2000000

(25) Kitchen lighter (NC=100000 No) 2 200000

(26) Knife with injectable handle (NC=800000 No) 0.19 153846.2

(27) Adhesive plaster (NC=1700t) 1 1700000

(28) Lining materials and insulating gas pipes (NC=3500t) 0.27 942307.7

(29) Liquid fertilizer (NC=1250t) 2 2500000

(30) Matches (NC= 7776000 No) 0.192 1495384.5

(31) Mechanical disposable lighters (5000000 No) 0.192 960000

(32) Medicinal glycerin (NC=1500t) 0.42 634615.4

(33) Melamine dishes (NC=1000t) 2.3 2307692.3

(34) Metal flexible hose pipes (NC=309t) 2.42 74870.8

(35) Nitrobenzene (NC=1620t) 15.4 24923076.9

(36) Potassium chloride (NC=400t) 0.286 114400

(37) Printing ink (NC=500t) 2 1000000

(38) Rubber parts (NC= 25t) 2 50000
continues on following page
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Industry $ Total $

(39) Shoe wax (NC=3750000 No) 0.38 1442307.7

(40) Soft polyurethane foam (NC=6000t) 0.115 692307.7

(41) Starch from wheat (NC=1580t) 0.57 911538.5

(42) Throw-away crockery (NC=962.35t) 1 962350

(43) Toothbrush (NC=5000000 No) 0.57 2884615.4

(44) Detergents (Shampoo, etc) (NC=1080t) 1 1080000

(45) Welding glasses (NC=50000 No) 17.5 876923

(46) Insecticide spray containing flavoring materials (NC=2700000 No) 1 2700000

(47) Acetic acid ester (NC=1200t) 3 3600000

(48) Phthalic anodic esters (NC=970t) 4.9 4812692.3

(49) Calcium stearates (NC=2592t) 2 5184000

(50) Boric acid (2700t+3600t NaSO4) 3.65+0.135 10341000

(51) Hydrochloric acid (NC=3000t) 0.0068 17307.7

(52) Chromic acid (270t) 7.7 2076923

(53) Zinc oxide (500t+887.5 NaSO4) 14.6 + 0.135 7427504.8

(54) Oxygen; Ar and N2 (NC=3643200 m3) 0.125+0.23+0.38 617616

(55) Alcohol from beet molasses (NC=5000 No) 3.65 18269.24

(56) Types of gaskets (200t) 2 400000

(57) Acid and distilled water (NC=1725 m3) 0.115 199038.5

(58) Rubber plugs (NC=25t) 2 50000

(59) Sprinkler (NC=81000 No) 1 81000

(60) Sodium hypochlorite (NC= 837900 gallon) Gallon:0.68 5697992

(61) Recycling silver from film and its solution (NC=40.40t) Kg; 834 33693600

(62) Industrial Paraffin (NC=3000t) 0.5 1500000

(63) Raw silk fabrics (NC=330000 m) 2 660000

(64) Pacifier (NC=300000 No) 4 1200000

(65) Unsaturated polyester (NC=1000t) 2.11 2115384.62

(66) Bleach powder or hypochlorite calcium (NC=2700t) 0.28 764307.7

(67) Electrostatic coating (NC=81000 m2) 2.3 186300

(68) Tri-calcium phosphate (NC=15000t) 0.192 2884615.385

(69) Hub and rubber ball (NC=360000 No) 1 360000

(70) Synthetic leather of polyurethane (NC=12000000 m2) 3 36000000

(71) Gum stick (NC=200000 No) 1 200000

(72) Wood gum (polyvinyl acetate) (NC=7000t) 20 g = 1 350000000

(73) Shoe adhesive (NC=1800t) 3 5400000

(74) Medical and sanitary adhesives (NC=45600000 No) Avg=0.115 5244000

(75) Toothpastes and health cosmetics (NC=800t) 1 800000

(76) Hexagon pen (NC=24000000 NO) 0.115 2769230.77

Table 13. Continued

continues on following page
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Industry $ Total $

(77) Pen (NC=2000000 No) 0.115 230000

(78) Plugs and screws head (NC=800000 No) 0.57 461538.5

(79) Diethyl ether (NC=100t) 13 1269230.8

(80) CO2 (NC=1800t) 0.23 414000

(81) Epoxy resin (NC=5475t) 7.7 42115385.6

(82) Alkyd resin (NC=17500t) 2 35000000

(83) Bakelite resin (NC=2000t) 0.46 923077

(84) Resin; urea formaldehyde gum (NC=1000t) 1 1000000

(85) Dyeing and printing of fabrics (NC=2000000 m2) 0.5 1000000

(86) Transformer Oil (NC= 8100 m3) 0.7 5774859

(87) Used motor oil and grease recycling (NC=3000 m3 + 750t, grease) 0.57+0.57 2137500

(88) Drying oils (500t+1000t wastes) 38+0.46 19461538

(89) Rubber profiles (200t) 2 400000

(90) Insecticide spray (NC=2700 No) 2 5400

(91) Rubber glass head (NC=3240000 No) 1 3240000

(92) Canopy (NC=1540t) 2.3 3553846

(93) Butachlor 60% (NC=750t) 1.38 1038461.5

(94) Zinc sulfate (NC=3400t) 0.65 2223076.9

(95) Sodium sulfate (NC=25000t) 0.5 12500000

(96) Alkyl benzene sulphonation (NC=5000t) 1.07 5384615.5

(97) Sodium sulfite (NC=5000t) 7.7 38500000

(98) Sodium sulfide (NC=3000t) 7.5 22730770

(99) Sodium silicate (NC=3000t) 0.005 15000

(100) Drip irrigation system (NC= 1000 No+383.9t) Avg; 12.5 4830572

(101) Glasses frames (NC=80000 No) 3 240000

(102) Oil filter recycling (NC=2000t) Avg:0.25 125000

(103) Thermos and ice box (NC= 150000 No) Avg; 15 2307692.3

(104) Industrial and consumable taps (NC=3000000 No) 7.7 23100000

(105) Teflon strips (NC=12393000 No) 0.1 1239300

(106) Hair comb (NC=1000000 No) 0.57 576923

(107) Glass artifacts (NC=1787.5t) Avg; 2 3575000

(108) Industrial crystals (NC=1000t) Avg; 1.53 1538461.5

(109) Spectacle glass (NC=500000 pairs) Avg; 3 1500000

(110) Chinese insulator (NC=730t) Avg; 0.76 561538.5

(111) Ceramic magnet (NC=869565 m) 3 2608695

(112) Tape (for electronic equipment) (NC=3370000 No) 1 3370000

(113) Fruit concentrate (NC= 19820t) Avg; 0.57 11434615.4

(114) Shuttered windows (NC=330000 No) 6.92 2284615.4

Table 13. Continued

continues on following page
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Table 14. The prices of products of industries for IMAI

Industry $ Total $

(1) Bitumen blown (NC= 27000t) 269.23 7269230770

(2) Building plaster (NC=150000t) 7.7 1153846154

(3) Ceramic dishes (NC=250t) 2 500000

(4) Ceramic tiles (NC= 600000 m2) 2 1200000

(5) Floor Tiles (NC=600000 m2) 2 1200000

(6) Glazed tile and ceramic (NC=150000t) 1 150000000

(7) Gypsum (NC= 500 packages) 0.36 182692.30

(8) Industrial ceramic parts (NC=300t) 2 600000

(9) Ceramic brick (NC=30000000 moulds) 0.23 6923076.9

(10) Firebrick (NC=10000t) 0.307 3070000

(11) Façade brick (NC=30000 pieces) 0.192 5769.23

(12) Semi-automatic brick (NC=30000000 moulds) 0.192 5769230.77

(13) Hot asphalt (NC=135000t) 38 5192307.7

(14) Building lime (NC=75000t) 0.223 557.5

(15) Orthopedic bandage (NC=1300000 rolls) 0.3 390000

(16) Rock wool (NC=1500t) 2 3000000

(17) Glass wool (NC= 7000t) 0.57 4038461.5

(18) Stone powder and mosaic (NC= 18000t) 19/t 342000

(19) Precast pressed beam and concrete pile (NC=15000 pieces) 3 45000

(20) Gypsum prefabricated walls (NC=356400 m2) 1 356400

(21) Prefabricated wooden wall by wood powder (NC=15000 m3) 2 30000

(22) Cutting granite stone (NC=30000 m2) 8 240000

(23) Grindstone (NC= 500t) 4 2000000

(24) Broken stone and debris washed (NC=200000t) 11.5 2300000

(25) Mineral powders (NC=200000t) 1/kg 200000

(26) Cement asbestos tube (NC=500t) 40/t 20000

Source: Authors’ Calculations

Industry $ Total $

(115) Hygiene products made of artificial stone (NC=4500t) Avg; 4 18000000

(116) Household, industrial and medical gloves (NC=12600000 pair) Avg; 1 12600000

(117) Metal octet of Ca, Zn, Mn, Co (NC=1000t) Avg: 0.5 500000

(118) Refrigerator above zero for crops (NC=5000t) 0.77 3846153.9

Source: Authors’ Calculations

Table 13. Continued
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Table 15. The prices of products of industries for IWCI

Industry $ Total &

(1) Cooler bangs (NC=1400t) 1 1400000

(2) Carton (NC=1500t) 0.115 173076.92

(3) Industrial drying wood (NC= 7500t) 576 4320000

(4) Hydrophilic cotton (NC=400t) 2.5 1000000

(5) Sheet rolls and packing (NC= 1000t) 2 2000000

(6) Wax paper (NC= 1000t) 2 2000000

(7) Booklet (NC=2600000 No) 0.384 998400

(8) Hasp (NC=120000 No) 2 240000

(9) Decal (NC=6250000 piece) 0.057 356250

(10) Multilayer paper bags (NC= 12000000 No) 0.115 1384615.4

(11) Row board (NC=12000 piece) 1 12000

(12) Wooden and paper disposable products (NC=7565000 No) 0.00385 29096.2

(13) Wooden pencil (NC=324000 No) 0.0385 12474

(14) Carbon paper (NC= 450000 Package) 3 1350000

(15) Parquet (NC=150000 m+150000 m2) 9.6 2880000

(16) Sandpaper (NC= 2000000 m2) 0.577 1153846.15

Source: Authors’ Calculations

Table 16. The prices of products of industries for IFMPI

Industry $ Total $

(1) Barley water (NC=30000000 bottles) 0.27 8076923

(2) Cake and muffins (NC=650000 kg) 2 1300000

(3) Canned Beans and Caviar Eggplant (NC=3700000 No) 0.335 1238076.92

(4) Canned fish (tuna) (NC=11000 No+1056t) 0.77+0.5 536470

(5) Canned meat (NC=6500000 bottles) 0.57 3750000

(6) Canned mushrooms (NC=6500000 No) 0.57 1615384.6

(7) Compote (NC=8000000 No) 2.42 19384615.5

(8) Concentrated fructose syrup of corn sugar (NC=2400t) 343.076 823384.61

(9) Corn Flakes (NC= 600t) 4 2400000

(10) Fantasy Bread (NC=1000000t) Avg 0.38 380000000

(11) Fish food (NC= 12000 kg) 4.8 57600

(12) Glucose from starch (NC=2160t) 0.135 291600

(13) Hamburger (NC=1000t) 1 1000000

(14) Margarine (NC= 12000t) 0.65 7846153.85

(15) Milk, yogurt and pasteurized cream (NC=8255t) 0.9+0.9+2.5 7837500

(16) Date sap (NC=1200t+800t) 2+0.46 2769230.77

(17) Potato based foods (NC=800t) 2 1600000

continues on following page
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Industry $ Total $

(18) Poultry slaughterhouse (NC=3780000 No) 7.3 27594000

(19) Iodized salt (NC=10000t) 0.192 1923076.95

(20) Starch from wheat (NC=1580t) 2 3160000

(21) Treating fish (NC=1000t) 3 3000000

(22) Wafer chocolate (NC=500t) 3.2 1609615.4

(23) Alcohol from beet molasses (NC= 1500000 No) 3.85 5775000

(24) Mineral water (NC= 12000t) 0.134 1615384.6

(25) Wheat flour (NC=27000t) 0.23 6230769.24

(26) Pistachio packaging (NC=1269.5t) 4.6 5859230.77

(27) Packing grains; peeling off barley (NC= 2430t) 0.46 1121538.5

(28) Spice Packing (NC=250t) 5.1 1275000

(29) Fruit packaging (NC=10000t) 0.76 7692307.7

(30) Wafer biscuits (NC=1000t) 3.46 3461538.4

(31) Corn grits (NC= 5800t) 0.57 3346153.84

(32) Biscuit (NC=1000t) 1 1000000

(33) Soya protein (NC=1900t) 6.92 13148000

(34) Mushroom cultivation (NC=100t+500t) 1+38per t; 119000

(35) Cheese from fresh milk (NC= 1500t) 2 3000000

(36) Cheese Pizza (NC=1500t) 4 6000000

(37) Meat and Olive Industrial Powder (NC= 545.5t) 0.5 272750

(38) Fish powder (NC= 500t) 0.5 250000

(39) Artificial sausage and sausage coating (NC=243t) 1 243000

(40) Preparation; packaging of honey (NC=24000 No) 0.5 16800

(41) Purification and packaging of salt (NC=21600t) 0.192 4147200

(42) Cream dyed (NC= 1400t) 1 1400000

(43) Dates and liquid sugar (NC=4680t) 4 18720000

(44) Smoked fish (NC= 15t) 1 15000

(45) Tomato paste (NC=1500t) 0.5 750000

(46) Flour string (NC= 24192 No) 0.5 12096

(47) Olive oil (NC=280t) 3.5 990769.23

(48) Oil Seeds from Vegetable Seeds (except soya; olive) (NC=8000t) 0.27 2153846.15

(49) Drying oils (NC= 1500t) 380+0.27 380134618

(50) Dried vegetables (NC= 1412000 No) 0.385 770000

(51) Soya sauce (NC= 60000 barrels+72000 bottles) 1 372000

(52) Ketchup (NC= 16000t) 1 16000000

(53) Food sauces (NC= 4451998 (bottles 300 g) + 1250000 (bottles 120g)) 1 1900666

(54) Raisin Packaging (NC= 1000t) 4 4000000

(55) Dates packaging (NC= 400t) 1.5 600000

Table 16. Continued
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Table 17. The prices of products of industries for IPI

Industry $ Total $

(1) Congressional sheets of PP (Polypropylene) and PS (Polystyrene) (2000t) 1.35 kg 2700000

(2) Flat sheets of PP and PS (1200t) 1.35 kg 1620000

(3) Plastic waste recycling (630t) 7.69 kg 4846153.85

(4) Plastic buttons (100t) Kg 1 100000

(5) PVC (Polyvinylchloride) hose (500t) 1 500000

(6) Plastic rope (1000t) 0.4 kg 400000

(7) PVC flooring (1700t) Kg 2 3400000

(8) PP bags (900t) 3 2700000

(9) Plastic bags (1052.67t) 3 3158010

(10) PE (Polyethylene) pipes and fittings (1500t) 1.5 2250000

(11) PVC pipes and joints (1400t) 1.5 2100000

(12) Plastic welding artifacts (1000000 No = Number) 1 1000000

(13) Plastic bottle (18000 No) 0.038 692.307

(14) PVC shoe bed (2160000 No) 2 4320000

(15) Plastic Box (Fruit, Chili) (246140 No) 0.42 104136.16

(16) Plastic flashlight (600000 No) 2 1200000

(17) PVC gum (4854109 No) 1 4854109

(18) Plastic shaver (75000000 No) 0.077 5775000

(19) Cellular Plastic Sheets (385000 m2) 1.5 577500

(20) PVC film for agricultural use (21600000 m2) 0.358 7714285.714

(21) Plastic products (175.26t+13580 rolls) 1 188840

Source: Authors’ Calculations

Industry $ Total $

(56) Sausage (NC=1000000t) 3 3000000000

(57) Ice (NC= 12920t) 1 1920000

Source: Authors’ Calculations

Table 16. Continued
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Table 18. The prices of products of industries for IEPMI

Industry $ Total $

(1) Flux wire (NC=2000t) 2 4000000

(2) Thermostat samovar (NC= 200 kg) 10 2000

(3) Automatic starter (NC=100000 NO) 2 200000

(4) Automotive starter (NC=20000 NO) 8 160000

(5) Automatic selector (NC=5400 NO) 10 54000

(6) Adapter (NC=100000 NO) 1.5 150000

(7) Ampere meter, voltmeter (NC=200000 NO) 1.5 300000

(8) Alarm (NC=100000 NO) 2.5 250000

(9) Desktop phone device (NC=20000 NO) 12 240000

(10) Electrical connector (NC=5000 NO) 3 15000

(11) Electro-Motor (NC=120000 NO) 10 1200000

(12) Electronic thermostat (assembly) (NC=20000 NO) 20 400000

(13) Electronic laboratory devices (NC=10000 NO) 3 30000

(14) Electronic encoder lock (NC=100000 NO) 35 3500000

(15) Electric key and socket (NC=500000 NO) 0.7 350000

(16) Soldering iron (NC=110000 NO) 13.8 1523076.9

(17) Sockets and rods (NC=2000 NO) 0.8 1600

(18) Flashing device (NC=20000 NO) 10 200000

(19) Home electric drill (NC=10000 NO) 31 310000

(20) Household Emergency Light (NC=20000 NO) 30 615384.61

(21) Gas torch relay (NC=50000 NO) 76 3846153.84

(22) Limit Switch (NC=70000 NO) 9 630000

(23) Moonlight ballast (NC= 200000 NO) 3 600000

(24) Moonlight Starter (NC=2000000 NO) 0.28 553846.16

(25) Paper loudspeakers (NC=500000 NO) 4 2000000

(26) Projector and spotlight (NC=100000 NO) 10 1000000

(27) Plugs and screws head (NC= 800000 NO) 0.38 307692.30

(28) Pocket radio (NC=40000 NO) 14.6 584615.4

(29) Trans-amplification (NC=100000 NO) 5 500000

(30) Trans moonlight (NC=450000000 NO) 2 900000000

(31) Thermal relay (NC=60000 NO) 9 540000

(32) Coaxial cables (NC=408000 crank) 20 8160000

(33) Electronic boards and printed circuits (NC=20000 m2) 10.38 207692.30

Source: Authors’ Calculations
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APPENDIX 3

The Values of Productivity in 8 Groups of Industries Based on Weighing 
Systems of Friedman (F) Test, CRITIC (C), AHP (A), and Entropy (E) Shannon

Table 19. The values of productivity

Industries ITLI (F) ITLI (C) ITLI (A) ITLI (E) IWCI (F) IWCI (C) IWCI (A) IWCI (E)

1 28.28474162 28.22112337 324.5917993 85.45192728 27.65261332 25.65872788 322.2540946 63.78821102

2 31.03402352 30.46269137 362.9485952 90.23248839 5.206372478 4.922717963 59.1440154 12.98892694

3 22.73657077 22.00511787 269.6486762 62.88493746 95.36756248 85.90298328 1157.385675 197.2863029

4 1.982685633 1.992735952 22.56691826 6.109183029 17.56357367 15.62118598 217.2907573 34.66843448

5 4.578455248 4.585401846 52.33737649 13.96781151 41.14167721 39.26462461 461.4160565 107.3160591

6 5.411588856 5.383507762 62.34363585 16.24015793 75.26511145 71.2163197 854.3167495 187.9873075

7 2.323548217 2.317553274 26.69130044 7.021014525 18.52105704 16.981313 219.1779661 40.89188494

8 19.49719859 15.64347628 310.9817264 37.36037652 10.22607703 8.612074024 137.9714304 17.0023493

9 3.608482378 3.01125469 53.43141248 7.38499056 9.054568599 8.463262128 104.431603 21.53981441

10 39.30254302 38.24298783 464.0437126 112.1125676 24.08472984 22.88524211 271.8396749 61.32045153

11 7.758768558 6.157053865 126.5706793 14.44398801 0.098619073 0.092525563 1.131125679 0.239251067

12 23.86439535 23.41618005 279.3880162 69.0294978 0.531341212 0.484951634 6.336333598 1.150408823

13 34.76147466 32.11944272 439.3528664 88.2322975 0.482206423 0.42731667 6.005755451 0.939500905

14 2.064423411 1.913761872 25.97184394 5.285624083 55.73852569 53.38222859 622.9548475 146.3147693

15 18.77679653 17.60464304 232.249176 47.84751248 25.2556022 20.62654199 361.4753965 37.88024602

16 121.7497278 118.4898079 1438.898528 347.3335263 29.14017815 25.81462704 362.368612 56.95353739

17 29.06554107 28.25398707 344.0416981 82.44149774

18 103.2455891 102.3353716 1193.273517 307.3620951

19 23.84401 23.43195986 278.4679375 69.52754036

20 18.30140621 18.12870883 211.8314275 54.4112436

21 98.9653709 88.93369833 1296.97559 229.8755524

22 25.98438389 26.01773501 297.0494789 79.24079321

23 13.13416584 12.97339272 152.5575763 38.57584305

24 10.49874629 10.27978116 123.1539999 29.94541364

25 35.69103244 35.07880251 416.9271266 104.2020851

26 13.89526722 13.7640055 160.8293138 41.25661766

27 2.446887215 2.13057493 33.68021503 5.383206367

28 111.9294875 108.8653194 1320.824892 319.5719438

29 10.98072622 10.32360436 135.2955436 28.84463486

30 5.993153833 5.90877617 69.77542588 17.60846881

31 0.23368462 0.21862799 2.890810204 0.608129445

32 320.9847587 316.3606706 3737.96084 941.9402841

continues on following page
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Industries ITLI (F) ITLI (C) ITLI (A) ITLI (E) IWCI (F) IWCI (C) IWCI (A) IWCI (E)

33 17.94239208 17.52128215 211.1737468 51.52331341

34 2.880954855 2.471922186 40.64902442 6.201181713

35 0.775439545 0.773763658 8.892952877 2.348707271

36 3.698576163 2.838743656 49.14904675 1.670577491

37 129.4342381 124.3899984 1552.743322 357.4963273

38 0.635000323 0.609725334 7.599997344 1.759485608

Source: Authors’ Calculations

Table 20. The values of productivity

Industries IPI (F) IPI (C) IPI (A) IPI (E) IHAI (F) IHAI (C) IHAI (A) IHAI (E)

1 44.41793319 24.04198114 530.4671459 62.50218206 245.3277691 169.9187075 6172.689377 785.9178477

2 22.73331964 12.62333888 266.1785347 32.91120964 12.05176331 9.264746111 250.796084 46.38687908

3 425.2331715 221.2365994 5246.070067 570.8739304 7.164480619 5.470041359 150.542977 27.12814651

4 3.894664833 2.285858611 43.81464984 5.995580185 22.14703727 17.00818802 461.3437549 84.92398839

5 18.77694266 11.0608396 210.7114567 29.02476659 3.511582778 2.539731942 80.80323394 12.02872367

6 7.317464387 4.220375198 83.33093562 11.05141308 42.13028328 32.68739945 863.8203629 164.6979613

7 41.35657024 23.07214918 482.5316699 60.0965361 49.36120444 37.78926064 1033.987055 188.5495122

8 50.23741533 28.42918732 579.995771 73.85373524 0.064972735 0.049284886 1.379754963 0.243246297

9 47.774362 28.50188213 531.5297702 74.94351472 63.39431441 47.57619886 1368.662642 232.1381902

10 37.85426443 22.36451406 423.9396117 58.72397648 32.64131723 24.9617202 684.2293237 124.0701639

11 67.9434971 40.00239318 762.7201262 104.9569099 18.75951336 14.3299659 394.1530968 71.26051883

12 55.14258903 32.3723598 620.2944535 82.80934808 3.577163513 2.733072765 75.17324992 13.61648026

13 0.014412027 0.008632932 0.159914649 0.022701885 54.79625453 41.98988736 1146.113517 209.6945959

14 129.8748901 72.21719093 1519.081496 188.0554342 71.58183954 54.64154781 1505.855528 271.685164

15 5.345974406 2.975094064 62.49002382 7.756693122 6.374941743 4.902241844 132.4818952 24.48943248

16 38.22914058 22.86107874 424.662853 60.10446333 70.35878529 52.24412221 1543.16957 251.476414

17 364.732127 208.0023046 4187.194294 543.5633452 11.40408136 8.236213066 263.7439182 39.11950073

18 78.34885387 46.60112435 873.4688496 122.4846776 136.4903438 104.9572794 2839.086916 525.6206578

19 43.38732926 24.73914524 498.1561903 64.59391033 383.9932503 292.091665 8124.106812 1447.979997

20 158.780702 94.1053697 1774.484917 244.3489716 112.2784208 86.11542585 2344.80636 430.2348792

21 6.018575816 3.500284963 68.13866629 9.174368153 126.3012915 95.88137149 2681.481825 475.0532974

22 25.18366518 18.94254387 541.16396 92.58882294

23 0.279055639 0.213960322 5.8151325 1.06300228

24 20.83543896 14.11272306 551.1781557 64.44282289

25 174.8338601 133.7046721 3665.504314 664.7822

Source: Authors’ Calculations

Table 19. Continued
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Table 21. The values of productivity

Industries IFMPI (F) IFMPI (C) IFMPI (E) ICI (F) ICI (C) ICI (E)

1 42.52449118 25.38349732 54.03973156 29.18782943 15.39924409 134.6379765

2 24.61091874 16.2695762 33.57547553 48.38963956 25.60382195 270.2179378

3 13.58723203 8.372103806 17.65844445 51.7430607 27.43068768 165.6070506

4 2.392082427 1.360945925 2.936924597 42.51680932 22.51726368 253.8965112

5 65.15448253 39.98236695 84.37463216 22.4768005 11.89869926 122.9012978

6 19.76616824 12.06018033 25.45924169 7.360139224 3.886803186 31.4547342

7 121.5931333 72.40084961 154.2976678 11.329781 5.999005272 55.3365906

8 17.64017114 11.93131441 24.47410945 26.70243094 14.13450822 88.36862465

9 46.96437265 30.064109 62.57319911 16.85736228 8.924398153 77.33235921

10 16711.40312 10986.31379 22703.63231 0.602863965 0.318798894 3.46935247

11 2.03925801 1.30289975 2.648067362 25.4959163 13.33467768 121.1088767

12 4.801633891 2.92992211 6.182462695 3.39339539 1.79694969 13.38914106

13 36.95052398 23.9824836 49.80581905 6.953569791 3.673449111 38.6982686

14 90.09546265 58.14109742 120.2314591 445.9887495 236.1660627 2427.325185

15 53.22786063 28.14052355 61.95501226 3.122464663 1.648242394 16.3862676

16 53.72468437 32.59201755 68.94667214 2.105146 1.115361396 6.200948839

17 21.43711218 12.68203167 27.04289932 10.80074275 5.724459996 45.1233445

18 429.7637165 281.3687971 582.5729423 70.92532847 37.52547659 248.9898602

19 34.90183012 20.83222177 44.18967134 25.86133015 13.66719032 90.55382937

20 42.07895156 28.4754545 58.35955795 20.87780076 11.04667055 66.71075657

21 44.90582143 27.66200947 58.34357021 2.686613571 1.422285821 14.11683487

22 51.88613365 35.32428586 72.21482808 0.949292946 0.50242762 5.004124157

23 59.3472356 35.17220352 74.68597412 6.110825028 3.227453365 25.76530369

24 43.02239445 28.67617157 59.04991847 40.81772234 21.58326888 172.4430036

25 64.03098356 37.94803183 80.5802719 5.860773606 3.103319193 36.32781051

26 130.3900573 87.2494097 179.5661281 3.552193048 1.879699991 17.19315211

27 42.0760326 28.01741482 57.70869717 15.04802035 7.967662888 73.00103215

28 62.09230122 41.23277895 84.9688004 35.68357347 18.877837 142.4779781

29 80.60374215 47.55312295 101.5624462 83.3568969 44.05397648 336.0250823

30 91.17740284 56.3507469 118.6599514 23.86054922 12.60128843 137.5299339

31 36.63047194 23.0472137 48.16341429 10.27464282 5.435736373 54.81583882

32 26.34013907 16.27910495 34.27954214 9.983952452 5.265097385 55.32721963

33 272.6269669 171.5044479 357.4337874 14.1031926 7.464407356 85.00476858

34 2.271488885 1.400216711 2.948005488 0.989749012 0.524192108 5.573586839

35 63.60380205 35.48905876 76.77971418 1081.114927 570.5344395 5316.423975

36 111.9546332 64.31024069 138.3983451 2.746783287 1.450153229 9.20325263

37 9.743590247 6.24901015 12.99672669 34.26924308 18.10520783 143.9780366

38 5.346300204 3.287049033 6.924166698 1.561232332 0.824121197 8.1931338

continues on following page
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Industries IFMPI (F) IFMPI (C) IFMPI (E) ICI (F) ICI (C) ICI (E)

39 3.413031552 2.099569933 4.429447602 81.6806244 43.1631714 357.2442187

40 0.784798631 0.513463585 1.061644955 31.85062276 16.81778426 153.4870377

41 65.66309228 39.34245907 83.47201809 11.96071821 6.329889092 69.36851379

42 5.868996076 3.662708358 7.685508878 10.67170102 5.655035318 46.68507806

43 157.3406941 99.08151297 207.1329194 72.08470065 38.07335732 410.3279042

44 0.395400508 0.244556143 0.515456999 18.53905389 9.819649585 94.37801795

45 12.16819597 8.228139813 16.86058845 34.22201077 18.12430737 178.2068054

46 0.182560692 0.123510218 0.253419176 86.97101178 45.99577301 485.0610445

47 13.58761439 7.456336863 16.22053446 83.47892186 44.16499807 354.6310692

48 24.43994488 8.966935254 10.53724206 98.82511645 51.86169306 430.2953602

49 9040.488437 5641.029741 11788.71546 92.12755912 48.75389279 369.5579973

50 11.53210034 7.101381262 14.95415812 128.1404197 67.72578778 546.9945702

51 5.245371408 3.475334285 7.140813698 0.345652551 0.182890549 1.339034733

52 280.8230962 186.0481198 382.6513986 82.57625013 43.72480101 394.4842285

52 26.21160254 17.15039234 35.49114921 112.3694347 59.34497805 363.3082821

54 74.53855435 48.02818736 99.97627384 2.023506787 1.075740772 3.931958147

55 24.41327164 16.35094464 33.54823371 0.187860728 0.09934802 0.586065068

56 67962.30033 40485.83894 86059.68703 5.016656063 2.655486701 28.72744587

57 27.16105526 14.87410334 32.43083872 7.661592035 4.056560073 34.51044108

58 1.727744106 0.912380253 10.10705682

59 2.261049424 1.197249133 12.47147508

60 109.8150917 57.95124307 475.6114141

61 2826.96591 1496.174199 13161.25835

52 31.20852976 16.53203903 151.9604405

63 16.40548838 8.683560658 84.60734723

64 48.35297198 25.58161054 269.8748482

65 40.65812103 21.50700544 182.7459703

66 17.65703268 9.346524523 85.51934356

67 5.071543266 2.685633664 16.42847789

68 27.88183935 14.70367428 146.0506613

69 8.621093479 4.555993779 52.64035465

70 385.0967556 203.6728439 2053.130796

71 8.39763498 4.446803474 39.13687281

72 3980.036801 2106.231442 15613.51735

73 77.96583406 41.2366006 467.1242959

74 262.9333918 139.1371252 1504.45216

75 21.31792342 11.28541876 106.7534949

Table 21. Continued
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Industries IFMPI (F) IFMPI (C) IFMPI (E) ICI (F) ICI (C) ICI (E)

76 25.45172015 13.47954617 141.1854518

77 4.187578656 2.216875792 24.25230711

78 10.72975863 5.679948475 66.6193676

79 52.31935495 27.62436897 211.1558669

80 5.227911887 2.770529211 11.87502041

81 966.4049502 509.3134185 5300.371825

82 716.1671056 379.1990754 3030.193536

83 22.22113359 11.74335529 100.4821832

84 16.37503724 8.689162118 44.65809945

85 3.46084785 1.836793045 8.249513515

86 202.9591476 107.0605585 1084.700062

87 41.57961694 22.02010833 122.8859564

88 460.129513 242.8480101 1782.19976

89 10.95816893 5.792863547 42.55856197

90 0.173942024 0.091991546 0.970122089

91 159.2000593 84.17523841 748.0250024

92 182.2771482 96.34208063 924.3363488

93 41.24874491 21.83191576 196.9658378

94 34.34032518 18.16130198 116.7743498

95 80.45393665 42.67319252 245.3387102

96 62.44374839 32.98390054 354.7786271

97 358.7654677 190.2092834 1013.578522

98 338.967865 179.5850534 1237.572202

99 0.341381594 0.180069225 1.975829631

100 57.54523484 30.47275463 295.0980489

101 3.423445683 1.808423339 19.73498641

102 5.039194114 2.666786653 28.14633417

103 32.15992409 16.99672855 161.6807081

104 685.6783434 362.7642172 3936.222503

105 15.26981625 8.083804782 96.09596482

106 26.01631139 13.75386972 139.0250654

107 59.28813386 31.24666156 309.2792926

108 14.5296336 7.634121656 83.06650898

109 20.33639909 10.74449206 175.2827995

110 4.312673413 2.28253473 24.09462044

111 59.6688954 31.6030866 304.0793335

112 87.36717559 46.21703048 493.611771

Table 21. Continued
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Industries IFMPI (F) IFMPI (C) IFMPI (E) ICI (F) ICI (C) ICI (E)

113 158.7991643 83.94101313 479.262904

114 22.99248547 12.16656103 137.6731424

115 192.9297369 102.1505255 1031.126864

116 99.54963521 52.67509357 467.8056309

117 20.10615067 10.62693002 112.0239112

118 86.62308452 45.80327767 304.1472322

Source: Authors’ Calculations

Table 22. The values of productivity

Industries IMAI (F) IMAI (C) IMAI (A) IMAI (E) IEMPI (F) IEMPI (C) IEMPI (A) IEMPI (E)

1 184884.5149 146705.6804 2908541.33 1597485.52 43.95554984 29.22744572 374.9960683 547.7718681

2 15491.15375 13073.67729 223632.0628 152932.5561 0.101145435 0.069934142 0.784554572 1.371542358

3 5.19971652 4.230209573 79.39984716 47.90482593 3.475823975 2.425010314 26.40119777 47.94024718

4 10.92341671 9.093532352 162.4600781 108.9898232 4.015338341 2.740245038 32.21121928 53.35169928

5 17.47350778 13.56054906 282.7588251 140.4095274 0.873498706 0.610933131 6.596923687 12.10144581

6 1627.342419 1339.907786 24478.28155 15478.44303 3.467305983 2.39188591 27.06927096 46.89421836

7 6.898119302 5.516462643 107.42016 60.15629336 6.935164178 4.784381586 54.13858178 93.83508388

8 5.446588163 4.639781516 79.01779259 58.28547968 10.0268695 6.91717227 78.23389921 135.4733616

9 54.11760649 45.1336177 800.7884583 541.8762341 7.285822117 5.040008489 56.48812465 99.0218461

10 25.80245256 21.45252231 383.9930486 255.3489518 0.293316906 0.19901315 2.382437351 3.83490872

11 0.035098251 0.026433319 0.591470324 0.258751898 37.41201051 26.0701647 284.8606301 514.3131885

12 35.09825585 26.43332245 591.4704033 258.7519326 10.33447897 7.185587433 79.01442436 141.0062881

13 166.9880894 125.6336577 2806.801964 1222.120747 0.732791262 0.50786272 5.65844903 10.00662446

14 0.015757827 0.013293154 0.231045182 0.166735814 87.86204114 59.97698678 704.6221906 1169.158017

15 9.657226039 7.96436036 145.1826878 93.06312485 2.816097022 1.895752796 23.40978508 36.51898717

16 28.86978828 23.45464816 441.1077035 264.0608532 33.84295038 23.10236452 271.3220547 449.9498329

17 14.36789487 10.79259729 242.5518446 104.9499834 0.010889745 0.007620228 0.082073529 0.150562531

18 14.71537205 11.90200902 226.2450894 134.6142469 6.981031706 4.799624275 54.96847073 93.97696629

19 0.373688588 0.310428757 5.570253551 3.671103819 10.01095549 6.8432036 79.93860916 133.2434316

20 2.551803248 1.846038091 45.53391777 16.87220593 16.15745783 11.16305675 125.717116 219.402553

21 0.262092315 0.197505969 4.404667511 1.933652774 86.70127971 60.64898308 654.5598796 1201.525659

22 5.405298526 4.063354033 91.31726204 40.13032372 22.66750495 15.7086886 174.885088 308.5282704

23 56.30768567 46.93863059 836.1163062 560.2892071 5.806130983 4.057184894 43.94067869 80.26851107

24 16.0187723 10.59925778 334.3643314 86.05243192 12.63609009 8.774472674 97.01862428 172.6220908

25 2.10728523 1.806614266 30.36784752 23.11559643 13.7073582 9.546914279 104.3830787 187.6248375

26 0.082410251 0.065563754 1.29227739 0.711034352 21.94673495 15.07824236 172.9850536 294.9369769

Table 21. Continued

continues on following page
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Table 12. Continued

Industries IMAI (F) IMAI (C) IMAI (A) IMAI (E) IEMPI (F) IEMPI (C) IEMPI (A) IEMPI (E)

27 6.710164899 4.692286926 50.61215813 92.46375932

28 19.42885288 13.38395595 152.1694442 261.994108

29 3.564338164 2.49653979 26.81696313 49.43137494

30 25243.47569 17067.16263 206560.6002 327762.4162

31 9.319368332 6.43203979 72.53873017 125.5710225

32 46.33826421 31.76624622 366.3446255 614.9680462

33 3.658247414 2.444158621 31.0924872 47.1274424

Source: Authors’ Calculations
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ABSTRACT

This study examined the distributional effects of energy subsidy reduction in Kuwait. A computable 
general equilibrium (CGE) model was calibrated on a Kuwaiti social accounting matrix (SAM). A 
simulation experiment was conducted by applying a 25% energy subsidy reduction. The SAM consisted 
of 10 household groups, categorized into nationals and expatriates, and subsequently classified into five 
income levels. The employed labor force was classified into two groups (nationals and expatriates), each 
disaggregated by four skill levels. Industries were disaggregated into 65 branches. The CGE model was 
specified in such a way that it would be possible to quantify welfare effects on each household group and 
then trace the changes to distributional effects, factor income, and employment by industrial origins. When 
accompanied by compensation, the energy subsidy led to an aggregate efficiency (increase in GDP) and 
welfare gains. The welfare gains among Kuwaiti nationals were progressive; the lower-income groups 
gained more than higher-income groups.

INTRODUCTION

Kuwait is one of the most energy-intensive countries in the world. In 1990, just before the Iraqi invasion, 
Kuwait’s per-capita energy consumption was 4.3 tons of oil equivalent (toe). This increased to 9.1 toe 
in 2000 (a 110% rise), corresponding to more than a twofold increase in a decade. By 2015, the corre-
sponding figure slightly fell to 8.8 toe, which was a 3.9% drop from the consumption level in 2000, but 
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still represented a 102% increase over the 1990 level. Consequently, Kuwait is now the second highest 
country in the world in terms of per-capita energy consumption (after Qatar) (World Bank, 2020).

The per capita CO2 emission of Kuwait was 21.1 tons in 2018, again placing Kuwait second in the 
world after Qatar. Kuwait’s excessive energy consumption pattern is the result of an extremely gener-
ous energy subsidy. In 2018, Kuwait came first in world in energy subsidies, at US$1,308 per person.

For two decades (2000-2020), the size of Kuwait’s economy nearly doubled in real terms, while that 
of population more than doubled, with an annual average population growth rate of rate of 4% (IMF, 
2021). These rapid economic and demographic expansions have given rise to a growing awareness among 
researchers and decision makers that the existing energy policy is not compatible with the country’s 
sustainable development goals (Kiranmai et al., 2022).

Attempts to reform energy policy have encountered rigid opposition in parliament (Al-Saidi, 2020; 
Shehabi, 2020). The cause of disagreement has been the possible adverse effects of a subsidy reduction 
on welfare, and the political backlash that would result from it. However, the recent sharp decline in the 
price of oil in the world market has compelled the authorities to soften their position. Not only has a 
consensus been reached, but energy tariff reforms have already started in earnest.

Partial equilibrium modelling studies (BuShehri & Wohlgenant, 2012) have shown that it is pos-
sible to gain public support and avoid political backlash by paying a cash equivalent to compensation 
consumers for welfare losses. Gelan (2018a) applied a computable general equilibrium (CGE) model-
ling approach and extended the scope of the study to show that compensation of energy users not only 
leads to a reinstatement of household welfare, but it also causes marginal increases in both aggregate 
household welfare and the gross domestic product (GDP). Additionally, there could be gains in terms 
of environmental benefits measured in terms of reduction in CO2 emissions.

The objective of this study was to examine the distributional effects of an energy subsidy reduction 
in Kuwait. The main source of prolonged delay in deploying an energy subsidy reduction has been con-
cern about the potential adverse effects on social welfare. This study thoroughly investigated designs 
in energy reforms programs, in order to avoid or minimize deterioration in social equity or production 
efficiency. This study built on the results of Gelan (2018a), and disaggregated households by income 
classes and conducted extensive simulation experiments, focusing on the distributional outcomes of 
subsidy reduction (Husaini, Puah, & Lean, 2019; Rentschler, 2016).

STUDY CONTEXT

Kuwait spent US$5.5 billion on energy subsidies in 2019 (IEA, 2020). The bulk of this money went to 
electricity (57%), while the remaining proportion was shared equally between petroleum products and 
natural gas. These energy subsidies constitute 4% of Kuwait’s GDP.

Kuwait’s energy subsidy is approximately US$1,308 per person. This value puts Kuwait at the top in 
terms of world ranking, just above Iran (US$1,038) and Libya (US$838). This lavish energy subsidy rate 
did not happen by accident. The Kuwaiti government has a long-held policy to maintain a welfare state, 
using various subsidies as mechanisms to transfer wealth acquired from exploitation of the country’s 
natural resources to citizens. For instance, “the government owns a vertically integrated monopoly and 
manages the entire supply chain from electricity generation to retail distributions” charging consumers 
a nominal tariff of 6 cents per kWh, one of the lowest in the world (Gelan, 2018a).
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The dynamics of energy consumption in Kuwait are compared with selected countries along three 
broad categories of indicators (Table 1). The first indicator is the total primary energy supply (TPES) per 
capita, measured in toe. This converts and combines all energy types into a single composite indicator.

Kuwait’s TPES in 2015 was 8.8 toe, about half of the corresponding figure for Qatar, and 1.3 times 
that of the USA. It was just over two times the OECD average, three times EU average, and nearly five 
times the world average. Kuwait’s CO2 emission per capital in 2015 was a quarter of Qatar’s, 1.5 times 
that of the USA, and 5.3 times the world average.

Table 1. Key energy statistics for Kuwait

Description 1990 2000 2015

Total primary energy supply (TPES) per capita (toe)

Qatar 13.7 18.5 17.7

Kuwait 4.3 9.1 8.8

USA 7.7 8.1 6.8

OECD 4.2 4.6 4.1

EU 3.3 3.1 2.8

World 1.7 1.6 1.9

CO2 emissions per capita (t CO2/capita)

Qatar 26.1 35.9 31.3

Kuwait 13.2 22.6 23.3

USA 19.2 20.3 15.3

OECD 10.3 10.8 9.1

EU 8.4 7.8 6.3

World 3.9 3.8 4.4

Sectoral share in total final consumption (TFC) (%)

Kuwait

Industry 43 39 36

Transport 25 25 26

Residential 22 16 15

Commercial & public services 0 7 7

Non-energy use 10 13 16

Qatar

Industry 37 38 35

Transport 13 14 23

Residential 6 6 8

Commercial & public services 3 4 4

Non-energy use 40 38 30

Source: IEA. World Energy Balances 2019
https://www.iea.org/subscribe-to-data-services/world-energy-balances-and-statistics.

https://www.iea.org/subscribe-to-data-services/world-energy-balances-and-statistics
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The fact that Kuwait came second after Qatar in per-person TPES and CO2 emissions obscures some 
essential differences. Kuwait’s TPES and CO2 emissions per capita in 2015 were 2 times and 1.8 times, 
respectively, the levels reached during the prewar 1990 period. The corresponding figures for Qatar were 
much lower—1.3 and 1.2, respectively.

By far the most significant difference between Qatar and Kuwait lies in the sectoral share in total 
final consumption (TFC) of energy, displayed in the lower part of Table 1. Focusing on the 2015 values, 
contrasting features are observed between sectoral shares for Qatar and Kuwait. For Kuwait, household 
residential consumption (15%) and transport (26%) exceeded the corresponding figures for Qatar by 
8% and 23%, respectively.

The most persistent difference in the energy use patterns of the two countries is in the share of non-
energy use. For Qatar, non-energy use had a share of 30% in 2015 (about twice that of Kuwait), 38% 
in 2000 (about three times that of Kuwait), and 40% in 1990 (about four times that of Kuwait). Non-
energy use refers to energy products used as raw materials in production activities, rather than being 
consumed or transformed as fuel or transformed into another fuel. It means Qatar uses a lot of energy, 
but mostly as intermediate inputs; on the contrary, the bulk of energy used in Kuwait goes to household 
final consumption expenditures.

Energy subsidy reforms have been fiercely debated in the Kuwaiti parliament. Concerns that a subsidy 
reduction may adversely affect citizen welfare has led to rigid opposition by members of parliament. 
However, the sharp decline in the price of oil in the world market has made it impossible to maintain 
the existing subsidy regime (Kilinc-Ata, 2022; Bayramov & Islamli, 2022). Consequently, the dispute 
among parliamentarians has shifted to the extent of the subsidy reduction and its timing.

LITERATURE REVIEW

Distributional outcomes of subsidy reforms have been the focus of many recent studies. Energy subsidy 
reforms commonly remain essentially regressive and pro-rich due to poor design, often retaining features 
of a flat subsidy rate rather than explicitly targeting vulnerable households (Giuliano et al., 2020; Lin 
& Kuang, 2020; Schaffitzel et al., 2020).

Another strand of literature on energy subsidy reform has focused on mechanisms to overcome in-
equalities by switching to subsidizing energy-efficient buildings with low-carbon technologies (Stewart, 
2021; Lekavičius et al. 2020). The potential distributional impacts of investment subsidies may improve 
energy efficiency in aggregate, but they tend to provide the greatest benefits to high-income households.

The literature on Kuwait’s energy sector is extremely scarce, with analysts focusing exclusively on 
various aspects. The bulk of studies have applied descriptive statistics to examine, for instance, drivers 
of Kuwait’s recent rise in energy consumption (Azar et al., 2021; Alotaibi, 2011). Other studies have 
focused on the impact of heavily subsidized energy prices on the residential building sector (Ameer & 
Krarti, 2016), cogeneration of power and water desalinated (Ghaffour et al., 2015; Darwish & Darwish, 
2008), and the environmental impacts of Kuwait’s refineries (Al-Salem, 2015).

Gelan (2018a) classified analytical models applied to Kuwait’s energy sector into three broad groups. 
The first group was econometric models (Al-Mutairi & Burney, 2002; Burney & Al-Matrouk, 1996), 
which focused on economies of scale, energy conservation in power plants, and factor substitution pos-
sibilities in production processes.
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The second category was a partial equilibrium modeling approach (BuShehri & Wohlgenant, 2012) 
that analyzed conflicts that might arise due to the inevitable adverse effects of electricity subsidy removal 
or reductions in household welfare. This was related to concerns that explain the reluctance of Kuwaiti 
parliamentarians to indulge in full-fledged energy subsidy reform. The findings of this study implied that 
compensation of consumers for losses in welfare was justified to avoid welfare losses (social concerns), 
gain popular support for subsidy reform, or preempt public protests (political concerns).

Bourgeois, Giraudet, & Quirion (2021) used ‘subsidy recycling’ as an alternative expression for cash 
payments or compensations. They found “lump-sum recycling to be particularly effective in reducing 
inequalities between owner-occupiers and tenants…. In turn, subsidy recycling saves energy and increases 
comfort more cost effectively... In the discussion, we argue that subsidy recycling has advantages from 
both a political and administrative perspective.”

A series of recent studies have broadened the scope of analysis (Gelan, 2018a; Gelan, 2018b; She-
habi, 2020). These studies adopted a CGE modelling approach that allowed the authors to capture the 
economy-wide feedback effects of subsidy reductions. Importantly, the motivation for subsidy reform 
was extended beyond social and political concerns to incorporate economic and environmental dimen-
sions. The first such study was Gelan (2018a), in which the author examined the economic, social, and 
environmental effects of electricity subsidy reductions. This was followed by Gelan (2018b), which 
extended the scope of energy subsidy reductions to all energy products, namely electricity, oil, and gas.

The findings of both studies indicated that energy subsidies with compensation would lead to an 
aggregate increase in GDP from baseline and reduced environmental costs in terms of CO2 emissions. 
However, although these previous studies applied detailed sectoral breakdowns to measure CO2 emission 
and economic gains, social welfare and income distribution effects were measured only at aggregate level; 
a representative household for the Kuwaiti economy and two labor categories, nationals and expatriates.

This study aimed to fill the gaps in the previous studies by disaggregating households by nationality, 
and income quintiles and labor. First, they were disaggregated into two nationality categories (Kuwaiti 
nationals and expatriates), and then by four skill levels. The modelling framework and the baseline data 
applied in this study are discussed in the subsequent sections.

THE MODEL

This study was conducted using a CGE modelling approach. The structure of the CGE model is described 
in this section. Figure 1 presents a diagrammatic exposition and highlights the processes of production, 
commodity supply, and demand. The model equations are presented in Appendix– II.

The Process of Production and Commodity Supply

The Kuwaiti CGE model was previously developed and applied in Gelan (2014, 2018a, 2018b). The 
basic structure of the model and the construction of a comprehensive baseline database, the social ac-
counting matrix (SAM), followed the comparative static version of the standard International Food Policy 
Research Institute (IFPRI) CGE modelling tradition, specifically having a SAM with supply and use at 
its core (Lofgren, Harris, & Robinson, 2002). Due to the focus of the current and previous studies on 
energy policy, the model specification progressively departed from the structure of the IFPRI model and 
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moved towards strands of models in energy-environment and society interactions (Lee, Oliveira-Martins, 
& Mensbrugghe, 1994; Pan, 2005).

The model structure, and the functional forms for commodity production (or supply) and commodity 
demand are presented in Figure 1 and Figure 2, respectively. In each case, model specification followed 
a nested, multilevel structure. The functional forms are denoted by letters, as follows: C (Constant Elas-
ticity of Substitution, CES), CT (Constant Elasticity of Transformation, CET), L (Leontief), E (Linear 
Expenditure System), S (share parameters), and + (simple sum aggregations).

The structure of labor demand is displayed on the left-hand side, at the bottom of the production 
nest (Figure 1). In the Kuwaiti economy, employment is classified by nationality. In the diagram, Labor 
demand for nationals (LDNs) and average wage rates for nationals (WNs) denote the number of Kuwaiti 
nationals and their average wages, respectively. Similarly, labor demand for expatriates (LDEs) and 
average wage rate for expatriates (WEs) represent the number of expatriates in the labor force and their 
average wages, respectively. Nationals and expatriates were each classified into four skill levels, with 
level one representing the least-skilled workers and level four representing the most-skilled workers. The 
composite demand for labor (LDs) and average wages (WLs) were obtained by aggregating nationals 
and expatriates in each skill level.

The substitution possibilities are complicated by the reality of labor market conditions in Kuwait. 
That is, even if they are unskilled, nationals are highly unlikely to be employed in low-skill jobs. This 
fact is accounted for by using low substitution elasticities for skill level 1, slightly higher elasticities for 
skill level 2, etc. At the next level, the Leontief aggregation combines skills to obtain composite labor 
demand and aggregate wage level (LD, WL). This means, for instance, that skill level 1 is not substitut-
able with skill level 4. Further, the value-added (QVA) and price of value-added (PVA) are obtained by 
aggregating labor and capital stock (KD) with user cost of capital (UCK) with aggregate labor demand 
(LD) with average national wage (WL).

The factor market equilibrium requires that two of these variables be fixed and the other two be flex-
ible. Accordingly, from the factor price side, the economy-wide factor price was allowed to be flexible 
but the factor price differential was fixed at the baseline level. Similarly, factor quantities by industries 
were assumed to be flexible, but the economy-wide factor quantity was fixed at the baseline level. These 
specifications were chosen deliberately to isolate the effect of policy shock.

In line with CGE modeling in the tradition of energy-economy-environment interactions, value-added 
is aggregated with composite energy demand to obtain the value-added and energy composite (QVE) 
demand and composite price of value-added and energy (PVE). The innovation in such models has been 
that energy products, although intermediate, are treated as substitutes with factor inputs. The OECD 
(Organization for Economic Co-operation and Development) Green Model was among the pioneers of 
introducing the possibility of factor-energy substitutions in the production function (Lee et al., 1994), 
and was subsequently applied in other studies (AlShehabi, 2012; Koesler & Schymura, 2015; Truong, 
Kemfert, & Burniaunx, 2007). The rationale behind the value added-energy substitution possibility is 
in the need to invoke the notion of energy savings occurring in the production process (Burney & Al-
Matrouk, 1996; Koesler & Schymura, 2015).

Kuwait’s input-output table presents broad energy classifications, with only four energy commodities; 
namely, crude oil, gas, petroleum, and electricity. Accordingly, the energy aggregate (QEN) is obtained 
by first aggregating the three fuel products (crude oil, natural gas, and petroleum) to obtain the fuel ag-
gregate (QNEL), and then generating a composite energy product as a combination of electricity (QL) 
and fuel (or non-electricity).
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Composites of non-energy intermediate inputs (QINTA) were obtained by using a Leontief specification 
to combine non-energy intermediate material inputs (QINT). Finally, the gross input from each industry 
(QA) was acquired using the Leontief functional form by the aggregation of the value added-energy 
composite and the non-energy intermediate composites. The production nest ends with the commodity 
supply (QXAC), with each industry producing one or more products.

The Structure of Consumption and Commodity Demand

In Figure 2, the top nest shows the specifications and functional forms used in transforming the activity 
output to commodity outputs. This corresponds with the make matrix component of the SAM that links 
commodity supply and activity or industry outputs. The domestic commodity output (QXC) totals were 
obtained by aggregating over the industry origins of commodities, QXACA,C (commodity C produced by 
Industry A). The sum of commodities denoted by C and produced by activity A should equal the level 
of activity output (QAA), as shown in Figure 1. Domestically produced commodity (QXC) was allocated 
to domestic sales (QDC) and export supply (QEC) using a CET function.

The composite commodity demand in the domestic economy (QQC) was obtained using the Arm-
ington assumption (Armington, 1969). This assumption is employed by applying a CES aggregation of 
commodities by source of supply; that is, domestic output (QDC) and imports from the rest of the world 
(QMC). On the other hand, the total commodity supplied to the domestic economy is given as a summa-
tion of different demand categories, including non-energy intermediate demand by producing sectors 
(QINTNE,A), household final consumption (QHC,H), government final consumption (QGC), and capital 
formation or investment demand (QINVC).

Figure 1. Nested structure in the production function
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Below each final demand category lies the functional forms to specify commodity demand. For 
instance, demand for each commodity by households was specified using the linear expenditure system 
(LES), which allocates the total commodity demand into subsistence requirements, and then demand 
beyond the minimum requirement subject to additional income. For the other demand categories, de-
mand for a specific commodity was derived using a fixed-share parameter obtained from the baseline 
SAM. The analytical model, presented diagrammatically and discussed in this section, was transformed 
into the structural algebraic equations presented in Appendix–II, which was then programmed using a 
General Algebraic Modelling System (GAMS) computer language to solve and obtain numerical values 
from the model.

SOCIAL ACCOUNTING MATRIX FOR KUWAIT

The CGE model developed through this study was calibrated to a Kuwaiti SAM developed with 2013 
as its base year. The SAM was constructed by pooling data from a comprehensive set of socioeconomic 
databases in the Kuwaiti economy, and then establishing consistency between them. Further details on 
the methodological background for designing and constructing the Kuwaiti SAM are provided in Gelan 
et al. (2018). This section provides a brief highlight, anchoring the discussion on a condensed numeri-
cal SAM that shows a snapshot of the structure of the Kuwaiti economy by succinctly presenting the 
country’s system of economic accounts.

The SAM is a comprehensive, efficient, and flexible method of presenting economic transactions 
rooted in the circular flow of income and expenditure. In a SAM, an account is listed in a column head-
ing and then repeated in a row heading. This means that the number of rows and columns is equal in a 
SAM; that is, it is essentially a square matrix. A transaction is recorded only once in a cell, which, by 
definition, is an interaction between two institutional accounts. Therefore, the entry in a given cell rep-

Figure 2. Nested structure in commodity supply and demand
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resents both “payment” by the institutional unit in the column heading, and “receipt” by the institutional 
unit in the row heading.

The choice of base year was made primarily on the availability of data, particularly the Kuwaiti Sup-
ply and Use Table. The CGE model was developed by using a SAM with 145 by 145 accounts.

Table 2 presents a condensed version of the SAM with 34 by 34 dimensions. This was created mainly 
by aggregating products and industries each into five accounts, and the tax accounts into a single net taxes 
account. The dimensions of the remaining SAM accounts were left unaltered, as in the full SAM version.

Given that the focus of this chapter is energy subsidy, the energy products are listed separately, but 
all of the non-energy products are aggregated. Additionally, all energy products belong to the public 
sector. Hence, the five product and industry accounts are mostly public: three energy products/industries 
are listed separately, all other public sector products/industries are aggregated to “other public,” and all 
private sector activities are aggregated to “private”. Kuwait has a very simple energy mix, consisting of 
three products: the primary energy source (crude oil and gas), and two secondary energy sources (petro-
leum and electricity). Renewables have not yet entered the energy mix of Kuwait. Energy is exclusively 
produced in the public sector. The condensed matrix is presented over four pages, repeating the 34 row 
headings on each page, but showing the columns as four groups.

• Products accounts (1 to 5)
• Industry accounts (6 to 10)
• Labor accounts (nationals 11 to 14, expatriates 15 to 18)
• Capital account (19)
• Net taxes (20)
• Household accounts (nationals 21 to 25, expatriates 26 to 30)
• Government account (31)
• Gross fixed-capital formation account (32)
• Rest of the world (33)
• Totals (34)

It should be noted that there are 34 separate accounts, including the row and column totals (see Table 
2). This means that there are 33 individual accounts. Each account has separate entries for totals, sum of 
receipts, or sum of payments. For instance, the total receipts by the government (government revenue), 
KD 24,032 million, is given at the intersection between row 31 and column 34. On the other hand, total 
payments made by the government (including surplus) is the corresponding total at the interaction be-
tween column 31 and row 34, which is given as KD 24,032 million.

As expected, total incomings and outgoings from the government account are equal. This holds true 
for all 34 accounts in the SAM; the total receipts and total payments for each individual account are equal. 
In other words, the numerical values under “Totals” in the column vector are equal to the correspond-
ing values in cells in “Totals” in the row vector. The SAM is balanced when this condition is fulfilled.

A value in a particular cell in the SAM represents payment by an account in the column heading and 
receipt by an account in the row heading. For instance, the intersection between “Capital” (column 19) 
and the government account (row 31) is KD 24,339 million, which is the government capital income, 
which in turn reflects oil rent, one of the entries in the capital account row at the intersection between 
row 19 and column 6 (oil & gas industry).
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The SAM is a sparse matrix, such that many of the cells are zeros. The full sequence of economic 
accounts in Table 2 follows the United Nations system of national accounts (United Nations et al., 2008). 
The sequence of transactions in the SAM starts with the products account; continues along income 
generation, distribution, and use; and culminates with net-lending or net-borrowing in the capital and 
financial accounts, depicted in the cells where domestic institution accounts intersect with the rest of 
the world account (account 33).

Energy-related taxes and subsidy are accommodated in account 20, which is labelled as “net taxes.” 
This incorporates net taxes (intersections of row 20 with columns 1 to 5). This vector represents an ag-
gregation of product subsidies and import duties on goods and services. In the SAM, subsidies enter 
with negative values as negative taxes. The rates of product subsidies in the SAM are given by dividing 
the subsidy rows with the corresponding commodity value totals (in row 34). For instance, the rate of 
energy subsidy for the electricity sector is given as 88%, dividing the entry in cell (20, 5) with that in 
cell (34, 5). The total energy subsidy in the SAM is given as the sum of entries in cells (20, 1 to 4). This 
is given as KD -2.4 billion. Entry in the last cell of the product subsidy is a positive net tax because row 
20 is an aggregation of the domestic product subsidy, plus import duties on products. For non-energy 
products (account 5) import duties (positive entries) exceed product subsidies (negative entries). Hence, 
net tax becomes a positive number (KD 139 million).

The second segment of energy finance is given in terms of net taxes on production. These are given 
at the intersection of row 20 with the industry columns (accounts 6 to 10). The first entry is a large posi-
tive number (KD 5.7 billion). This represents oil rent, government surplus from the oil and gas industry. 
It represents the bulk of government revenue from natural resource rent. Although the primary oil and 
gas sector generates huge rent, the secondary oil sector or petroleum processing industry (column 7) 
receives a net subsidy, amounting to KD -319 million. In Kuwait’s economic accounting, the electric-
ity subsidy is mainly considered as a product subsidy, leaving a relatively small sum as a production 
subsidy (KD -13 million).

Total net taxes are given as the sum of net taxes on products (KD -3.8 billion) and net taxes on pro-
duction (KD 5.4 billion), resulting in a value of KD 1.6 billion. The positive net tax is attributable to 
the hefty sum of oil rent extracted from the primary energy industry (column 6).

The simulation experiments in the study involved exogenously reducing the energy subsidy rates, 
and then examining the economy-wide impacts of this change. Given that the SAM is a square matrix, 
the model is calibrated to replicate the baseline SAM; that is to say, the original SAM is fed into the 
model, which then generates the original SAM itself. It is only after calibrating the model and generat-
ing obtaining a balanced SAM that the model is suitable for conducting the simulation experiment. The 
impact of exogenous change is measured by comparing the simulation results with the baseline values 
from the original SAM.

SIMULATION RESULTS AND DISCUSSION

The CGE model was implemented by applying a 25% subsidy reduction to all energy products. This 
section starts by describing the simulation scenarios, and then presents key findings. The focus of the 
discussion is on the effects of the subsidy reduction on household welfare, which was the main objective 
of this study. The simulation results are systematically arranged to trace the channels through which the 
simulation shocks reverberate, and eventually affect household welfare. The discussion on the simula-
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tion experiments ends by highlighting the aggregate economic efficiencies and environmental effects 
of the subsidy reduction.

Scenarios

BuShehri & Wohlgenant (2012) stated that subsidy reductions would inevitably lead to adverse welfare 
effects. The implication was that subsidy reductions must be accompanied by cash payments to house-
holds to avoid political backlash. Gelan (2018a; 2018b) further established justification for compensating 
energy users, not just in social and political concerns, but also in economic rationale. For this reason, 
it was necessary to conduct separate simulation runs to examine the effects of the subsidy reductions 
“with compensation” or “without compensation” to all energy users (i.e., not just to households, but 
also to industries).

In this study, the simulation experiments were run in three scenarios.

• Base. In this scenario, the model was run to replicate the baseline SAM. The model was solved 
with no subsidy reduction; hence, this scenario served as a yardstick against which to compare the 
remaining scenarios that involved subsidy reduction shocks.

• Without compensation. This was a shorthand for subsidy reduction without compensating energy 
users. In this scenario, subsidies for all energy products were reduced by 25%.

• With compensation. This involved two shocks concurrently being applied. First, subsidies to all 
energy products were reduced by 25%, as in the without compensation scenario. Second, the bud-
get savings from the subsidy reductions were allocated to the energy users (both intermediate and 
final demand) according to the share of each user category in total demand for the corresponding 
energy product.

In the subsequent sections, the results from the three rounds of simulation experiments are reported. 
The simulation results are organized and presented with a focus on distributional outcomes. Finally, the 
aggregate effects are presented and discussed to confirm the existence of equity and efficiency trade-offs.

Energy Price and Output Effects

This section discusses the effects of an energy subsidy reduction on energy outputs and energy price 
(Table 6). The results showed that outputs of all energy products fell from the baseline scenario. Without 
compensation, the largest impacts were on power plants, whose output fell by 15%. The corresponding 
contraction in oil refinery outputs was 12%. With compensation, outputs of most of the energy products 
fell by negligible percentage points. Oil refinery output increased by about 3%.

Without compensation, primary domestic prices for energy products fell, but those for each of the 
secondary energy prices rose from the baseline scenario. This result reflected interactions between own 
price and cross price effects with secondary energy products. When all energy products simultaneously 
received subsidy reduction shocks, the highest energy price increase occurred in electricity (by 14%). 
With compensation, the increase in electricity output was less pronounced (11%). The effect on petroleum 
products was relatively small, with an increase of 1.1%.
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Distributional Effect

The distributional effects of the policy shocks are discussed in two stages. The impact of the subsidy 
reduction on household welfare is first discussed and is then followed by a discussion of the effects on 
household income and industry value-added, by way of providing explanations for the patterns of change 
in household welfare effects. The two effects are interconnected in that the welfare effects were linked 
to the income-generation effects of the policy shock.

Household Welfare

The ultimate test of the effects of subsidy reform is in the way it affects household welfare. The house-
hold welfare effects should be understood in the context of Kuwait’s unique socioeconomic reality. The 
implicit understanding in Kuwait has always been that Kuwaiti nationals represent a permanent resident 
population, while expatriates are considered as transitory population. From the point of view of the 
authorities, the target beneficiaries of any policy initiative are the nationals—not only because of their 
permanent residence status, but also because they are citizens with a stake in national wealth.

The expatriates constitute about two-thirds of the population, and the bulk of the expats are permanent 
residents in terms of the duration of stay. However, this sector of the population are not citizens. Hence, 
they are not supposed to be the beneficiaries of a variety of public transfers, including energy subsidies. 
The authorities designed and began to implement energy subsidy policies with this rationale in mind and 
are expected to continue with this approach in the future. Bearing this unique case of Kuwait in mind, 
the effects of subsidy reduction effects on household welfare are discussed.

Figure 3 presents the household welfare effects of a uniform 25% subsidy reduction for all energy 
products. The effects of the policy shock are separately presented for nationals and expatriates, and then 
by income quintiles for each category.

Focusing on Kuwaiti national households, the subsidy reduction without compensation had mostly 
regressive impacts. The rate of decline in household welfare was the highest (-6.24%) for the lowest 
quintile (Q1), and declined consistently thereafter, reaching the lowest rate (-2.43%) for the fourth quin-
tile (Q4). Welfare loss for the highest quintile (Q5) was slightly higher that of the next highest quintile. 
However, a subsidy reduction with compensation gives fully consistent progressive effects on household 
welfare along all quintiles. If accompanied by compensation, the 25% subsidy reduction led to a rise in 

Table 6. Energy sector output and price effects

Descriptions/Scenarios Without Compensation With Compensation

Energy output

Crude oil & gas -6.01 -0.26

Petroleum products -12.15 2.78

Electricity -15.22 -0.92

Energy prices

Crude oil & gas -3.99 5.65

Petroleum products 1.72 1.07

Electricity 14.12 10.73
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the welfare of Kuwaiti national households of a minimum of 1.11% (Q5) to a maximum of 2.44% (Q1). 
The rate of welfare improvement for the remaining quintiles was 1.6% (Q2), 1.61% (Q3) and 1.83% (Q4).

Next, the patterns of change in the welfare of expatriate households in response to the subsidy reduc-
tion are considered. The impacts of the subsidy reduction on expatriate households were more mixed 
compared with the impacts on Kuwaiti national households. Expatriate households mostly experienced 
welfare gains, regardless of compensation—except for those households in the highest income bracket 
(Q5). Welfare changes for this sector of the population were similar to those for national households. 
Expats in the fourth quintile (Q4) experienced positive changes in welfare under both scenarios, but the 
welfare gain without compensation was negligible (0.5%). A much larger welfare gain was achieved 
with compensation (3.63%).

For expatriates in the lower income quintiles, a subsidy reduction caused a reasonably high welfare 
gain in both scenarios. In contrast to the results for Kuwaiti national households and expatriate house-
holds in the higher quintiles, expatriates in the lower quintiles experienced larger welfare gains when the 
subsidy reduction was not accompanied by compensation. The gap between the two scenarios increased 
from the lower- to the mid-income expatriate groups.

These patterns of change in household welfare can be explained by differences in household shares 
in energy consumption, the differential impacts of the subsidy reduction on industries, skill and the dis-
tribution of employment by nationality, and income factor allocations to the households. These factors 
are separately discussed in the subsequent sections.

Figure 3. Household welfare effects
*Qn = Quintile n
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Household Energy Demand

The differential welfare impacts reported in the previous sections can be partly explained by the initial 
conditions and changes in energy demand by the corresponding households. Table 7 displays the change 
in energy demand in response to the subsidy reduction. Columns A and B present the initial conditions in 
the share of each household group in total energy consumption, and the energy share in each household 
consumption budget, respectively. To begin with, the share of household categories in total energy con-
sumption (A), it is noted that Kuwaiti nationals mostly had a share in aggregate household final energy 
consumption that was at least three times larger than that of expatriate households.

About 73% of total final energy went to nationals, while the remaining 27% was shared among the 
expatriate households. It should be noted that expatriates constitute about 70% of the total population, 
which means a significant difference between the two resident populations in per-capita energy consump-
tion. Within each group, households in the lower quintile had lower share in total energy consumption. 
Similarly, in terms of the share of the household budget expenditure on energy (column B), Kuwaiti 
national households allocated more of their budget to energy than expatriates did. Also, the expenditure 
on energy by households in the lower quintiles was much smaller than that of households in the higher 
quintiles in each category.

Subsidy reductions are bound to affect production activities, income generation, and hence, factor 
incomes and ultimately household income. These items are discussed in detail below. Here, it suffices to 
state that any additional household income is allocated to consumption through the Linear Expenditure 
System (LES) (Lluch, 1973). In the LES demand function, households commit a certain proportion of 
their consumption budget to satisfy subsistence requirements on consumer goods and services (including 
energy products) in the first instance, and then allocate the remaining marginal income (supernumerary 
income) on consumption of consumer products above the minimum requirement for subsistence.

The allocation of supernumerary income is determined by the Frisch parameter (displayed under 
Column C), which captures the stylized fact that poorer households allocate a higher the proportion of 
their supernumerary income to consumption beyond the subsistence level. The average size of the Frisch 
parameter for the Kuwaiti nationals was kept lower than the corresponding figure for the expatriate 
households, and the value of the Frisch parameter for the quintiles within each household category was 
inversely related to income level (as shown in the reference table).

The effect of the subsidy reduction on welfare in the two scenarios was determined by the initial con-
ditions and the size of the Frisch parameter (discussed above), combination of direct and indirect energy 
price effects (discussed earlier), and income effects (discussed below). The household energy demand 
effects in the two scenarios are presented in columns D and E. The patterns of change in household 
energy consumption by household group and income quintile closely followed the changes in household 
welfare discussed in the preceding sections.

As discussed earlier, the effect of a subsidy reduction on household welfare was determined by the 
impact of the policy shock on household income. The household income effect was the final stage in the 
chain reaction triggered by the subsidy reduction shock. It is useful to begin the discussion by examin-
ing industry value-added effects or the process of income generation in production activities. Logically, 
factor income effects come next, and last, allocation of factor income to households. These items are 
discussed in this order in the following subsections.
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Industry Value-Added

The role of compensation was even more pronounced in industry value-added effects. For instance, 
industry groups encountering contractions without compensation experienced expansions with com-
pensation. This is the root explanation for the corresponding reversals household welfare positions with 
compensation. In other words, if energy users were compensated for losses in welfare (households) or 
revenues (industries), then even the energy sectors would receive a positive stimulus from the shock 
received from reductions in energy subsidy.

Table 8. Industry value-added effects

Sectoral Share in GDP
Changes From Base Year Values (%)

Without Compensation With Compensation

Public 72.40 -6.39 0.79

Energy 58.50 -8.26 0.90

Manufacturing 0.29 5.04 0.98

Services 13.61 1.38 0.34

Private 27.60 4.83 2.09

Manufacturing* 3.71 7.77 -2.26

Services 23.89 4.37 2.77

*Includes agriculture.

Table 7. Household energy demand effects

Income by 
Nationality

Household 
Share in Energy 
Consumption (%) 

(a)

Energy 
Consumptions 

Share in 
Household Budget 

(%) 
(b)

Frisch 
Parameter 

(c)

Change in Energy Consumption (%)

Without 
Compensation 

(d)

With 
Compensation 

(e)

Nationals

Quintile 1 11.2 5.5 -2.0 -2.05 -0.59

Quintile 2 13.6 6.7 -1.8 -2.92 -1.01

Quintile 3 15.4 7.6 -1.6 -2.80 -1.11

Quintile 4 15.4 7.6 -1.4 -3.09 -1.44

Quintile 5 16.8 8.3 -1.2 -3.46 -1.68

Expatriates

Quintile 1 3.3 1.6 -3.0 -0.69 -0.55

Quintile 2 4.3 2.1 -2.7 -0.61 -0.56

Quintile 3 4.1 2.0 -2.4 -0.36 -0.49

Quintile 4 5.2 2.6 -2.1 -1.04 -0.45

Quintile 5 10.6 5.2 -1.8 -1.42 -0.44

Source: Authors’ Calculation
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Table 8 presents the effects of the 25% subsidy on sectoral value-added at broad industry aggregate 
levels (further details are presented in Appendix–I). Because the purpose of discussing industry value-
added effects was to trace welfare effects back to industries, it was appropriate to classify the broad 
industry groups into public and private ownerships, which in turn are firmly linked to employment by 
nationality group.

The first column displays sectoral value-added shares in the baseline SAM. The public sector has a 
disproportionally large share in gross value-added (GVA) in the Kuwaiti economy (72%), with the private 
sector contributing the remaining proportion (28%). Energy (oil production, primary and secondary, plus 
power plants) dominates the public sector, and hence the entire economy, contributing 59% to GVA. It is 
important to note that public sector manufacturing has a negligible share (only 0.3%). Service dominates 
the private sector. These baseline conditions are critical to understanding distributional outcomes of a 
subsidy reduction.

Public sector value-added contracted by 6.4% on average. This is the net effect of sharp declines in the 
energy sector (-8.3%). There were only two subsectors in public sector manufacturing: food processing 
and petrochemicals, both of which experienced a positive stimulus, with an average increase of 5%. The 
private sectors were better off when the subsidy reduction was without compensation. In this scenario, 
the private sectors expanded, with manufacturing increasing by 7.8% and services increasing by 4.4%. 
The average increase in the private sector was 4.8%.

In the models, a subsidy reduction with compensation reversed the fortunes of the public and private 
industries. Compensation favored the public sectors; industrial GVA increased on average by 0.8% from 
the baseline. Ironically, a relatively larger stimulus went to public energy and public manufacturing, but 
a smaller stimulus went to public services. The stimulus to the private sector became smaller compared 
to the scenario with no compensation, but even with compensation the private sector received a much 
larger stimulus (2.1% on average), and private sector services expanded by 2.8%. One curious differ-
ence was that private manufacturing, which experienced the largest expansion without compensation, 
became the only sector to experience contraction (-2.3%) when the subsidy reduction was accompanied 
by compensation.

If the subsidy reduction was accompanied by no compensation, then public industries contracted more 
than private industries. On the other hand, if the subsidy reduction was accompanied by compensation, 
then the contractionary effects of the subsidy reduction on public industries became less pronounced 
but the contractionary effects on private industries were magnified.

The explanation for this symmetric effect on public and private industries is the fact that the bulk of 
the subsidies were allocated to public industries. If there were no compensation, then subsidy withdrawal 
would have a lasting effect on public industries. However, if compensation were to take place, then the 
demand stimulus would restore benefits to the public sector. On the other hand, if no compensation was 
made, then resource relocation from public to the private sector would take place and the private sector 
would become a beneficiary.

Factor Employment and Factor Income Effects

It should be noted that given the factor market assumption, the economy-wide demand for each factor 
category remains as in the baseline. To understand the manner in which the shock reverberates through-
out industry groups, it is important to refer back to the nested structure as in Figure 1, where energy 
demand and factor demand are specified as substitutes. An increase in energy price is bound to cause 
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some substitution away from energy to factors, but the extent to which factor quantity is employed would 
depend on the scale of contraction in that industry.

The largest declines in factor demand occurred in the energy sectors. As the power plants experi-
enced the biggest shock, demand for all factor categories showed double digit declines. The petroleum 
product branch of manufacturing encountered a similar but slightly lower decline in factor demand than 
the power plants. On the other hand, chemical manufacturing experienced a modest increase in factor 
employment in both scenarios.

The preceding section discussed the asymmetric public and private sector impacts of a subsidy 
reduction with or without compensation. The contrasting effects on sectoral gross value-added were 
translated into factor incomes by nationality depending on the relative size of the impacts, whether the 
impacts were contractionary or expansionary, and the relative share of the specific factor employed in 
the corresponding sectors.

The distribution of the employed labor force by nationality and industry (described in Table 6) is 
shown in two columns headed ES (%), in bold font. The percentage shares in the two columns (under 
“public sectors” and “private sectors”) add up to one hundred. In other words, the two columns represent 
the entire employed labor force of 2.4 million people in the baseline. About 74% of the labor force is 
employed in the private sector, and the remaining proportion is employed in the public sector. On the 
other hand, the expatriates constitute 79% of the employed labor force, the Kuwaiti national labor force 
accounts for only 21%.

Almost all of the nationals are employed in the public sector (17%). Only 4% of people are employed 
in the private sector. On the other hand, 70% of the expatriates are employed in the private sector, and 
only 9% of expatriates are employed in the public sector. In terms of industrial distribution, the bulk of 
the nationals are employed in public sector services (14.5%).

Similarly, 58% of labor-employed labor force are expatriates working in private sector services. It is 
now appropriate to link the foregoing discussion to the asymmetric impacts of a subsidy reduction on 
the public and private sectors, with and without compensation (displayed in Table 8). Given the con-
centration of the national labor in the public sector, and that the subsidy reduction affected the public 
sector more severely, it followed that compensation favored the national households whose welfare was 
firmly linked to public sector activities. The opposite was true for expatriate households, whose welfare 
depended on employment in the private sector.

A subsidy reduction accompanied by compensation would partially mitigate the relative advantage of 
the private sector, while the public sector would regain a previously established advantage. Regardless, the 
relative efficiency in the resource allocation effect of the subsidy reduction remained. Hence, the private 
sector expanded even with compensation (though by a smaller proportion) and the overall aggregate 
effect of the subsidy reduction with compensation was positive, as discussed in the subsequent section.

Household Income Effects

The columns under “Factor income” (Table 10) translate the effects discussed in the previous table The 
factor income effect was critically dependent on the sector of employment. Employment of the skilled 
Kuwaiti labor force was concentrated in the energy industries, primary and secondary oil, and electricity 
generation and distribution. These sectors received the policy shock, and its effect was much larger than 
that on any other sector. Therefore, the brunt of the policy shock could be expected to fall on variables 
linked to those sectors.
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Table 9. Factor employment and income effects

Public Sectors Private Sectors

ES 
(%)

Change in 
Employment (%)

Change in 
Factor Income (%) ES (%)

Change in Employment 
(%)

Change in 
Factor Income (%)

SRNC SRWC SRNC SRWC SRNC SRWC SRNC SRWC

Energy

Labor - Nationals

Skill level 1 0.02 -10.37 2.80 -7.67 4.52

Skill level 2 1.69 -9.53 1.43 -7.50 1.81

Skill level 3 0.58 -11.15 1.33 -9.00 1.52

Skill level 4 0.54 -10.39 1.65 -9.48 2.70

Labor - Expatriates

Skill level 1 0.08 -11.42 5.32 -8.09 7.46

Skill level 2 0.32 -11.19 1.88 -4.42 1.56

Skill level 3 0.07 -12.37 1.09 -5.53 -0.32

Skill level 4 0.13 -10.63 1.01 -4.91 0.29

Capital -7.19 0.69 -8.27 0.81

Manufacturing

Labor - Nationals

Skill level 1 0.00 3.21 1.35 6.99 1.32 0.01 2.73 -2.56 5.70 -2.20

Skill level 2 0.04 4.11 1.21 5.60 1.53 0.17 6.38 -3.10 7.09 -2.40

Skill level 3 0.01 4.32 1.33 5.30 1.37 0.06 7.25 -2.69 7.43 -2.25

Skill level 4 0.01 4.81 1.04 4.56 1.80 0.01 9.32 -3.81 8.20 -2.67

Labor - Expatriates

Skill level 1 0.06 3.93 -1.04 8.89 -0.79 1.62 0.86 -1.93 6.22 -2.68

Skill level 2 0.06 3.08 -0.95 10.23 -0.93 3.70 -1.63 -1.79 5.92 -2.84

Skill level 3 0.00 3.48 -0.72 9.60 -1.28 0.11 -0.05 -0.87 6.60 -2.52

Skill level 4 0.01 3.61 -0.88 9.38 -1.03 0.43 0.43 -1.50 6.75 -2.74

Capital 5.71 0.97 3.70 0.96 11.81 -3.50 8.27 -2.10

Services

Labor - Nationals

Skill level 1 0.14 -0.97 0.25 2.79 0.14 0.23 1.38 -0.27 1.47 0.68

Skill level 2 5.13 0.10 0.14 1.56 0.37 2.38 6.06 -1.11 3.28 0.44

Skill level 3 1.35 0.32 0.23 1.30 0.21 0.73 7.73 -1.31 3.88 0.13

Skill level 4 7.86 0.53 -0.07 0.41 0.60 0.17 7.20 -1.63 3.26 0.03

Labor - Expatriates

Skill level 1 0.84 -1.30 0.37 3.78 -0.09 37.42 0.01 0.07 5.53 0.17

Skill level 2 1.64 -1.99 0.47 5.05 -0.17 21.06 0.60 0.25 6.58 3.86

Skill level 3 1.63 -1.27 0.59 4.94 -0.70 1.46 2.00 -0.65 5.44 -0.38

Skill level 4 3.85 -1.66 0.50 4.25 -0.38 4.37 1.73 -0.32 5.16 1.04

Capital 0.80 0.50 -1.01 0.81 9.71 -0.85 3.83 3.28

Source: Authors’ Calculation.
Notes: ES= baseline economy-wide employment share (%); SRNC=subsidy reduction without compensation; SRWC = Subsidy 

reduction with compensation
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When the subsidy reduction was accompanied with compensation, household factor income effects 
were consistently positive for all households. Factor income effects were progressive for Kuwaiti house-
holds, with lower-income Kuwaiti households gaining more than those in the higher-income quintiles, 
but regressive for expatriate households.

The expatriate labor force—in particular, the less skilled and employed in the private sector—were 
not firmly connected to the public sector or to the energy industries that experienced contractions. The 
private sector received a positive stimulus through factor price effects, and hence, the employment of 
factors expanded. As a result, expatriate factor income increased, and this included labor income received 
by unskilled Kuwaiti employees. The contractionary effect on factor incomes mostly disappeared because 
the subsidy reduction was accompanied by compensation. This outcome influenced factor employment 
effects across the industrial sectors.

The columns under “All incomes” incorporated income effects coming through all channels, both 
directly through household factor income effects and indirectly through effects on transfers. For national 
households, the inter-institutional transfers may reduce impacts of adverse effects without compensation 
and positive income effects with compensation.

Aggregate Economic and Environmental Effects

Given that the primary purpose of this study was to examine distributional effects, the discussion so 
far has focused on explaining the household welfare effects of a subsidy reduction. In this section, a 
summary is presented about the simulation results related to aggregate economic and environmental 
outcomes (Table 11).

Without compensation, the real GDP (i.e., nominal GDP deflated by the overall price changes) fell by 
3.2%. However, this outcome was reversed in models with compensation, where the real GDP increased 

Table 10. Household income effects

Factor Income All Incomes

Without 
Compensation With Compensation Without 

Compensation With Compensation

Nationals

Quintile 1 -4.02 1.13 -3.23 1.37

Quintile 2 -3.85 1.11 -3.23 1.22

Quintile 3 -3.71 1.10 -3.23 1.24

Quintile 4 -3.24 1.05 -2.61 1.37

Quintile 5 -3.32 1.06 -3.01 1.28

Expatriates

Quintile 1 4.66 0.12 1.27 1.24

Quintile 2 4.72 0.81 1.95 1.46

Quintile 3 4.94 1.53 3.02 1.72

Quintile 4 0.33 1.35 0.41 1.90

Quintile 5 -1.01 1.28 -1.30 1.79
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marginally (by 0.14%). The reason for this result is that energy users were compensated for losses of 
welfare or revenues. Nominal GDP dropped by a smaller proportion without compensation (-0.78%) 
but it rose by a greater proportion than the real GDP with compensation (2.94%). This can be explained 
by the fact that the subsidy reduction caused an increase in the general price level, which deflated the 
nominal GDP and caused the difference between real and nominal GDP effects.

Aggregate household expenditures and government expenditures changed in opposite directions in 
both scenarios. With no compensation, the government expenditure on goods and services rose because 
the government macro-closure rule allowed it to adjust freely, and government savings was obtained as a 
residual. The gain from the subsidy reduction was proportionately allocated to services. By contrast, the 
expenditure on government services declined when the government compensated households. Household 
expenditure fell without compensation but rose when compensation payments were made. Gross fixed 
capital formation was determined using flexible investment closure; i.e., expenditure on private invest-
ment in capital goods was allowed to adjust freely, but the household savings ratio was fixed.

The price-increase effects of a subsidy reduction would make domestic products less competitive, 
which would mean fewer exports (mostly non-oil) and more imports in scenarios without compensation. 
However, these effects were reversed in scenarios with compensation. Possible explanations for the latter 
result could be the stimulus to the domestic economy, more production through full-capacity utilization 
and hence lower cost of production, and a balance of payment effects on mirror export and import effects.

Finally, the subsidy reduction was expected to have environmental effects, measured by CO2 emis-
sions. Without compensation, CO2 emissions fell by about 11%. The product subsidy reduction caused 
marginal improvements in resource allocation, and compensation provided further stimulus; hence GDP 
increased in both nominal and real terms. Similarly, CO2 emission marginally rose from the baseline level 
(by about 1% in models with compensation), implying persistent economic and environmental trade-offs.

Table 11. Aggregate economic and environmental effects

Description/Scenario Without Compensation With Compensation

Real GDP -3.20 0.14

Nominal Variables

GDP -0.78 2.94

Household Consumption Expenditure -1.53 1.34

Government Consumption Expenditure 1.17 -0.77

Gross Fixed Capital Formation 24.55 -7.44

Exports -4.80 1.58

Imports 10.89 -3.97

Government Budget Deficit -3.44 1.72

Balance of Payments -26.29 9.07

Household Welfare -2.60 1.85

CO2 Emissions -10.99 0.95
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The aggregate effects reported in the preceding paragraphs roughly followed the findings of other 
studies. The impact of a subsidy reduction on GDP has always been mixed (Breisinger, Mukashov, Raouf, 
& Wiebelt, 2019; Mundaca, 2017). Similarly, the existence of trade-offs between economic and environ-
mental effects have been reported by many studies (Lin & Ouyang, 2014; Wang & Zhang, 2016). The role 
of compensation in realizing the economic benefits of a subsidy reduction without adversely affecting 
household welfare reiterates the fact that welfare is recognized in the literature (Acharya & Sadath, 2017; 
Breton & Mirzapour, 2016; Farajzadeh & Bakhshoodeh, 2015; Husaini et al., 2019; Rentschler, 2016).

CONCLUSION

This study applied a CGE model, calibrated to Kuwaiti data. The model was used to quantify the econ-
omy-wide impacts of a 25% subsidy reduction on all energy products (oil, gas, and electricity). At the 
aggregate level, a subsidy reduction with compensation led to improvements in representative household 
welfare, aggregate GDP, and a decline in CO2 emissions. The aggregate macroeconomic and welfare 
effects were consistent with those reported in previous studies (Gelan, 2018b).

The focus of this study was to measure the distributional effects of a subsidy reduction. The results 
illustrate the complexity of examining distributional outcomes of public policy measures in the Kuwaiti 
economy. In a typical economy, distributional effects require disaggregation of households by income 
group, usually quintiles, and employment by skill levels. In the Kuwaiti context, there is an additional 
segmentation for both households and employment. Accordingly, this study applied a suitably structured 
SAM with ten household groups (quintiles, or five income classes for each nationality) and eight em-
ployment categories (four skill groups for each nationality). This segmentation reflects one of the most 
detailed household and factor classifications in existing applied CGE models.

The simulation results revealed unique distributional effects. The relationship between a subsidy 
reduction and the welfare of the Kuwaiti national household was mostly unambiguous. Kuwaiti house-
holds experienced a welfare decline if the subsidy reduction was not accompanied by compensation. 
However, Kuwaiti households experienced a welfare gain if the subsidy reduction was accompanied by 
compensation.

The impact of the subsidy reduction on the welfare of expatriate households showed a different pat-
tern of results. Expatriate households corresponding to most income groups experienced a welfare gain, 
regardless of whether the subsidy reduction was accompanied by compensation.

For Kuwaiti nationals, a subsidy reduction without compensation was mostly regressive, with lower-
income groups experiencing larger welfare losses than higher income groups. By contrast, a subsidy 
reduction with compensation showed a progressive pattern of welfare changes, with lower-income groups 
gaining more than higher income groups. The pattern of welfare change for expatriate household groups 
was ambiguous, unlike the results for Kuwaiti national households. For higher-income groups, welfare 
gains were greater without compensation compared to with compensation. Regressive patterns domi-
nated, with the lower-income groups gaining less welfare than the higher-income groups in scenarios, 
particularly households in quintiles 1 to 3.

This study traced the channels through which household welfare changes occurred in response to the 
chain of reactions triggered by a subsidy reduction shock. The subsidy reduction more adversely affected 
the public sector, which included the energy sectors. Employment of Kuwaiti nationals is concentrated 
in these sectors. Substantial reductions in activities in these sectors means factor income.
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Hence, factor income to Kuwaiti households dropped, reducing the household consumption budget, 
consequently adversely affecting Kuwaiti national household welfare. However, compensation not only 
re-instated household welfare, but actually caused it to rise from the baseline level. The source of these 
welfare gains was in the resource allocation effect of the subsidy reduction, resources being released 
from the less-efficient public sectors to the private, sectors. Regardless of compensation, expatriate 
household welfare improved in both scenarios.

This simulation experiment revealed important insights into policy synergy, linking Kuwait’s broader 
development strategies. For instance, the subsidy reduction had symmetric public-private impacts, 
implying that subsidy reductions have synergetic outcomes, and contributing to Kuwait’s medium- to 
long-term development objective to redress existing public-private sector imbalances.

Similarly, the patterns of sectoral employment and factor income effects revealed in this study 
indicated further policy framing through which a subsidy reduction would contribute to labor market 
reforms. This is one issue on the reform agenda, which Kuwaiti authorities are currently preoccupied.

Other countries may draw important insight from the synergetic policy outcomes, and the asym-
metric public-private impacts in Kuwait. In designing development policies and long-term development 
strategies, policy makers often apply policy instruments in isolation, without considering the direct and 
indirect effects that have compounding influences on long-term development outcomes.
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KEY TERMS AND DEFINITIONS

Calibrate: A procedure of feeding parameters and baseline database to equations of a mathematical 
model to specify and bench-mark a numerical computable general equilibrium.

Computable General Equilibrium (CGE): An economy-wide mathematical model that utilizes 
actual economic data to estimate reaction of an economic system to changes in policy, technology, or 
other external factors.

Distributional Effects: Differential outcomes of policy implementations in terms of final benefits 
and cost allocations to members of society often classified by income groups.

Feedback Effects: The process of self-influence that takes place in an economic system through 
interactions between different markets.

Partial Equilibrium: Economic analysis confined to relationships between variables in a single 
market, assuming conditions in other markets remain unchanged.

Policy Synergy: Coordination in design multiple policies to improve efficiency in their implementa-
tions and achieve optimal outcome.

Social Accounting Matrix (SAM): A comprehensive economy-wide database recording data about 
all transactions between institutions in a specific economy for a specific period of time, usually a year.
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APPENDIX 1: INDUSTRIAL VALUE-ADDED EFFECTS

Table 12.   

BASE Without 
Compensation With Compensation

PB40_A Electricity 1.08 -14.18 1.07

PB23_A Petroleum products 3.30 -12.54 10.53

PB11_A Crude petroleum and natural gas 54.12 -7.88 0.31

PR66_A Insurances 0.15 -3.47 -1.73

PR19_A Leather 0.00 -2.02 1.59

PR70_A Real estate 6.71 -1.66 0.65

PR65_A Finance 4.90 -1.08 0.03

PB6074_A Economic services 1.18 -0.54 1.09

PR18_A Wearing apparel nes 0.11 -0.37 -1.70

PR91_A Membership organizations nes 0.02 -0.34 0.87

PR80_A Education 0.37 0.16 2.12

PR67_A Auxiliary to financial intermediation 0.09 0.77 0.00

PR92_A Recreational and cultural 0.07 0.80 0.53

PB80_A Education 4.15 0.91 0.40

PR85_A Health and social work 0.30 1.18 -0.28

PR63_A Auxiliary transport activities 0.57 1.26 1.02

PB75_A Public administration and defence 6.06 1.48 0.34

PR93_A Private households for own use 0.17 1.71 0.81

PB55_A Hotels and restaurants 0.06 1.73 0.48

PR25_A Rubber and plastic products 0.07 1.86 4.70

PR17_A Textiles 0.02 2.37 3.12

PB90_A Sewage and sanitation 0.17 2.58 -0.18

PB92_A Recreational and cultural 0.33 2.96 -0.15

PB85_A Health and social work 1.27 3.02 -0.09

PB91_A Membership organizations nes 0.39 3.13 -0.19

PR01 _A Agriculture 0.25 3.40 -1.28

PR95P_A Private households’ employers 1.20 3.56 0.09

PR21_A Paper and paper products 0.05 3.82 0.71

PR90_A Sewage and sanitation 0.15 3.90 -0.01

PR64_A Post and telecommunications 2.41 4.14 -2.68

PR22_A Publishing 0.11 4.18 1.12

PB24_A Chemicals and chemical products 0.21 4.40 1.93

PR62_A Air transport 0.05 4.82 7.06

PR74_A Other business activities 0.79 4.85 -0.65

continues on following page
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APPENDIX 2: DESCRIPTION OF THE CGE MODEL EQUATIONS

Parameters and Variables

Indices

A, AP Industries
C, CP Products
CT ∈ C Transaction services
CD ∈ C Domestic products
NENG ∈ C Non-energy commodities
NEL ∈ C Non-electricity energy products
INSD,INSDP Domestic institutions
INSDNG,INSDNGP ∈ INSD Nongovernment domestic institutions
H,HP ∈ INSDNG Households

BASE Without 
Compensation With Compensation

PR15_A Food products and beverages 0.32 5.05 -0.37

PR24_A Chemicals and chemical products 1.85 6.10 -1.55

PR29_A Machinery and equipment nes 0.03 6.65 -3.37

PB15_A Food products and beverages 0.08 6.66 -1.42

PR60_A Land transport 0.17 7.08 0.53

PR51_A Wholesale trade 0.85 7.15 -2.15

PR34_A Motor vehicles 0.01 8.36 -2.55

PR52_A Retail trade 1.98 8.49 -2.01

PR61_A Water transport 0.02 10.24 58.64

PR36_A Furniture 0.10 10.71 1.60

PB52_A Retail trade 0.02 10.96 -2.66

PR20_A Wood products 0.02 11.76 -1.21

PR50_A Sales and repair of motor vehicles 0.19 13.38 -3.27

PR3133_A Electrical and precision equipment 0.18 14.33 -13.44

PR27_A Basic metals 0.08 16.15 -4.88

PR55_A Hotels and restaurants 0.56 16.88 -4.94

PR37_A Recycling 0.05 16.93 -5.99

PR28_A Fabricated metal products 0.15 17.16 -4.46

PR26_A Other non-metallic mineral products 0.25 18.00 -5.57

PR7172_A Renting equipment and machinery 0.31 20.49 -7.08

PR35_A Transport equipment 0.04 20.81 -6.65

PR45_A Construction 1.74 24.50 -7.96

Table 12. Continued
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CES Function Exponent or Elasticity Parameters

ρ_veg Exponent of value added-energy aggregation function
ρ_en Exponent of electricity and fuels aggregation function
ρ_opg Exponent of elements of fuel energy aggregation function
ρ_f Exponent of factor aggregation function
ρ_ac Exponent of output aggregation function
ρ_t Exponent of export-domestic supply function
ρ_q Exponent of import-domestic demand function

Share Parameters

δ_ac Commodity share in activity output
δ_f Value-added share in value added-energy composite
δ_t Exports share in domestic output
δ_el Electricity share in energy composite
δ_f Factor share in value added
δ_q Import share in domestic demand
δ_opg Fuel energy in non-electricity energy demand
θ Product share in industry output
ive Value added-energy composite share in activity output
inta Non-energy intermediate input composite share in activity output
ica Product share in non-energy intermediate input composite
shif Share of institutions in factor income
shii Share in institutional transfers

SHIFT Parameters

α_veg Shift parameter in labor and value added-energy aggregation function
α_en Shift parameter in electricity and other energy aggregation function
α_opg Shift parameter in fuel energy aggregation function
α_f Shift parameter in factor demand aggregation function
α_ac Shift parameter in commodity output aggregation function
α_t Shift parameter in export-domestic supply function
α_q Shift parameter in import-domestic demand function

Other Parameters

γ Subsistence requirement in linear expenditure system of household consumption
β Marginal share in the linear expenditure of household consumption
ε Carbon content of fuels
φ Energy consumption conversion factor from value (in KD) to quantity (in Joules)
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Tax or Subsidy Rates

sd Net subsidy rate
ta Output tax or subsidy rate
tm Import duty rate
te Export duty rate

Exogenous Variables

cwts Commodity weights in consumer price index
dwts Commodity weights in producer price index
CO2 Carbon dioxide emissions
icd Transaction costs per unit of domestic sales
ice Transaction costs per unit of exports
icm Transaction costs per unit of imports
pwe Exogenous export price in foreign currency units
pwm Exogenous import price in foreign currency units
qfs Economy-wide factor supply
qg Exogenous government expenditure
qinv Exogenous investment expenditure
trnsfr Transfers
wfdist Factor price distortion factor

Table 13. Endogenous variables

CPI Consumer price index

DPI Index for domestic producer prices

EG Total current government expenditure

EH Household consumption expenditure

EXR Exchange rate

FSAV Foreign savings

GADJ Government demand scaling factor

GSAV Government savings

HSAV Household savings

IADJ Investment demand scaling factor

PA Output price of activity

PDD Demand price of commodities produced, and sold domestically

PDS Supply price of commodities produced, and sold domestically

PE Price of exports

PEN Electricity-other energy composite price

PINTA Price of intermediate aggregate
continues on following page
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PM Price of imports

PQ Domestic imports composite price

PVA Price of value added

PVE Value added-energy composite price

PX Composite commodity output price

PXAC Producer price of activity-commodity

QA Level of domestic activity

QD Quantity of domestic sales

QE Quantity of exports

QEN Electricity-other energy composite quantity

QF Factor demand

QG Quantity of government consumption

QH Quantity of household consumption

QINT Quantity of intermediate demand

QINTA Quantity of aggregate intermediate input

QINV Quantity of fixed investment demand

QM Quantity of imports

QNEL Oil and petroleum composite quantity

QQ Aggregate commodity supply to domestic market

QT Transaction demand

QVA Quantity of aggregate value added

QVE Value added-energy composite

QX Quantity of aggregate marketed commodity output

QXAC Quantity of commodity-activity output

TRII Inter-institutional transfers

WALRAS Savings-investment imbalance (should be zero)

WF Factor price

YF Factor income

YG Current government revenues

YI Institutional income

YIF Institutional income factor income

Table 13. Continued
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Table 14. Equations for the CGE model

A1 Price Block

A1.1 PM pwm tm EXR PQ icm
C C C

CT
C CT C

= +( ) +∑1 * *
, Import prices

A1.2 PE pwe EXR PQ ice
C C

CT
CT CT C

= +∑* *
, Export prices

A1.3 PDD PDS sd PQ icd
C C C

CT
CT CT C

= +( )+∑* *1
,

Demand price of domestic 
goods

A1.4 PQC * QQC = PDDC * QDC + PMC * QMC Absorption

A1.5 PXC * QXC = PDSC * QDC + PEC * QEC Marketed output value

A1.6 PA PXAC
A

C
AC AC

=∑q
, ,

* Activity price

A1.7 PAA(1 – ta) * QAA = PVEA * QVEA + PINTAA * QINTAA Price of value-added

A1.8 PINTA ica PQ
A

NENG
C A NENG

= ∑ ,
* Comp. intermediate input 

price

A1.9 CPI cwts PQ
C

C C
=∑ * Consumer price index

A1.10 DPI dwts PDS
CD

CD CD
=∑ * Producer price index

A2 Production Block

A2.1 QINTAA = intaA * QAA
Aggregate demand for non-
energy intermediate goods

A2.2 QVEA = iveA * QAA
Energy-value-added 
aggregate

A2.3 QVE v v QVA v QEN
A A A A

veg

A A

vegA A=∝ + −( )





− −
−

_ _ __ _* * *δ δρ ρ ρ1
1

__vegA
Energy-value-added 
aggregation

A2.4 QVA v
v PVE

PVAA A

veg A A

A

veg
A

A

= ∝















−( ) +

� *

��

_
__

_
ρ

ρδ
1

1















*QVE
A Value-added aggregate

A2.5 QEN v
v PVE

PENA A

veg A A

A

v
A= ∝

−











−( ) +

� *

��

_
( _ )_

_
ρ

ρδ1
1

1 eeg

A

A

QVE





















* Energy-aggregate

A2.6 QEL en el QINT el QNEL
A A A el A

en

A A

enA A=∝ + −( )


− −_ _ _
,

_ _* * *δ δρ ρ1


−

�
1

ρ_enA
Electricity-fuel aggregation 
𝛿_elA>0
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A2.7 QINT el
el PEN

PQel A A

en A A

el

A
e

,

_
_

_ _

= ∝










−( ) +

� *
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ρ
ρδ
1

1 nnA

QEN
A





















* Electricity demand 𝛿_elA>0

A2.8 QNEL en
el PVE

PNELA A

en A A

A

A= ∝
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_
( _ )_ρ δ1

1

1 ρρ_en

A
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* Fuel demand 𝛿_elA>0

A2.9 QENA = QINTel,A + QNELA

Energy aggregate 𝛿_elA=1 
or 𝛿_elA=0

A2.10 QNEL opg opg QINT
A A nel A el A

opg opgA A=∝ ( )∑ −
−

_ _
, ,

_ _* *δ ρ ρ
1

Fuel aggregation 𝛿_
nelnel,A>0

A2.11 QINT opg
opg PNEL

PQel A A

opg A A

el

A

,

_
_

_
= ∝











−( )� *

��

ρ δ
1

1++




















ρ_engA
QNEL

A
* Electricity demand 𝛿_

nelnel,A>0

A2.12 QVA f f QF
A A

F
F A F A

f fA A=∝ ( )∑ −
−

_ _
, ,

_ _* *δ ρ ρ
1

Factor aggregation

A2.13 WF wfdist PVA QVA
f QF

f QF
F F A A A

F A F A

f

F F A F A

A

* * *
,

, ,

_

, ,

_

_
=

− +( )

−

∑

δ

δ

ρ 1

ρρ_ fA+( )



















1

First order condition for 
factor aggregation

A2.14 QINTNENG,A = icaNENG,A * QINTA
Demand for non-energy 
intermediate products

A3 Commodity Supply and Demand Block

A3.1 QXACA,C = 𝜃A,C * QAA Commodities’ output by 
activities

A3.2 QX ac ac QXAC
C C

A
C AC

ac acC C= ∝ ( )∑ −
−

�
��

_ _
,

_ _δ ρ ρ
1

Output aggregation

A3.3 PXAC PX QX
ac QXAC

ac QXAC
AC C C

AC AC

ac

C AC AC

C

,

, ,

_

, ,

_

_
=

− +( )

−

∑
* *

δ

δ

ρ

ρ

1

__acC +( )



















1

First order condition for 
output aggregation

A3.4 QX t t QE t QD
C C C C

t

C C

t tC C C=∝ + −( )





− −
−

_ _ __ _ _* * *δ δρ ρ ρ1
1

CET transformation 𝛿_tC>0

A3.5 QE

QD

PE

PDS

t

t
C

C

C

C

C

C

tC
�

�

�

�

*=
−










−1
1

1δ

δ

ρ_

_

_
Export supply 𝛿_tC>0
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A3.6 QXC = QDC + QEC

Export–domestic 
aggregation 𝛿_tC=0 or 
𝛿_tC=1

A3.7 QM q q QM q QD
C C C C

q

C C

q qC C C=∝ + −( )





− −
−

_ _ __ _ _* * *δ δρ ρ ρ1
1

CET transformation 𝛿_tC>0

A3.8 QM

QD

PM

PDD

t

t
C

C

C

C

C

C

tC
�

�

�

�

*=
−










−1
1

1δ

δ

ρ_

_

_
Armington function 𝛿_qC>0

A3.9 QQC = QDC + QMC

Import-domestic commodity 
demand ratio 
𝛿_qC=0 or 𝛿_qC=1

A3.10 QTC = icmC * QMC + iceC * QEC + icdC * QDC
Demand for transaction 
services

A4 Income and Expenditure Block

A4.1 YF WF wfdist QF
F

A
F F A F A

=∑ � � �
* *

, ,
Economy-wide factor 
income

A4.2 YIFINSD,F = shifINSD,F * YFF
Allocation of factor income 
to domestic institutions

A4.3 YI YIF TRII trnsfr
INSDNG

F
INSDG F

INSDNGP
INSDG INSDNGP I

= + +∑ ∑� � �, , NNSDG ROW," "

Total income of 
nongovernmental domestic 
institutions

A4.4 TRII shii mps tins
INSDNG INSDNG

INSDNG
INSDNG H H H, ,

= − −( ) −( )∑1 1 1* *











*YI

H

 

Transfers between 
nongovernmental institutions

A4.5 EH
H
= shii mps tins YI

INSDG INSDNGP INSDNGP INSDNGP INSDNGP,
* * *1 1−( ) −( ) Household expenditure on 

final consumption

A4.6 PQ QH PQ EH PQ
C C H C C H C H H

CP
CP CP H, , , ,

= + −








∑γ β γ* LES function

A4.7 QINVC = IADJC,H * qinvC Investment demand

A4.8 QGC = GADJC,H * qgC Government demand

A4.9

YG YIF ta PA QA tm pwm QM EXR

sd PQ QQ
F

F
A

A A A
C

C C C

C
C C C

INS

=

+

+

+

∑ ∑ ∑
∑

GVT
+

,

DDNG
INSDNG INSDNG GVT ROW

tins YI trnsfr EXR∑ +
,

Government revenues

A4.10 EG PQ QG trnsfr
C

C C
INSDNG

INSDNG GVT
= +∑ ∑ , Government expenditure

A5 System Constraints

A5.1
F

F F
QF qfs∑ = Economy-wide factor supply

continues on following page
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A5.2 QQ QINT QH QG QINV QT
C

A
C A

H
C H C C C

= + + + +∑ ∑, ,
Domestic commodity 
demand

A5.3
C

C C
pwm QMå * = + +∑ ∑� *

C
C C

INSD
INSD ROW

pwe QE trnsfr FSAV
, Current account balance

A5.4 YG = EF + GSAV Government savings

A5.5 C
INSDNG INSDNG INSDNG

C
C

mps tins YI

GSAVFSAV EXR PQ QI

∑
∑

−( )
+ =

*

 *

1

* NNV WALRAS
C
+

Saving-investment balance

A6 Energy Consumption and CO2 Emissions

A6.1 FUELC11G = 𝜑C11G * QQC11G
Domestic consumption of 
gas in Joules

A6.2 CO2FC11G = 𝜀C11GFUELC11G

CO2 emissions from gas 
consumption in millions of 
tons

A6.3 FUELC11C = 𝜑C11C * QQC11C
Domestic consumption of 
crude oil in Joules

A6.4 CO F FUEL QINT
C C C C C C C C C C A

2
11 11 11 11 11 23
= −( )ε ϕ* *

,

CO2 emissions from crude 
oil consumption in millions 
of tons

A6.5 FUELC23 = 𝜑C23 * QQC23
Domestic consumption of 
refined oil in Joules

A6.6 CO2FC23 = 𝜀C23FUELC23

CO2 emissions from refined 
oil consumption in millions 
of tons

A6.7 CO E QINT
A

NEL
NEL NEL NEL A

2
40 40
=∑ε ϕ* *

,

CO2 emissions in electricity 
production in millions of 
tons

A6.8 CO A QINT
A

NEL
NEL NEL NEL A

2 =∑ε ϕ* *
,

CO2 emissions by activity A 
in millions of tons

A6.9 CO H QH
H

NEL
NEL NEL NEL H

2 =∑ε ϕ* *
,

CO2 emissions by household 
H in millions of tons
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APPENDIX 3: ACRONYMS

Table 15.  

Acronym Definition

IMF International Monetary Fund

GDP Gross Domestic Product

TPES Total primary energy supply

toe Tons of oil equivalent

IEA International Energy Agency

TFC Total final consumption

CGE Computable general equilibrium

SAM Social accounting matrix

CES Constant Elasticity of Substitution

CET Constant Elasticity of Transformation

LDs Demand for labor by skill type

Ws Average wage by skill type

LD Aggregate demand for labor

WL Economy-wide average wage

KD Capital stock

UCK User cost of capital

OECD Organization for Economic Co-operation and Development

KD Kuwaiti Dinar

LES Linear expenditure system

ES Employment share
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ABSTRACT

This study, using the local projections, investigates linear and nonlinear impulse responses of the 
United States (US) household income inequality to oil price shocks. Oil price shocks are disaggregated 
according to the origin to test the dynamic response of income inequality to oil price structural shocks 
which are contingent on the status of oil dependence in individual US states. The results, based on the 
linear projection model, show that oil supply shocks lead to higher income inequality in the short term, 
but lower-income inequality in the medium and long terms. Moreover, economic activity shocks and oil 
inventory demand shocks mainly exert negative impacts on income inequality over time. Both positive 
and negative effects of oil consumption demand shocks on income inequality are observed. The nonlinear 
impulse response results reveal some evidence of heterogeneous responses of income inequality to oil 
price shocks between high- and low-oil-dependent US states.

INTRODUCTION

A growing literature reports that oil price shocks can affect the wider economy through multiple channels 
(Herrera et al., 2019, for reviews of the relevant literature). Oil shocks can have a big impact on many 
macroeconomic variables, including employment, economic growth, interest rate, foreign exchange 
rate, inflation, asset prices, economic uncertainty, etc., (Chisadza et al., 2016; Gupta et al., 2020, 2021; 
Ji et al., 2020; Shahzad et al., 2019; Sheng et al., 2020, 2021; Bayramov, 2022). In the meanwhile, a 
related stream of literature finds evidence of a close relationship between changes in macroeconomic 
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factors and household income inequality (Balcilar et al., 2018, 2020; Berisha et al., 2020; Deyshap-
priya, 2019; Maestri & Roventini, 2012; Kilinc-Ata, 2022). This linkage provides various transmission 
mechanisms through which oil price shocks can influence income inequality. For example, the contrac-
tionary monetary policy to curb the inflation pressure caused by rising oil prices can raise the observed 
income inequality in the economy (Coibion et al., 2017; Mumtaz & Theophilopoulou, 2018). Recent 
studies also suggest that inequality can be affected by macroeconomic uncertainty over time (Fischer 
et al., 2021; Theophilopoulou, 2021). Fischer et al. (2021) show evidence for a dynamic relationship 
between household income inequality and macroeconomic uncertainty in the US and highlight the im-
portance of uncertainty in affecting household income distributions. Theophilopoulou (2021) examines 
the responses of income inequality to uncertainty in the UK and find that macroeconomic uncertainty 
contributes significantly to the variations in income inequality. Given the close link between uncertainty 
and oil price shocks as reported by previous studies (Bernanke, 2006; Kang et al. 2017; Sheng et al., 
2020; Su et al. 2018), theoretically, the impacts of oil price shocks can also transmit via the uncertainty 
channel on income inequality.

Although existing literature has reported growing empirical evidence for the impacts of oil shocks on 
the economy (Gupta et al. 2020, 2021; Sheng et al. 2020, 2021), no studies so far have investigated the 
impacts of oil price shocks on income inequality. A good understanding of the factors that affect income 
inequality, and underlying mechanisms that cause changes in income inequality, prove to be important 
to policymakers since existing literature has highlighted the linkage between income inequality and the 
causes of crises (Stiglitz, 2012; Van Treeck, 2014). Note that, although the United States (US) is often 
praised as a land of equal opportunity for all, the past three-and-a-half decades have seen a rising trend 
of growing income inequality (Çepni et al., 2020). Hence, the factors that drive inequality is an equally 
important question for the US, just like any other economy in the world.

Against this background, the main research objective of this study is to investigate the direct impacts 
of oil price shocks on income inequality in the US. The study attempts to fill the gap in the literature by 
using a newly constructed, large panel dataset for the US at the state level, which includes the growth 
rate of real income, employment growth, unemployment rate, and a survey-based measure of income 
inequality based on the work of Fischer et al. (2021). The use of a panel dataset aids in accounting for 
the existence of large heterogeneities between regions of a big country (such as the US), while the avail-
ability of data for a long-time span in the US, results in a large panel dataset. Apart from the variables 
mentioned above, this study also includes a set of aggregate macroeconomic variables at the country 
level, including the interest rate, inflation rate, and a ratio of budget deficit to GDP as a measure of fis-
cal policy in the US. These variables are considered as common factors driving the US business cycles.

Following a seminal work of Baumeister and Hamilton (2019), oil price shocks are disentangled 
into the oil supply shocks, economic activity shocks, oil inventory shocks, and oil consumption demand 
shocks. Baumeister and Hamilton (2019) highlight the importance of disaggregating oil price shocks by 
origin and report a larger contribution of oil supply shocks to historical oil price movements comparing 
to the findings in earlier studies (Kilian, 2009; Kilian & Murphy, 2012, 2014). Since not all oil price 
shocks are alike, it is important to distinguish the nature of oil price shocks according to their origin, 
e.g., whether they are driven by supply- or demand-side factors, as their impacts on income inequality 
can be dependent on it. Besides, as stressed by Kilian (2009), each type of oil price shock has different 
impacts on US macroeconomic aggregates and hence income inequality, since oil price movements can 
not only be caused by fluctuations in oil production, but also changes in global demand, and precaution-
ary and speculative motives of oil traders.



146

Oil Price Shocks and Income Inequality
 

Moreover, oil price shocks can lead to a transfer of income from oil-importing states to oil-exporting 
states. Given the evidence of the differential influence of oil price shocks between oil exporters and 
importers (Baumeister et al., 2010; De Michelis et al., 2020; Sheng et al., 2020), oil dependency can 
play an important role in affecting the heterogeneous impacts of oil price shocks on income inequality 
in individual US states. To the best of the authors’ knowledge, this is the first attempt in the literature 
to study the effects of various structural oil shocks on income inequality across 50 US states while 
considering the heterogeneity in the oil dependency of each state. Given that individual US states dif-
fer in terms of their oil dependence, this study analyses the heterogeneous impacts of the oil shocks on 
income inequality by estimating nonlinear impulse response functions (IRFs) using local projections 
for panel data, and by making the IRFs contingent on the dependence of oil. The study tests both linear 
and nonlinear impulse responses of inequality to oil shocks by using the local projections method of 
Jordà (2005). This study also examines whether the responses of income inequality to oil price shocks 
are regime-dependent on the oil dependence of US states. Oil dependency is calculated as the difference 
between oil consumed and oil produced over oil consumed in each US state. Following the work of 
Auerbach and Gorodnichenko (2013) and Jordà et al. (2020), the smooth transition function approach 
is used to switch the oil dependence of US states into high- and low- regimes.

BACKGROUND

This section provides a review of the relevant literature and sets the scene for a better understanding 
of the discussions presented in the rest of the chapter by exploring the transmission mechanisms of oil 
price shocks to the economy and the linkages between macroeconomic factors and income inequality.

The Transmission Mechanisms of Oil Price Shocks to the Economy

Existing literature provides insights on the impacts of oil price shocks on the economy through multiple 
transmission mechanisms. Baumeister et al. (2018) and Herrera et al. (2019) show that oil price shocks 
impact the economy via the discretionary income effect channel. The discretionary income effect of the 
purchasing power loss due to an unexpected increase in the price of imported oil can decrease the real 
domestic consumption of goods and services and exert an adverse effect on real GDP. Higher oil prices 
and fuel costs tend to reduce household disposable income and dampen consumer spending (Rafay & 
Farid, 2015). Moreover, an unexpected rise in oil prices can reduce the aggregate economic output as 
it raises the cost of production.

Hamilton (1988) suggests another transmission channel through which costly labour market realloca-
tion can amplify the effects of oil price shocks on the economy and lead to changes in unemployment. 
By constructing a theoretical model of unemployment and the business cycle, Hamilton (1988) shows 
that, in the presence of labour market reallocation frictions, seemingly small disruptions in supplies of 
primary commodity goods such as energy could be the cause of fluctuations in aggregate employment 
and could have a surprisingly large effect on real economic output.

Moreover, Davis and Haltiwanger (2001) stress the important re-allocative consequence of oil price 
shocks. Through the re-allocative channel, oil price shocks can adversely affect the closeness of the 
match between the desired and actual distributions of factor inputs (such as labour and capital) and trig-
ger considerable reallocation of resources across sectors. For example, after an increase in oil prices, 
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resources could be relocated away from the sectors that heavily use energy to those that rely less on energy 
as the expenditures on energy-intensive durables goods are reduced. A reallocation could also occur 
within the same sector (e.g., the automobile industry) when consumers switch to more energy-efficient 
durables goods (Bresnahan & Ramey, 1993). The costly intra-sectional and inter-sectoral reallocations 
of resources would amplify the adverse effect of oil price shocks on economic activity, leading to a rise 
in unemployment.

Furthermore, the impacts of oil price shocks can be amplified through the operating cost channel 
where consumers postpone or forgo the purchases of energy-using durables in response to an unexpected 
oil price increase (Edelstein & Kilian, 2009). For example, consumers may delay or stop spending on 
motor vehicles following a hike in oil prices. In addition, household consumptions could decrease after 
oil price shocks as consumers perceive a great possibility of future unemployment and income losses 
and raise their precautionary savings. The precautionary saving effect indicates greater uncertainty 
about the prospects of future job security, in which case unexpected increases in oil prices could lead to 
a reduction in consumer expenditures (Rafay et al., 2015).

A related line of literature also stresses that shifts in expenditure patterns can be driven by the uncer-
tainty effect. When oil price shocks are associated with high uncertainty about the present value of future 
cash flows, a rise in uncertainty will result in a decrease in investment expenditures. Also, consumers 
may be pessimistic about the future economic outlooks in periods of high uncertainty caused by oil 
price shocks and may curtail their consumption expenditures (Bernanke, 2006). In brief, oil price shocks 
that are associated with high uncertainty may lead to a delay or decline in consumption and investment 
expenditures, and thus may lead to a decrease in aggregate output.

The Linkages Between Macroeconomic Factors and Income Inequality

Existing literature on the macroeconomic determinants of inequality largely focuses on the relationship 
between income distribution and other macroeconomic variables such as economic growth, interest 
rate, inflation, and unemployment. The research that specifically studies the relationship between mac-
roeconomic factors and inequality are historically relatively restrictive in the economic literature due 
to the limited data availability of inequality measurements (Deyshappriya, 2019). However, the recent 
developments of econometric methods allow researchers to conduct inequality-related studies utilising 
various newly constructed inequality datasets for comprehensive analysis.

Using a longitudinal dataset that includes 33 Asian economies from 1990 to 2013, Deyshappriya 
(2019) finds that inflation and unemployment are the main macroeconomic factors that drive income 
inequality in Asian countries. The study shows that inflation negatively affects the income share of 
the lower-income groups, while it benefits the richest group and widens the income gap between the 
rich and the poor. Also, unemployment increases income inequality as the income sources are more 
restrictive to the lower-income groups who have no, or a little accumulated wealth in contrast with the 
higher-income groups.

Grounding on different measures of inequality time series obtained from the Review of Economic 
Dynamics (RED database), Maestri and Roventini (2012) study time-series properties of inequality series 
and macroeconomic series for a set of the Organisation for Economic Co-operation and Development 
(OECD) countries. The research confirms a positive correlation between unemployment and inequality 
and highlights that unemployment is an important channel for the transmission of business cycles to 
inequality. In addition, Maestri and Roventini (2012) report inequality time series in most countries are 
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counter-cyclical (except for Germany). However, the study reports mixed results about the correlations 
between inflation and income inequality. The results show that income inequality is negatively correlated 
with inflation in Canada, but positively in the US, Germany, and Sweden.

By building a country-level panel dataset that consists of data on income inequality, real interest 
rates, inflation, and real GDP growth, Berisha et al. (2020) investigate the impact of macroeconomic 
factors on income inequality with a special focus on Brazil, Russia, India, China, and South Africa (the 
BRICS countries) over a sample period from 2001 to 2015. The study finds that increases in inflation 
and real GDP growth lead to increases in income inequality, implying that economic growth and infla-
tion over the last two decades has largely benefited the higher-income groups in the upper end of the 
income distribution. The study also finds some evidence that lower real interest rates have contributed 
to an increase in income inequality in the BRICS countries.

By constructing a state-level panel dataset over the period from 1976 to 2007, Balcilar et al. (2018) 
analyse the relationship between inflation and income inequality in the US across 50 states. The research 
shows a nonlinear relationship that exists between income inequality and inflation. The results indicate 
that the effects of inflation on income inequality are heterogeneous and contingent on the level of the 
inflation rate. Balcilar et al. (2018) report that an increase in inflation reduces income inequality when 
the inflation level is low, but it raises income inequality while the inflation level is high. In other words, 
a positive relationship between income inequality and inflation is observed when inflation is above a 
threshold level (e.g., about 3 per cent as suggested by Balcilar et al., 2018). Below this threshold level 
of the inflation rate, an increase in the inflation rate decreases income inequality.

DATA AND METHODOLOGY

To capture oil price shocks, this study uses the methodology developed by Baumeister and Hamilton 
(2019) and disentangles oil shocks according to their origins into four components. The four oil structural 
shocks (namely, the oil supply shock (OSS), oil-specific consumption demand shock (OCDS), economic 
activity shock (EAS), and oil inventory demand shock (OIDS) are obtained from the estimation of a 
structural vector autoregressive (SVAR) model1. To capture household income inequality across the 
states in the US, a survey-based measure of inequality following the work of Fischer et al. (2021) is em-
ployed. The inequality measure is constructed using household income data in the integrated Public-Use 
Microdata Series (IPUMS) datasets. The household income is equalised on a square root scale, which 
divides household income by the square root of household size, to take household sizes into account. It 
includes all types of total pre-tax income and losses in a household. The Gini coefficient is then used 
as a scalar measure of household income inequality.2 The dataset is at the quarterly frequency and the 
sample period is ranged from 1985: Q1 to 2017: Q2.3

The linear model for calculating the impulse response functions (IRFs) using the LPs method of Jordà 
(2005) can be defined as follows:

Y X s Hit s is s t i t s, , ,
, , , ,+ += + + = …α β 

�
for �0 1 2  (1)

where Yi,t represents the growth rate of income inequality in state i at time t, s is the length of forecast 
horizons up to the maximum forecast horizon H,4 𝛼i,s measures the fixed effect and 𝛽s captures the re-
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sponses of income inequality at time t + s to an identified oil price shock (denoted by Xt) at time t. The 
impulse response functions are derived from a series of 𝛽s that are estimated separately by the simple 
ordinary least squares (OLS) regression method at each horizon (s).5

This study also examines if the impact of oil shocks on inequality growth rates is regime-dependent 
and contingent on the status of oil dependence across the states of the US. Equation 1 can be modified 
into a regime-dependent model where IRFs are depending on the status of oil dependence of each state 
(Auerbach & Gorodnichenko, 2013; Jordà et al., 2020). A smooth transition function is included in a 
nonlinear model to distinguish the states in a high oil dependence regime from those in a low oil depen-
dence regime. The nonlinear model is specified as follows:

Y F z X F zit s t is
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s
High

t t is
Low

, , ,+ − −= − ( )( ) +



 + ( ) +1

1 1
α β α βss

Low
t it sX



 + + , ,  

for s=0,1,2,…,h (2)

F z z zt t t( ) = −( ) + −( ) >exp / exp ,g g g1 0 , (3)

where zi,t represents a switching variable measuring the oil dependence of US states. zi,t is normalised 
to have zero mean and unit variance, with a positive value of zi,t indicating high oil dependence, and a 
negative value otherwise. The smooth transition function F(zi,t) is bounded between 0 and 1, with values 
close to 1 corresponding to the low oil dependence regime, and 0 otherwise. 

The models specified in Equations 1 and 2 are further extended by adding a set of aggregate macro-
economic variables at the country level as the control variables. These variables are considered as the 
common factors that drive US business cycles and thus affect income inequality across the states in the 
US. Also, the models control for the growth rate of real income, employment growth, and the unemploy-
ment rate at the state level. The models can be re-specified as follows:

Y X Z s Hit s is s t is it it s, , , , ,
, , , ,+ += + + + = …α β γ  for 0 1 2  (4)
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 + + +γ

, , ,
,  

for s=0,1,3,…,H (5)

where Zi,t is a vector of control variables, which include the growth rate of real income, employment 
growth, and the unemployment rate at the state level, and interest rate, inflation rate, and a ratio of budget 
deficit to GDP as a measure of fiscal policy in the US at the country level.
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RESULTS

This section presents the empirical results of the study. The figures display the estimated impulse response 
of income inequality growth rates to the four structural oil shocks over 24 quarters for the models speci-
fied in Section 2. The 95% confidence bands are calculated based on panel-corrected standard errors.

Figure 1 shows the impact of oil supply shocks (OSS) leads to a rise in income inequality in the short 
term, peaking after three quarters, but then declining sharply to low levels in the medium- to long- term. 
Given the evidence of the positive relationship between OSS and uncertainty as reported by Kang et al. 
(2017), Su et al. (2018) and Sheng et al.(2020), it is noteworthy that this pattern is generally consistent 
with empirical evidence provided for the US by Fischer et al. (2021) and for the UK by Theophilopou-
lou (2021), who find that, although uncertainty contributes significantly to the variations in income 
inequality, the responses of income inequality to uncertainty are positive in the short term, falling to 
low levels in the medium- and long- terms. Income inequality rises in the short term immediately after 
the OSS shock can be associated with the finding from existing literature that workers in lower-income 
households are at greater risk of unemployment and potential income loss, compared to those in higher-
income households, during a period of high economic uncertainty (Berisha et al., 2020).

It is found that income inequality mainly reacts negatively to the economic activity shocks (EAS) 
and oil inventory demand shocks (OIDS). This finding aligns with existing literature that reports nega-
tive responses of uncertainty to EAS (Antonakakis et al., 2014; Kang & Ratti, 2015; Kang et al., 2017; 
Sheng et al., 2020) and OIDS (Sheng et al., 2020). The results show that positive EAS, which is normally 
associated with higher global aggregate demand, lower economic uncertainty, and a positive outlook for 
the macro economy, tend to lower income inequality.

Figure 1. Responses of income inequality to the oil price shocks
Note: OSS represents oil supply shocks; EAS represents global economic activity shocks; OIDS represents oil inventory demand 
shocks; OCDS represents oil-specific consumption demand shocks.
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Also, despite its speculative nature and negative impacts on economic activity, OIDS tend to reduce 
income inequality. This decline in income inequality could result from the Federal Reserve’s monetary 
response of decreasing interest rates to stimulate economic growth and fight against the negative eco-
nomic impact of higher oil prices caused by OIDS. Existing literature shows that expansionary monetary 
policy and a lower interest rate could benefit the borrower in lower-income families and reduce income 
inequality since the households at the bottom of the income distribution tend to have greater debt burdens 
and fewer savings compared to those at the top of the income distribution (Doepke & Schneider, 2006; 
Mumtaz & Theophilopoulou, 2018).

Lastly, the results show some positive and statistically significant responses of income inequality to 
oil consumption demand shocks (OCDS) in the 4th – 8th and 21st – 24th quarters and some negative and 
significant responses in the 12th and 18th quarters. The switching in the direction of OCDS impact on 
income inequality seems to be consistent with the mixed results of the previous studies about the rela-
tionship between OCDS and uncertainty. For example, Kang and Ratti (2015) and Kang et al. (2017) 
find that OCDS trigger significant increases in uncertainty, while Sheng et al. (2020) report negative 
responses of uncertainty to OCDS.

Figure 2 presents the estimated nonlinear IRFs of income inequality to the structural oil shocks over 
24 quarters by distinguishing the status of oil dependence in individual states in the US into high- or 
low-oil dependence regimes in the model specified in Equations 2 and 3.

The nonlinear impulse response results (as shown in Figure 2) show some evidence of heterogeneous 
responses of income inequality to oil price shocks between high- and low-oil dependence US states. 
Compared to low-oil dependence states, the results show that income inequality is more sensitive to 
OCDS in high-oil dependence states. This finding seems to be in line with Sheng et al. (2020) who re-
port uncertainty in high-oil dependency economies (i.e., oil importers) tends to be more affected by oil 
price shocks than low-oil dependency economies (i.e., oil exporters). Moreover, the results show posi-

Figure 2. Responses of income inequality to oil price shocks in high- (h) and low- (l) oil dependence states
Note: See Notes to Figure 1. Oil Dependence: oil consumed minus oil produced as a percentage of oil consumed, with h and l 
corresponding to high- and low- levels of oil dependence respectively.
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tive and statistically significant impulse responses of income inequality to OSS in the short term in the 
low-oil dependence states, and negative and statistically significant responses in the medium term in the 
high-oil dependence states. As shown in Figure 2, OSS has statistically significant and positive impacts 
on income inequality in the 3rd and 4th quarter for high-oil dependence states, whereas the impacts turn 
negative between the 6th and 8th quarter for the low oil dependence states. Lastly, the nonlinear results 
show more evidence for the negative response of income inequality to EAS and OIDS in both high- and 
low-oil dependence states.

To test if the results reported in Figures 1 and 2 are robust to the influence of common factors that 
drive the US business cycles, this study includes a set of control variables, including the interest rate, 
inflation rate, and a ratio of budget deficit to GDP as a measure of fiscal policy in the US at the aggregate 
country level, into the models specified in Equations 1 – 3. The study also controls for the growth rate 
of real income, employment growth, and the unemployment rate in the US at the state level. Figures 3 
and 4 report the estimated IRFs of income inequality to oil shocks over 24 quarters using the models 
specified in Equations 4 – 5.

It is found that income inequality’s response to all four types of oil price shocks is robust to the 
influence of US aggregate variables and the state-level control variables for both linear and nonlinear 
models. The patterns of IRFs reported in Figures 3 and 4 are qualitatively similar to those reported in 
Figures 1 and 2, respectively.

Figure 3. Responses of income inequality to the oil price shocks with control variables
Note: See Notes to Figure 1.
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CONCLUSION

This study investigates the impacts of oil price structural shocks on household income inequality in 
the US. By estimating both linear and nonlinear impulse response functions using the local projections 
(LPs) method for panel data, this study sheds light on the dynamic responses of income inequality to 
various types of oil price structural shocks, contingent on the status of oil dependence in individual US 
states. The study considers the origin of oil price shocks when examining their impacts on US household 
income inequality using the state-level panel data. The results show that oil supply shocks (OSS) lead to 
higher income inequality in the short term, but lower-income inequality in the medium- and long- term. 
Moreover, economic activity shocks (EAS) and oil inventory demand shocks (OIDS) mainly exert nega-
tive impacts on income inequality over time, while both positive and negative effects of oil consumption 
demand shocks (OCDS) on income inequality are observed. The nonlinear impulse response results reveal 
some evidence of heterogeneous responses of income inequality to oil price shocks between high- and 
low-oil dependence US states. It is found that the changes in income inequality are more sensitive to 
OCDS in high-oil dependence states than in low-oil dependence states. OSS tend to have positive and 
statistically impacts on income inequality in the low-oil dependence states in the short term, but nega-
tive and statistically significant impacts in the high-oil dependence states in the medium term. However, 
the results show that the impulse responses of income inequality to EAS and OIDS are less affected by 
the status of oil dependence in US states. The results are also robust to the influence of macroeconomic 
common factors that drive business cycles in the US (such as the interest rate, inflation rate, and a ratio 
of budget deficit to GDP as a measure of fiscal policy) and the state-level control variables (such as the 
growth rate of real income, employment growth, and the unemployment rate in individual US states).

Figure 4. Responses of income inequality to oil price shocks in high (h) and low (l) oil-dependence states 
with control variables
Note: See Notes to Figure 2.
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KEY TERMS AND DEFINITIONS

Economic Activity Shocks: The oil aggregate demand shocks that are driven by global real eco-
nomic activity.

Linear and Nonlinear Impulse Responses: The linear and nonlinear impulse responses that are 
computed based on the local projection’s method of Jordà (2005).

Local Projections: A method that computes impulse responses and estimates parameters locally at 
each period of interest.

Oil Consumption Demand Shocks: The oil-market specific demand shocks that are driven by oil-
specific demand.

Oil Dependence: The dependence of oil in individual US states, calculated as the oil consumed 
minus oil produced as a percentage of oil consumed.

Oil Inventory Demand Shocks: The speculative demand shocks that are resulting from an increase 
in oil inventory demand.

Oil Supply Shocks: The structural oil price shocks that are emerging from a disruption in oil supply.
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ENDNOTES

1  The production of global crude oil, the real price of oil, real economic activity, and crude oil inven-
tories can be incorporated into the structural vector autoregression (SVAR) model of Baumeister 
and Hamilton (2019) to produce the oil supply, oil consumption demand, economic activity, and 
oil inventory shocks, respectively. The raw data are available at the quarterly frequency and down-
loadable from the databases of the Federal Reserve Bank of St Louis, the US Energy Information 
Administration (EIA), the Federal Reserve Economic Data (FRED) and the OECD Main Economic 
Indicators (MEI). The updated series of structural oil shocks are directly downloadable from the 
website of https://sites.google.com/site/cjsbaumeister/research.

2  See Fischer et al. (2021) for more details about the procedure of constructing income inequality 
measure.

3  The authors would like to thank Professor Florian Huber for kindly providing us with the inequality 
dataset.

4  The maximum length of forecast horizons is set to 24 months in this research, corresponding to a 
2-year forecast horizon.

5  See Jordà (2005) for detailed discussions about the LPs method.
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ABSTRACT

Being economic boosters, foreign direct investment (FDI) and financial sector development (FSD) are 
highly recommended for developing countries. It is therefore critical and important to examine the im-
pact of both FDI and FSD on energy consumption. This chapter examines the link between FDI, FSD, 
and energy consumption in Africa and also the role of institutional quality in this context. The results 
establish that both FDI and FSD have a significant positive impact on energy consumption. It is also 
established that there is an inverse relationship between institutional quality and energy use. Finally, it 
is proved that quality institutions moderate the link between FDI, FSD, and energy use in Africa.

INTRODUCTION

Studies in the past and recent times have both found strong and compelling reasons for the need to at-
tract foreign direct investment (FDI) into economies and the need to develop one’s financial sector. For 
instance, studies have documented that the inflows of FDI into economies positively supports the growth 
of innovation, increase in adaptation of CSR, enhancement in skills and talents development, increased 
productivity and enhanced good corporate governance and all these finally propel economic growth for 
a nation (Borio, 2011; Nasir, Ali and Khokhar, 2014; Nyeadi et al., 2020; Albuquerque & Neves, 2021; 
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Hanefah et al., 2020). The inflows of FDI can also increase the financial morsel and innovative levels of 
host countries so as to enable them adopt energy saving technologies as well as the adoption of cleaner 
energy means so as to enhance the life and environment of host economies (Polat, 2018).

It is however argued that inflows of FDI may not only put so much pressure on energy consumption 
in developing countries that are currently battling with energy supply and environmental problems but 
it will lead to increase in the consumption of non-renewable energy which has a lot of negative conse-
quences on the environment (Polat, 2018). This argument supports the Pollution Haven Hypothesis which 
argue that FDI may be a way of outsourcing “dirty industries” to developing countries as developing 
countries have softer environmental laws and enforcement (Polat, 2018). This therefore increases the 
chances of energy consumption and the use of more non-renewable energy in developing countries with 
the inflows of FDI.

A number of empirical studies have concluded that FDI inflows introduces energy savings in host 
countries thereby improving local environment. These studies support the environmental halo effect 
hypothesis of FDI (Jiang et al., 2014; Azam et al., 2015; Doytch and Narayan, 2016). There are also 
studies on the other hand that support the Pollution Haven Hypothesis demonstrating that inflows of 
FDI leads to higher energy consumption (Jebli et al., 2019; Khandker, et al., 2018).

On the side of financial sector development (FSD), countless studies have documented the positive 
link between the development of one’s financial sector and energy consumption (Yue et al., 2019; Saini 
and Nego, 2018; Beladi et al., 2013). However, micro-economic theories posit that FSD lowers house-
hold budget limits as it makes available several means of accessing financing at lower interest rates and 
makes one’s investment more liquid. This limitless access to finance also leads to increase in household 
consumption such as the use of automobiles, housing, electrical appliances which obviously lead to 
increase in household consumption of energy (Sadorsky, 2012). Notwithstanding the above argument, 
it is noted just like FDI, FSD can also propel the adoption of technologies that reduce energy consump-
tion or shifts consumption to clean energy (Rezagholizadeh et al., 2020). In their study using Iranian 
economy, Rezagholizadeh et al., (2020) concluded that FDS leads to higher consumption of renewable 
energy which helps to reduce environmental hazards.

From the above, it is noticeable that there is inconclusiveness in both theory and empirical front on 
the link between FDI, FSD and energy consumption nexus. This therefore means more research works 
are needed on this link so as to shed more light on the link. This study therefore intends to fill this gap 
by comprehensively examining the separate impact of FDI inflows and FSD on the amount of energy 
consumed in Africa. Besides, the moderating role of institutional quality on the FDI, FSD and EC link 
in Africa will be explored. To the best of knowledge, this is the first study in Africa that will examine 
in a comprehensive manner the above link using panel corrected standard errors (PCSE) and seemingly 
unrelated regression (SUR) estimation techniques. Besides, this study has extended the literature beyond 
other previous studies by also investigating the moderating role of institutional quality on the above nexus 
in Africa. Findings therefore have a lot of policy implications to African economies.

TRENDS OF FDI FLOW IN AFRICA

As indicated earlier, FDI flow into Africa was abysmal until the beginning of the 21st century, when 
a massive increase was recorded in its flow. From table 3 below, one can see that the inflows into the 
region were less than $7 billion per annum before the year 2000. This figure rose to an average of $30.7 
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billion per annum from 2000 to 2009. This further increased to $43.6 billion in 2010 and continued to 
rise until 2012, when an inflow of $55.2 billion was recorded. It, however, dropped to $52.2 billion in 
2013 but returned to a higher figure of $58.3 billion in 2014. Another drop has been recorded in 2015, 
with a figure of $54 billion. The drop in 2012 for the continent can be attributed to the drops recorded in 
North Africa and Middle Africa. While North Africa recorded a reduction from $15.6 billion in 2012 to 
$12.7 billion in 2013, flow to Middle Africa dropped from $1.8 billion in 2012 to as low as $0.5 billion 
in 2013. The drop in these sub-regions can be attributed to the unstable political environment recorded 
in these places during the said period.

However, with the exception of these two sub-regions (Middle Africa and North Africa), all the other 
sub-regions experienced some decline in the flow of FDI in 2015 that led to a total decline for the whole 
continent. West Africa experienced the biggest drop in 2015. The drop in FDI flow in 2015 could be at-
tributed to the drop in the prices of commodities and oil and gas, which receive the highest capitalization 
flow of FDI in Africa. Interestingly, while the flow of FDI to the whole world also showed a decline in 
2013 just like Africa, in 2015 both the developing world and the world as a whole recorded increased 
FDI flows, except for Africa, Latin America, and the Caribbean regions where FDI inflows declined.

On average, the developing economies of the world as a whole, accounted for about 37.6% of the 
world inflows of FDI. Africa’s share of the world FDI flows is only 3.28%, despite its improvement in 
FDI attraction over the years, whereas the Asia Pacific region, and Latin America and the Caribbean, 
have a share of 24.07% and 10.71% respectively of the world FDI, as shown in table 4. Therefore, in 
comparison with the developing economy as shown in figure 1, Africa’s share is only 9.32% while Asia 
and the Pacific, and Latin America and Caribbean, accounted for 62.87% and 29.70% respectively. It is 
worth noting that whereas Africa and Latin America and Caribbean both showed a decline in 2015, Asia 
and the Pacific showed an increase. This same pattern could be observed in the year 2013. It implies 
that while the African and Latin American and Caribbean FDI inflows are more vulnerable to the world 
commodities markets, Asia and the Pacific inflows are not influenced by the commodities market to the 
same extent. It also means that FDI inflows for Africa, Latin America and Caribbean are more into the 
primary sectors of their economies.

Figure 1. Share in total developing countries (%), 1970-2015
Source: Computed from UNCTAD Database, 2016
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ENERGY CONSUMPTION AND FINANCIAL SECTOR DEVELOPMENT IN AFRICA

Energy consumption in Africa as seen in figure 2 below shows that African consumption of energy is 
above the energy consumption levels of the least developed world in general. Placing Africa into sub-

Table 1. FDI flows and shares to developing regions, 1970-2015(billions of US dollars)

Average per Period
2010 2011 2012 2013 2014 20151970 to 

1979
1980 to 

1989
1990 to 

1999
2000 to 

2009

World 23.8 92.9 397.7 1,080.5 1,388.8 1,566.8 1,510.9 1,427.2 1,276.9 1,762.2

DE 5.8 20.5 114.9 272.7 625.3 670.1 658.8 662.4 698.4 764.7

Africa 1.1 2.2 6.8 30.7 43.6 47.8 55.2 52.2 58.3 54.1

SSA 0.9 1.3 4.8 19.9 29.9 41.9 41.9 41.1 47.6 42.9

EA 0.1 0.2 0.9 3.3 6.7 10.1 14.5 14.8 16.8 13.9

MA 0.2 0.3 0.7 3.9 4.3 4.2 1.8 0.4 10.5 14.0

NA 0.2 0.9 2.0 12.1 15.7 7.5 15.5 12.8 12.0 12.9

SA 0.05 0.1 1.0 4.9 4.8 6.9 6.4 9.6 6.8 3.3

WA 0.5 0.7 2.1 6.5 12.0 18.9 16.8 14.5 12.1 9.9

LAC 2.6 6.3 37.6 81.0 167.1 193.3 190.5 176.0 170.2 167.5

AP 1.9 11.7 70.2 225.0 412.4 426.7 409.5 431.4 467.9 540.7

Source: Computed from UNCTAD Database, 2016
Note: DE is Developing Economy, SSA-Sub-Saharan Africa, EA-Eastern Africa, MA-Middle Africa, NA-Northern Africa, SA-Southern 

Africa, WA-Western Africa, LAC-Latin America and the Caribbean, AP-Asia and the Pacific

Table 2. Share of country groups in world FDI (%), 1970-2015

Average per Period
2010 2011 2012 2013 2014 2015 1970-15 

Average1970 to 
1979

1980 to 
1989

1990 to 
1999

2000 to 
2009

DE 24.18 22.06 28.88 25.24 45.03 42.77 43.60 46.41 54.70 43.39 37.63

Africa 4.72 2.37 1.71 2.84 3.14 3.05 3.65 3.65 4.57 3.07 3.28

SSA 3.96 1.41 1.22 1.84 2.15 2.68 2.77 2.88 3.72 2.43 2.51

EA 0.53 0.16 0.23 0.30 0.48 0.64 0.96 1.03 1.31 0.79 0.64

MA 0.73 0.36 0.18 0.36 0.31 0.27 0.12 0.03 0.82 0.80 0.40

NA 0.77 0.96 0.51 1.12 1.13 0.48 1.03 0.89 0.94 0.73 0.86

SA 0.19 0.12 0.26 0.46 0.35 0.45 0.42 0.68 0.54 0.19 0.37

WA 2.19 0.76 0.53 0.60 0.86 1.21 1.12 1.02 0.95 0.56 0.98

LAC 11.15 6.85 9.46 7.51 12.03 12.34 12.61 12.33 13.33 9.51 10.71

AP 7.99 12.68 17.64 20.82 29.69 27.23 27.11 30.23 36.64 30.69 24.07

Source: Computed from UNCTAD Database, 2016
Note: DE is Developing Economy, SSA-Sub-Saharan Africa, EA-Eastern Africa, MA-Middle Africa, NA-Northern Africa, SA-Southern 

Africa, WA-Western Africa, LAC-Latin America and the Caribbean, AP-Asia and the Pacific
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Saharan and North Africa, it is realized that North Africa’s level of consumption does not only exceed 
that of Sub-Saharan Africa, but it is far above all the sub-groupings of the world. When it comes to energy 
consumption in Africa, there is a clear distinction between Sub-Saharan Africa and the North Africa. 
While the North Africa is even above the world consumption level, Sub-Saharan Africa is only second 
to South Asia with low consumption levels. The high level of consumption in North Africa can possibly 
be attributed to two reasons. As compared with Sub-Saharan Africa, North Africa and Middle East coun-
tries are more industrialized countries and hence have more access and use of energy than sub-Saharan 
Africa. Secondly, it is possible that inefficiencies in the use of energy is high and that has triggered the 
consumption level. This is possibly the case as Middle and North Africa have got a consumption level 
even above the world consumption. For the very low consumption levels in sub-Saharan Africa, this can 
be as a result of lack of industrialization and possible lack of access to energy in the region.

Financial sector development trend has been shown here in figure 3. It is proxied by credit made 
available to the private sector. As shown in the figure below, East Asia and Pacific which was placed 
second to Middle East and North Africa in energy consumption is leading the group in financial sector 
development with very high figures than the rest of sub-regions. It is even above the world levels. It is 
interesting to note that while sub-Saharan Africa financial sector development by way of credit made 
available to private sector over the years have been declining slowly, the direct opposite has been the case 
for Middle East and North Africa. This could be possibly due to the industrialization drive in Middle 
East and North Africa championed by the private sector. It is also worth noting that the Latin America 
and the Caribbean have also experienced increase in their private sector access to finance.

Similarly, this could be attributable to vigorous industrialization being undertaken through the private 
sector. It is worth mentioning that the East Asia and Pacific region has recorded higher credit access 
even far above the whole world figures while the regions including Middle East and North Africa and 
sub-Saharan Africa are recording very low access as compared to the world figures. While the world 
and East Asia and Pacific are recording above 120%, the rest of the regions are recording below 60% 
with the highest ever recorded among them being around 59% which is sub-Saharan Africa in 2004 to 
2007. Sub-Saharan Africa, however, took a dive in 2008 onwards and has since not recovered in access to 
finance by the private sector. One could attribute this dive to problem of financial crisis which took place 
around 2007 and 2008 in the world. The low levels of access to finance goes to support why most firms 
in developing world lack access to finance to propel growth in their operations. It therefore means that 
financial sector development in the developing world including Africa is very low and infantile in nature.

INSTITUTIONAL QUALITY IN AFRICA

Institutional quality as defined by quality of governance is made up of rule of law, control of corruption, 
political instability, regulatory quality, governance effectiveness and voice accountability (Amjad et al., 
2021). Figure 4 shows the average institutional quality for 44 countries taken from 2004 to 2018. From 
the figure, it is noticed that institutional quality is very low in Africa. With the exception of Botswana, 
South Africa, Namibia and Ghana, the rest of the 44 countries have their indicators below 50%. Among 
all the countries, Botswana is ranked first with 72.2% while the lowest ranked country is Congo DRC 
with 4.04%. To analyses the trends, the top 5 countries and the last 5 countries for 2004, 2011 and 2018 
are considered in constructing figure 5.
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The trend in Africa as shown among the selected countries is not a smooth one but an undulating one 
in nature. Among the top-ranking countries, with the exception of Namibia, have all witnessed decline 
which is a worrying situation. It is only Namibia which has consistently improved from 59% in 2004 to 
61% in 211 and remained at 61% in 2018. While Ghana recorded an increase and subsequent decrease 
in 2018, Botswana, South Africa and Tunisia have all experienced a continued decrease for the period. 
This story is not different from the least ranked countries. While Zimbabwe and Congo DRC saw a 
marginal increase in 2018, the remaining countries witnessed a decrease in the numbers. One would 
have expected a great marginal improvement in institutional quality among African countries over the 
period but this is not the case as some countries have even witnessed worsening cases of their institu-
tional quality over time.

Figure 2. Energy consumption levels

Figure 3. Financial sector development levels
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Figure 4. Average institutional quality in Africa

Figure 5. Trends of institutional quality in selected countries in Africa
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LITERATURE REVIEW

Theoretical Link Between FDI, FSD and Energy Consumption

Generally, the finance-energy consumption debate is guided by a classical Cobb & Douglas (1928) 
production function, which views energy consumption as a function of income and prices. Studies on 
the nexus between foreign direct investment, financial sector development and energy consumption 
are guided by three competing theories. On one hand, the ‘finance-energy consumption growth theory 
postulates that a positive nexus exist between financial sector development and energy consumption 
(Sadorsky, 2010, 20111). According to Zhang (2011), a well-developed financial sector spurs production 
and consumption activities, thereby increasing the need for more energy. Besides, as financial sector 
development promotes expansion in the scale and scope of financial services provision in an economy, 
both production and consumption rise, increasing overall energy demand among market participants. 
For instance, Sadorsky (2010) argue that as financial sector develops more and more, there is easy and 
cheaper access to credit and finances by households. With available funds, individuals are able to ac-
quire more luxurious chattels like automobiles, electrical appliances etc. for household usage and some 
possibly acquiring big houses leading to more consumption of energy by the households. At the firm 
level too, organizations are able to access funds at cheaper cost and therefore increasing their capital 
base which leads them into the acquisition of complex machines, equipment and automobiles used in the 
firms. All these cause the possible increase in energy consumption with advancement in the financial 
sector. Therefore, financial sector development is seen as a promoter of energy consumption through the 
channels of production and consumption. Well-developed financial systems promote increased lending 
to firms and households, thereby increasing the availability and consumption of goods and services that 
require more energy to run (Chang, 2015).

In contrast, other scholars argue that greater financial sector development and FDI inflows reduces 
energy consumption (Tamazian et al., 2009; Shahbaz et al., 2013b, 2017). According to this ‘finance-
energy conservation’ view, a well-developed financial sector promotes the adoption of more energy 
substitution products that reduces overall energy consumption. They further argue that the advancement 
in financial sector promotes innovation and energy-efficient technology adoptions that reduces overall 
energy consumption in an economy. A third strand of the literature support a quadratic relationship, 
arguing for an inverted U-shaped relationship between finance and energy consumption (Shahbaz et al., 
2013; Chang, 2015; Charfeddine and Khediri, 2016). This theory suggests that initial increases in finan-
cial sector development inflows promotes energy consumption up to a point and beyond that threshold, 
further increases in financial sector development inflows result in a reduction in energy consumption 
through adaptation of so-called energy conservation technologies.

Similarly, the theoretical link between FDI and energy consumption (EC) has been a mix one. While 
a school of thought believes that FDI increases energy consumption, others on the contrary argue that 
FDI saves energy. The positive link is believed to exist due to the view that inward FDI which usually 
flow from advanced world to developing world serves as a way of outsourcing ‘dirty industries’ to host 
economies due to the weak environmental laws and enforcement in developing countries (Polat, 2018). It 
is argued that new investment opportunities that are restricted in advanced countries due to strict environ-
mental laws and the needed compliances, look for opportunities in developing world because of relaxed 
environmental laws and compliances in developing countries (Walter and Ugelow, 1979). Besides, most 
developing countries receive FDI into capital intensive industries which are usually pollution-intensive 
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industries such as mining, drilling and manufacturing thus increasing the level of energy consumed by 
the economies receiving such FDI.

This belief supports the Pollution Haven Hypothesis (PHH) which argues that FDI moves into de-
veloping countries due to stringent environmental laws and enforcements that are required in advanced 
countries. While environmental laws and enforcement tend to be soft and relaxed in developing countries, 
they are very strict in advanced countries thereby increasing the cost of production in advanced countries 
(Levinson and Taylor, 2008). This PHH thus predicts a positive relationship between FDI and EC. Ac-
cording to Kim (2019), this situation is made worst, as developed countries are obliged to reduce more 
of the CO2 emission. This has therefore enhanced the outsourcing of these dirty industries into develop-
ing world. Sarkodie and Strezov (2019) supported this theory by arguing that polluting industries move 
towards countries with less stringent environmental laws with cheaper production cost.

On the contrary, the proponents of FDI-EC negative link believe that the inflow of FDI into host 
countries reduce energy consumption as firms from developed countries move into developing world do 
so along with the strict environmental enforcements and compliance that they have cultivated at home 
countries so as to make an impact in their operations in their host countries. Technological advance-
ments play an important role (Rafay, 2109). Apart from being strict in complying with environmental 
regulations, FDI led firms, which have more exposure to efficient energy technology and also have 
more capital base can adopt very effective energy saving technology in their operations so as to reduce 
the consumption of energy. Besides, the inflow of FDI can lead to the diffusion of technology to host 
countries arising from spillover effect from FDI led firms. As FDI led firms adopts energy saving pro-
cessing and technology, due to competition among other non-FDI firms, the host country firms may 
also be compelled to also adopt efficient ways of doing things in order to succeed in the competition. In 
supporting this view, Stavropoulos et al., (2018) argue that the influx of FDI into developing countries 
could help promote both industrial competitiveness and environmental quality.

This view strongly lends it support to the Pollution Halo Hypothesis (PH) which believes that FDI 
has negative relationship with energy consumption as FDI led firms diffuse their modern and efficient 
production techniques into the host economies thereby reducing energy use and pollution (Zhang and 
Zhou, 2016). Besides, with the influx of FDI into developing countries, host firms may be forced to 
innovate in order to stay competitive and this can call for better and efficient ways of doing things that 
can reduce energy consumption in the system. It particularly noted that influx of FDI to poor countries 
helps in transfer of technology and management practices which cause lower carbon emission in devel-
oping countries (Zarsky, 1999).

Lastly, the so-called ‘neutrality’ view postulates that no significant nexus exist between FDI, financial 
sector development and energy consumption. According to this hypothesis, well developed financial 
systems and the ability of a country to attract FDI has no consequence for energy consumption in the 
economy (Çoban and Topcu, 2013; Kahouli, 2017; Charfeddine and Kahia, 2019; Yue et al., 2019; 
Denisova, 2020). This theory suggests that whether investment capital originates from within a well-
developed financial system or from outside the domestic economy through FDI inflows or not is deemed 
unimportant for determining the level of energy consumption in an economy.

Empirical Link Between FDI, FSD and Energy Consumption

The empirical literature on the nexus between FDI, financial sector development and energy consump-
tion is replete with polemics. Similar to the theoretical literature, there is a lack of consensus regarding 
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the nature of the relationship between finance and energy consumption and this ambiguity is seen in 
both single country and cross-country studies. Proponents of the finance-energy consumption growth 
theory, argue that a significant positive nexus exist between financial sector development and energy 
consumption. According to Sadorsky (2011), banking sector development is significantly and positively 
associated with greater scale and scope of energy consumption in Central and Eastern European Frontier 
Markets. Improvements in banking services leads to better economic allocation and higher productivity 
in the domestic economy, thereby promoting higher energy consumption. Similarly, Le (2016) found a 
positive causal nexus between financial sector development and energy consumption in middle-income 
Sub-Saharan African economies. In an earlier study, Islam et al. (2013) found positive benefits of financial 
sector development for energy consumption in Tunisia. Using VAR model on a Chinese Economy, Zeng 
et al. (2020) also noted the positive link between FDI and energy consumption China. Similar results 
were found by Fung (2009), Bekhet et al. (2017), Kahouli (2017), Saud et al. (2018); Liu et al. (2018) 
and Rezagholizadeh et al. (2020) among others.

In contention, several recent empirical studies found evidence suggesting that financial sector de-
velopment reduces energy consumption significantly (Tamazian et al., 2009; Shahbaz et al., 2013b). 
For instance, Ouyang and Li (2018) found a significant negative relationship between financial, sector 
development and energy consumption in China. Similarly, Shahbaz et al. (2013) found that financial 
sector development reduced energy consumption in South Africa. Similar Charfeddine and Khediri 
(2016) found evidence challenging the idea that financial sector development spurs energy consumption 
in United Arab Emirates. In his study using eighty-five developed and developing countries, while FDI 
reduces energy consumption in developed countries it has no effect on energy consumption in develop-
ing countries. Indeed, Charfeddine and Khediri (2016) among others provide evidence to suggest that 
financial sector development initially spurs energy consumption at the initial stages and beyond a certain 
threshold, further development of the financial sector promotes the adoption of energy-conservation and 
thus reduces overall energy consumption. Also, many studies like Riti et al. (2017) found no significant 
relationship between financial sector development and energy consumption.

There is also an unresolved contention in the literature about the nature of the relationship between 
FDI and energy consumption. Three folds of arguments are identified. First, the FDI-energy consumption 
growth model advocate for a positive significant nexus between increases in FDI inflows and energy 
consumption. According to Mohamed and Mamat (2016) foreign direct investment inflows promotes 
industrial development and spurs energy consumption. Shahbaz and Lean (2012) examined this link in 
Tunisia using ARDL model and concluded that financial sector development in Tunisia leads to more 
consumption of energy in the country. Similarly, Yue et al. (2019) studied twenty-one transitional coun-
tries and realised that financial development in these countries impacts positively on energy consump-
tion in these countries. A plethora of other empirical studies support this view (Sadorsky, 2011; Yue 
Ting et al., 2011; Çoban and Topcu, 2013). In contrast, several recent studies contend that greater FDI 
inflows decreases energy consumption by providing opportunities for the diffusion of energy-efficient 
technology rich and technologically advanced economies to poorer countries. In support of this view, 
Sadorsky (2011), Çoban and Topcu (2013), Jiang et al. (2014), Azam et al. (2015) and Doytch and Na-
rayan (2016) all found evidence supporting a significant negative relationship between FDI inflows and 
energy consumption. Other studies also found no significant nexus between FDI and energy consumption 
(Hübler and Keller, 2010; Sadorsky, 2010; Lee, 2013). For example, Chang (2015) found no significant 
relationship between FDI and energy consumption in 53 countries studied.
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In conclusion, the theoretical and empirical literature on the nexus between financial sector devel-
opment, FDI and energy consumption contentious at best. Moreover, there is a paucity of studies ex-
amining these relationships in Africa. To the best of the authors’ knowledge, no single study in Africa 
have examined the effect of institutional quality on the financial sector development, FDI and energy 
consumption nexus. However, given the vital role played by quality of institutions in determining the 
way and manner financial resources are channeled into economic activities, it is critical that African 
leaders are provided with the empirical evidence on the relationship between FDI inflows, financial 
sector development and energy consumption. This is even more critical as energy consumption growth 
is usually associated with higher CO2 and other pollutants emissions. Weak institutions may limit the 
transmission of benefits from financial sector development and FDI inflows to energy consumption/
conservation. It is therefore imperative that African leaders and policy makers are provided with the 
empirical links between these variables to guide policy initiatives that will ensure optimal environmental 
benefits from greater financial sector development and FDI inflows.

Empirical Link Between Institutional Quality and Energy Consumption

Institutional quality such as regulatory quality, governance effectiveness, control of corruption and po-
litical instability are important factors of energy consumption and hence determinants of environmental 
quality (Panayotou, 1997; Ibrahim and Law, 2016). Zakaria and Bibi (2019) posit that institutions can 
determine the impact of capital flows on environmental quality in developing economies as these insti-
tutions have the choice of being strict with their environmental laws and policies so as to have quality 
environment or relax their environmental laws and policies and have their environment quality reduced 
with the inflows of capital. It is argued that well-functioning quality institutions enhance environmental 
quality in developing countries (Panayotou, 1997). This argument is premised on the belief that quality 
institutions improve environmental quality by reducing opportunism and fostering cooperative attitudes 
among agents.

Uzar (2020) examined the link between institutional quality and energy consumption using both 
developed and developing countries on a data ranging from 1990-2015. This study concluded that 
institutional quality positively affects the consumption of renewable energy. This implies that where 
there are well functioning institutions put in place, the environment is protected with the consumption 
of clean energy. Fredriksson and Svensson (2003) established that high level of corruption and political 
stability led to weak environmental policies. They argued that in such economies, politicians focus on 
maximizing their interest as against trying to enact policies that will respond to the preferences of the 
people. Besides, with high corruption, strictness on environmental policy adherences is reduced drasti-
cally through the lobbying by traditional energy companies.

Again, Mehrara et al. (2015) discovered that inefficient regulatory qualities ignited by high level of 
corruption and rent-seeking activities will lead to the reduction in the investment in productive areas like 
renewable energy by companies thus jeopardizing the environmental quality with high energy consump-
tion. Using 71 developing and developed countries between 1990 and 2016, Shah et al. (2020) realized 
that both non-renewable and renewable energy significantly cause environmental degradation with the 
absence of institutional quality. Hunjra et al. (2020) studied 5 countries in South Asia to examine the 
role of quality institutional on the link between FSD and environmental sustainability. From their study, 
institutional quality was found to moderate the negative impact of financial development on environmental 
sustainability (Rafay, 2022). From these empirical evidence, institutional quality is seen as a catalyst of 
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quality environmental existence. This implies that quality institution can moderate any possible negative 
link between financial sector development and FDI and energy consumption.

METHODOLOGY

Data and Variables

The data for the study on this book chapter comes from three main sources. These are World Bank Af-
rican Development Indicators, World Bank Governance Index and International Monetary Fund. The 
study uses data covering the period, 2004-2018 for 44 African countries. The choice of these countries is 
purely based on the availability of data on chosen variables for the specified period of the study. Depen-
dent variable, energy consumption is represented by energy use in kg oil equivalent as used by previous 
studies (Polat, 2018 and Yue et al., 2019). For dependent variables, two of them are the main variables 
of focus i.e., foreign direct investment and financial sector development. FDI is measured here as the 
net inflows of foreign direct investment. This variable is used as a predictor of energy consumption as 
inflows of FDI into an economy has greater potential of exerting greater pressure on energy consumption 
in such countries than before as their firm activities increase in numbers hence demanding more energy 
use. This also worsen by the Pollution Haven Hypothesis which believes that inflows of FDI does not 
only increase energy consumption but it increases the consumption of non-renewable energy which has 
negative consequences on the environment (Polat, 2018).

In a contrary view, it is argued that as the inflows of FDI boast the financial base of firms, firms will 
be better placed to innovate more so as to reduce energy consumption or use better sources of energy 
(Polat, 2018). Either positive or negative impact of FDI is expected on energy consumption in Africa. 
Second main independent variable is financial sector development which is proxied by two variables 
following the presets of earlier studies (Polat, 2018; Ntow_Gyamfi, et al., 2020). First FSD is measured 
by domestic credit provided by banks as percentage of GDP and secondly general domestic credit to the 
private sector is used as percentage of GDP. Just like the FDI-energy nexus, there are contrary views 
of the FSD-energy consumption link. While it is believed that the advancement of the financial sector 
development makes access to finance easier to consumers thus making the consumer to increase its 
desire and use for items such as TV, automobiles, electrical appliances hence, his demand for energy to 
power these items increase correspondingly (Sadorsky, 2012).

However, as the sector also advances, it makes it possible to innovate to reduce energy consumption 
or adopt cleaner usage (Rezagholizadeh et al., 2020). Significant positive or negative relationship is 
expected between FSD and energy consumption in Africa. Apart from the two main independent vari-
ables, other included variables are population, GDP per capita growth, financial openness, electricity 
price, governance effectiveness and regulatory quality as control variables (Saini and Nego, 2018; Yue 
et al., 2019; Polat, 2018; Jebli et al., 2019). The full description of all the variables with their sources 
are indicated in the table 3.
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Estimation Technique

Based on the preceding discussions on the theoretical link between FDI and energy consumption and FSD 
and energy consumption and following the works of Yue et al. (2019), Polat (2018) and Rezagholizadeh 
et al. (2020), the following is the adopted panel data model.

EC FDI CV
it it it it
= + + +λ ψ β ε  (1)

Where the dependent variable, EC is the energy consumption; 𝜆 is a common fixed effect term; FDI is 
net FDI values inflows rather than in stock; CV is the composite of other variables included as control 
variables. 𝜓 and β are the parameters of FDI and control variables respectively while 𝜀 is error term.
The subscription i refers to the countries under the study while t denotes the year.

To explore the FSD-energy consumption link, the equation is modified as follows:

EC FSD CV
it it it it
= + + +λ ψ β ε  (2)

Where FSD represent financial sector development while the other variables remain the same as in equa-
tion (1) above. Equation (2) can further be restated as seen in equation (3) and (4). Where DOMCREDB 
represents financial sector development measured by domestic credit given by banks while DOMCRED 
is the financial sector development measured by domestic credit to private sector.

Table 3. Description of variables

Symbol Variable Definition Source

EC Energy consumption Energy use (in kg oil equivalent) World Bank, African Development 
Indicators 2021

FDI Foreign direct investment Net foreign direct investment inflows as 
percentage of GDP International Monetary Fund 2021

DOMCREDB Financial sector development Domestic credit given by the banks as 
percentage of GDP

World Bank, African Development 
Indicators 2021

DOMCRED Financial Sector development Domestic credit to private sector as 
percentage of GDP

World Bank, African Development 
Indicators 2021

OPEN Financial openness Volume of trade as a percentage of GDP World Bank, African Development 
Indicators 2021

POP Total population Midyear population (number) World Bank, African Development 
Indicators 2021

GGDP Economic growth Percentage Change in GDP per capita GDP per capita growth

EP Electricity price Consumer price index (annual %) International Monetary Fund 2021

GE Institutional quality Governance effectiveness index(percentile 
rank 0-100)

World Bank Governance index, 
2021

RQ Institutional quality Regulatory quality index (percentile rank 
0-100)

World Bank Governance index, 
2021
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EC DOMCREDB CV
it it it it
= + + +λ ψ β ε  (3)

EC DOMCRED CV
it it it it
= + + +λ ψ β ε  (4)

To explore the moderating effect of quality institutions on the link between FDI and EC and FSD 
and EC in Africa, an interactive variable to equations (1), (3) and (4) is added to generate the following 
equations:

EC FDI FDI GE FDI RQ CV
it it it it it it
= + + + + +λ ψ ψ ψ β ε( * ) ( * )  (5)

EC DOMCREDB DOMCREDB GE DOMCREDB RQ CV
it it it it it
= + + + +λ ψ ψ ψ β( * ) ( * ) ++ ε

it
 

(6)

EC DOMCRED DOMCRED GE DOMCRED RQ CV
it it it it it i
= + + + + +λ ψ ψ ψ β ε( * ) ( * )

tt
 (7)

Where GE and RQ represent governance effectiveness and regulatory quality respectively. FDI*GE(RQ) 
is the interaction term of FDI and institutional quality whereas DOMCREDB(DOMCRED)*GE(RQ) 
are the interaction terms for financial sector development and institutional quality. The other variables 
are the same as defined in the previous equations.

To estimate the above equations, Panel Corrected Standard Errors (PCSE) is used. In carrying out this, 
Beck and Katz (1995) argued that the best way is to estimate the coefficients by OLS and then compute 
Panel Corrected Standard Errors (PCSEs). In this method, the Ω is an NT x NT block diagonal matrix 
with ∑, an N x N matrix of contemporaneous correlations along the diagonal. OLS residuals, denoted 
ei,t for firm i at time t are used to estimate the elements of ∑:

= =∑∑
e e

T
i t j tt

T

i j

, ,

,

1  (8)

Then the standard errors of the coefficients are computed using the square roots of the diagonal 
elements of 

( )X X X1 1 1- ŴX(X1X)-1 

Where X denotes the NT x NT matrix of stacked vectors of explanatory variables, Xi,t. Though the 
parameters are the same as in the FGLS, PCSEs has better small sample properties and thus produces 
more reliable standard errors than FGLS. In estimating equations, the Beck and Katz’s two-step is used. 
Panel corrected standard errors (PCSEs) estimator as follows:

ˆ ( )b = ′ −
  

X X X y1 1  (9)
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Var X X X X X X( ˆ) ( ) ( )( )b = − −
      

1 1 1 1 1Σ  (10)

Where X  and y  are the Prais-transformed vectors of the explanatory and dependent variables and S
is the estimator of the Σ. The PCSE is adopted because it is very useful in estimating linear models where 
the disturbances are assumed to be either heteroscedastic across panels or heteroscedastic and contem-
poraneously correlated across panels. Besides, PCSE provides consistent and efficient results whether 
or not the number of firms are less or equal to the time dimension or the number of firms is greater than 
the time dimension (Reed and Ye, 2011). Endogeneity tests are conducted to control for the likely en-
dogeneity.

Additionally, regression (SUR) estimator is employed as an alternate estimator for robustness. The 
SUR also enables us to correct for any endogeneity issues.

In carrying out SUR estimation, the common multiple equation structure is used which is outlined 
by Greene (2003) as follows:

Y X
it it it it1 1 1 1
= +β ε  (11)

Y X
it it it it2 2 2 2
= +β ε  (12)

⋮ 

Y X
Mit Mit Mit Mit
= +β ε  (13)

Where the assumption is that Y is a dependent variable, X is the vector of explanatory variables while ε 
is an unobservable error term. The variable i =1,…. N and t =1, ….T. There are M equations and NXT 
observations. The use of the SUR is motivated by the fact that efficiency is gained in the estimation 
by combining information on different equations. Besides, the SUR imposes and tests restrictions that 
involve parameters in different equations.

FINDINGS AND DISCUSSIONS

Descriptive Statistics

From the table below are descriptive statistics presented on variables. With energy consumption, it is 
noted that it has a standard deviation of 0.4177 indicating a very similar level of energy consumption in 
the continental. There is not much variation in the level of energy consumed by African countries. This 
can be attributed greatly to the agrarian and raw materials-based economy operated by most African coun-
tries, which does not require so much of energy. Notwithstanding this, evenly spread in the consumption 
of energy in the region, some countries’ consumption is very minimal as compared to their GDP. This 
is seen in the minimum level of consumption which is stands at 0.0104 while the highest consumption 
figure is 3.6211. The inflows of FDI into the continent on the other hand shows a very different picture. 
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There is a very big gap between countries in the region as far the inflows of FDI into the region is con-
cerned. While the highest recipient country recorded 83.2670, the lowest country recorded 0.0031which 
shows a very fast variation in the inflows. This is not surprising as a few countries including Nigeria, 
South Africa, Egypt, Morocco, Mozambique, DR Congo and Ghana contribute to more than half of all 
the inflows into the region. It shows that some countries within the region attracts very low inflows into 
their economies. There is not much different with this trend in the financial sector development. The two 
measures of financial sector development, DOMCREDB and DOMCRED present similar outcomes. 
These can be seen in the high standard deviation figures of 18.8712 and 26.8569 for DOMCREDB and 
DOMCRED respectively. Therefore, expect similar impact of FDI and FSD on EC is expected.

One of the variables that need commentary is the financial openness. It has the highest standard devia-
tion of 41.3989 with a mean average of 72.4737. It shows on the average many countries in Africa are 
open to international trade except a few which are not open. As a matter of fact, the lowest figure here 
is zero meaning some countries have not still open up for international trade. Other variables of interest 
here are the institutional quality measured by the governance effectiveness and regulatory quality. These 
two measures both have average means of 27.7765 and 29.9576 respectively for GE and RQ. This shows 
on the average that African countries are recording below the average on the scale of 0 to 100. It is only 
a few countries that are recording above average in these two variables.

Correlation Matrix

The table below shows correlation levels among independent variables in models. From the correlation 
matrix shown in the table, it is seen that most of the variables have some kind of relationship which is 
either positive or negative in nature. The only relationships that present a very high coefficient above 
0.7 are DOMCREDB and DOMCRED (0.93) and GE and RQ(0.89) As a result, these variables are not 
placed into one model. It therefore means that any combination in variables with the exception of these 
two mentioned combinations will not pose any problem in models.

Table 4. Summary statistics

Variable Obs. Mean Std. Dev Min. Max

EC 660 0.4459 0.4177 0.0104 3.6211

FDI 660 7.3476 10.2710 0.0031 83.2670

DOMCREDB 660 20.4070 18.8712 0.9347 106.2603

DOMCRED 660 22.5612 26.8569 1.0952 160.1248

POP 660 2.34e+07 3.05e+07 716,949 1.96e+08

OPEN 660 72.4737 41.3989 0 347.9965

GE 660 27.7765 19.7831 0.9479 81.7307

RQ 660 29.9576 18.5096 0.4808 83.6538

EP 660 7.6154 11.1069 -76.7294 156.9625

GGDP 660 4.7360 7.2852 -62.0759 123.1396
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FDI and Energy Consumption: The Role of Quality Institutions

The results for PCSE regression on FDI and energy consumption are shown in table 5 while SUR results 
for the same link are shown on table 6. Models 1 and 2 from table 5 show the regression without the 
interaction term. From these results, foreign direct investment is positively significant with energy con-
sumption. This indicates that the inflows of FDI into African economies impacts positively on energy 
consumption. Any inflows of FDI therefore leads to corresponding increase in energy consumption. 
This goes to support earlier findings which concluded that inflows of FDI leads to more consumption 
of energy (Fung, 2009; Liu et al., 2018; and Rezagholizadeh et al., 2020). This is possible because the 
inflows if FDI enhances the capital base of firms making them able to acquire more energy consum-
ing items such as automobiles, factory machines, equipment and other electrical gadgets. This results 
also goes to buttress the Pollution Haven Hypothesis which believes that inflows of FDI to developing 
countries become sources of outsourcing dirty industries to host countries (Polat, 2018).

On the contrary, quality institutional variables, governance effectiveness and regulatory quality are 
both found to be significantly negative with energy consumption. This inverse relationship between in-
stitutional quality and energy consumption shows that efficient and effective government institution are 
helpful in reducing the consumption of energy in Africa. Though institutional quality is relatively low 
in Africa, it is noted here as a factor in bringing sanity in energy consumption. Wastages and loses in 
energy consumption that occur due to indiscipline and non-compliance behavior of people and institu-
tions are reduced drastically when government institutions that are in charge of monitory and enforcing 
laws are up to their task.

As expected, there is also a direct positive relationship between population and energy consump-
tion. Any increase in population leads to an increase in energy consumption. This is obvious as increase 
in population calls for more household consumption of energy in those more household items that are 
powered by energy are demanded with the increase in population. One of the control variables which 
is also significant and hence has impact on energy consumption is financial openness. It however has 
an inverse relationship with the use of energy. It supports the findings of Yue et al. (2019). Having also 
realized that governance effectiveness and regulatory quality brings about efficient use of energy while 
FDI inflows increases the consumption of energy in Africa, it is decided to interact the governance 

Table 5. Correlation matrix

1 2 3 4 5 6 7 8 9

FDI(1) 1.00

DOMCREDB(2) 0.12* 1.00

DOMCRED(3) 0.19* 0.93* 1.00

GGDP(4) 0.02 -0.08* -0.07* 1.00

EP(5) 0.19* -0.14* -0.10* -0.05 1.00

POP(6) 0.66* 0.03 0.09* 0.06 0.16 1.00

OPEN(7) -0.07* 0.13* 0.07* -0.03 -0.04 -0.34* 1.00

RQ(8) -0.07* 0.64* 0.59* 0.01 -0.13* -0.06 -0.03 1.00

GE(9) -0.04 0.69* 0.64* 0.02 -0.07* -0.01 -0.03 0.89* 1.00
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effectiveness and regulatory quality with FDI separately to observe their outcomes. The results of the 
interactions are shown in model 3 and 4 of table 5. From the results, both regulatory quality and gover-
nance effectiveness which represent institutional quality when interacted with FDI, leads to reduction in 
energy consumption in Africa. It therefore means that countries that have strong and efficient institutions 
that attract FDI brings about efficiency in their energy consumption. Thus, for countries to benefit fully 
from FDI, it is paramount that proper and well-functioning government institutions are put in place. All 
these results especially the main variables of interest are still consistent in the second estimator (SUR) 
regression results shown in table 6.

Table 6. PCSE regression on FDI and energy consumption

Model 1 Model 2 Model 3 Model 4

Independent Variables EC EC EC EC

FDI 0.0040** 0.0052** 0.0199*** 0.0099***

(0.0020) (0.0021) (0.0054) (0.0030)

GGDP 0.0007 0.0004 0.0003 0.0008

(0.0020) (0.0019) (0.0017) (0.0019)

EP 0.0042 0.0039 0.0036 0.0041

(0.0037) (0.0034) (0.0035) (0.0038)

logPOP 0.0628*** 0.0514** 0.0807*** 0.0854***

(0.0176) (0.0202) (0.0144) (0.0154)

OPEN -0.0025** -0.0025** -0.0021** -0.0023**

(0.0010) (0.0011) (0.0010) (0.0010)

GE -0.0040***

(0.0004)

RQ -0.0054***

(0.0008)

FDI_RQ -0.0005***

(0.0001)

FDI_GE -0.0002***

(5.69e-05)

Constant 55.86*** 54.16*** 58.07*** 58.91***

(9.154) (9.726) (6.934) (7.754)

Year dummy Yes Yes Yes Yes

Country Dummy Yes Yes Yes Yes

Observations 321 321 321 321

R-squared 0.304 0.323 0.332 0.285

Number of Countries 32 32 32 32

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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FSD and Energy Consumption: The Role of Quality Institutions

Second task in this chapter is to explore separately the link between financial sector development and 
energy consumption in Africa. To do this, another set of regression is used using panel corrected stan-
dard errors and seemingly unrelated regression and the results are shown below in tables 7 and 8. Again, 
PCSE results are relied on for interpretation of results as both estimators present consistent results. The 
financial sector development is proxied by credit given by local banks (DOMCREDB) and credit in 
general given to the private sector (DOMCRED). Models 1 and 2 of table 7 show the domestic credit 
given by local banks and energy consumption link without any interaction terms. From these results, 
DOMCREDB has significant positive impact on energy consumption in Africa. An increase in financial 
sector development through bank efficiency leads to more energy consumption. Again, institutional qual-

Table 7. SUR regression on FDI and energy consumption

Model 1 Model 2 Model 3 Model 4

Independent Variables EC EC EC EC

FDI 0.0040* 0.0052* 0.0199*** 0.0099**

(0.0035) (0.0035) (0.0046) (0.0043)

GGDP 0.0007 0.0004 0.0003 0.0008

(0.0022) (0.0021) (0.0021) (0.0022)

EP 0.0042*** 0.0039*** 0.0036** 0.0041***

(0.0014) (0.0014) (0.0014) (0.0014)

logPOP 0.0628** 0.0514** 0.0807*** 0.0854***

(0.0252) (0.0251) (0.0242) (0.0250)

OPEN -0.0025*** -0.0025*** -0.0021*** -0.0023***

(0.0007) (0.0007) (0.0007) (0.0007)

GE -0.0040***

(0.0009)

RQ -0.0054***

(0.0010)

FDI_RQ -0.0005***

(9.51e-05)

FDI_GE -0.0002***

(8.84e-05)

Constant 55.86*** 54.16*** 58.07*** 58.91***

(12.95) (12.78) (12.69) (13.14)

Year dummy Yes Yes Yes Yes

Country Dummy Yes Yes Yes Yes

Observations 321 321 321 321

R-squared 0.304 0.323 0.332 0.285

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1



178

FDI, Energy Consumption, and Institutional Quality
 

ity variables represented by RQ and GE are seen to have inverse relationship with energy consumption. 
This indicates that good and efficient institutions save energy consumption.

Again, DOMCREDB is interacted with both RQ and GE to see if the institutional quality will mod-
erate the impact of FSD on energy consumption. After interacting with both, it is realized as shown in 
models 3 and 4 of table 7 that interaction terms have yielded inverse relation with energy consump-
tion. It therefore shows that though advancement in financial sector brings about increase in energy 
consumption, when financial advancement takes place in economies that have good institutions where 
law enforcement and machinery are effective, energy consumption is reduced. Again, the alternative 
measure of FSD is examined using credit to the private sector (DOMCRED). The results are shown in 
table 9 of the PCSE. It started by running first two models without any interaction. Just like the bank 
sector development, DOMCRED is found to significantly positive with energy consumption at 1%. 
Apart from the direct relationship also found here, the coefficients in these models (0.145 and 0.119) 
are higher than the coefficients in the DOMCREDB(0.115 and 0.0941). This implies that the general 
financial sector development has more impact on energy consumption than development in the bank-
ing sector alone. This is obvious because, the development in the banking sector alone has limitations 
for access to finance especially to the non-banked group hence fewer people or firms will be able to 
increase their demand on energy consuming products. However, where there is general advancement and 
efficiency in financial sector, access to funds and liquidity go up which certainly stimulates the need for 
energy at both the household level and the corporate front. It therefore means that while the advance-
ment in banking sector alone increases energy demand, the well-functioning whole financial sector calls 
for more demand in energy consumption in Africa. Again, DOMCRED is interacted with GE and RQ 
separately and the results are shown in models 3 and 4 of table 9. Just like the previous interaction, an 
inverse relationship is found here with energy consumption. It is noticed again that the coefficients for 
the interaction terms with DOMCRED are higher (-0.0021 and -0.0020) than the interactive terms with 
DOMCREDB (-0.0017 and -0.0016). This means the energy saving impact of DOMCRED_RQ (GE) 
is more than DOMCREDB_RQ (GE).

Table 8. PCSE regression on FSD (Bank) and energy consumption

Model 1 Model 2 Model 3 Model 4

Independent Variables EC EC EC EC

logDOMCREDB 0.115*** 0.0941*** 0.121*** 0.126***

(0.0364) (0.0346) (0.0436) (0.0434)

GGDP 0.0021 0.0017 0.0020 0.0021

(0.0021) (0.0021) (0.0021) (0.0021)

EP 0.0072*** 0.0069*** 0.0069*** 0.0070***

(0.0017) (0.0017) (0.0017) (0.0017)

logPOP 0.0496*** 0.0518*** 0.0580*** 0.0578***

(0.0187) (0.0188) (0.0188) (0.0187)

OPEN -0.0029*** -0.0028*** -0.0023*** -0.0022***

(0.0007) (0.0007) (0.0007) (0.0007)

continues on following page
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Model 1 Model 2 Model 3 Model 4

GE -0.0069***

(0.0013)

RQ -0.0068***

(0.0014)

logDOMCREDB_RQ -0.0017***

(0.0004)

logDOMCREDB_GE -0.0016***

(0.0003)

Constant 68.46*** 62.44*** 61.94*** 66.26***

(13.21) (13.03) (13.22) (13.42)

Year dummy Yes Yes Yes Yes

Country Dummy Yes Yes Yes Yes

Observations 311 311 311 311

R-squared 0.325 0.319 0.305 0.308

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

Table 8. Continued

Table 9. SUR regression on FSD (bank) and energy consumption

Model 1 Model 2 Model 3 Model 4

Independent Variables EC EC EC EC

logDOMCREDB 0.115*** 0.0941*** 0.121*** 0.126***

(0.0359) (0.0341) (0.0430) (0.0427)

GGDP 0.0021 0.0017 0.0020 0.0021

(0.0020) (0.0020) (0.0021) (0.0021)

EP 0.0072*** 0.0069*** 0.0069*** 0.0070***

(0.0016) (0.0016) (0.0017) (0.0017)

logPOP 0.0496*** 0.0518*** 0.0580*** 0.0578***

(0.0184) (0.0185) (0.0186) (0.0184)

OPEN -0.0029*** -0.0028*** -0.0023*** -0.0022***

(0.0007) (0.0007) (0.0007) (0.0007)

GE -0.0069***

(0.0013)

RQ -0.0068***

(0.0014)

logDOMCREDB_RQ -0.0017***

(0.0004)

logDOMCREDB_GE -0.0016***

(0.0003)

continues on following page
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Table 10. PCSE regression on FSD and energy consumption

Model 1 Model 2 Model 3 Model 4

Independent Variables EC EC EC EC

logDOMCRED 0.145*** 0.119*** 0.163*** 0.171***

(0.0383) (0.0361) (0.0474) (0.0476)

GGDP 0.0025 0.0021 0.0024 0.0026

(0.0022) (0.0022) (0.0022) (0.0022)

EP 0.0064*** 0.0058*** 0.0054** 0.0058***

(0.0020) (0.0020) (0.0021) (0.0021)

logPOP 0.0616*** 0.0642*** 0.0728*** 0.0729***

(0.0204) (0.0206) (0.0205) (0.0204)

OPEN -0.0021*** -0.0020** -0.0014* -0.0014*

(0.0008) (0.0008) (0.0008) (0.0008)

GE -0.0086***

(0.0015)

(0.0017) (0.0017) (0.0017) (0.0017)

RQ -0.0082***

(0.0015)

logDOMCRED_RQ -0.0021***

(0.0004)

logDOMCRED_GE -0.0020***

(0.0004)

Constant 82.50*** 73.79*** 75.26*** 81.70***

(14.31) (14.10) (14.38) (14.65)

Year dummy Yes Yes Yes Yes

Country Dummy Yes Yes Yes Yes

Observations 277 277 277 277

R-squared 0.332 0.323 0.307 0.311

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

Model 1 Model 2 Model 3 Model 4

Constant 68.46*** 62.44*** 61.94*** 66.26***

(13.02) (12.84) (13.03) (13.23)

Year dummy Yes Yes Yes Yes

Country Dummy Yes Yes Yes Yes

Observations 311 311 311 311

R-squared 0.325 0.319 0.305 0.308

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

Table 9. Continued



181

FDI, Energy Consumption, and Institutional Quality
 

CONCLUSION AND POLICY RECOMMENDATIONS

Environmental pollution and its accompanied consequences in recent times are largely caused by human 
activities such as irresponsible agricultural activities, industrialization, urbanization and other economic 
activities that are connected to the utilization of unclean energies which FDI and FSD are of no exception. 
FSD and FDI can influence environmental quality due to their linkages with economic development and 
energy utilization. Financial sector development and FDI have become some of the topical issues that 
scholars and corporate boards have shown some interest. Though a number of studies have gone into 
these issues, less is seen on the financial sector development and FDI and their impacts on energy use 
in Africa. As a result, this book chapter is devoted to examining first the link between FDI and energy 
consumption, financial sector development and energy consumption in Africa. Secondly, to find out 

Table 11. SUR regression on FSD and energy consumption

Model 1 Model 2 Model 3 Model 4

Independent Variables EC EC EC EC

logDOMCRED 0.145*** 0.119*** 0.163*** 0.171***

(0.0377) (0.0355) (0.0466) (0.046)

GGDP 0.0025 0.0021 0.0024 0.0026

(0.0021) (0.0021) (0.0022) (0.0022)

EP 0.0064*** 0.0058*** 0.0054*** 0.0058***

(0.0020) (0.0020) (0.0020) (0.0020)

logPOP 0.0616*** 0.0642*** 0.0728*** 0.0729***

(0.0201) (0.0202) (0.0202) (0.0200)

OPEN -0.0021*** -0.0020** -0.0014* -0.0014*

(0.0008) (0.0008) (0.0008) (0.0008)

GE -0.0086***

(0.0015)

RQ -0.0082***

(0.0015)

logDOMCRED_RQ -0.0021***

(0.0004)

logDOMCRED_GE -0.0020***

(0.0004)

Constant 82.50*** 73.79*** 75.26*** 81.70***

(14.07) (13.87) (14.15) (14.41)

Year dummy Yes Yes Yes Yes

Country Dummy Yes Yes Yes Yes

Observations 277 277 277 277

R-squared 0.332 0.323 0.307 0.311

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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whether or not quality institutions in Africa play some role in these links. Using 44 African countries 
with an unbalanced panel ranging from 2004 to 2018, this study is able to confirm the Pollution Haven 
Hypothesis in Africa. The main findings of the study are: first, both FDI and FSD are found to have 
significant positive impact on energy consumption, second, both measures of institutional quality i.e., 
regulatory quality and governance effectiveness on the other hand are seen to have an inverse relation-
ship with energy use in Africa and finally the interaction terms of the two main independent variables 
with regulatory quality and governance effectiveness lead to energy savings.

On the positive link between FDI and energy use, it is noticed to be a confirmation of the Pollution 
Haven Hypothesis. This theory believes that multinational corporations (MNCs) outsource “dirty indus-
try” to developing countries. Developing countries in the world have become dumping grounds for most 
foreign used products which may not be allowed in the home countries. Thus, some of the MNCs take 
advantage of that to establish their businesses in developing countries so as to use these old and energy 
sucking items which certainly will lead to high energy consumption. Besides, it is noted that developed 
countries invest in host countries to avoid high cost of production at their home base (Yue et al., 2019). 
This is because most developed countries have high strict environmental requirements, which are costly 
to adhere to. These MNCs may therefore relax and not replicate such in their host countries given that 
developing countries have less strict environmental requirements. This certainly will lead to the adoption 
of techniques and processes that do not save energy.

The link between FSD and EC can be attributed to access to enhanced capital. In very efficient and 
well-functioning financial sector, not only are individuals and businesses able to access finance but 
also these finances are accessed at low cost. This therefore boast firms and individuals to be able to 
increase their demand for some luxury and energy consuming products which certainly leads to high 
energy consumption. Similarly, in an efficient financial sector, it is easy to transact in both the money 
and capital market hence there is high liquidity for both firms and individuals. This again makes it pos-
sible for firms and individuals to cash out from their investment at any time they need it and this again 
can induce consumption of energy consuming products.

These finding suggest that in as much as FDI inflows and financial sector development are very 
crucial for economic advancement, they could have very negative impact on the environment in the long 
run which could neutralize all the gains made on them. Already, some African countries are battling 
with energy crisis thus any development that will lead to wastage and an inefficient use of energy can be 
development retarding at the end. It is therefore recommended that for African economies to enjoy the 
full benefits of the inflows of FDI and financial sector advancement, institutions must be strengthened 
to enable them function effectively. When this happens, MNCs moving into African economies will try 
to carry along with them the strict compliance at home countries to host economies. This will lead to the 
adoption of energy saving technologies and the avoidance of waste in their operations at host economies. 
Again, if the institutions are working effectively, individuals and firms that have more access to finances 
due to the well-functioning of the financial sector will begin to comply with environmental laws and 
hence will begin to adopt energy saving live styles in their activities.
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ABSTRACT

The goal of every company should not be profit exclusively but also public welfare and social responsibil-
ity. Traditional financial reporting of companies was not sufficient to monitor the sustainable develop-
ment of companies and their impact on the wider community. The Global Reporting Initiative (GRI) was 
introduced to provide global guidelines to report social and environmental information. The emphasis 
is on reporting and measuring the level of corporate social responsibility (CSR). Reporting on CSR is 
necessary because companies need to be responsible for the implementation of its principles, aimed at 
protecting the interests of stakeholders. Mandatory GRI reporting increases social responsibility due 
to reduced business risk and enhanced business performance.

INTRODUCTION

There is a growing awareness of the need to protect the environment, care for the community and the 
protection of human rights and in general about the social responsibility of companies in conducting 
business activities. Over time, users are showing increasing interest in information about this segment 
of the company’s business, social and environmental responsibility. By understanding the way, a com-
pany operates in the present and knowing the company’s strategy, stakeholders can generate conclusions 
about the potential sustainability or unsustainability of the company’s business in the long term and 
the company’s ability to generate earnings and cash flows in the future (Albuquerque & Neves, 2021).

In order to meet the information needs of different users, at the national, regional and global level, an 
increasing number of companies compile and prepare integrated reports, or publish non-financial infor-
mation in a separate, independent report. Disclosure of additional non-financial information increases 
the quality of corporate reporting and transparency of companies, and users gain a higher level of confi-
dence in the business and business prospects of such companies. The data of the empirical research, on a 
sample of 852 respondents who are stakeholders in Croatian companies, on the importance of integrated 
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financial reporting using GRI standards for long-term profitability of companies by creating added value 
of companies, which also means implementing a socially responsible business strategy. The effects of 
the corporate social responsibility strategy were examined using GRI standards.

SIGNIFICANCE AND TRENDS OF CORPORATE REPORTING

Integrated reporting is a process that involves financial and non-financial reporting in one report – an 
integrated report. Therefore, an integrated report is a report that should be made public and should be 
available to interested users, and it should include integrated financial and non-financial information 
about the company. Publishing a wider range of information about the company enables users of this 
information to make better business decisions, primarily about investments and financing.

Stakeholders want to have information based on which they can understand the business model, 
strategy, risks (including sustainability risks) and the enterprise management system. Understanding 
these categories helps stakeholders assess the company’s capacity to create sustainable value in the short, 
medium and long term. In modern business conditions, responsible investment is based on investments 
that will result in positive social, environmental and economic outcomes as well as earnings, which is a 
significant departure from the “traditional” investment that was primarily aimed at earning investors or 
economic return (Couldridge, 2014). Research and analysis of the issue of integrated reporting, which 
is still insufficiently represented in the literature with special reference to international frameworks and 
GRI standards used as a basis for the preparation and publication of non-financial information, should 
not be neglected. Special attention should be paid to the disclosure of non-financial information, i.e., 
whether non-financial information is published in the form of a stand-alone report or in the framework 
of integrated corporate reports.

INTERNATIONAL REGULATORY FRAMEWORK FOR INTEGRATED REPORTING

Integrated reporting is a process of preparing and compiling financial and non-financial reports and 
publishing them in an integrated report. Financial reporting is mandatory, regulated and regulated by 
national legislation, and the International Financial Reporting Standards GRI and/or various national 
accounting standards are applied for the preparation of financial statements.

As there is no framework at national and international level that is prescribed as mandatory for the 
preparation of non-financial information and the preparation of non-financial reports, it is important 
to point out that in practice there are different approaches and frameworks for preparing non-financial 
reports. Relevant international frameworks for compiling non-financial reports are:

• GRI standards (GRI)
• International framework for the preparation of integrated reports (IR)
• Guidelines for multinational companies of the Organization for Economic Cooperation and devel-

opment (OECD)
• ISO 26000 standard of the International Organization for Standardization
• Tripartite Declaration of Principles Relating to Multinational Societies and Social Policy of the 

International Labor Organization
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• United Nations Global Compact (UNGC)

All of the above international frameworks govern the preparation and publication of non-financial 
information in a non-financial report. Standardized non-financial statements, and therefore integrated 
statements, do not yet exist in a standardized form. However, the most widespread framework for non-
financial reporting today is the GRI standards developed by the Global Reporting Initiative, which represent 
the world’s best practice in non-financial reporting by companies, and thus meet the information needs 
of various decision makers, investors and the market as a whole (Rafay & Farid, 2018). Standardization 
of non-financial reporting would make it possible to compare companies on issues related to economic, 
environmental and social criteria at both national and international levels.

The number of companies that publish non-financial reports is largely influenced by legislation, the 
fact whether the law prescribes the obligation to compile non-financial reports or they are prepared on a 
voluntary basis. In South Africa, the Institute of Directors adopted The third King Code of Governance 
Principles (King III) which entered into force on May 1, 2010, which made recommendations that all 
companies are required to apply and according to which all companies are in theory required to compile 
only integrated reports. In this sense, South Africa was the first country to introduce the obligation to 
compile and publish integrated reports for listed companies in response to social, political, environmental 
and economic challenges. The Johannesburg Stock Exchange continued to promote good corporate gov-
ernance and included an obligation to compile an integrated report as a requirement for listed companies.

In the United States, non-financial reporting is not required by law, but most companies publish 
non-financial reports. In 2011, the Sustainability Accounting Standards Board - SASB was established. 
SASB adopts and develops accounting standards for seventy-nine industries, and the standards allow 
companies to disclose relevant and useful information more easily to all company stakeholders.

By Directive 2014/95/EU, the European Commission asked all Member States of the European 
Union to implement in their legislation new requirements according to which certain companies must 
also prepare non-financial reports. Directive 2014/95/EU applies to large companies and public interest 
entities that exceed the criterion of an average number of five hundred employees at the balance sheet 
date, and Directive 2014/95/EU makes non-financial reporting mandatory for accounting periods begin-
ning on January 1, 2017, or during the calendar year 2017, which is also prescribed by the Republic of 
Croatia as an EU member.

In Japan, non-financial reporting is not required by law, however, the vast majority of companies still 
publish non-financial reports, but mostly in the form of separate non-financial reports, while integrated 
reporting is still in its infancy and few companies publish integrated reports (Ryall, 2015).

INTEGRATED REPORTING AND CORPORATE SOCIAL RESPONSIBILITY

Defining Corporate Social Responsibility

Corporate social responsibility is a practice through which companies manage their business in order to 
create a positive impact for society. It is based on the assumption of responsibility by a business orga-
nization for the impact of its operations on society and the environment, provided that these activities 
should be in accordance with the law, legal regulations, in accordance with the interests of society and 
based on ethical behavior.
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The middle of the 20th century marked the beginning of the application of socially responsible business 
practices that companies include in their business and marketing activities in order to differentiate their 
offer from the offer of numerous competitors. The economy has also had an impact on the development 
of corporate social responsibility. Consumers have the opportunity to choose between a wide selection 
of various products, more precisely between different quality and price. Society’s growing concern for 
environmental and social issues has prompted organizations to work with other businesses to work together 
to achieve some goal of common good for mutual benefit. Corporate social responsibility is not only 
a means by which a company will make a profit, but it is a practice that represents value and strategy.

Corporate social responsibility implies principles and determines the ways in which companies should 
act in accordance with the constant social changes of norms and rules (Bergant, 2022). The concept of 
CSR is based on the relationship between the business world and the social environment in which the 
company operates. Rapid industrialization and globalization have led to an alarming situation in terms 
of lack of awareness and concern for the local community and especially for the environment. CSR im-
plies voluntary activities that go beyond the level of mandatory legal norms that companies are legally 
obliged to implement (Stipić, 2019; Albuquerque & Neves, 2021). Corporate social responsibility is an 
ethical and socially responsible attitude towards interest groups that are inside and outside the company. 
The goal of social responsibility is, while preserving profitability, to enable the creation of high living 
standards for interest groups (Hopkins, 2006).

Every company has certain responsibilities that need to be met, so four levels of corporate social 
responsibility can be defined:

1.  In the first level, this responsibility is manifested through personal involvement, contribution and 
commitment of employees. They perceive CSR as part of their values   through the organizational 
culture and mission of the company. Employees do not spread the idea of   socially responsible be-
havior through typical communication channels but with a positive attitude and their enthusiasm. 
In this way, the incentive comes exclusively from within, more precisely from the company.

2.  The second level includes the responsibility of the company to provide material and other needs 
from shareholders and workers to suppliers and customers. Compliance with them is mostly influ-
enced by legal obligations and competition.

3.  The third level is based on the achieved business results carried out by the companies in order to 
accomplish the primary tasks. It also includes caring for the best possible use of resources and 
avoiding any impact that is harmful to the environment. It is not enough to state that the level of 
pollution is below the prescribed level. Organizations are required to keep negative impacts to a 
minimum. To meet such requirements, it is necessary to assess the costs of benefits and the benefits 
of them.

4.  The fourth level refers to the interaction between the business world and society as a whole. Businesses 
should direct their efforts outwards. In making decisions, organizations should be conscientious 
and judge the decisions of their actions both in the current business and in any future.

According to Carroll (2003), corporate social responsibility encompasses the economic, legal, ethi-
cal, and discretionary expectations that society has of organizations at a given time. Corporate social 
responsibility includes running a business so that it is economically viable, respects the law, and ethically 
and socially supports it. Being socially responsible, then means that cost-effectiveness and respect for the 
law are the most important conditions for discussing company ethics and the extent to which it supports 
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society. In order for a conscientious businessperson to accept socially responsible business, it should 
be designed in such a way as to accept an entire range of business responsibilities. Here, it is suggested 
that four types of social responsibilities make up overall corporate social responsibility: economic, legal, 
ethical and philanthropic. All these types of responsibilities have always existed to some extent, but it 
is only in recent years that ethical and philanthropic functions have taken a significant place (Carroll 
Buchholtz, 2003; Rafay, 2022).

Socially responsible behavior has its advantages but also disadvantages. The advantages of this concept 
are greater concentration on the business itself so as to increase sales and market share. Its application 
strengthens the market position, creates a positive image of the organization. There is an increasing 
concentration on employees, their education, retention and motivation. Rational resource management 
reduces business costs. Most importantly, the implementation of all aspects of CSR achieves a positive 
financial result, but thus attracts financial analysts and potential investors. If a company creates a positive 
image of itself based on socially responsible behavior without a real intention to implement it, CSR is 
abused. The goal of such organizations is to create a free form of promotion, not to benefit society and 
have a positive impact on the environment.

Financial Reporting

Entrepreneurial financial reporting is a system that allows insight, monitoring, interpretation and evalu-
ation of business and financial condition of the company to make economic decisions. These are reports 
that relate to the entire business but also to individual areas and are prepared for different users. When 
compiling and processing them, the truthfulness of the presented data should be respected. The financial 
statements have been prepared in order to provide external users with an insight into the company’s 
operations. External users are shareholders, investors, business partners, creditors, auditors, the public, 
etc. The financial statements are prepared for a specific business period, one business year. The group 
of basic financial statements consists of balance sheet, income statement, statement of changes in equity, 
statement of cash flows and notes to the financial statements. The elements of the financial statements 
are assets, liabilities, equity, income, expenses and financial result of operations.

Financial and non-financial reporting are an essential part of a company’s overall business reporting. 
It is non-financial reports that contribute to an improved image and bring a competitive advantage to 
companies in the environment in which they operate.

Non-Financial Reporting

Unlike financial reporting, non-financial reporting is not strictly regulated by rules but is recommended 
to be in accordance with standards or international guidelines. Non-financial reporting has become 
an obligation of certain large companies and groups in the European Union with the adoption of the 
Non-Financial Reporting Directive 2014/95/EU, which entered into force in early 2017. This type of 
reporting is based on measuring physical performance indicators. Also, non-financial reporting is the 
process of preparing and publishing information related to the environment and social responsibility. 
This form of reporting is of immense importance to the corporate accounting system because it can be 
used to compare the way organizations operate. Non-financial reporting is a challenge because there are 
differences in the implementation of managerial attitudes about the usefulness of this type of practice.
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According to European Commission statistics, the number of companies publishing non-financial 
reports is rising sharply from 2,500 to 18,000 companies. In early 1997, the application of the GRI 
guidelines, as shown in Figure 1, first reported on social responsibility, and moved on to environmental 
reporting. In 2004, the ISO 26000 standard was developed - an international standard that provides 
instructions on a voluntary basis to organizations for managing socially responsible business. Then, 
in 2010, the IIRC made recommendations for the establishment and publication of integrated reports 
using GRI standards. SME are not obliged to compile non-financial reports (Husin & Haron, 2020), 
but according to the plan of the European Commission, the obligations of this type of reporting will be 
extended to them. It is also planned to extend the obligation for non-financial reporting to public inter-
est entities: companies whose securities are traded on the regulated capital market of any EU Member 
State, banks, savings banks, housing savings banks, electronic money institutions, insurance companies, 
reinsurance companies, leasing companies, fund management companies, alternative investment funds, 
pension companies that manage mandatory pension funds, pension companies that manage voluntary 
pension funds, pension purchase companies, factoring companies, stock exchanges, central clearing and 
depository companies, operators the central state register, operators of the settlement and/or settlement 
system and operators of the Investor Protection Fund and other entities of public interest (Nikolov, 2021).

The content of non-financial reports is regulated by:

• Accounting law
• Directive 2013/34/EU
• Directive 2014/95/EU

Also, if an entrepreneur publishes a separate report with the same information required in the non-
financial statements, relating to the same year, it is possible to exempt the entrepreneur from the obliga-
tion to compile a non-financial report. In order to achieve this, two conditions must be met:

• A separate report is published together with the financial report of the management
• A separate report is published on the website of the entrepreneur referred to in the management 

report, which is not older than six months from the balance sheet date

The separate reports used are the social responsibility report, the sustainability report and the inte-
grated report. The Corporate Social Responsibility Report is a communication of an entrepreneur with 

Figure 1. Development of non-financial reporting
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stakeholders about his position in the market and his social and environmental impact. A sustainability 
report is a report on day-to-day business activities with respect to the environmental, social and economic 
framework. Integrated reports are defined as an improved and effective way of reporting to entrepreneurs 
in order to increase the quality of information flow and more productive distribution of capital.

Positive characteristics of non-financial reporting:

• Increased visibility, trust and credibility
• Increased transparency and credibility of the company’s financial statements, which results in a 

higher level of trust of potential investors and access to the most favorable sources of financing
• Increased number of business opportunities due to improved capacity to engage in reliable supply 

chains
• Increased engagement of directors and managers
• Improved communication with shareholders
• Reduced risk and increased value of the company

The Directive requires companies to describe their business model, outcomes and risks of adopted 
policies related to mandatory topics, and encourages them to follow well-known reporting frameworks 
such as: Global Reporting Initiative (GRI), Environmental Management System and Independent Evalu-
ation (EMAS), United Nations Global Compact (UNGC), Guiding Principles on Entrepreneurship and 
Human Rights for the Implementation of the UN „Framework Program on Protection“, Respect and 
Assistance, Guidelines for Multinational Societies of the Organization for Economic Co-operation and 
Development (OECD), ISO 26000 International Organization for Standardization (ISO), Tripartite Dec-
laration of Principles Relating to Multinational Societies and Social Policy of the International Labor 
Organization (ILO) or other recognized international frameworks.

Integrated Reporting

Integrated reporting is a combination of financial and non-financial information intended primarily for 
external stakeholders. However, it is also an effective management control tool because it encourages 
integrated, holistic thinking, strengthens the reputation and overall success of the company. Integrated or 
complete reporting is a reflection of global tendencies to combat risk in business relations through more 
transparent reporting of business results. Transparency is one of the principles of corporate governance 
(Hanefah et al., 2020) which is highlighted for the last 10 or more years through various principles, 
guidelines, laws and the like, so the concept of integrated reporting is a product of the global association 
The International Integrated Reporting Council – IIRC.

More extensive and comprehensive information on how individual companies create their value over 
time enables more efficient decision-making by potential investors. It wants to show “holistic (integrated) 
thinking” about how management, with the help of other stakeholders, creates value for investors. Com-
prehensive thinking takes into account the connection and interdependence between a number of factors 
that affect the value creation of the company including the capital used by the company, the capacity it 
has, the way of creating a business model and strategy, and other activities and business results, outcomes 
expressed past, present and future capital.

Integrated reporting is important for today’s management system, which should be based on sustain-
able or socially responsible business. Sustainability presupposes development that meets the needs of 
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the present without compromising the ability of future generations to meet their own needs (WECD, 
1987). The concept of sustainability is very complex and dynamic, as IIRC is a global association of 
regulators, investors, companies, standard setters, accounting professions and various NGOs, whose 
main mission is to establish integrated reporting and thinking as norms within public and private sec-
tor business practice, with creating added value requires striking a balance between economic, envi-
ronmental and social goals. From the aspect of the company, sustainability is referred to through the 
concept of socially responsible business, which means that in the business policy of the company for 
decision-making and planning must be within the framework of environmental and social requirements. 
At the same time, it imposes guidelines for sustainable business and the need for a unique and global 
reporting methodology, TBL concept – the basis for integrated reporting. The concept of triple bottom 
result or triple outcome, Triple Bottom Line - TBL (or People, Planet, Profit: concept-3P) starts from 
the premise that in conditions of sustainability economic or commercial aspects are not sufficient to 
assess business but it is desirable to act and report on environmental and social aspects of business. A 
broader understanding of this concept encompasses values, strategy, and business practices, as well as 
the way it is used to achieve economic, environmental, and social goals (Elkington, 2006). Due to the 
different understanding of the TBL concept, the practice so far has generated a number of reports under 
different names: sustainability report, corporate social responsibility report, corporate governance report, 
social report, triple bottom line report, 3P report, etc. What they all have in common is that in addition 
to the usual economic, mostly financial data and indicators, more and more data on environmental and 
social aspects and the way of management, Environmental, Social and Governance (ESG) are included. 
Reporting on the concept of a triple outcome or outcome was first set up, to link financial performance 
(profit) through the word bottom line and the need to respect and link environmental, social and social 
outcomes (Stipić, 2018). Today’s requirements are that the business measurement system should take 
into account all the impacts that the company has on society, including human rights, freedom, equality, 
etc. The concept of integrated or complete reporting is based on the TBL concept and the current practice 
of informing about the financial results of operations but requires a complete presentation of financial 
and non-financial information. It should be emphasized that reporting on corporate social responsibility 
or social responsibility (CSR) differs from integrated or comprehensive reporting on two grounds: first, 
the content is not the same, and second, the purpose is different (Velte & Stawinoga, 2016).

Corporate social responsibility reporting covers the economic, environmental and social aspects of 
business and is intended for all direct and indirect stakeholders. The integrated reporting framework goes 
beyond these aspects and extends reporting to the value creation process. In this way, investors, which 
is the report is primarily intended, and other stakeholders would get an insight into how the company it 
creates added value over time and can subjectively judge based on insights into performance indicators 
and company plans how it will create value in the future. The main goal is to achieve the highest pos-
sible quality of reporting based on linking strategy, management and creating company results in the 
context of economic, environmental and social requirements. Although it is a complete report intended 
for everyone, investors are most interested in seeing this way of reporting as a key innovation that will 
enhance long-term investment.
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APPLICATION OF GRI STANDARDS FOR 
INTEGRATED CORPORATE REPORTING

As already pointed out, many recommendations have been published in recent years for reporting on 
sustainability and implementing a corporate social responsibility strategy. The primary function is to 
make companies aware that in addition to their financial statements, they also create non-financial ones 
with an emphasis on achieving the economic, environmental and social effects of business. The Global 
Reporting Initiative (GRI) is an independent international organization that has introduced corporate 
reporting and corporate sustainability reporting since 1997, and GRI standards have been defined. The 
application of GRI standards raises socially responsible business to a higher level, especially in the area 
of   comparability, reliability and credibility of this information.

There were several versions of the GRI standard. The guidelines referred to a set of reporting docu-
ments developed through international business advisory processes to assist in compiling sustainability 
reports and publishing environmental, social responsibility and governance (ESG) information, and were 
periodically revised to ensure that business and societal needs were met. 21st century. In Amsterdam 
in 2016, a decision was made to develop new standards for endurance reporting. The main goal was to 
create a standard that would be in line with the growing demands of users of non-financial information 
and to show such a way of reporting in the usual business practice. The new form of the GRI standard 
contains instructions and conclusions from the G4, but the structure has been simplified. The main goal 
of the transition to GRI Standards is to ensure the competitiveness of business operations, strengthen 
trust, reduce costs, develop a new vision and strategy, but ensure the development of business practices 
that are in line with global goals of sustainable development (IDOP, 2020).

Positive changes were achieved during the active application of GRI standards. A more meaningful 
change is that the standards give a clearer picture between what is required and what would be good. 
The content of the G4 has been completed, its use is simpler, clarity has been improved and standards 
are simpler. To avoid repetition some parts are connected or moved. Clarifications were offered for G4 
elements that were more often problematic such as defining aspect boundaries or how to report on top-
ics not covered by GRI standards. GRI standards have a modular structure and consist of three general 
standards that companies can apply. They report on thirty-five additional topics to choose from given a 
list of material aspects.

The content of the G4 has been redrafted so that it is clear what the company needs to report, what is 
recommended and what it does not have to, and what it can state in the reports. GRI was divided into six 
groups of indicators. These are: economic performance, environmental performance, labor performance, 
social performance and responsibility for products and services. Over time, this has changed, with GRI 
standards being divided into three modules and they make up thirty-five topics.

GRI standards are organized as modules, and three general standards and three standards covering 
specific topics have been developed. The general standards consist of three modules and are applicable 
to all organizations. These are GRI 101 basics, GRI 102 general disclosures and GRI 103 approach to 
management. Each of these standards contains information on a specific topic and it is used in conjunction 
with the GRI 103 standard. Within the thematically specific Standards, Standards have been developed 
that cover specific topics within three modules (Hladika & Valenta, 2017):

1.  GRI 200 Economic Area
2.  GRI 300 Environmental area
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3.  GRI 400 Social Area

GRI has identified several areas of business focus to accomplish its mission. Create market leadership 
by implementing sustainable business including collaboration with stakeholders to meet standard criteria. 
Make GRI standards a hub for sustainability reporting frameworks and initiatives and select opportuni-
ties for collaboration and partnership that serve the GRI’s vision and mission. Also, by publishing the 
implemented GRI standards, companies more easily gain insight into the business and help them make 
business decisions for long-term sustainable development. Encourages the effective use of sustainabil-
ity information to improve performance: it works with policy makers, stock exchanges, regulators and 
investors to achieve transparency and enable effective reporting.

Economic Module of GRI Standard – GRI 200

Economic module of the GRI Standard (GRI 200) – the economic area consists of the following stan-
dards (GRI, 2020a):

• GRI 201: Economic Performance
• GRI 202: Market Presence
• GRI 203: Indirect economic impacts
• GRI 204: Procurement Processes
• GRI 205: Fight against corruption
• GRI 206: Anti-competitive treatment

Economics can be defined as the science that studies how to use resources rationally among an un-
limited number of permanent or potential needs. The subject of the study is actually what to produce, 
when, for whom, the study of price movements, unemployment, imports and exports and the like. The 
ultimate goal is to make a profit based on the actions taken by the company. Also, in 2019, a new stan-
dard “Taxes” was introduced (GRI, 2020a). It applies from January 1, 2021. The task of this chapter is 
the social module of the GRI Standard; therefore, the economic module will not be covered in detail.

Environmental Module of GRI Standard – GRI 300

GRI Standards Environmental Module (GRI 300 Module) – The environmental area consists of the 
following Standards (GRI, 2020a):

• GRI 301: Materials
• GRI 302: Energy
• GRI 303: Water
• GRI 304: Biodiversity
• GRI 305: Show
• GRI 306: Wastewater
• GRI 307: Environmental Compliance
• GRI 308: Supplier Environmental Assessment
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The environment is the district in which the company conducts its business activities, more precisely 
in which the company exists. The company should primarily plan for the rational disposal of resources. 
This refers to the use of materials, energy, the impact of products and services. The entire business of 
the company should be in accordance with what this standard requires. In this way of reporting, or-
ganizations have directed their operations, which create a positive impact on the environment, reduce 
operating costs and reduce the consumption of natural resources. This standard is not a topic of work 
so it will not be defined in detail.

Social Module of GRI Standard – GRI 400

The social module of the GRI Standard, which deals with social issues, and the impact of companies on 
the wider community, consists of the following standards (GRI, 2020a):

• GRI 401: Recruitment
• GRI 402 Employee-Management Relationships
• GRI 403: Health and Safety in the Workplace
• GRI 404: Training and Education
• GRI 405: Diversity and Equal Opportunities
• GRI 406: Non-discrimination
• GRI 407: Freedom of Association and Collective Bargaining
• GRI 408: Child Labor
• GRI 409: Forced or compulsory labor
• GRI 410: Security Practices
• GRI 411: Rights of the domicile population
• GRI 412: Human Rights
• GRI 413: Local Communities
• GRI 414: Supplier Assessment in terms of social relations
• GRI 415: Public Policies
• GRI 416: Customer Health and Safety
• GRI 417: Marketing and Product Labeling
• GRI 418: Customer Privacy
• GRI 419: Socio-economic compliance

The GRI Standard social module is the most comprehensive module because it consists of nineteen 
related standards that are divided into forty topics. They provide answers to social issues, employees 
and their rights (health and social care), describe relationships with local communities, bribery and the 
fight against corruption.

The International Integrated Reporting Council (IIRC) in its study Realizing the benefits: The impact 
of Integrated Reporting describes how the business practice and experience of the International Integrated 
Reporting Council Pilot Program. This report is in line with the initial survey from 2014 which aimed 
to investigate and explain the integrated reporting process that the company is going through. Integrated 
reporting was initiated by the International Council on Integrated Reporting (IIRC), which aims at a 
cohesive and effective approach to corporate reporting in order to improve the quality of information 
and enable a more efficient and productive allocation of capital. The integrated report aims to explain 
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to investors how a company creates value over time. This integrated reporting procedure represents 
the connection of financial values   with business values   from the field of society and the environment. 
Integrated reporting allows a company to show how its business strategy, management and financial 
performance contribute to the society, environment and economy within which it operates.

EMPIRICAL RESEARCH

Over the last twenty years, the concept of sustainable business has increasingly penetrated the conscious-
ness of management structures, and due to the growing emphasis on the need for transparency, include 
information that indicates the attitude and policy of management and owners on environmental, social 
and social aspects of business. The benefits for the governance structure are a better understanding of the 
strategy within environmental, social and economic impacts: greater scrutiny for risk reduction; coping 
with resource constraints; greater opportunity for investment; lower costs. It is important to mention the 
benefits for shareholders: better business knowledge, more indicators of long-term sustainable business, 
greater trust based on transparency, etc. The modern global environment requires companies to pay special 
attention to social values   and define a long-term strategy. They pay special attention to the concept of 
corporate social responsibility and reporting on the implementation of the CSR strategy. Maintaining a 
competitive position in the market is possible only by formulating a corporate social responsibility strat-
egy where the mission and vision strive to achieve defined goals of sustainable development, compiling 
and publishing integrated reports according to GRI Standards.

Goals and Hypotheses of the Research

To emphasize the importance of implementing a corporate social responsibility strategy, an empirical 
study was conducted on the importance of integrated reporting using GRI standards as a factor in cre-
ating added value for companies. Therefore, the following hypotheses form the basis of this research:

H1: Environmental aspects of corporate social responsibility significantly contribute to the creation of 
added value of companies

H2: Social aspects of socially responsible business significantly contribute to the creation of added 
value of companies

H3: Business and economic aspects of socially responsible business significantly contribute to the cre-
ation of added value of companies

H4: The level of development of reporting on the sustainability of Croatian companies is at a satisfac-
tory level and is a positive factor in creating added value of companies

Method of Research

The research described below is based on empirical testing on a sample of 852 subjects, target groups. 
By defining the research goal and appropriate hypotheses, primary data were collected using survey 
questionnaires and interview protocols in the period from March 1 to April 30, 2021. They were created 
using the web tool Google Docs and the survey was conducted via electronic communication media 
(e-mail and social networks), while the interview protocols were done in person. As this research in-
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cludes an analysis of the impact of integrated reporting on the implementation of the corporate social 
responsibility strategy on the creation of added value of companies, the coverage of large and medium-
sized companies in the Republic of Croatia was determined. This survey included ninety-three large 
enterprises and sixty-nine medium-sized enterprises. The identification and classification of variables 
defined the dependent variable value added of the company (Y), and as an occurrence was measured by 
the value-added indicator (variable VA) by calculating the realized value added of large and medium-
sized companies in the selected sample. The value-added indicator of the company was calculated from 
the financial statements of the company as of 31 December 2019, which were taken from the official 
website of the Croatian Chamber of Commerce (access to https://digitalnakomora.hr/home). Based on 
the set research hypotheses, for the auxiliary hypotheses the independent variables obtained from the 
survey questionnaire or the target group interview protocol are as follows:

• company management for the environmental aspect of corporate sustainability (variable ECOLO)
• employees of the company for the social aspect of corporate sustainability (variable SOCIO)
• buyers and suppliers for the economic aspect of enterprise sustainability (variable ECONO)
• the academic community to determine the degree of compilation of integrated reports or sustain-

ability reports (variable IREPORT)

The survey questionnaire for each of the provided samples and the interview protocol, the survey 
asked the respondents for answers on the implementation of the CSR strategy from the economic, social, 
environmental aspects and the assessment of the degree of integrated reporting. Then, through statistical 
data processing, statistical program SPSS 17.0, correlation and regression analysis, conclusions were 
reached on the impact of the implementation of economic, social, environmental aspects and the degree 
of integrated reporting on the creation of added value of enterprises.

Results

Based on the collected research data and their statistical processing, the research results on the con-
firmations of the research hypotheses were obtained. The next part of the paper presents the results of 
research and data processing.

The regression models of the independent variable ECOLO and the dependent variable VA show a 
positive moderately significant statistical correlation from the obtained correlation coefficient R (0.421), 
while the determination coefficient shows that this strength is relatively weak, i.e., 15.6% of variations 

Table 1. Regression model ECOLO and VA – model summary

Model Summaryb

Model R R Square Adjusted R Square Std. Error of the 
Estimate Durbin-Watson

1 ,396a ,156 ,149 11,56478 1,452

a. Predictors: (Constant), ECOLO
b. Dependent Variable: VA
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in the dependent variable are the result of variations of the independent variable. With the level of sig-
nificance (p <0.001), a significant statistical correlation is visible. Durbin-Watson does not indicate the 
existence of an autocorrelation of relation errors.

Analysis of the F ratio with the number of degrees of freedom and the corresponding level of sig-
nificance (F1, 119 = 22,069; p <0.001) confirms that there is a statistically significant contribution that 
the independent variable ECOLO predicts the dependent variable VA. That is, the implementation of 
environmental responsibility of the company significantly contributes to the creation of added value 
of the company. Further study of the regression model shows that when companies do not implement 
environmental responsibility, then they do not realize the added value of the company (a = -25.874; 
ECOLO = 0; p <0.001).

By analyzing the standard coefficient (β = 0.396), because the variables obtained are obtained by 
different measurement scales, the positive direction of the regression line is visible. A statistically 
significant contribution to the regression model was found for the independent ECOLO variable with 
a given significance level (t = 4.698; p <0.001). The overall analysis of the regression model of the 
independent variable (ECOLO) of the environmental responsibility of companies and the value of the 
dependent variable (VA) value added of companies shows their positive statistically significant correla-
tion. Hypothesis H1 Environmental aspects of corporate social responsibility significantly contribute 
to the creation of added value of the company has been confirmed. It is concluded that reporting on 
the implementation of environmental responsibility of companies positively statistically significantly 
contributes to the creation of added value of companies.

Table 2. Regression model ECOLO and VA – ANOVA

ANOVAb

Model Sum of Squares df Mean Square F Sig.

1

Regression 2951,652 1 2951,652 22,069 ,000a

Residual 15915,545 119 133,744

Total 18867,197 120

a. Predictors: (Constant), ECOLO
b. Dependent Variable: VA

Table 3. Regression model ECOLO and VA – coefficients

Coefficientsa

Model
Unstandardized Coefficients Standardized 

Coefficients t Sig.
B Std. Error Beta

1
(Constant) -25,874 7,089 -3,650 ,000

ECOLO 7,683 1,635 ,396 4,698 ,000

a. Dependent Variable: VA
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After determining the reliability of the measuring instrument and the previously rejected null hy-
pothesis, it was approached calculation of a simple regression model for the social responsibility vari-
ables SOCO and value-added VA. From the above regression model on the statistical significance of 
the relationship between corporate social responsibility and value-added creation of the company from 
the correlation coefficient (0.363) it is positive and significantly moderate, and with the coefficient of 
determination (0.132) with a significance level of p <0.001. Durbin-Watson (1,364) tells us that there 
is no autocorrelation of relation errors.

The analysis of the regression model (ANOVA) from the F ratio, with the number of degrees of 
freedom (1,157) and the appropriate level of significance, confirms that there is a statistical significance 
of the contribution of social responsibility to creating value added (F1, 157 = 23,813; p <0,001). This 
is supported by the obtained constant (a = -15,417; SOCO = 0; Sig. <0,001) from which it is evident 
that the non-implementation of socially responsible business will result in financial losses, i.e., not the 
creation of value added of companies.

Table 4. Regression model SOCO and VA – model summary

Model Summaryb

Model R R Square Adjusted R Square Std. Error of the 
Estimate Durbin-Watson

1 ,363a ,132 ,126 11,16374 1,364

a. Predictors: (Constant), SOCO
b. Dependent Variable: VA

Table 5. Regression model SOCO and VA – ANOVA

ANOVAb

Model Sum of Squares df Mean Square F Sig.

1

Regression 2967,751 1 2967,751 23,813 ,000a

Residual 19566,778 157 124,629

Total 22534,529 158

a. Predictors: (Constant), SOCO
b. Dependent Variable: VA

Table 6. Regression model SOCO and VA – coefficients

Coefficientsa

Model
Unstandardized Coefficients Standardized 

Coefficients t Sig.
B Std. Error Beta

1
(Constant) -15,417 4,167 -3,700 ,000

SOCO 4,990 1,023 ,363 4,880 ,000

a. Dependent Variable: VA
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As the independent variable SOCO was obtained from the Likert scale and the dependent variable 
VA by calculation from the financial statements of the company from the regression model analyzed 
the standard coefficient (β = 0.363) which tells us the positive direction of the regression line while 
the independent variable SOCO has a statistically significant contribution to the regression model (t 
= 4.880; p <0.001). In accordance with the conducted regression analysis of SOCO and VA, it can be 
said that the report on the implementation of social responsibility towards its employees and socially 
vulnerable groups of companies significantly contributes to the realization of value added of companies. 
Based on the above hypothesis, it is confirmed that H2 Social aspects of corporate social responsibility 
significantly contribute to the creation of value addition for the company.

Demonstration of hypothesis H3 was performed by a regression model to examine the relationship 
between the implementation of economic responsibility and the creation of added value of the enterprise. 
It is evident from the correlation coefficient R that there is a positive significant correlation between 
the variables ECONO and VA (0.421). The coefficient of determination is closer to zero, which means 
that the model is not well representative, i.e., this significant statistical correlation is shown by 17.7% 
of variations in the dependent variable with the result of variations of the independent variable. Durbin-
Watson has a value closer to two which indicates the absence of autocorrelation of relation errors.

From the analysis of the variance of the regression model (ANOVA) on the existence or non-existence 
of differences between the population averages, with the determined level of significance p <0.001 
which is less than the default 0.05 and the number of degrees of freedom (F1, 134 = 28.101) it can be 
seen that the regression model is statistically significant. It is evident from the constant of the model 

Table 7. Regression model ECONO and VA – model summary

Model Summaryb

Model R R Square Adjusted R Square Std. Error of the 
Estimate Durbin-Watson

1 ,421a ,177 ,171 11,92015 1,545

a. Predictors: (Constant), ECONO
b. Dependent Variable: VA

Table 8. Regression model ECONO and VA – ANOVA

ANOVAb

Model Sum of Squares df Mean Square F Sig.

1

Regression 4093,564 1 4093,564 28,810 ,000a

Residual 19040,043 134 142,090

Total 23133,607 135

a. Predictors: (Constant), ECONO
b. Dependent Variable: VA
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that if companies do not exercise economic responsibility towards stakeholders, then they do not real-
ize the value added of companies (a = -15,914; ECONO = 0; Sig. <0.001). Further analysis studies 
the standardized coefficient because these are different measurement scales for the dependent variable 
VA and the independent variable ECONO. Thus, the positive direction of the regression line is seen, 
i.e., the β indicator is statistically significant (p <0.001) and it is concluded that the contribution of the 
independent variable to the regression model is statistically significant.

Preliminary statistical processing and analysis of data for the variables ECONO and VA show a posi-
tive significant statistical correlation between economic responsibility and the creation of added value 
of enterprises (0.421). According to the above test results, hypothesis H3 was confirmed. Integrated 
reporting on the business and economic aspect of corporate social responsibility significantly contributes 
to the creation of added value of companies.

According to the Accounting Act, reporting on corporate social responsibility is mandatory in the 
Republic of Croatia for all large and medium-sized enterprises of significant economic interest. However, 
according to the currently valid regulations, the absence of such reporting does not bear any sanctions of 
the legislative bodies, i.e., the reporting on sustainability is exclusively on a voluntary basis. Therefore, 
there is a need to set a fourth hypothesis: The level of development of reporting on the sustainability of 
Croatian companies is at a satisfactory level and is a positive factor in creating added value of companies.

The answers to the questions from the survey questionnaire on the level of corporate reporting on 
corporate social responsibility are shown in the following chart, and the questions asked are:

1.  The Sustainability Report covers all aspects of corporate social responsibility (economic, social 
and environmental) and social responsibility procedures towards all stakeholders

2.  The report covers the specific priorities of all stakeholders
3.  The information in the report includes all significant influences of the company during the report-

ing period
4.  The report contains an appropriate degree of assessment of the future significant impacts of the 

company on all stakeholders
5.  The report enables informative assessments and objective decisions of all stakeholders
6.  The report does not omit relevant information that reflects significant economic, environmental 

and social impacts on all stakeholders

Table 9. Regression model ECONO and VA – coefficients

Coefficientsa

Model
Unstandardized Coefficients Standardized 

Coefficients t Sig.
B Std. Error Beta

1
(Constant) -15,914 4,129 -3,854 ,000

ECONO 5,599 1,043 ,421 5,367 ,000

a. Dependent Variable: VA
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7.  The report realistically reflects the positive and negative aspects of the impact of companies as a 
factor in a reasonable assessment of the impact of companies on the community

8.  The impact of a company on the community is measurable and can be compared through appropri-
ate assessment tools

9.  The report uses generally accepted protocols to collect, measure and display information, including 
information contained in the GRI Standards (Global Sustainability Reporting Initiative)

10.  The reports state what data were estimated, as well as the basic assumptions and techniques used 
for the assessment

11.  The report clearly shows the applicable standards, certificates held as well as fines or violations 
for deviations from legal regulations

12.  The information in the report is current for the reporting period (information is not outdated)

The graph above shows that the reporting of Croatian companies on corporate social responsibility is 
at a satisfactory level, while the regression model IREPORT and VA shown below shows the connection 
between integrated reporting and the creation of added value of companies. A Cronbach’s alpha coeffi-
cient of 0.965 shows the reliability of the measuring instrument for the independent variable IREPORT.

Figure 2. The level of corporate reporting on corporate social responsibility using GRI standards

Table 10. Regression model IREPORT and VA – model summary

Model Summaryb

Model R R Square Adjusted R Square Std. Error of the 
Estimate Durbin-Watson

1 ,119a ,014 ,012 8,40529 ,898

a. Predictors: (Constant), IREPORT
b. Dependent Variable: VA
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The correlation coefficient (R = 0.119) from the regression model IREPORT and VA from the previ-
ous table shows the relationship between the independent variable reporting on sustainability (IREPORT) 
and the dependent variable value added (VA) positive correlation exists but is weak. As the coefficient 
of determination is closer to zero than to one, the model is not well representative, i.e., the variations 
of the dependent variable VA are not a significant result of the variations of the independent variable. 
Durbin-Watson 1,898 means that no autocorrelation of relation errors was found in the sample.

Indicator of independent variations with the number of degrees of freedom with a significance level 
of 0.05 it is concluded that the independent variable IREPORT statistically significantly predicts varia-
tions of the dependent variable VA (F1, 433 = 6.260; Sig. = 0.001). By analyzing the constant of the 
regression model in the following table (a = -1,062; IZDOP = 0; p = 0,001), it is evident that the lack 
of reporting on sustainability leads to the lack of value added of companies.

Due to the different measuring instruments of the variables, a standardized coefficient (β = 0.119) was 
analyzed, from which a positive but weak direction of the regression line was observed. A statistically 
significant contribution to the regression model is visible for the independent variable IREPORT, and 
it is concluded that the regression model as a whole statistically significantly predicts value added, i.e., 
although there is a weak statistical correlation between sustainability reporting (IREPORT) and value 
added (VA). With a significance level of 0.05 and given the representativeness of the model (n = 435), 
hypothesis H4 was confirmed, the level of development of sustainability reporting of Croatian companies 
is at a satisfactory level and is a positive factor in creating value added of companies.

Table 11. Regression model IREPORT and VA – ANOVA

ANOVAb

Model Sum of Squares df Mean Square F Sig.

1

Regression 442,269 1 442,269 6,260 ,013a

Residual 30590,956 433 70,649

Total 31033,225 434

a. Predictors: (Constant), IREPORT
b. Dependent Variable: VA

Table 12. Regression model IREPORT and VA – coefficients

Coefficientsa

Model
Unstandardized Coefficients Standardized 

Coefficients t Sig.
B Std. Error Beta

1
(Constant) -1,062 1,903 -,558 ,577

IREPORT 1,218 ,487 ,119 2,502 ,013

a. Dependent Variable: VA
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CORPORATE INTEGRATED REPORTING AS A BASIS FOR 
COMMUNICATION BETWEEN COMPANIES AND USERS

The purpose of corporate reporting is to provide information about the company and strengthen com-
munication between the company and interested users (Ajmal, Rafay & Ajmal, 2020). Until recently, 
corporate reporting was limited to the disclosure of financial information in annual financial statements 
and referred to the publication of statements of financial position (balance sheet), income statement 
(statement of comprehensive income), statement of cash flows, statement of changes in equity and 
notes in addition to the financial statements. All of these financial statements present information that 
represents the effects of past management decisions and past business events (Rafay, Yasser & Khalid, 
2019). However, various stakeholders are also interested in a number of other information about the 
company in addition to financial information.

Consumers’ awareness of the environment, economy and society as a whole is becoming more pro-
nounced, so their main question is whether a company generates value and wealth only for owners, or 
its business generates added value for society, environment and economy in which it operates. In addi-
tion to truthful and reliable information about past business events that have occurred as a result of past 
business decisions and that are disclosed in the financial statements, transparency should include a clear 
presentation of the strategy and future business initiatives of the company. Trends in reporting neces-
sarily adapt to IT trends and opportunities and require the publication of information on a daily basis, 
instead of publishing information only when the accounting (reporting) period to which the information 
relates expires. The information must be immediately available to users in order to have added value for 
business decision makers and to be immediately implemented in the decision-making process.

The focus of reporting and publishing has changed significantly in recent decades, with increasing 
emphasis on critical global issues such as climate change, the contribution of business activities to 
improving the quality of life and ecosystems, and business performance across the entire supply chain 
(GRI, 2016). Also, the development of information technology plays a key role in data reporting and 
analysis (Rafay, 2019). Users want information immediately and without delay, in real time.

Financial markets rely on relevant information that is clearly and accurately presented, so that the 
comprehensibility and usefulness of corporate reports play a key role in ensuring the efficient function-
ing and support of a healthy economy (KPMG, 2015). Therefore, it can be concluded that to obtain a 
complete picture of the company’s operations, not only financial information is sufficient, but also the 
publication of non-financial information to assess the company’s potential for growth, long-term sus-
tainability and earnings and cash flow generation in future periods. As the information needs of users 
and the environment in which companies operate have changed, corporate reporting has changed and 
developed, and its development is shown in next Figure.

Figure 3. Development of corporate reporting
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Awareness of environmental, social, societal and economic issues has increased rapidly over the last 
thirty years or so. As a result, an innovative approach to corporate reporting has been developed that 
introduces an integrated reporting model. Through this novel approach to corporate reporting, companies 
should publish non-financial information in their reports, in addition to financial information, which 
would contribute to integrated thinking and improving the management process and corporate responsi-
bility. Users are becoming more and more interested in information that provides a broader picture of the 
company’s business, primarily information about the company’s strategy and vision, the impact of the 
company’s activities on society, the environment and the economy as a whole, how the company creates 
added value and the like. Such trends and changes in reporting and information needs require managers 
to understand and appreciate them in order to successfully integrate them into business strategy and the 
business decision-making process.

Stakeholders rightly expect that today’s companies will protect all forms of capital - financial, natu-
ral, human, intellectual and social, which have never been more important in the context of corporate 
governance. Only by adopting such an approach, public confidence and reliability may be enhanced, 
which are very important for the health of the global economy (ACCA, 2017). The emphasis is in-
creasingly on two-way communication between companies and information users, which means that 
companies and their management should “listen” to users and their information needs and provide them 
with such information publicly. In order to fulfill this communication, a transition from a periodic static 
report (annual financial statements) to ongoing reporting on financial and non-financial success and 
opportunities, as well as potential problems, risks and omissions, is required. The aim of the changes 
in corporate reporting is to introduce the obligation to compile an integrated report in which financial 
and non-financial information (information on the environmental, social and management performance 
of the company) will be published. In other words, the goal of corporate reporting is the integration of 
financial and non-financial information. Based on previous research and experience, it is concluded that 
the purpose of the integrated report is to replace the annual report.

Implementing an integrated reporting process and compiling an integrated report as the output of 
that process puts integrated thinking in focus. Understanding the integrated report requires a higher level 
of thinking, business decision-making and reporting process as opposed to “superficial” compliance 
with regulatory requirements for the preparation of the current corporate report (Stent & Dowler, 2015).

CONCLUSION

Integrated reporting is a new practice in corporate reporting that is still in the phase of intensive devel-
opment and implementation at the international level. The integrated report provides information on 
how the company realizes its vision and strategy from the aspect of past events, but also the perspective 
in the future, indicates the social responsibility of the company and the perspective of sustainability of 
the company.

Disclosure of non-financial information either in the form of stand-alone reports or as part of an 
integrated report significantly contributes to transparency, strengthening the company’s reputation and 
increasing confidence in the company’s operations. Non-financial reporting, and especially its publica-
tion within the integrated report, significantly raises the quality of corporate reporting. The added value 
of non-financial reporting is the quantification of the effects of the company’s operations on society, the 
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environment and the economy as a whole, and consequently the impact of the company’s operations on 
sustainable development.

Recently, there is a growing trend in non-financial reporting, mostly in the form of stand-alone reports, 
while there is still a lack of representation and preparation of integrated reports, except in South Africa 
where the law prescribes the obligation to compile integrated reports for listed companies. Companies 
that have introduced non-financial reporting as a component of corporate reporting have been found 
to include economic, environmental and social aspects of their business strategy and to quantify the 
effects of their business decisions and activities on the overall economy, society and environment in 
non-financial reports.

In order for integrated reports to be useful and understandable to different stakeholders, it is desirable 
that they be concise and concise with a focus on key financial and non-financial indicators that indicate 
the performance, social responsibility and sustainability of the company. It is reasonable to expect that 
the establishment and implementation of an effective integrated reporting system will require some time 
for companies to tackle the challenges and changes in the reporting system and reporting culture by ap-
plying the GRI Standard. It is undeniable that national legislation and regulations governing corporate 
reporting, as well as the requirements of stock exchanges for the reporting of listed companies, will 
play a key role in this entire process. In addition, prescribing the obligation to compile an integrated 
report and the development of integrated thinking in order to achieve better corporate communication 
between companies and all interested stakeholders requires the cooperation not only of companies and 
stakeholders, but also regulators, standard setters, auditors, accountants, civil society and all other busi-
ness process participants interested in corporate reporting.

Finally, in addition to the fact that companies at the global level have begun to publish more and more 
non-financial information, it is necessary to develop integrated thinking, which means that management 
must begin to use such information in making strategic decisions. In future research, different ways of 
publishing non-financial reports should be analyzed in more detail, and as a measure of the scope of non-
financial reports and their informative power for users, the number and type of published non-financial 
information should be investigated, as well as other indicators. Also, future research should investigate 
whether the increase in corporate transparency in the form of publication of integrated reports or separate 
non-financial and financial reports has a significant impact on the profitability of listed companies because 
a significant link between integrated reporting and the creation of added value of companies is visible.

DISCLAIMER

The contents and views of this chapter are expressed by the author in her personal capacity. It is not 
necessary for the Editor and the Publisher to agree with these viewpoints and they are not responsible 
for any duty of care in this regard.
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ABSTRACT

Legislation regarding renewable energy became significant during the last few years. For this purpose, 
several international regulations have been adopted to regulate the environmental and energy policies 
of countries. These regulations are formulated in a wide range of binding instruments and soft laws. 
However, the proliferation of international instruments coupled with the uncertainty of the principles/
rules of international law regarding the development of renewable energy sources necessitates the con-
sideration of an international law approach. In this chapter, the author intends to examine the principles 
and rules of international law considering the importance of the development of renewable energy as 
an issue with global dimensions.

INTRODUCTION

Historically, the states worldwide used various energy sources related to their socio-economic potentials 
for their demand and development. For example, PR China utilized coal as an energy fuel for its thermal 
demand since the second millennia BC and natural gas since 200 BC (Spataru, 2017). Since the late 
nineteenth century, the global society relied economically on conventional fossil energy, e.g., coal, oil, 
natural gas, etc., providing around 75% of the energy demand portfolio. However, these fuels have some 
unavoidable challenges and problems. Research have shown that with known exploration and extraction 
technologies, conventional and unconventional oil and gas resources could last for another few decades 
(may be an average of five decades for oil and fifteen decades for natural gas) (Ottinger, 2005).

Additionally, based on the uneven geographical distribution of fossil fuel carriers, more than 90% of 
the proven oil reserves are available in only 15 countries (Ruta & Venables, 2012). Based on the famous 
economic system of supply-demand, while mentioned countries with oil reserves should theoretically be 
able to use the fruits of modern scientific developments and innovations, such a situation creates a seri-
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ous barrier for sustainable and inclusive development in other parts of the world. Furthermore, around 
1.2 billion people, i.e., 16% of the global population, mostly from sub-Saharan Africa and developing 
Asia, do not have access to electricity (IEA, 2013). since those people cannot pay the energy price, these 
countries with fossil fuel reserves are blessed as finite sources, whereas new energies are theoretically 
infinite. Therefore, switching the focus from non-renewable fossil fuels to renewables to keep the stream 
of overall sustainable and clean development activities is known as a better and viable alternative, even 
though there are some inherent initial concerns, which are not unique to renewable energy generation 
rather present whenever any new technological innovations are introduced.

Climate change is a ‘shared concern of humanity’ (UN, 1998) and a threat to sustainable and equal 
development goals. Fossil fuel sources are responsible for 60% or almost two-thirds of the world’s 
greenhouse-gas emissions, which account for the global warming leading to climate change (McCol-
lum et al., 2017; IEA, 2015). Therefore, it is advised that 75% of all fossil fuels, i.e., 35% of petroleum, 
52% of natural gas, and 88% of coal reserves worldwide, must be maintained unused till 2050 to keep 
the temperature variation compared to 1900s below 2°C (McGlade & Ekins, 2015; IEA, 2014). Ad-
ditionally, in the world energy industry, it is advised to change these sources or at least increase the 
share of greener energy that can be produced by exploiting the new, alternative, and renewable energy 
carriers, e.g., solar, wind, hydropower, ocean, biomass, and Hydrogen, etc. (Adib et al., 2015). It is a 
matter of great hope that despite the significant decline in fossil fuel prices in the last decade, clean 
energy produced an estimated 23.7% of the global electricity, of which 70%, 15%, 8%, 5%, and 1% of 
the electricity came from hydropower, wind, bioenergy, solar, and geothermal respectively and the rest 
came from marine energy (IRENA, 2017).

After successful cooperation on the Millennium Development Goals, the United Nations members 
conducted the 2030 Agenda for Sustainable Development and the Sustainable Development Goals in 2015 
to end poverty, protect the plant, and develop sustainable development. However, it cannot be defined 
precisely (Holden et al., 2014), requires energy savings on the demand side, efficient improvement in 
energy production, continuous flow of clean and secure energy with less environmental impacts (Lund, 
2007), and demands the amount of renewable energy to be more than 27% (IRENA, 2017).

Based on the nature and global effects of climate change, anyone should expect the active role of the 
‘hard’ international law provisions. However, the reality is that there is no direct and specific binding 
or ‘hard’ international instrument on the promotion of renewables. It may be relevant to share here that 
some of the International environmental law instruments, e.g., the Convention on Biological Diversity, 
1993, the Convention on the Conservation of Migratory Species of Wild Animals, 1983 and the Ramsar 
Convention on Wetlands of International Importance, 1975, etc. contain some isolated provisions that 
should be considered before taking any wind energy projects. However, the paucity of international legal 
provisions addressing renewables does not undermine the growing importance of its implication to face 
climate change. Hence, the normative international law and the positive initiatives of the global actors, 
regional players, and international trade investment system may play an instrumental role in promoting 
renewables.

Without any hard international instruments, some scholars have already attended to consider the 
position of renewables under international law (Omorogbe, 2008; Bruce, 2013; Drake, 2016; Mulyana, 
2016). However, there were some changes in the international legal order after their attempts. The his-
toric Paris Agreement under the United Nations Framework Convention on Climate Change entered into 
force on 4 November 2016. This is considered the most significant move from the global community 
as 197 countries to the United Nations Framework Convention on Climate Change (UNFCCC) have 
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signed the agreement, whereas 178 countries have already ratified this agreement to save the human 
world from the side-effects of climate change. Through this agreement, these countries pledged to keep 
global temperature rise below 2 °C in this century and to adopt initiatives to limit the temperature in-
crease to 1.5 °C above pre-industrial levels. Efficient exploitation of renewables will be instrumental to 
this end as these member countries to the Paris Agreement can consider harnessing renewables, being 
clean and green energy, which will assist them in fulfilling their national commitments made under 
the agreement. Hence, it will be very timely to discuss renewables under international law in such a 
changing circumstance. Examining the current international law approach on renewable energy paints 
a clear picture for decision-makers in this regard. In the present article, the authors intend to examine 
the commitments of governments to develop the use of renewable energy by examining international 
documents and procedures. To this end, renewable energy sources are described first, then the principle 
of state sovereignty over natural resources and the challenges to international commitments on renew-
able energy development are discussed. Finally, the existing international rules and regulations in this 
field have been carefully considered. In this way, first, the binding documents of international law are 
explained, then the public international law will be examined, and finally, the development of renewable 
energies from the perspective of soft law will be mentioned (Warschauer, 2010).

LITERATURE REVIEW

From various events in the past few decades, the international movement can transfer traditional en-
ergy to renewable energy. In the legal field and under the auspices of the United Nations, the use and 
promotion of renewable energy can be indirectly mentioned in the 1972 Stockholm Declaration on the 
Human Environment, 1972 and the risk of erosion of non-renewable land resources has been verified 
(UN, 1972). Subsequently, the 1987 report of the World Commission on Environment and Development 
emphasized that renewable energy should be used to lay the foundation for the global energy structure 
in the 21st century. Next, the “Nairobi Action Plan for the Development and Use of New Energy and 
Renewable Energy” emphasizes the importance of developing new and renewable energy sources to 
help meet sustained economic and economic needs, especially in developing countries (Borowy, 2013). 
Even if these measures have no direct and significant impact on promoting renewable energy, it should 
be understood that since the importance of environmental protection as a global concern in the 1960s, 
the international community has regarded it as a reality almost immediately (Biswas, 1981).

In international law, the establishment of scientific institutions such as the Intergovernmental Panel 
on Climate Change (IPCC) by the United Nations Environment Programme (UNEP) and the World 
Meteorological Organization (WMO) in 1988 may be a turning point. Forget it. Designed to reduce the 
impact of climate change. Then, at the Rio Earth Summit in June 1992, an international agreement was 
approved is the UNFCCC. However, the UNFCCC does not explicitly mention renewable energy. Finally, 
the Third Conference of the Parties (COP3), held in December 1997, approved the “Kyoto Protocol” 
of the “United Nations Framework Convention on Climate Change.” The “Kyoto Protocol” introduced 
some innovative mechanisms to reduce greenhouse gas emissions, and these mechanisms have an indirect 
impact on the promotion of global renewable energy (UN, 1988).

In 2011, the UN Secretary-General launched the “Sustainable Energy for All Initiative” (SE4ALL) to 
achieve 30% of the global renewable energy target by 2030 and emphasized that these targets should be 
achieved mainly through internal actions and specific targets. Resolution 151/65 of the United Nations 
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General Assembly (UNGA) declared 2012 as the “International Year of Sustainable Energy for All” and 
subsequently declared 20-20-2014 as the “Decade of Sustainable Energy for All” (UN, 2012). In 2015, 
the Sustainable Development Goals were adopted through Resolution A/RES/7-7 on 25 September 2015, 
including 17 global and 169 regional goals. The goal is to realize the transformation of a sustainable 
planet by 2030. Of all the goals set, goals 7 and 13 are particularly important for the discussion in this 
article. Goal 7 points out that to ensure affordable, reliable, sustainable, and modern energy sources for 
all and indicates that large amounts of renewable energy and fossil fuels are needed. By 2030, the share 
of renewable energy in the global energy structure will increase significantly (UN, 2015a). In addition, 
Goal 13 calls on the international community to take immediate action to address climate change and 
its impact. Understandably, as renewable promised, green, pollution-free energy can be used as a tool 
to combat climate change. Nevertheless, despite the ambitions of these SDGs, the survey of the SDG 
progress report shows that this progress is not satisfactory, and most of the activities related to renew-
able energy are electricity, not the final achievement. Agreement. Paris was ratified in 2016. The United 
Nations Framework Convention on Climate Change (UNFCCC) is not legally binding on materials but 
is binding on reports.

Regarding whether to adopt binding or non-binding legal documents, the international community 
is divided into different platforms. It is important to decide on this issue because the provisions of the 
legal documents necessary to reduce greenhouse gas emissions are used indirectly to promote renewable 
energy development. Developing countries are more willing to seek legal instruments because they have 
the largest greenhouse gas emissions, imposing a more pronounced burden on developing countries’ 
climate change. In addition, because national legal systems have different effects on the signing and 
ratifying of international instruments at the municipal level, some countries may prefer to adopt them. 
Therefore, these countries tend to be flexible in this regard. However, the international community has 
already faced it. In this regard, the “Paris Agreement” seems to mix the needs of the two countries. Even 
though not all terms of the agreement are binding on the signatory, it does include some terms that can 
ensure transparency, accountability, and accuracy, and these terms should be finally considered when 
assessing the long-term importance of the agreement.

RENEWABLE ENERGY LAW

International law mainly concerns the rights and responsibilities of more than one country, while energy 
issues are more regarded as municipal issues(UN, 2016). As a result, energy law and energy law issues 
are being developed as international disciplines (Omorogbe, 2008; Bradbrook, 1996). However, a com-
prehensive set of laws, norms, and norms on energy and supply systems is difficult within international 
law and regulations. Although some attempts have been made to define the scope of energy law, these 
disciplines are considered underdeveloped (Gunningham, 2012) and maybe one of the most complex 
areas of law due to their conflict with many other laws (Heffron, 2016). The Energy Law stipulates 
rules and regulations related to the exploration, exploitation, distribution, exploitation, development, 
and supply of coal, oil, and natural gas reserves and nuclear energy to a certain extent. In the case of 
transportation, supply, and sale of energy, this situation considers that the role of international energy 
law and renewable energy very fragmented and largely incompatible (Bradbrook, 2008; Cottier, 2009) 
and complex (Cherp, 2011).
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The Renewable Energy Law is a part of the Energy Law, which solves various issues related to 
the development, implementation, and commercialization of energy generated by renewable energy. 
Furthermore, since this type of law encourages renewable energy development in renewable energy de-
velopment, land use, housing, and financial issues faced by entrepreneurs, projects such as food tariffs 
(FiTs), etc., other economic law incentives are also carried out following context. Due to these factors, 
at the international level, renewable legal issues have become a major challenge in public international 
law and may be used as case studies in legal “divisions” (Leal-Arcas, 2016).

It is important to discuss renewable energy from the perspective of international law. As an important 
tool for mitigating the impact of climate change, international law helps regulate the government’s norma-
tive behavior; However, energy is mainly regarded as an internal issue, cooperation between countries 
and a compilation of technology transfer commitments are vital in energy security and stability of the 
states (Cherp, 2011). In the absence of any specific and direct international instruments on renewable 
energy, the existing literature in this field discusses international environmental law, especially sustain-
able international development law, and international economics (trade and investment), environment 
(climate, water, and biodiversity), and social rights (human rights and social development) are consid-
ered important components of the International Sustainable Development Law. Based on this concept, 
renewable energy law can be derived that from all aspects, the right to development will be regarded as 
human rights, climate change, trade, economics, and investment law.

Necessity to Develop and Use Renewable Energy

As mentioned, in recent years, special attention has been paid to the development of the use of renewable 
energy sources. Now the question that needs to be answered is why this is the case. Of course, since this 
issue itself requires a detailed discussion, a detailed description of it is not included in this space and 
will be provided only for the sake of a brief overview of the need to use renewable sources. Over the 
years, the most important reason for the increase in the average temperature on the ground has been the 
increase in greenhouse gas emissions (IPCC, 2007). Fossil fuels have played the most important role in 
greenhouse gas emissions. At the same time, climate change has been described as the most serious and 
long-term environmental challenge that can potentially affect all vital aspects of the planet. “Scientists 
believe that to reduce the harmful effects of global warming, and the average temperature should not 
exceed 2 degrees Celsius by 2050” (Watkins et al., 2007).

This has led to the adoption and implementation of several international instruments to reduce 
greenhouse gas emissions. Although applicable international instruments do not make direct reference 
to renewable energy substitution in this area, at present, the reduction of greenhouse gas emissions is 
largely achieved by the replacement of renewable energy sources. Therefore, the first reason raised in 
this context is the destructive effects of fossil fuels in increasing greenhouse gas emissions.

In this regard, it should be said that Iran currently has a significant share in the emission of greenhouse 
gases in the region and the world with a growing trend (Moradi & Aminian, 2010). In particular, as the 
most important source of greenhouse gas production, the energy sector has a major share in greenhouse 
gas emissions.

The second proposition that justifies the need to accelerate the use of renewable energy is the issue 
of limited fossil energy resources. Global energy consumption has increased by 45% over the past 25 
years and will increase by 39% over the next 20 years.
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The amount of natural gas consumption in 2000 was equal to 11724Bcm (BP, 2001) which reached 
31690Bcm in 2010” (BP, 2011). Crude oil consumption is also on a completely upward trend, albeit with 
a lower slope than natural gas. Crude oil consumption in 2000 was 606000 barrels per day. This amount 
reached 873000 in 2010. Of course, the number of resources discovered and the amount of fossil energy 
production are also rising. But for now, it is predicted that with the same energy consumption, fossil 
energy sources can be exploited for the next 50 years, after which it is in a state of ambiguity. Of course, 
the predictions made in this regard are not definitive; “Because several factors, such as the discovery of 
new resources, the exploitation of unconventional resources, the increasing rate of exploitation of new 
reservoirs, the environmental costs and the high costs of exploiting unconventional resources, will be 
exacerbated by the current fossil fuels (Richter, 2010).

The third issue that needs to be addressed is the issue of energy supply. This issue can be examined 
nationally and internationally. In general, fossil energy sources are widely distributed around the world. 
The geography of resource distribution has led to many costs being incurred to transfer fossil fuels and 
some of the events that occur during the transfer. Also, significant costs are usually imposed due to the 
waste of resources along the transmission route.

These factors, along with other energy supply factors that are beyond the scope of this discussion, 
have led to the “decentralization” of “energy sources” to the attention of national and international ac-
tors (Smith & Taylor, 2008).

STATE SOVEREIGNTY AND REGULATIONS ON RENEWABLE ENERGY

With a brief description of renewable energy globally, the main topic can be dealt with, studying inter-
national law and renewable energy principles and rules. First, one of the most important challenges is 
addressed: governments’ sovereignty over their natural resources. If there be no legislation on renewable 
energy in national regulations, international regulations will face certain difficulties.

The sovereignty of states over natural resources has been accepted as one of the principles of inter-
national law. The principle of sovereignty over natural resources means that states can regulate energy 
resources within their territory. Except in cases prohibited by international law. This principle has not 
only been emphasized in the declarations of the UN General Assembly but has been widely recognized 
in the “practice of states” (Schrijver, 1997). Therefore, there is no doubt that this principle is respected 
in international law, to the extent that some authors believe that this principle is now considered part 
of “public international law.” As Shamsaii (2006) points out, this principle entered the field of interna-
tional law from the 1960s onwards, following the independence-seeking approach of formerly colonized 
countries. This principle was primarily based on the human rights instruments (Lewis, 2020; Alston, 
2020) and the recognition of the right to self-determination for nations, especially the newly independent 
states. This principle is also explicitly mentioned in the Stockholm Declarations. Thus, the Stockholm 
Declaration limited state sovereignty over natural resources to environmentally friendly use. Following 
the Stockholm Declaration, the focus on environmental protection in the exploitation of natural resources 
accelerated. To the extent that the concept of sustainable development was explicitly mentioned in the 
Rio Declaration (Mohseni, 2013). According to the principle of the Rio Declaration, first, the sovereignty 
of governments over their resources, concerning environmental policies and national development, and 
second, the responsibility of governments to control the actual activities in their territories are referred 
to as the concept of “preventing environmental damage.” Thus, the emphasis on the sovereignty of states 
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over their resources has, of course, been considered in the context of national environmental regulations 
(Najafifard, 2014).

But the question that comes to mind here is whether this principle is considered as one of the rules 
of international law or not? The need to answer this question arises from the fact that if that principle 
of the rule of thumb is considered, its observance will bind all subjects of international law. Therefore, 
this principle will prevail over other principles of international law. As a result, all international treaties 
and instruments in conflict will be considered null and void. As a result, it will be difficult to impose 
restrictions on governments’ domestic policies and laws by creating international obligations to require 
the development and use of renewable resources(Wilkins, 2010).

On the other hand, if this principle is not considered a rule of thumb, it does not take precedence 
over other principles of international law and can even be modified in the shadow of other international 
rules. In answer to this question, Schrijver argues that contrary to the strong position of this principle in 
international law, it cannot be considered part of the rules of jurisprudence. The most important part of 
Eschzaifer’s argument is based on the fact that if this principle is taken from the rules of jus cogens, all 
international treaties contrary to it will automatically be annulled. At the same time, many international 
treaties use the usual contractual terms, such as stability, international arbitration, etc., limiting the prin-
ciple of state sovereignty over resources (Spataru, 2017). Governments also have freedom of action in 
negotiating and concluding international agreements. Therefore, it is very difficult to take this principle 
into account as a rule of thumb; Because the current practice of international law shows the opposite.

This view is endorsed by the growing trend of global economic development through foreign invest-
ment and international regulations approved and implemented by international organizations in this 
field; Because governments have in many cases been required to enforce international law instead of 
their domestic law. Besides, in many cases, governments are required to cooperate to protect the com-
mon environment. Thus, in practice, governments’ principle of sovereignty of natural resources is sig-
nificantly limited and applicable in the light of other international regulations. For example, Article 18 
of the Energy Charter Treaty refers to the sovereignty of states over energy sources. In this article, the 
sovereignty of states over resources is recognized if it is exercised following international law. Moreover, 
in this article, the exercise of sovereignty over resources should also not affect the treaty’s purpose to 
develop access to various types of energy (Leal-Arcas, 2016).

INTERNATIONAL LAW AND RENEWABLE ENERGY

Given the transboundary effects of climate change, the need for energy supply, and ultimately sustainable 
development, international law, albeit scattered, has addressed the use of alternative energy sources. Of 
course, in this context, our aim is not to examine in detail the existing provisions but merely to reach a 
general conclusion on the status of renewable energy in the light of international law is sufficient for the 
present article. In this section, the existing international documents and the principles of international 
law will be examined, respectively. The legal hierarchy will first examine the applicable documents, 
public international law, and the existing soft law in this field.
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Renewables and Hard Law

Two binding instruments have regulations in renewable energy at the international level: the Energy 
Charter Treaty and the Kyoto Protocol. The Energy Charter Treaty is the first and only international treaty 
on international cooperation exclusively in energy. The main purpose of drafting the Energy Charter 
Treaty is to facilitate investment in the energy sector by defining the necessary provisions to reduce the 
non-commercial investment risks, removing trade and transit barriers. It is worth mentioning that Iran 
joined the Energy Charter Treaty in 2002 as a supervisory member. Therefore, because the authorities 
are considering accession to the Energy Charter Treaty, it will be important to pay attention to the Energy 
Charter Treaty provisions on renewable energy development. Article 1 (5) refers to the definition of 
economic activity in the energy sector. According to this article, electricity generators’ production and 
operation are considered one form of economic activity in the contract. However, according to the final 
law of the European Energy Charter Conference, there is no reference in this article to the production 
of electricity through renewable energy sources, which serves as an interpreter of the Energy Charter 
Treaty, which includes electricity from renewable energy sources. Therefore, the production of energy 
from renewable sources falls within the scope of the Energy Charter Treaty.

According to Article 19 (D) of this Treaty, which deals with environmental aspects, States Parties 
shall pay particular attention to the development and use of renewable energy sources. However, as 
authors such as Bruce and Bradbrook have pointed out, the wording of this article does not reflect the 
binding commitment of member states to develop and strengthen the use of renewable energy sources 
(Bradbrook, 2013; Bruce, 2013). However, there is no denying that governments are explicitly obliged 
to develop renewable energy in the Energy Charter Treaty. But, of course, since no specific quantita-
tive goals have been mentioned in the development of renewable energy sources, the guarantee of the 
implementation of this article will remain in an aura of ambiguity.

Climate change and its effects on the environment led to drafting the United Nations Convention on 
Climate Change in 1992. This internationally binding document is very much related to renewable energy. 
In this document, member states agreed to reduce greenhouse gas concentrations in the atmosphere to 
some extent possible environmental hazards. However, this document does not mention any specific 
commitment to developing the use of renewable energy sources to reduce greenhouse gas emissions. 
Therefore, governments are free to determine the methods needed to reduce greenhouse gas emissions 
“through human activities.” In this regard, according to the Kyoto Protocol, which was drafted within 
the framework of the Convention, governments were divided into two general categories, and different 
obligations were set for each of these two categories (Telesetsky, 1999).

Under the protocol, developed countries (Annex A countries) must reduce greenhouse gas emis-
sions individually or in partnership by at least 5% lower than in 1990 emissions by 2008 and 2012. Of 
course, some members, such as the European Union (15 members at the time), set higher targets (8%) 
for reducing their greenhouse gas emissions. On the other hand, developing countries (non-annexed 
countries “A”) must also develop a program to reduce greenhouse gas emissions. Of course, the text of 
the Kyoto Protocol does not include any binding commitment to determine the types of tools to reduce 
greenhouse gas emissions, and governments are fully free to determine the mechanisms to meet their 
obligations. Nevertheless, Article 2 (1) obliges developed countries (Appendix (a) to develop and use 
renewable energy sources following their internal conditions, which is not in fact of a binding nature. 
However, one of the most important mechanisms implemented to achieve the set goals has been using 
renewable resources in practice. For example, in the European Union(EU), in addition to the economic 
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crisis that led to a decrease in energy demand, the use of renewable energy has played a significant 
role in reducing greenhouse gas emissions in the realization of the ceiling of reducing greenhouse gas 
emissions. In addition to the above, Article 12 of the Kyoto Protocol refers to the Clean Development 
Mechanism (CDM). Following paragraph 2 of the said article, the purpose of this mechanism is to assist 
on the one hand the non-annexed countries “A” to achieve sustainable development and ultimately to 
achieve a reduction in greenhouse gas emissions and, on the other hand, to “help the countries.” Their 
commitment is to reduce greenhouse gas emissions. One of the most important projects that have been 
considered and implemented under CDM is renewable energy projects.

In another study examining the effects of the Kyoto Protocol on reducing global emissions, the 
authors concluded that the adoption and implementation of the Kyoto Protocol would increase the use 
of renewable energy sources by up to 3% (Aichele & Felbermayr, 2013). Therefore, what is clear is the 
importance of implementing the Kyoto Protocol in increasing the rate of development and utilization 
of renewable energy. However, because of the issues raised, it can be stated that in the applicable docu-
ments, while the capacity for the development of renewable energy has been considered, no obligation 
has been assumed to consider the sources.

Renewables and Soft Law

Apart from the issues that may arise about the nature and guarantee of soft law enforcement, interna-
tional instruments have already been developed in the form of soft law in many areas, especially in 
the environment. Thus, as one author defines, soft law refers to those rules that do not guarantee legal 
enforcement but have enforcement effects (Yanfang, 2011). Of course, as another author points out, 
soft law, although not inherently binding, in practice guarantees political performance that may lead 
to legal effects (Omorogbe, 2008). The authors have expressed various views on nature and guarantee 
the implementation of soft rights beyond this study’s scope. However, given the growing importance 
of soft law in the development of international law, it will not be useless to review soft law documents 
on renewable energy.

The first international document to be adopted on renewable energy sources is the United Nations 
Conference on New and Renewable Energy. The most important outcome of this international conference 
is the need to develop the use of renewable energy, and secondly, the formation of a committee to develop 
and use renewable energy sources. Of course, this conference does not include implementing executive 
policies on renewable energy development, and even the committee was eventually merged into the UN 
Commission on Sustainable Development. In principle, the development of renewable energy sources 
was pursued within the framework of sustainable development, until in 1997, the General Assembly of 
the United Nations adopted a plan to implement Agenda 21 further. Article 45 of the resolution empha-
sizes the need for international participation to promote the use of renewable energy. In paragraph 46, 
the need to transfer technical knowledge from developed countries to developing countries is considered 
to such an extent that it will enable developing countries to increase energy production from renewable 
sources. The need for developing countries to systematize the use of renewable energy was also empha-
sized. However, there is no obligation on the part of the states to comply with the provisions of the said 
resolution, which in principle is not binding (Ruta, 2012).

International efforts to reduce greenhouse gas emissions and explain sustainable development in 
2002 adopted the Johannesburg Executive Plan. As mentioned, this document is one of the most com-
prehensive international instruments ever adopted on renewable energy. Chapter 3 of the Johannesburg 
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Executive Plan is devoted to changing unsustainable patterns of production and consumption. Clause 
20 (c) of the plan encourages governments and other international actors to use other types of energy to 
increase the share of renewable energy. Section 20(e) emphasizes the diversification of various energy 
sources, including fossil fuels, hydroelectric sources, and renewable energy sources. Besides, increasing 
the global share of renewable energy in total global energy production is emphasized. The importance of 
investing in renewable energy development by developed countries and international financial organiza-
tions in developing countries has also been emphasized on several other occasions.

Therefore, in the Johannesburg Executive Plan, paying attention to the development of renewable 
energy in the energy portfolio of countries is more explicitly emphasized. To the extent that the need to 
increase the share of these energies in total global energy production is also mentioned.

In 2005, the UN resolution on the World Summit outcome emphasized the need to take more effective 
steps to develop and support renewable energy. Finally, in 2011, the UN General Assembly adopted a 
resolution on sustainable development (Spataru, 2017).

The resolution designated 2012 as the “Year of Sustainable Energy for All.” Of course, this document 
does not directly reference governments’ commitments to developing the use of renewable energy sources. 
However, the document calls on the UN Secretary-General to report on implementing the resolution, in 
particular, to develop and promote the use of renewable energy. The report, entitled “Promoting New 
and Renewable Energy Sources,” seeks to diversify programs at the national and international levels 
to promote sustainable development by considering different policies for developing and developing 
countries. The most recent document adopted on renewable energy development is the 2013 UN General 
Assembly Resolution on the “Promotion of New and Renewable Energy Sources.”

Examining the existing soft law documents on renewable energy, it can be concluded that the emphasis 
on the use and development of renewable energy has grown exponentially in recent years and has been 
emphasized in many international instruments. Contrary to these emphases, however, no specific goals 
have been set for increasing the global share of renewable energy in the global portfolio. There can be 
several reasons for this; According to the authors, the most important factor is the difference in energy 
supply sources in different countries and technological and economic capacities for the development 
of this group of energy sources (McCollum et al., 2020); This is because these distinctions, especially 
considering the very high costs (at least in the short term) for the operation of such projects, have led to 
the difficulty of regulating comprehensive global regulations in this field. At the same time, the effects of 
non-binding documents in supporting the development of renewable energy sources cannot be ignored. 
For example, as mentioned at the end of the Rio + 20 conference, the document “The Future We Want” 
specifically mentions the need to develop renewable energy. In this regard, we can mention the steps 
taken by UNESCO to implement the “Renewable Energy for Us” program. The program will use renew-
able energy sources to expand renewable energy sources to reduce greenhouse gas emissions to provide 
energy in biosphere reserves and World Heritage Sources to renewable energy sources(Najafifard, 2014).

Public International Law

As one of the main sources of international law, public international law plays an important role in 
regulating international relations between states. The rules of public international law become enforce-
able once States have recognized them in practice. The authors have expressed different views on how 
to form and the elements that constitute the rules of international custom (Lepard, 2010). However, this 
chapter examines those rules of international custom that are recognized in international law. Although 
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the rules on the development of renewable energy are not currently explicitly accepted within the frame-
work of international custom, some of the accepted rules can be referred to as public international law. 
For example, the two non-damage and sustainable development principles are among the most relevant 
principles regarding renewable energy development. The principle of non-damages, which is now an 
integral part of public international law, first appeared in the arbitration of The Trail Smelter Case in 
1941 in British Columbia, Canada, and then in the case of the Carrefour Canal in The International Court 
of Justice has been emphasized (Barboza, 2010). This principle is also recognized in the draft of the 
United Nations Commission on International Law on the Prevention of Cross-Border Damage Caused 
by Dangerous Activities in 2001.

Furthermore, this principle has been used in several cases in the International Court of Justice. 
However, numerous opinions have been expressed about the definition and limits of this principle. For 
example, Article 3 of the draft law of the United Nations Commission on the Prevention of Cross-Border 
Damage resulting from Dangerous Activities defines: Significant cross-border damage or in the event 
of an accident to reduce the risks.

On the other hand, Article 21 of the Stockholm Declaration states: “States, following the Charter 
of the United Nations and the principles of international law, have the right to use their resources un-
der their respective environmental policies.” Activities carried out within their sovereignty or control 
shall not damage the environment of other countries or regions outside the national sovereignty. With a 
slight change, the original Rio Declaration provides the same definition as the Stockholm Declaration 
of this principle. In its Advisory on Nuclear Weapons, the International Court of Justice defines these 
principles and the obligations of States about the prevention of transboundary damage as follows: The 
environment of other countries or the sphere of the sovereignty of countries is now part of the body of 
international law.

Examining the rulings of the International Court of Justice and the rulings of the International Court 
of Justice in this regard, it can be concluded that the principle of non-damage is currently one of the 
main principles of international environmental law. And governments are now obliged to comply with 
it. The question that comes to mind now is the relation of this principle to renewable energies. For ex-
ample, some authors argue that the principle of non-harm includes protecting the earth’s atmosphere; 
they state that the earth’s atmosphere, like the oceans and seas, is part of its common heritage (Birnie 
& Boyle, 2002). Therefore, the same protection of the oceans in international law should apply to the 
atmosphere. According to the principles of customary international law, governments have international 
responsibility for greenhouse gas emissions.

However, as some authors have pointed out, there is no standard for determining the due diligence of 
states in this area (Lyster & Bradbrook, 2006); Because the standards set out in the Long-Range Trans-
boundary Air Pollution Convention or the Ozone Layer Convention are not analogous to determining the 
appropriate effort to emit greenhouse gases. The standards contained in the Kyoto Protocol are also not 
like international custom; Because they are not subject to universal consensus. Some authors also argue 
that the principle of non-damage can be applied if the error or intention of governments to cause cross-
border damage is established. Otherwise, the damage cannot be considered a violation of international 
law and responsible for governments (Brownlie, 2008). However, as another author acknowledges, the 
principle of non-damage does not necessarily imply governments’ intent or error; this principle applies 
to non-prohibited acts and is common in international law (Borowy, 2013). In this regard, numerous 
lawsuits have been filed nationally and internationally against countries and companies that emit green-
house gases (Gunningham, 2012).
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Many authors also emphasize the international responsibility of states for damages that have been 
introduced in terms of greenhouse gas emissions (Cherp, 2011; Cottier, 2011). But so far, no lawsuit 
has been filed that has resulted in a ruling on reducing pollutants or compensation. Therefore, although 
it can be argued that governments are obliged to prevent damage to the earth’s atmosphere and thus 
reduce greenhouse gases in the main shadow of no damage, the limits of damage and the commitment 
of governments to prevent it have not been determined. At the same time, For governments to be held 
accountable in this regard, there are numerous problems, such as standard, appropriate efforts, proving 
the causal relationship, the competent authority, etc., that have a long way to go to solve them, therefore, 
in the light of this principle, governments cannot be expected to develop renewable energy, which will 
reduce greenhouse gas emissions.

Renewable Energy and International Institutions

The role of international organizations in shaping various fields of international law is well known. 
Different international organizations are working hard to establish an appropriate legal framework for 
energy and energy governance systems.

United Nations agencies are actively working to promote renewable energy worldwide. UNEP is the 
leading United Nations organization supporting renewable energy advertising. UNEP’s major contribu-
tion to the Renewable Energy Law is the publication of the “Handbook” (2007) and “Guide” (2016) to 
assist designers in developing countries, and the annual report “Global Renewable Energy Investment 
Trends,” which involves various themes of renewable energy investment cases. UNDP has been active 
in transforming the global energy system for more than two decades by improving energy efficiency 
and using renewable energy systems. Recently, UNDP released the “Sustainable Energy Strategy Note 
2017-2020: Sustainable Energy Supply in Climate Change”, the first UNDP program, mission, method, 
guidance, principle, and focus on sustainable energy. To this end, it puts renewable energy in its vision 
and mission (UN, 2016). This is an important initiative of the UNDP program because the organization 
has played an effective role in development activities mainly from countries in Asia and sub-Saharan 
Africa, where disadvantaged and marginalized people cannot afford electricity.

The fact is that despite the active participation of United Nations agencies in global development 
activities, their energy activities are relatively ambiguous (Gunningham, 2012). There is a lack of coor-
dination and trust among these organizations; that is, “the regime’s system is ineffective for renewable 
energy to achieve sustainable energy” (Heffron, 2016). Therefore, the United Nations Department of 
Energy, composed of 21 member organizations, was established in 2004 to respond to energy Challenges; 
the United Nations system has established institutional mechanisms to promote coordination and coher-
ence (UN, 2015b) The International Energy Agency (IEA) was established in 1974 after the oil crisis of 
1973-79. It aims to coordinate the response of oil-importing countries to major oil supply disruptions. 
It is the most famous international organization dedicated to energy security, environmental awareness, 
and economic development. IEA was established following the decision of the OECD Council and is 
an autonomous organization within the framework of the OECD (International Energy Planning Agree-
ment). But this is separate from the OECD and has been recognized by the “United Nations Framework 
Convention on Climate Change.” Historically, the main focus of the IEA is neither renewable energy 
nor conventional fuels. The Renewable Energy Working Group (REWP) was recently established. Its 
task is to provide renewable-relevant technology and policy recommendations and projects to various 
IEA organizations. A very authoritative global energy outlook is published every year, which is the 
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main reference for energy-related stakeholders by IEA. Founded in 2011, International Renewable 
Energy Agency (IRENA) is a leading international organization focusing on renewable energy. As of 
September 2017, it has 152 members and 28 future members. Through the 2009 IRENA Charter, the 
parties expressed their willingness to promote the recognition of renewable energy in terms of sustain-
able development and firmly believe that renewable energy provides a huge opportunity to solve and 
gradually reduce energy security issues and unsustainable energy prices. Therefore, IRENA enjoys the 
same privileges and immunities as the United Nations (Gielen, 2019), although IRENA has no explicit 
or implicit authority to set binding RE targets.

At the International Renewable Energy Conference held in Bonn in 2004, the International Geother-
mal Association, International Hydropower Association, International Solar Energy Association, World 
Biotechnology Association, and World Wind Energy Association formed an international alliance called 
Renewable Energy Alliance. It was later renamed to the 21st Century Renewable Energy Policy Network 
or REN21. The network connects a wide range of stakeholders and provides international leadership in 
promoting renewable, focusing on the annual “Report on the Global State of Renewable.” In addition, 
various development banks such as the World Bank, Asian Development Bank, African Development 
Bank, Inter-American Development Bank, and New Development Bank play an important role in promot-
ing renewable energy through financing projects. However, these banks did not have a comprehensive 
strategy to incorporate renewable energy into their overall loan plans (Wilkins, 2010). Therefore, it is 
clear that many non-governmental actors have been involved in promoting and developing renewable 
energy; although their activities do not overlap in some cases, IRENA is in a leading position.

SOLUTIONS AND RECOMMENDATIONS

Besides, although policies such as the transfer of energy production technology through renewable energy 
sources or the creation of financial incentives for investment in this sector have been proposed in the in-
ternational instruments, it still seems relevant. And it is certainly easier to formulate and implement these 
policies in international law than to create international obligations for renewable energy development.

FUTURE RESEARCH DIRECTIONS

Nowadays, more researchers study the renewable energy industry, market, etc., and there is a significant 
interest and attraction to increasing the share of renewables in national energy portfolios. This global 
convergent ambient for renewable energy development owes much to international conventions, legal 
principles, and public international laws. This chapter suggests that the current successful trend continues, 
and a deep energy transition occurs in the decades to come.

CONCLUSION

The need to develop these sources of energy production is undeniable by examining the documents 
and principles of international law on renewable energy. This can be achieved by examining existing 
international instruments and in the light of the principles of international law, such as the principle of 
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non-damage and the principle of sustainable development. China, which is not primarily responsible 
for reducing greenhouse gas emissions under the Kyoto Protocol, is currently one of the largest energy-
producing countries through renewable sources. On the other hand, the right to a healthy environment 
has been mentioned as one example of the third generation of human rights in several international 
documents, and renewable energy is one of the most important sources of energy production. They 
reduce environmental pollution, especially air pollution. The authors believe that international law does 
not currently impose a specific obligation on governments to develop renewable energy for sustainable 
development and reduce the effects of greenhouse gases. At the same time, establishing such obliga-
tions is possible through international treaties and is not considered contrary to the sovereignty of states 
over their resources. For example, we can refer to EU laws in this regard. EU countries agreed in 2009 
to supply 20% of total energy production through renewable energy sources by 2020, which has largely 
achieved this goal.

It is important to note that energy governance is a complex issue, and there is no suitable “best 
model” for renewable energy governance. At the national level, there is a gap between what is needed 
and what the government is doing, while at the regional and global levels, collective action challenges 
often create insurmountable obstacles. Several bills can be considered, including the promulgation and 
promulgation of special renewable energy laws, including a series of policies that support the introduction 
of renewable energy power generation prices. Providing incentives and subsidies can help bring about 
positive changes in Europe. International investment treaties and binding legal instruments can guarantee 
universal access to energy for all, although such plans require political commitment and excessive cross-
border tendencies. Regional and institutional frameworks indicate that renewable energy has become an 
important issue for further developing cross-border countries. From Africa, South America to Asia, and 
other regions in developed countries, indirect measures (if not direct measures) taken in most parts of 
the world should be attributed to using and promoting renewable energy for sustainable change. Global 
and regional institutions are also actively promoting renewable energy and its potential contribution to 
sustainable development for all. Therefore, the use and consumption of renewable energy have promoted 
sustainable development in many ways. The United Nations has approved the Sustainable Development 
Goals and recognizes the importance of renewable energy in providing clean and cost-effective energy 
for all. Generally, in the context of the 21st century, the preference and dependence on rare piles of the 
earth is an internal, regional, and global reality, which cannot be denied or denied in any country.

DISCLAIMER

The contents and views of this chapter are expressed by the author in his personal capacity. It is not 
necessary for the Editor and the Publisher to agree with these viewpoints and they are not responsible 
for any duty of care in this regard.
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KEY TERMS AND DEFINITIONS

Energy Charter Conference: Article 33 of the ETC establishes the Energy Charter Conference, 
which is the governing and decision-making body of the Organisation and has United Nations General 
Assembly observers’ status in the resolution 62/75 adopted by the General Assembly on 6 December 
2007. Members consist of Countries, and Regional Economic Integration Organisations signed or ac-
ceded to the treaty and represented in the conference and its subsidiary bodies. The conference meets 
regularly to discuss issues affecting energy cooperation among Members, review the implementation of 
the treaty and PEEREA provisions, and consider new activities within the Energy Charter framework.

Energy Charter Treaty: The Energy Charter Treaty (ECT) is an international agreement that es-
tablishes a multilateral framework for cross-border cooperation in the energy industry. The treaty covers 
commercial energy activities, including trade, transit, investments, and energy efficiency. In addition, the 
treaty contains dispute resolution procedures both for States Parties to the treaty (vis-a-vis other States) 
and between States and the investors of other States, who have made investments in the former territory.

Energy Community: The Energy Community, also referred to as the Energy Community of south-
east Europe, is an international organization established between the European Union (EU) and several 
third countries to extend the EU internal energy market to Southeast Europe and beyond. With their 
signatures, the Contracting Parties commit themselves to implement the relevant EU energy acquis 
communautaire, develop an adequate regulatory framework, and liberalize their energy markets in line 
with the acquis’s acquis under the treaty.
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EurObserv’ER: EurObserv’ER is a consortium dedicated to monitoring the development of the 
various sectors of renewable energies in the European Union. Created in 1999 by Observ’ER, the Obser-
vatory of renewable energies in France, it is composed of five other partners: ECN (The Energy research 
Centre of the Netherlands), IEO (EC BREC Institute of Renewable Energetic Ltd), RENAC (Renewables 
Academy AG), FS (Frankfurt School of finance and management) and IJS (Institut Jozef Stefan).

European Integrated Hydrogen Project: The European integrated Hydrogen Project (EIHP) was 
a European Union project to integrate United Nations Economic Commission for Europe (UNECE or 
ECE) guidelines and create a basis for ECE regulation of hydrogen vehicles the necessary infrastructure 
replacing national legislation and regulations. This project aimed to enhance the safety of hydrogen 
vehicles and harmonize their licensing and approval process.

International Energy Charter: The International Energy Charter is a non-binding political dec-
laration underpinning key principles for international energy cooperation. The declaration attempts to 
reflect the changes in the energy world that have emerged since the development of the original Energy 
Charter Treaty in the early 1990s. The International Energy Charter was signed on 20 May 2015 by 72 
Countries plus the EU, Euratom, and ECOWAS at a Ministerial conference hosted by the government 
of the Netherlands.

Jus Cogens: Jus cogens, also known as the peremptory norm, is a fundamental and overriding prin-
ciple of international law. It is a Latin phrase that translates to ‘compelling law.’ It is absolute, which 
means that there can be no defense for the commission of any act prohibited by jus cogens.
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INTRODUCTION

The power security issue is a precondition for economic development. Concurrently with announce-
ments of reaching the electricity universal access and achieving electricity surplus by different countries 
worldwide, Africa is still incapable of meeting its people’s power needs. Africa is an influential continent 
globally; the second-largest and fastest-growing population continent inhabited by a fifth of the world’s 
people in 54 countries that is distributed into two central regions: North Africa (NA) and Sub-Saharan 
Africa (SSA). This labor and geographical wealth inadequately contribute to power security; almost 600 
million Africans lived without power access and 900 million had no modern and clean cooking facilities 
in 2019 (IEA, 2019). Another example of an electricity insecurity issue is highly highlighted during 
combating coronavirus pandemic in which thousands of African hospitals were without power, leading 
to impeding social distancing (IEA, 2020). In other words, electricity frequent outages negatively affect 
the required environment for social distancing adoption in Africa, e.g., Africans could not stay connected 
at homes and continue to communicate with public services remotely; a situation that could force them 
to gather and communicate face to face. Generally, Africa forms only 4% of the global power utilization, 
achieving just 45% of the global access to power in SSA comparing with 98.5% in NA in 2019 (ADB, 
2018; IEA, 2019; Pappis et al., 2019). NA is wholly electrified; however, this region struggles to meet 
its growing energy needs.

Readers immediately may infer that electricity insecurity is detrimental to Africa. Since 2010, the 
continent’s gross domestic product (GDP) constituted limited growth of 3.1% comparing with 3.5% 
globally. The acute shortage of power aggravates the situation. Thus, Africa loses about 2%-4% of its 
GDP per annum; which disrupts doing businesses in many African countries (IEA, 2019). Energy pov-
erty, therefore, is harmful to Africa. So, what do African policymakers do now? Is a fossil fuel-based 
power expansion relevant? It is an unwise option of which it would contribute towards global warming.

Global warming is an international threat ascribed to fossil fuel burning. Africa is the most vulner-
able to this phenomenon’s effects as it highly depends on agricultural activities, enacts weak adaptation 
policies, has food insecurity problems, and faces rising poverty rates (Acheampong et al., 2019). Thus, 
it is unwise that Africa treats its power deficit by fossil fuel burning. Put differently, in Africa’s attempts 
to mitigate its electricity insecurity challenges with considering the Paris Agreement [limiting global 
average temperature to below 2 degrees Celsius and improving renewable energy technologies use] and 
the UN Sustainable Development Goals [specifically goal 7 of reaching affordable and reliable energy for 
all, as well as goal 13 of combat climate change]; it should harness its renewable energy [RE] resources 
(Garcia, 2022). It is believed that managing African power insecurity by RE can put the continent on 
the right track. The International Energy Agency (IEA) cited that Africa can meet almost a quarter of 
its energy demand by 2030 if it harnesses its RE effectively (Aliyu et al., 2018; IEA, 2019).

Here, the public may wonder, why is Africa still lagging in energy issues? The simple answer is be-
cause the RE financing gap, which renders a substantial part of clean power [CP] resources1 untapped. 
Readers, thus, can easily understand that this gap is at the core of electricity insecurity issues in Africa. 
Additionally, for the information of the readers, African RE development is mainly funded by global 
financial assistance resources, which are basically insufficient. As a result, further RE financial needs 
are growing which entails inbound green foreign direct investment [FDI] to be promoted (Adesola et 
al., 2018; IEA, 2019; Bunyaminu & Yakubu, 2022).

Against this backdrop, this study intends to propose insights and recommendations to accelerate and 
stimulate the FDI into the clean power industry [CPI]. Put differently, this chapter empirically examines 
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potential determinants of FDI in the CPI over 2003-2019 in 33 African countries. It is believed that the 
results could be important in formulating coherent CP policies by African policymakers and informative 
for green progression proponents.

The chapter addresses the financing gap and FDI inflows in the clean power industry in Africa. The 
literature review is also presented. Then, methodology, results, and discussion are introduced. The chapter 
concludes with a conclusion and policy implications.

THE CLEAN ENERGY FINANCING GAP IN AFRICA

Clean power challenges are multifarious in Africa. However, the RE financing gap is the essence. It is 
believed that this funding gap is at the main challenge that contributes towards power insecurity issues 
in Africa. Here, the conveyed message to the audience is that a sufficiency of RE financial resources 
could positively affect RE resources harness, RE infrastructure setting up, RE regulatory and financial/
fiscal policies improving, modern cook facilitations availability, RE public awareness enhancement, and 
RE education, experience, and skills. However, achieving these targets requires substantial financial 
resources [demand side], whereas these resources availability [supply side] is largely insufficient. That 
variation between the demand and supply sides is known as a financing gap [financial resources sup-
ply - financial resources demand = ± financing gap]. If the CP financing gap is negative, it implies that 
Africa is stricken by a severe deficit in its RE financial capabilities.

Determinants of the Clean Energy Financing Gap

This financing gap is a complex issue having diverse interlinked drivers. The African energy’s financ-
ing needs are about USD43 billion yearly. However, the current expenditure is approximately USD11.6 
billion per annum, suggesting that the financing gap is about USD 31.4 billion a year (Schwerhoff & 
Sy, 2017). In the literature, this gap is attributed to several direct and indirect determinants [reasons], 
which are discussed as follows;

Firstly, RE reform policies are somewhat lagging and underdeveloped in Africa (Hafner et al., 2018). 
For instance, RE policies are remarkably inactive in countries of Niger, Sierra Leone, Somalia, and 
Zimbabwe, as well as carbon price policy was absent in Africa till 2019 [this policy was only imple-
mented in South Africa by 2019]. Also, Eritrea and Libya did not ratify the Paris Agreement to date 
[until 2021]. Furthermore, wrong approaches are employed in addressing the African energy problems 
(Chirambo, 2016). Secondly, private investment as a funding supply source is still rare in the African 
power industry (Duarte et al., 2010). Schwerhoff and Sy (2017) cited that the RE projects absorb less 
than 1% of private equity, therefore, the African power industry’s investment is less than USD5 billion 
a year (Amir & Khan, 2021).

Thirdly, African financial development matters. RE bankable projects are limited; as domestic RE 
experiences and skills are impoverished. Noticeably, there is a shortage of educated, trained, and profes-
sional personnel for RE development in Africa (Bishoge et al., 2020). As such, readers could infer that 
banks are always reluctant to provide RE financing, and its price [interest rate] is often costly. Further, the 
financial systems and markets, including bond markets, are underdeveloped and small in many African 
countries, a situation that could negatively affect the supply-side of the RE financial resources (Schwer-
hoff & Sy, 2017; Butu et al., 2021). The readers can find the same negative impact on this supply-side 
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emanating from the lowest sovereign credit ratings in most African economies (Schwerhoff & Sy, 2017). 
Global factors also play a role in limiting the financial resources for RE development, the financial crisis 
of 2008 is an example (Elie et al., 2021). Fourthly, robust and accurate economic and RE information 
contribute positively to the correct financing gap determining. Readers may be surprised to realize that 
Africa is stricken by the absence of frequent accurate economic data records. Here, according to the 
World Bank, meticulous, regular, and reliable GDP and census data are absent in Africa (Beegle et al., 
2016). In addition, there is a shortage of RE data, surveys, and studies on SSA (Bishoge et al., 2020).

Fifthly, growing poverty in Africa renders domestic accessible financial resources to be finite. The 
general public may be unaware that 34 African countries are categorized as the least developed countries. 
Africa itself encompasses 49 economies that having genuine negative savings, which constitute an es-
sential part of the supply of financial resources (Aust et al., 2020). That is largely ascribed to poverty, 
civil wars, political instability, and corruption. In addition, most African utilities have unqualified billing 
and power payment collection approaches (Duarte et al., 2010). Sixth, investment inflows play a small 
role in the African RE industry and necessarily need to be accelerated and stimulated. As such, RE ex-
pansions are mainly financed by international development finance institutions (Kiranmai et al., 2022).

Seventhly, the net average total costs of RE projects are exceptionally high compared with conventional 
energy investment. RE resources are almost free of cost, but the initially required finance for RE setting 
up, infrastructure, and technologies are expensive and illiquid. However, the running and operational 
costs are lower afterward (Duarte et al., 2010; Schwerhoff & Sy, 2017). Consequently, CP projects in 
SSA are classified as risky investments having a lower profitability level, thus, more than 80% of these 
projects are sorted as high risk or substantial risk (Schwerhoff & Sy, 2017; Butu et al., 2021; Elie et 
al., 2021). Lastly, corruption and inefficiencies in the RE industry, including transmission and distribu-
tion losses, electricity theft, bureaucracy, etc., could highly limit the supply of financial resources and 
increase the demand side.

Against this backdrop, if the readers combine all the above challenges together, they could effortlessly 
grasp the essence of the RE financing gap in Africa, as shown in

Figure 1. The clean energy financing gap determinants in Africa
Source; Authors’ preparation
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The Financing Resources to the Clean Energy in Africa

Most African RE projects are Greenfield donor-dependent investments. Those projects are mainly devel-
oped by global financial assistance resources. The African governments, development finance institutions 
[DFIs], climate funds [CFs], and global donors are the main investors/financiers/sponsors. Typically, 
the African utilities finance their power industry (Schwerhoff & Sy, 2017). For example, these domestic 
utilities invested more than 50% of the power industry’s obtained finance over 1990-2013 in SSA except 
South Africa (Klagge & Nweke-Eze, 2020). Besides, Schwerhoff and Sy (2017) showed 95% of the 
RE projects financed by CFs’ grants and only 3% by loans, and private equity constituted less than 1%. 
Also, 90% of the power infrastructure in SSA was financed by the African governments’ budgets and 
the global donors in 2017 (IEA, 2019). Noticeably, the World Bank is the main player under DFIs since 
the 1950s. Yearly, it pours almost USD2 billion into the African RE industry (Schwerhoff & Sy, 2017).

In addition, readers who follow African affairs may know that the African Development Bank (AfDB) 
positively contributes [direct and indirect] to energy industry development. AfDB supports RE by about 
USD2 billion yearly. In addition, in 2010, the AfDB commenced green bonds issuing, as a clean energy 
financial instrument, to fund climate change alleviation activities, and collected USD30 billion in 2014 
(Schwerhoff & Sy, 2017). Besides, China plays a key role in RE development in Africa. The Chinese 
financial assistance increased from about USD313 million in 2000 to more than USD4.4 billion in 2012. 
Further, China installed 30% of the power capacity in SSA over 2010-2015 (Sy & Copley, 2017).

The readers may be astonished when they know the above-mentioned assistant financial resources are 
deficient in meeting the African energy needs (IEA, 2019). It is also important to mention that the climate 
funds’ financial resources are not orientated towards CP generation, as these resources are exclusively 
poured into capacity setting up and pilot projects (Schwerhoff & Sy, 2017). As a result, several solutions 
have been cited in the literature to alleviate the RE financing gap in Africa. For instance, this gap could 
be reduced by USD3.3 billion a year in the case of effective handling of the inefficiencies in the power 
utilities (Duarte et al., 2010). Another proposed solution is suggested by the IEA in 2019 in which the 
FDI should be stimulated and accelerated to complement the above-mentioned funds in Africa, which 
is consistent with the objectives of that the present chapter.

THE OUTLOOK FOR FDI IN THE CLEAN POWER INDUSTRY IN AFRICA

Readers may be interested in exploring the FDI’s status quo in the CP industry in Africa. Over the past 
two decades, FDI in this industry has been growing, but remarkably fluctuated and unevenly flowed 
among the CP sub-industries across African countries. For instance, the solar electric industry was the 
most attractive for FDI in which this sub-industry witnessed an FDI peak in 2015. Dissimilarly, hydro-
power and geothermal electric industries came as the lowest puller destinations for FDI over 2003-2019. 
Further, the largest FDI inflows were poured in Cameroon, Egypt, Ghana, Kenya, Morocco, Mozambique, 
Nigeria, South Africa, and Tunisia. In the same vein, the European economies, China, Canada, India, the 
UAE, and the USA have been predominant investors in the CP industry (FDI Markets, 2020). Readers 
can visibly find the FDI development in the African CP industry over 2003-2019 in
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LITERATURE REVIEW

Theoretically, FDI theories are various, aiming to explain and justify the global investment movement. 
The eclectic paradigm of Dunning (1977-2001) is considered the most comprehensive and holistic FDI 
theory in the literature (Aziz, 2015; Kathuria et al., 2015; Yong et al., 2016; Tampakoudis et al., 2017; 
Asiamah et al., 2018; Mahbub & Jongwanich 2019). The paradigm is also known as the OLI framework 
as Dunning builds his explanation of FDI movement depending on ownership [O], location [L], and 
Internalization [I] advantages. Simply, the ownership merits refer to different effective qualifications 
that enable foreign companies to invest abroad, whereas the location advantage means host countries’ 
pulling factors that could attract and persuade foreign investors to pour investments. The most profitable 

Figure 2. FDI in the clean power industry in Africa over 2003-2019
Source: FDI Markets, 2020

Figure 3. Value of investments by the most invested countries in the clean power industry in Africa 
between 2003 and 2019
Source: FDI Markets, 2020
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modes for foreign investors to enter host markets are depicted in the internalization advantage. As such, 
combining these three pillars together could constitute successful FDI (Dunning, 2001; Faeth, 2009).

In the empirical literature, on the other hand, RE FDI determinants have been remarkably examined 
responding to climate change and energy insecurity issues. The literature has investigated RE policies, 
traditional determinants [macroeconomic indicators], and global financing assistance as potential RE 
FDI drivers. However, the reported results are mixed and inconclusive as a reaction to different employed 
methodological frameworks.

In their attempts to suggest a definition of RE investment as a necessary investment for greenhouse 
gas and harmful emissions reduction, Eyraud et al. (2013) found that low interest rates, a growing eco-
nomic growth, high fossil fuel prices, and feed-in tariffs (FiT) bolstered RE investment in 35 advanced 
and emerging countries. The FiT was documented as the most important policy for RE development. 
This result is substantiated by Kathuria et al. (2015) in which FiT, per capita income, banking facilities, 
and low energy transmitting costs attracted FDI in the wind energy industry [the industry that got the 
lion’s share of FDI] in 8 Indian states over 2004-2010. Both fixed effects and random effects models 
were used to explore the uneven FDI distribution issue among Indian states. The conclusion stated that 
the institutional factors improved FDI in the respective industry. Besides, the extreme growth in China’s 
economy renders the energy security issue to become China’s top priority; pushing China to provide a 
substantial amount of RE finance inside and outside; leading the country to be the most important RE 
investor worldwide. Consequently, the attractiveness of the European countries’ location advantages in 
influencing Chinese FDI in the RE sector is analyzed by Lv and Spigarelli (2016). To do so, a fixed-
effects logit model is used. The results showed that political stability, large market size, market affluence, 
ownership merits, and controlled corruption enhanced Chinese FDI inflows in the European RE industry. 
The limited rule of law, interestingly, positively associated with outward Chinese FDI in the concerned 
industry. The paper considered its novelty and originality emanate from its focusing on industrial analysis/
sectorial insights [the novelty of the present chapter depends on the industrial/sectorial analysis as well].

For reference to developing countries, Keeley and Ikeda (2017) revealed that RE economic and 
regulatory policies, trade openness, and access to finance facilitated FDI movements in the wind energy 
industry during 2008-2014. This study also confirmed that the traditional determinants and RE policies 
have almost the same impact on wind investment. These results are corroborated by Sirin (2017) in which 
stable macroeconomic indicators, CP fiscal incentives, institutional reforms, enabling business environ-
ment policies, real exchange rate, and privatization robustly improved FDI in the power industry in 12 
economies, focusing on Turkey as a special case study. A 10-year paper by Romano et al. (2017) covered 
56 developed and developing economies, proved that the effectiveness of CP policies in affecting FDI 
varied among those countries due to variation in their economic and social development stages. Given 
the data’s nature, the paper used the panel corrected standard errors model. Zeng et al. (2017) reviewed 
the RE history in BRICS and revealed that the most of green resources are underdeveloped because of 
the financing gap and enacted imperfect policies. Thus, developing capital markets, build-own-operate, 
and build-operate-transfer systems, as well as expanding the financing leasing service are the main sug-
gestions for further improvements by this study.

A global sample study of 137 countries over 2005-2014, by employing fixed-effects estimation, 
found that RE net metering and financial support policies did not persuade foreign investors to pour RE 
investment. However, FiT, tax incentives, and renewable portfolio standards robustly absorbed FDI in 
the RE sector globally (Wall et al., 2019). More RE qualitative studies were suggested for future research 
by the paper. These results are consistent with findings by Polzin et al. (2019) who pointed out that FiT, 
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renewable portfolio standards, and auctions are effective RE instruments for CP projects. The study 
further ensured that the most successful RE policies are the policies that intend to increase investment 
returns and alleviate risks simultaneously. Again, these results are supported by Ragosa and Warren 
(2019) as they reaffirmed that FiT, political stability, regulatory policies, and global assistant financing 
were central FDI determinants in CP generation in 62 developing economies within 2008-2014.

Overall, the paper chronologically synthesizes the seminal related literature to introduce compelling 
arguments to the readers. Most of the preceding papers focus on macroeconomic/aggregate analysis 
whereas sectoral/industrial analysis is infinitesimal. One proposed reason behind that is the difficulty of 
collecting industrial data (Keeley & Ikeda, 2017). However, sectoral and industrial studies could provide 
more focused and deepest results. Moreover, addressing the FDI determinants issue in the African clean 
power industry is neglected in the literature. Hence, to the best of our knowledge, no study has explicitly 
examined potential FDI determinants in the clean power industry in Africa. This chapter, thus, is going 
to fill these gaps.

METHODOLOGY

In what follows, the research design is introduced.

Theoretical Framework

As cleared its importance earlier, Dunning’s Eclectic Paradigm (1977-2001) is considered as a theoreti-
cal framework for FDI in the CP industry in Africa.

Variables Description, Hypotheses, and Data Description

This study employed variables which can be categorized into gravity variables (the gravity model is 
used in analysis), variables of interest, RE variables (regulatory and financial/fiscal policies), and con-
trol variables. As it is widely known, the basic form of the gravity model is used in non-linear form for 
international trade analysis. As s result, all the gravity variables are used in natural logarithmic to fit the 
data into a linear functional form.

Variables of Interest

• FDI is the dependent variable. It presents foreign investment inflows in the renewable electricity 
industry in 33 African countries over 2003-2019. FDI is measured in current USD millions. FDI 
data is deliberately obtained from the Financial Times’ FDI Markets Database. It is neither pub-
lic secondary nor readily available data. It is a novel dataset. Further, the Financial Times’ FDI 
Market is a specialist department in tracking FDI worldwide since 2003. Markets’ data is used 
in UNCTAD’s world investment reports (Falk, 2016; United Nations Conference on Trade and 
Development [UNCTAD], 2019; UNCTAD, 2020).

• The Paris Agreement (Paris Agree) is an international treaty that aims to combat climate change 
through greenhouse gas emissions (GHG) reduction by limiting global average temperature to 
below 2 degrees Celsius. The Paris Agreement was adopted in Paris by the end of 2015 under 
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the United Nations Framework Convention on Climate Change. For achieving the announced 
objectives, the treaty entails developed countries to financially support developing countries, en-
courages effective utilization of CP technologies, and necessitates signatory countries to report 
their progress plan towards reducing GHG every five years. The Paris Agreement is employed 
as a variable of interest as this treaty could encourage African signatory countries to enhance 
their RE industry, the situation that could accelerate FDI into their RE industries. Furthermore, 
to the best knowledge of the authors, the Paris Agreement’s impact on FDI in African RE has not 
been empirically discovered yet. Based on the literature, the effect of international climate agree-
ments on investment flows is inconclusive, and the inclusion of the Paris Agreement is limited in 
preceding studies. As such, a positive significant impact is hypothesized. The result could be im-
portant to African policymakers for considering the upcoming environment and RE agreements, 
and particularly, to policymakers in Eritrea and Libya in which both countries did not ratify the 
Paris Agreement. Besides, data is collected from the United Nations Treaty Collection Website2, 
in which a dummy variable with a value of (1) is used in a ratification year onward and a value of 
(0) otherwise.

• RE public awareness (REAware) is focused on in the analysis; as the literature frequently cites 
that the limited knowledge, cultural challenges, and insufficient skills and experiences towards 
RE impede its investment and development in Africa (Aliyu et al., 2018; Kuamoah, 2020). As 
such, enhancing the African awareness of RE is necessarily required. This study thus intends to 
empirically measure the impact of the RE public awareness in Africans on FDI in the CP indus-
try. REAware is a broad concept and many proxies can be employed for econometrics purposes. 
This study follows the work by Caruso et al. (2020) in using Carbon dioxide emissions (CO2) 
[metric tons per capita] as a proxy for public awareness of CP utilization. It is supposed that in a 
country with a growing recognition of RE importance, benefits, etc., the effective demand of CP 
applications could be increased and by extension, CO2 could be decreased (as a result of a grow-
ing REAware) -a situation that may encourage more FDI inflows in the CP industry. Thus, it is 
to examine the impact of CO2 on FDI in the CP industry in Africa. CO2 data is sourced from the 
World Bank’s World Development Indicators (WDI). For CO2’s missing data; the linear interpola-
tion method (Hassaballa, 2014; and Ankrah & Lin, 2020) is used.

The Gravity Variables

• The gross domestic product in a logarithmic form (LGDPhome) is used as a proxy for the host 
country’s market size. In the literature, GDP is cited, to a great extent, as the most important at-
tractive FDI determinant (Faeth, 2009; Keeley & Ikeda, 2017). A growing GDP could be consid-
ered as a location advantage and a good indicator of a present and future RE effective demand in 
Africa which could encourage FDI inflows. Further, high GDP could mean adopting expansionary 
RE financial/fiscal policies and research & development activities. Thus, a positive and statisti-
cally significant relationship between FDI and LGDPhome is hypothesized. The data is in current 
USD pooled from WDI.

• The GDP of exporter countries for FDI (LGDPsource) is included to refer to those countries’ 
wealth. It is presumed that a high LGDPsource is attributed to remarkable affluence in a country 
that may expand opportunities for its national companies for investing overseas. Countries having 
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a growing LGDPsource intensively invest in Africa’s clean power industry, this is the hypothesis. 
GDPsource is in current USD and collected from WDI.

• Geographical distance in a logarithmic form (LDistance) depicts the span in Kilometers between 
Capitals of the host African countries and FDI source countries. This study considers distance as a 
proxy for transportation cost and cultural divergence among countries. In light of the globalization 
era and reasonable profits; this study hypothesizes that LDistance has an insignificant impact on 
FDI in the African CP industry. Distance data is sourced from CEPII database.

Renewable Energy Variables

• RE targets (RETs) present ambitious plans to develop RE in the future. RETs are perceived as 
a political will to RE expansion and development. Based on reviewing the literature, a positive 
association between RETs and FDI in the CP industry is hypothesized. RETs are employed as a 
dummy variable with value (1) once they are in place onward and (0) otherwise. The data is de-
rived from REN21 reports, IEA, and IRENA Joint Policies & Measures database.

• RE financial and fiscal variables/policies (REFs) are also added. These policies include green 
loans, import duty tax exemption, grants, subsidies, tax exemption, rebate, tax credits, tax reduc-
tion, decreasing VAT, etc. Depending on preceding studies, a positive and statistically significant 
relationship is anticipated. REFs are presented as a dummy variable with a value of (1) when any 
of these policies is implemented and (0) otherwise. The REF data is pooled from IEA and IRENA 
Joint Policies & Measures database and REN21 reports.

• Feed-in tariffs (FinT) depict RE regulatory policy. FinT is designed to determine the price of 
one unit produced of CP. The impact of FinT on FDI is inconclusive in past published papers. 
However, the present chapter hypothesizes that the implementation of FinT, as an organized and 
regulatory policy, accelerates FDI in the African CP industry. The data is employed as a dummy 
variable, like RETS and REFS variables, and is collected from IEA and IRENA Joint Policies & 
Measures database and REN21 reports.

Control Variables

• The effectiveness index of African governments (GovEfftiV), which reflects qualities of civil/
public services, policies formulation soundness, and the role of those governments in commitment 
to such policies, is included. These conditions could be important to foreign investors. Therefore, 
it is believed that good GovEfftiV facilitates FDI in the CP industry in Africa. GovEfftiV index is 
pooled from the World Bank’s World Governance Indicators (WGI).

• Political stability and the absence of violence (PoS) are widely, and intuitively, accepted as FDI 
influential factors in the literature. A growing inbound FDI into any African country that wit-
nesses PoS is hypothesized. The PoS index is derived from WGI.

• Gross fixed capital formation (Infrastructure) refers to infrastructure. Infrastructure could mat-
ter to investors. As such, a positive and statistically significant coefficient is expected. This study 
treats the limited missing data by the mean imputation method. Data is in current $U.S. collected 
from WDI.



244

FDI and the Gap of Clean Power Finance
 

The Gravity Model

A micro-balanced annual panel data for 33 African countries over 2003-2019 is employed. The merits of 
panel data analysis are confirmed in the literature. These advantages include containing a large number 
of observations of different units over years, the ability to explicitly control the heterogeneity aspect 
which naturally resulted from panel data mechanism, etc. Using the GM is justified that it is deemed 
a workhorse framework in international economics analyses and commonly employed in the literature 
for its reliable and powerful notion (Yotov et al., 2016). Further, it should be noted that the idea behind 
the GM was cited from Newton’s law of universal gravitation (1687) and was applied for the first time 
on social science in 1858 and on international economics in the 1960s by studies of Tinbergen (1962), 
Linemann (1963), Poyhonen (1963), and Pullainen (1963). Tinbergen thus is known as the discoverer 
of the GM in the literature. This idea of the GM is based on the prediction that global flows of trade, 
FDI, tourism, immigration, or remittance are positively associated with countries’ economic scale (GDP/
GDP per capita/population/national income) and inversely linked with the distance between them (World 
Trade Organization, 2012). As such, the basic presentation of the trade GM can be shown as follows;

X c Y Y Dijt it jt ij= ( )α β λ� / ( )  (1)

For econometrics analysis purposes, the natural logarithm is used to transform the model [1] to a 
log-linear regression in the model [2]. The log is taken only for the regressors without the regressed as 
explained in the next subsection.

FDI LGDP LGDP LDis ceijt it jt ij ijt= + + + +β β β β ε
0 1 2 3

tan  (2)

The Gravity Model Specification and the Estimation Method

The collected variables across 33 African nations over 2003-2019 could be modeled in the following 
GM specification:

FDI LGDPsource LGDP e LDis ce RETsijt it it ij= + + + +β β β β β
0 1 2 3 4

hom tan jjt

jt jt jt jtREFs FinT ParisAgree REAware GovEff+ + + + +β β β β β
5 6 7 8 9

� ttiV
PoS Infrastructure

jt

jt jt t ij ijt+ + + + +β β γ α ε
10 11

 (3)

Where β represents parameters to be estimated, i indicates source countries, j means host countries, t 
represents years, α shows country-pair fixed effects and ϒ depicts time dummy variable [including α and 
ϒ to control heterogeneity], ε is the remainder error term, and L refers to the natural logarithm.

For the estimation approach, many FDI zero observations are explored. This challenge is common 
when considering FDI at industrial/sectorial levels comparing with aggregate/ macroeconomic/countries 
levels. That issue may be attributed to incorrectly recorded zeros, rounding errors, or foreign investors’ 
inability or unwillingness to invest in a given country at a specific time. This study is facing the latter case. 
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This case is called true zeros, real zeros, and actual zeros. Real FDI zero observations are informative; 
needed to be analyzed, estimated, and discussed (WTO, 2012). Herein, taking the natural logarithm for 
FDI is not defined and not feasible in the presence of zero observations. Zeros FDI thus is a challenge 
that necessitates a robust estimator.

Zeros FDI is a controversial estimation issue. This study reviews the literature and finds several em-
ployed estimation methods. Notwithstanding, the consensus is absent. For example, for handling zeros 
FDI; the Truncating method is proposed. This method depends on dropping zeros observations. However, 
those observations are informative; needed to be explained. Another technique is constructed on adding 
a small value/constant, say $1, to the zero observations. This way is known as the Censoring method 
and Tobit estimator. Nonetheless, these above-mentioned estimation techniques could produce unreli-
able results and inconsistent estimates; as they depend on whether dropping observations or distorting 
them, which leads to sampling selection bias. Furthermore, there are no strong theoretical and empirical 
foundations and justifications for adopting these methods (WTO, 2012; IMF, 2010).

Poisson pseudo-maximum likelihood (PPML) estimator is the most commonly employed in the 
literature instead of the above-mentioned methods. PPML estimator is robust in controlling heteroske-
dasticity and handling zeros observations. Also, this estimator is reliable and straightforward in use. 
PPML estimator was introduced by a pioneer study of Silva and Tenreyro in 2006 (Silva & Tenreyro, 
2006; WTO, 2012). As such, FDI zeros are kept in the presence of ppml employing. Thus, there is no 
need to take the natural log of FDI. Further, unlike the Tobit estimator, ppml allows including fixed ef-
fects (Chaisse & Gugler, 2009; Welfens & Baier, 2018; Motta, 2019).

This study uses the robust ppml estimator as proposed by Chaisse and Gugler (2009), Welfens and 
Baier (2018), Motta (2019), and IMF (2010) [the last study by the IMF (2010) proposed a semi-log 
functional form to manage zero observations]. Put differently, the FDI panel gravity fixed effects PPML 
model is employed. However, in the literature, all gravity estimators have their advantages and disad-
vantages, as a perfect estimator is absent.

Table 1. Descriptive statistics

Variable Obs3 Mean Std.Dev. Min Max

FDI 647 96.129 329.179 0 5000

LGDPhome 647 23.895 1.646 20.004 27.066

LGDPsource 646 8.856 12.987 0 30.56

LDistance 647 7.435 119.204 0 3033.126

RETs 647 .748 .434 0 1

REFs 647 .563 .496 0 1

FinT 647 .402 .491 0 1

ParisAgree 647 .21 .408 0 1

REAware 647 1.845 2.737 .021 9.998

GovEfftiV 647 -.567 .566 -1.892 1.057

PoS 647 -.564 .717 -2.524 1.2

Infrastructure 647 1.61e+10 2.24e+10 4.89e+07 8.57e+10
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RESULTS AND DISCUSSION

Initially, descriptive statistics for the employed variables are introduced. Table 1 shows the number of 
observations, variables’ mean, standard deviations, minimum and maximum values of regressed and 
regressors. Next, the collinearity issue is detected. Table 2 presents the matrix of correlations in which 
it appears that the values of correlations among the independent variables are not high. As a result, it 
is suggested that collinearity is absent between the variables. Then, the FDI panel gravity fixed effects 
PPML regression is run. Table 3 reports the results by using Stata 14.0 statistical software package.

Table 2. Matrix of correlations

Variables (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

(1) FDI 1.000

(2) LGDPhome 0.300 1.000

(3) LGDPsource 0.414 0.510 1.000

(4) LDistance 0.092 0.025 0.083 1.000

(5) RETs 0.127 0.316 0.225 0.031 1.000

(6) REFs 0.188 0.454 0.338 0.046 0.486 1.000

(7) FinT 0.209 0.486 0.411 -0.018 0.410 0.570 1.000

(8) ParisAgree -0.007 0.068 0.163 -0.015 0.299 0.285 0.217 1.000

(9) REAware 0.171 0.604 0.351 -0.008 0.080 0.193 0.300 0.057 1.000

(10) GovEfftiV 0.112 0.360 0.316 0.003 0.080 0.253 0.361 0.065 0.445 1.000

(11) PoS -0.073 -0.181 -0.015 -0.015 -0.024 -0.160 -0.148 -0.034 0.128 0.390 1.000

(12) Infrastructure 0.354 0.832 0.496 -0.000 0.198 0.351 0.437 -0.008 0.686 0.345 -0.152 1.000

Table 3. Conditional fixed-effects poisson regression results

FDI Coef. Robust St. Err. t- Value p-Value [95% Conf Interval] Sig

LGDPhome 1.556 0.689 2.26 0.024 0.206 2.907 **

LGDPsource 0.149 0.026 5.72 0.000 0.098 0.200 ***

LDistance 0.001 0.000 9.26 0.000 0.001 0.001 ***

RETs 0.642 0.355 1.81 0.071 -0.054 1.338 *

REFs 0.811 0.435 1.87 0.062 -0.041 1.664 *

FinT 1.103 0.330 3.34 0.001 0.456 1.750 ***

ParisAgree 0.447 0.235 1.90 0.058 -0.015 0.908 *

REAware -0.158 0.054 -2.92 0.003 -0.264 -0.052 ***

GovEfftiV -4.164 1.130 -3.68 0.000 -6.379 -1.949 ***

PoS 1.848 0.440 4.20 0.000 0.984 2.711 ***

Infrastructure -1.381 0.000 -0.67 0.500 0.000 0.000

Mean dependent var 95.989 SD dependent var 329.415

Number of obs 646.000 Chi-square 390658.793

Prob > chi2 0.000 Akaike crit. (AIC) 47309.695

*** p<0.01, ** p<0.05, * p<0.1
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The Results of the Gravity Variables

Over 2003-2019, LGDPhome has attracted FDI in the African CP industry. A 1% expansion in African 
markets size encourages FDI into the industry by 1.5%, holding all other variables constant. It seems 
that the RE development remarkably depends on the power of African markets. The hypothesis, as such, 
is true, confirms that a growing/sizable GDP revitalizes the CP market through, for example, African 
effective demand and RE fiscal/financial policies development; a situation that could pull FDI. Con-
sequently, it could be inferred that the RE FDI inflows have been market-seeking in nature during the 
period 2003-2019. This result is corroborated by Eyraud et al. (2013) and Lv and Spigarelli (2016) who 
reported that the European GDP was a catalytic factor for the Chinese FDI in the RE sector in Europe 
from 2004 to 2013. However, the result is inconsistent with Keeley and Ikeda (2017) who found that 
GDP played nothing in attracting FDI in the wind energy industry in developing countries.

Similarly, the reported results provide undeniable evidence that a powerful GDP in the source coun-
tries positively pushes their companies [outward FDI] to pour green investment overseas, especially 
in the African CP industry. Thus, the proposed hypothesis is approved. Here, it is supposed that in the 
presence of African attractive location advantages and RE merits; wealthier countries promote their 
green outflow FDI into the RE sector in Africa. The notion and result are supported by Falk (2016) and 
Lv and Spigarelli (2016).

Contradictorily to the suggested hypothesis, geographical distance positively, but limitedly, associated 
with clean FDI in Africa. That is, the distance coefficient’s magnitude is weak [=0.001] with a positive 
and significant sign. Thus, the strength of this relationship is powerless. These statistics suggest that, 
in real life, there is no nexus between FDI and distance as long as there are a foreign investor-friendly 
environment and satisfactory future profits. Again, everything is easy with globalization and suitable 
returns which both could make the distance among countries unimportant. Further, inbound FDI in 
African CP markets is categorized as a horizontal investment in nature, so foreign companies serve Af-
rican domestic markets and households with CP. As such, foreign investors could be indifferent to the 
distance between countries. The literature also substantiates the result where Falk (2016) and Keeley 
and Matsumoto (2018) found the distance did not affect FDI in the hospitality, solar, and wind energy 
industries, respectively.

The Results of the Variables of Interest

Based on the findings, and as hypothesized by the authors, African countries that ratified the Paris 
agreement conveyed a serious message to green investors that those countries are keen to develop their 
RE industries, which highly reflected in enhancing FDI inflows toward those countries. Also, it ap-
pears that the Paris agreement ratification in Africa stimulates existent and new RE foreign investors 
to expand and pour their investment into the CP industry. Therefore, it is not surprising to find that the 
Paris agreement’s coefficient is positive and statistically significant. Further justification is built on that 
the ratified African countries’ adherence to the Paris treaty’s articles, targets, requirements, and duties 
[which are known as the Intended Nationally Determined Contributions (INDCs)], entails them to cut 
their GHG, adopt RE technologies, receive green financing, and report their progress report every five 
years. As such, African political will on RE development could be enhanced, and by extension, more RE 
FDI inflows could be increased. The result is consistent with Aguirre and Ibikunle (2014) who cited that 
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the Kyoto Protocol is an important RE growth determinant globally. Similarly, a recent paper by Pillot et 
al. (2019) concluded that the ratification Kyoto Protocol is shaping the global sustainable development 
framework and supporting the CP industry (Rafay, 2022).

Interestingly, the results provide compelling evidence that a growing RE awareness in Africa is in-
fluential behavior in attracting RE investment. As expected, the amount of CO2 emissions, which highly 
reflect the public awareness levels of RE in population, impact clean FDI in Africa. CO2 has a negative 
and statistically significant effect on FDI at a 1% significance level. Here, the escalation in CO2 figures 
in a country could indicate a lower public’s perception of importance, benefits, and usage of the RE 
applications; a situation that could mean powerless RE demand and development in the country which 
in turn could limit green FDI inflows, and vice versa. The bottom line is that green FDI is highly a func-
tion of people’s awareness of RE, and the latter is a powerful determinant of CO2 emissions. This result 
agrees with Aliyu et al. (2018); Caruso et al. (2020); and Kuamoah (2020) who confirmed that a lack 
of RE public awareness impedes RE progression.

The Results of Renewable Energy Variables

All employed RE policies in the analysis facilitated FDI in the CP industry during 2003-2019, as their 
coefficients are positive and statistically significant. Thus, the proposed hypotheses are verified. This 
could imply that well-prepared RE targets, FinT, and RE financial/fiscal policies develop the CP markets, 
resulting in the acceleration of green FDI. Another explanation refers to that the implementation of these 
green policies could assure investors that some RE rules will be fixed and steady over the years; causing 
an increase in their investment in the CP industry. These results are in line with evidence provided by 
Eyraud et al. (2013), Kathuria et al. (2015), Keeley and Ikeda (2017), Polzin et al. (2019), and Ragosa 
and Warren (2019) who found that FinT played an effective role in attracting FDI in RE markets. On the 
contrary, Romano et al. (2017) showed that FinT and RE fiscal/financial incentives were unimportant 
in pulling green investment into developing countries over 2004-2011. Conversely, RE fiscal/financial 
policies stimulated FDI in the Turkish and Bangladeshi power sectors according to Sirin (2017) and 
Mahbub and Jongwanich (2019), in respective order.

The Results of Control Variables

As hypothesized, and intuitively to a great extent, most politically stable African countries robustly at-
tract FDI in the CP industry. The political stability variable has a positive and statistically significant 
impact on FDI with a strong coefficient’s magnitude [a powerful association]. The political instability 
& corruption, and violence indeed lead to an unfriendly and discouraging investment climate for both 
domestic and foreign investors; a situation that could highly cause disinvestment. Further, political sta-
bility is regarded as a precondition for investment, as it assures investors that the current rules, policies, 
and regulations could be actively continued, avoiding any changes or cancellations, and by extension, 
the expected future returns could be achieved. This result underpins the proposed hypothesis, the theory, 
and past studies’ findings by Lv and Spigarelli (2016), Mahbub and Jongwanich (2019), and Ragosa and 
Warren (2019). Another supportive evidence provided by Komendantova et al. (2014) where stakehold-
ers of solar energy in North Africa decided not to increase their investment due to political instability 
and governance impediments issues (Rafay, 2021).
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Surprisingly, the results show that the coefficients of government effectiveness index and infrastruc-
ture are negative and statistically significant for the former and insignificant for the latter. The probable 
explanation is that, to a great extent, the RE policies framework is lagging and underdeveloped in Africa 
(Hafner et al., 2019). Also, infrastructure is aging, and the unfriendly bureaucracy issue is pervasive in 
Africa. Moreover, improving the RE industry has not been taken as a priority on policymakers’ agenda 
in many African countries (Ankrah & Lin, 2020; Opoku & Boachie, 2020). Further, the largest financing 
is provided to fossil fuel projects rather than RE investment in Africa (Baldwin et al., 2017). Here, if the 
readers combine and consider all these challenges together, they can infer that the governmental practices 
and aging infrastructure in Africa can limit FDI in the CP industry. This result is further substantiated 
by recent evidence by Zheng et al. (2019) who found that the relationship between the ASEAN govern-
ments’ effectiveness and the Chinese FDI is negative and statistically significant.

Robustness Tests

Attaining regression assumptions is essential for robust estimation and inference. For the homoskedasticity 
issue, the baseline panel regression is run with the inclusion of the “vce (robust)” option for controlling 
heteroskedasticity. As a result, this study employs robust standard errors to report heteroskedasticity-robust 
estimates. Regarding autocorrelation issue [serial correlation] detection; the Wooldridge test for serial 
correlation in panel data is used. Table 4 reports the result that implies the residuals are independent, 
i.e., this study failed to reject the null hypothesis of no first-order autocorrelation. Concerning check 
collinearity, further robustness assessment [addition to Matrix of correlations] is introduced. Thus, the 
variance inflation factor (VIF) method is employed. Table 5 reaffirms the absence of collinearity issue 
among used variables; as the VIF (βi) < 5 (Studenmund, 2017). As such, it can be concluded that the 
reported estimation is robust to heteroskedasticity, autocorrelation, and collinearity.

Sensitivity analysis is further conducted to reinforce the robustness of the results. The sensitivity 
analysis aims to explore the sensitivity of reported results to replacing, dropping, or adding some regres-
sors to the analysis. Here, the sensitivity analysis is presented by comparing results of seven models. 
Model 1 is the baseline regression. In model 2, only the variables of interest are included. In model 3, 
the variables that are found with results that contradict the theory [based on model 1 results] are dropped 
[GovEfftiV and Infrastructure]. Similarly, all RE and gravity variables are declined in models 4 and 5, 
respectively. Model 6 includes new regressors: inflation and corruption. Lastly, in model 7, variables 
of interest are excluded. The results of the sensitivity analysis are reported in Table 6. Based on these 
results, it can be concluded that REAware, LGDPhome, LGDPsource, LDistance, FinT, and Pos robustly 
attracted FDI in the CP industry in Africa over 2003-2019; as these variables coefficients’ magnitude, 
signs, and significance do not change through the sensitivity analysis.

Table 4. Wooldridge test for autocorrelation in panel data

H0: no first-order autocorrelation

F( 1, 32) = 2.720

Prob > F = 0.1089
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FUTURE RESEARCH DIRECTIONS

The ongoing energy insecurity issue, particularly in SSA, entails more rigorous and deliberate research. 
The deepest analyses of the most effective RE policies and enhancing RE financing can be focused on 
as the future RE research. Further, concentrated studies on raising African awareness of the environ-
ment and RE are necessarily needed. In addition, semi-structured interviews with RE investors are an 
important method for RE development. Besides, conducting this chapter’s research issue on the Arab 
economies is suggested future RE research.

CONCLUSION AND POLICY IMPLICATION

Clean power [CP] insecurity and financing gap are two faces for the same coin in Africa; the issue that 
entails enhancing foreign direct investment [FDI]. This study thus has examined determinants of FDI in 
the CP industry over 2003-2019 in Africa. The FDI panel gravity fixed effects PPML model is employed, 
followed by diagnostic and robustness tests.

The results are a range of supportive findings for African CP industry development. The most en-
couraging results indicate that raising African clean energy awareness and developing renewable energy 
policies have a positive and considerable influence on FDI in the CP industry. Another reassuring result 
is that the geographical distance could be unimportant in FDI making decisions. Despite these interesting 
results, the incompleteness of data of some variables constitutes the limitation of this chapter, which is 
highly resulted from the little attention given to African renewable energy. However, the good news is that 
several proxies can be used and reliable methods can treat the issue as widely employed in the literature.

Table 5. Variance inflation factor

VIF 1/VIF

Infrastructure 4.266 .234

LGDPhome 3.981 .251

REAware 2.281 .438

FinT 1.902 .526

REFs 1.847 .541

GovEfftiV 1.813 .552

PoS 1.584 .632

LGDPsource 1.519 .658

RETs 1.515 .66

ParisAgree 1.199 .834

LDistance 1.018 .982

Mean VIF 2.084 .
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Future work will entail conducting this chapter’s research issue exclusively on some of Arab coun-
tries. Besides, based on the findings, African policymakers should effectively collect, or even prepare, 
accurate renewable energy data and studies for investors. Clean energy education and awareness in Af-
ricans should be developed through, for instance, establishing specific renewable energy campaigns and 
school and university courses. Also, CP regulatory and financial measures should not be neglected. It is 
believed that effectively implementing these recommendations could help in CP development in Africa.

Table 6. Sensitivity analysis results

Model

1 2 3 4 5 6 7

LGDPhome 1.556* 1.025** 1.608* 1.991** 1.452* 

(2.26) (2.70) (2.20) (2.70) (2.13) 

LGDPsource 0.149*** 0.151*** 0.147*** 0.149*** 0.151***

(5.72) (5.41) (6.19) (5.70) (5.77) 

LDistance 0.00105*** 0.00109*** 0.00108*** 0.000979*** 0.00101***

(9.26) (8.82) (9.66) (9.88) (9.21) 

RETs 0.642* 0.587 0.633 0.752* 0.622* 

(1.81) (1.49) (1.19) (2.21) (1.66) 

REFs 0.811* 0.559 0.916* 0.776* 0.831* 

(1.87) (1.20) (1.69) (2.13) (1.79) 

FinT 1.103*** 1.393** 1.389** 1.149** 0.949** 

(3.34) (3.15) (3.07) (3.24) (3.01) 

ParisAgree 0.447* 0.104 0.433* 0.112 0.0289 0.432* 

(1.90) (0.49) (1.82) (0.46) (0.07) (2.14) 

REAware -0.158** -0.222** -0.256*** -0.113* -0.301** -0.152**

(-2.92) (-3.04) (-4.27) (-1.72) (-3.23) (-3.03) 

GovEfftiV -4.164*** -4.335** -2.897 -4.195*** -4.593***

(-3.68) (-3.20) (-1.63) (-3.71) (-4.19) 

PoS 1.848*** 1.008* 1.861** 1.669* 1.949*** 1.851***

(4.20) (2.17) (3.28) (2.47) (4.03) (3.79) 

Infrastructure -1.38e-11 -3.20e-12 1.00e-11 -1.54e-11 -1.03e-11 

(-0.67) (-0.14) (0.39) (-0.70) (-0.54) 

Inflation 0.00918 

(0.57) 

Corruption -0.0382* 

(-1.79) 

N 646 647 646 646 647 646 646

t statistics in parentheses. All models are estimated with the “vce(robust)” option for controlling heteroskedasticity to obtain robust
Standard errors [heteroskedasticity-robust estimates], * p<0.05, ** p<0.01, *** p<0.00
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KEY TERMS AND DEFINITIONS

Clean Power: Produced electricity from renewable energy resources.
Clean Power Financing Gap: Supply of renewable energy financial resources – demand for renew-

able energy financial resources = ± financing gap.
Financial Deficit: A negative gap between supply and demand for financial resources.
Green Investment: Investment poured in renewable energy industry.
Renewable Energy Measures: Policies to organize and govern the renewable energy industry regu-

latorily and financially.
Renewable Energy Public Awareness: General awareness of all aspects of renewable energy resources.
Renewable Energy Resources: Sustainable and limitless resources to yield clean energy.

ENDNOTES

1  Clean power and renewable electricity are used interchangeably.
2  Source: https://treaties.un.org/Pages/ViewDetails.aspx?src=TREATY&mtdsg_no=XXVII-7-

d&chapter =27&clang =_en [accessed on 1 April 2021].
3  This chapter’s empirical analysis includes 33 African economies over 17 years, and 86 observations 

in which some of those African countries received FDI from different source countries in the same 
year. Therefore, n=33*17+86=647 Obs.

https://treaties.un.org/Pages/ViewDetails.aspx?src=TREATY&mtdsg_no=XXVII-7-d&chapter
https://treaties.un.org/Pages/ViewDetails.aspx?src=TREATY&mtdsg_no=XXVII-7-d&chapter
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APPENDIX

Country List

Those countries included in the analysis as a result of data availability: Algeria- Angola- Benin- Burkina 
Faso- Burundi- Cameroon- Cote d’ Ivoire- Democratic Republic of Congo- Djibouti- Egypt- Ethio-
pia- Gabon- Ghana- The Gambia- Kenya- Liberia- Libya- Mali- Mauritius- Morocco- Mozambique- 
Namibia- Nigeria- Rwanda- Senegal- Sierra Leone- South Africa- Tanzania- Togo- Tunisia- Uganda-
Zambia- Zimbabwe.
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ABSTRACT

This chapter examines the interactions among energy consumption, economic growth, and carbon 
emissions in Nigeria for the period 1971-2018. The study adopts time-varying parameter vector auto 
regression (TVP-VAR) to explore the dynamic effects among the variables of interest. After analyzing 
the statistical properties of the data with Markov chain Monte Carlo (MCMC), a causal relationship 
between energy consumption and economic growth was found. It is also found that the environmental 
Kuznets curve (EKC) hypothesis is valid for Nigeria. It implies that as the economy of Nigeria grew, 
emissions were reduced. It is recommended that the Nigerian government should continue pursuing 
emissions reduction policies, such as the nationally determined contributions (NDCs), and should also 
ensure the appropriate energy mix to enhance industrialization drive and improve environmental quality.
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INTRODUCTION

Environmental and energy economics have gained a lot of attention due to climate change from equiva-
lent carbon emissions. Energy use is essential for growth; however, there is a dire consequence of the 
resultant emissions of greenhouse gases (GHGs), which are detrimental to the environment and human 
health (Appiah, 2018). Nigeria is the largest producer of crude oil in Africa (ECP, 2021). The country 
consumes 428,000 barrels of oil daily with a teeming population of over 200 million people. Nigeria is 
the world’s 17th highest emitter of greenhouse gases and second to South Africa in the African continent 
(EIA, 2019). The critical issue is that Nigeria, with the largest population in Africa, is an emerging 
economy that needs more energy consumption for its industrialization drive. Thus, expectedly, there could 
be emissions in an energy-driven economy, implying either a cost or benefit. When emissions impose 
costs on the environment and the society, it connotes a negative environmental externality (Faiyetole, 
2015). Emissions stem heavily from energy use and could impose unintended economic costs in pollu-
tion and consequential environmental hazards.

Most studies on CO2 emissions and economic growth relationships aim to verify and estimate the 
existence or not of the environmental Kuznets curve hypothesis or describe the short-run and long-run 
equilibrium relationships among emissions, economic growth, energy consumption, population growth, 
and others (Kaika & Zervas, 2013; Dinda, 2004; Dritsaki, & Dritsaki, 2014; Grossman & Kruger, 1995).

Based on those as mentioned earlier, the purpose of this study is to evaluate for the validity or otherwise 
of the EKC hypothesis in Nigeria, being an emerging economy, producer and consumers of fossil fuels, 
such as oil, coal, and gas, which have a very high propensity for carbon emission. Thus, this study is 
relevant at this present time because of the global shift from fossil fuel to renewable energy use. Secondly, 
the Paris Agreement (2015) of the United Nations framework convention on climate change (UNFCCC) 
has committed the industrialized countries and oil-producing countries and, in fact, nations worldwide 
through the NDCs, to limit the emissions target from 2oC to 1.5oC warming above the pre-industrial 
level. The study adopts the Bayesian time-varying VAR method developed by Kim & Nelson (1999), 
Primiceri (2005), and Nakajima (2011) as opposed to previous studies, such as Alkhathlan et al. (2012), 
Aiyetan & Olomola (2017), Işık et al. (2019) and Khan et al. (2020) that have used the traditional VAR.

LITERATURE REVIEW

The controversial EKC is a hypothesized relationship between various indicators of environmental 
degradation and income per capita. Typical EKC shows that environmental degradation increases in the 
early stages of economic growth, but beyond some levels of income per capita of economic growth, the 
trend reverses, leading to an environmental improvement (Stern, 2004; Cole et al., 1997; Grossman & 
Kruger, 1995). At these points, societies are environmentally aware, and countries can implement costly 
mitigative strategies, such as acquiring expensive technology for emission mitigation (Faiyetole, 2018; 
Faiyetole & Adesina, 2017; Kaika & Zervas, 2013; Dinda, 2004; Dritsaki & Dritsaki, 2014; Grossman 
& Kruger, 1995). The EKC is based on the hypothesis of a U-inverted relationship between emissions 
and income levels (Kuznets, 1955). It implies that plotting an environmental impact indicator (CO2 per 
capita) against a function of income (GDP per capita) should follow an inverted-U or N-shaped curve 
(Panayotou, 2003, 1997; Moomaw & Unruh, 1997).
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However, there have been arguments and counter-arguments on the existence of EKC. For instance, 
from an econometric and diagnostic statistic point of view, Perman & Stern (2003) have shown that EKC 
is non-existent. Other studies that found an absence of EKC hypothesis include Perman & Stern (2004), 
Xue et al. (2012), Gorus & Aydin (2018), and Khan et al. (2019), among others. However, the strong 
proponents of EKC have continued to argue that various other underlying variables or policy consider-
ations buttress the existence and viability of EKC (Panayotou, 1997, 2003). Amongst such variables or 
policies could include – scale, changes in economic structure or product mix, changes in technology, 
and changes in input mix, as well as others, such as environmental regulation, education, and awareness 
– these variables, are what Stern (2004), refers to as proximate variables. Panayotou (1997) had identi-
fied three distinct structural forces that affect the environment, namely: i) the scale of economic activity, 
ii) the composition or structure of economic activity, and iii) the effect of income on the demand and 
supply of emission mitigative efforts. Thus, according to Panayotou (2003),

[APL] = [GPA] x [SCG] x [PME] (A) 

Where, APL = ambient pollution level; GPA = GDP per unit area; SCG = structural composition of 
GDP; and PME = pollution abatement efforts.

Panayotou (2003) and Sachs et al. (1999) opined that theories and experience have shown that eco-
nomic growth involves systemic structural change. Depending on the stage of economic growth, the 
environment is markedly impacted. “As the output continues to rise in the course of the industrializa-
tion process, the share of employment and output in industry reaches a peak and begin to decline, as 
the economy shifts to services.” As such, the carbon emissions intensity of agricultural-led economies, 
industry, and service-dominant economies differ distinctively. For instance, emissions from industry 
(Raheem & Ogebe, 2017; Attari et al., 2016) are higher than agriculture, and agriculture is higher than 
for services. Hence, the inverted-U in Figure 1. Thus, as GDP increases, irrespective of the sector of the 

Figure 1. The environmental Kuznets curve: a development-environment relationship
Sources: Panayotou (2003) and Zoundi (2017).
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economy leading the increase, the rise in carbon emissions doesn’t vary directly in the same proportion 
with the GDP, even if the relative price of energy is constant (Panayotou, 2003; Zoundi, 2017).

In their investigation for Turkey, Yavuz (2013) used the Johansen cointegration test to determine 
a long-run relationship among CO2 emissions per capita, income per capita, and energy consumption 
per capita and found the validation of the environmental Kuznets curve. While Esso & Keho (2016), 
considering selected African countries, reported that in the long-run, energy consumption and economic 
growth are associated with an increase in atmospheric pollution in most African countries. Their results 
from the Granger causality test further show evidence of economic growth causing CO2 emissions in the 
short-run in a few African countries, including Nigeria, which implies that economic expansion cannot 
be achieved without affecting the environment. Expectedly, Esso & Keho (2016) also found that energy 
use and economic growth cause emissions in Nigeria and South Africa and more African countries in 
the long-run. There is evidence of reverse causality from CO2 emissions to economic growth in Nigeria, 
indicating emissions mitigated policies may adversely affect economic growth.

In another study, Alkhathlan et al. (2012) examined the dynamic relationship among economic 
growth, CO2 emissions, energy consumption, and employment in Saudi Arabia from 1980 to 2008. The 
study found a long-run relationship among economic growth, energy consumption, and employment 
ratio with the autoregressive distributed lag (ARDL) model and error correction model (ECM) analysis 
techniques. Mohiuddin, Sarkodie & Obaidullah (2016) investigated the relationship between carbon 
emissions, electricity consumption, electricity production, oil production, and GDP for Pakistan from 
1971 to 2013. The study shows long-run cointegration among the variables. The causal relationship re-
vealed causality from electricity consumption to carbon emissions while weak uni-directional ran from 
emissions to electricity production.

For Nigeria, Aiyetan & Olomola (2017) explored the relationship among CO2 emissions, energy 
consumption, population growth, and the environment in Nigeria from 1980 to 2012. The study found 
the inverted U-shaped in Nigeria using ARDL bound testing, structural breaks, and the Toda Yomamoto 
non-Granger causality test. It suggested an increase in environmental tax to reduce CO2 emissions in 
the country. Gorus & Aydin (2018) investigated the causal relationship between energy consumption, 
economic growth, and CO2 emissions using panel frequency and time domain Granger causality tests 
for the Middle East and North Africa (MENA) countries from 1975 to 2014. The result found no panel 
causality between energy use, economic growth, and CO2 emissions. Isik et al. (2019) determined the 
effects of GDP, population, renewable energy, and fossil fuel energy use on CO2 emissions for ten states in 
the United States between 1980 and 2015. The study found fossil fuel energy use impacts CO2 emissions 
negatively in Texas and positively in Florida. The EKC hypothesis was valid only in Florida, Illinois, 
Michigan, and New York. In recent studies, Shaari et al. (2020) investigated the effects of oil and gas 
consumption on CO2 emissions in 20 organizations of Islamic cooperation (OIC) countries from 1990 
to 2017 with panel ARDL analysis. The panel result showed that national output significantly increased 
CO2 emissions in the short-run for Algeria, Tajikistan, and Malaysia while reducing emissions in the 
short-run for Nigeria and Turkey. Khan et al. (2019) investigated energy consumption and economic 
growth on Pakistan’s carbon emissions using ARDL from 1965 to 2015. The result showed that energy 
consumption and economic growth positively impacted the environment in the short- and long-run. The 
EKC hypothesis did not hold, just as we had in another study on Pakistan by Khan et al. (2020), which 
examined the nexus between energy, economic growth, and CO2 emissions using ARDL. The result 
showed energy consumption and economic growth increase CO2 emissions in both the short- and long-run.
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DATA SOURCES AND METHODOLOGY

The study spans from 1971 to 2018, and the data were sourced from World Development Indicator, 
2020. The energy consumption is measured in kilogram (Kg) of oil equivalent consumed in Nigeria. It 
is the consumption of fuel, firewood, gas, diesel, and energy-related commodities. The emission used is 
CO2 measured in metric tons and expressed as greenhouse gas emitted from the burning of fossil fuels, 
automobile and natural gases during industrial and consumption activities of solid, liquid gas fuel, gas 
flaring, and those generated during cement production. At the same time, economic growth is defined 
as the growth rate of the output of goods and services produced in the country’s currency and per capita 
terms. This study uses Bayesian time-varying VAR to capture the dynamic effects of energy consumption 
mediating through economic growth on emission in Nigeria for the period of study. The methodology 
helps to elicit information on the viability of the EKC hypothesis in Nigeria.

The choice of the TVP-VAR is informed by the different international climate change-related nego-
tiations by the United Nations over time, from the Montreal Protocol (Fahey, 2013; Velders et al., 2007) 
to the Kyoto Protocol (UNFCCC, 1997), the Marrakesh Accords in 2001, the Copenhagen Accord in 
2009, the Cancun Agreement in 2010, the 21st Conference of the Parties (COP21), the so-called Paris 
Agreement in 2015, and up to Katowice Decision (COP24) in 2018. These negotiations have influenced 
the different regimes of implemented climate change policies. For example, in Nigeria, the Department 
of Climate Change (DCC) in the Federal Ministry of Environment was created to implement the Kyoto 
Protocol activities by formulating and implementing climate change policies (NPCC, 2013). The Bayes-
ian TVP-VAR model starts from the structural vector autoregression (SVAR) to the TVP-VAR model 
and finally to the Bayesian method of estimation using MCMC to generate posterior distribution and 
the impulse responses.

The SVAR Model

The SVAR model, according to Sims (1981,1986), Bernanke (1986), and Shapiro & Watson (1988), was 
proposed to account for structural identification of economic models which the normal VAR is incapable 
of. The SVAR model can be represented in general form as:

Ay A y A y B
t t t t
= +……+ +− −1 1

* *
r r   (1)

Where A
i
* ’s (i=1,…,𝜌) are (k×k) structural matrices, matrix A specifies the instantaneous relations 

between the variables of interest and 𝜖t is a vector of length k. The reduced form of the SVAR can be 
obtained by pre-multiplying with A-1 as:

y y y u
t t t t
= +…… +− −π πρ ρ1 1

.  (2)

Where 𝜋1=A1A
-1, 𝜋𝜌=A𝜌A

-1 and ut=A-1B𝜖t, an unobserved structural innovation.
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The TVP-VAR Model

The SVAR model is also extended to the TVP-VAR to account for the structural changes in an economic 
model. The basic structural TVP-VAR can be written as:

Ay F F y F y F y u
t O t t t t t t t
= + + +…+ +− − −1 1 2 2, , ,r r Where t=1,2,…,T (3)

The disturbance ut is a k×1 structural shock, equals to A
t t
−1Σ ,  assumed to be ut~(0,ΣΣ) and time-

varying where A is a lower triangular matrix with ones on the main diagonal and with Σ a diagonal 
matrix, where:

Σ =

…

…
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Equation (10) can further be expressed as:

y B B y B y B y A
t O t t t t t t t t
= + + +…+ +− − −

−
1 1 2 2

1
, , ,r r Σ  Where B𝜌,t=A-1F𝜌,t (4) 

In reduced forms, the equation. (4) can be written as equations (4) and (5):

y B B B

y

y

A
t O t t

t

t

t t
= + …













+
−

−

−( , , )
, ,1

1
1

r

r

 Σ  (4)

y X A
t t t t t
= + −b 1Σ  (5)

The coefficient 𝛽t, the parameter at and Σt are all time-varying with stochastic volatility, hjt=logs
jt
2 . 

Following Primiceri (2005) and Nakajima (2011), the coefficients and the parameters follow a random 
walk process as:

b b bt t t
u= +−1  t=0,…,T–1 (6)

a a u
t t at
= +−1  t=0,…,T–1 (7)
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h h u
t t ht
= +−1  t=0,…,T–1 (8)

Where u𝛽t, uat and uht are i.i.d and jointly normally distributed with the variance and covariance matrix as:
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From the model in eq. (5), all the three variables are treated as endogenous with the variable ordering as:

ln yt = (enc, gdp, ems) (10)

Where enc implies energy consumption, gdp is the gross domestic product and ems is emission. The 
ordering of the variable conforms to economic reality. Theoretically, the expectation is that an increase 
in energy consumption leads to a rise in economic growth and emissions. It should be noted that Eq. 
(10) is a matrix of a 3×3 matrix expressed in a structural identification model as:

A a

a a

enc

gdp

ems
t
=
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 (11)

Where At is the identification matrix of lag variables and Cholesky decomposition? The first row denotes 
that past values of gdp and ems shocks have no effects on energy (enc), only the past values of enc. 
The second row means past values of enc and gdp shocks have effects on gdp while the past values of 
ems do not. Lastly, the third row implies that the past values of enc, gdp, and ems shock have effects on 
ems—the variable vector in Eq. (10) is used to estimate the Bayesian TVP-VAR model.

Bayesian Inference

The treatment of the hyper-parameters, i.e., the unobservable states, 𝛽t, at and Σt, time-varying and ran-
dom variables necessitate the Bayesian method of estimation (Koop, 2003; Geweke, 2005; Olayungbo 
& Akinlo, 2016). The need to account for the different climate change policies adopted by the sample 
country to mitigate emissions motivates a time-varying model. In Bayesian inference, the posterior 
distribution is proportional to the likelihood function multiplied by the prior distribution. The posterior 
distribution is computed by Baye’s theorem in continuous form and stated as:

π θ
θ π θ

θ π θ θ
( | )

( | ) ( )

( | ) ( )
y

f y

f y d
=
∫

 (12)
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The prior density 𝜋(𝜃), represents the beliefs about 𝜃 prior to having the data y. f(y|𝜃) denotes the 
likelihood function. The posterior distribution can further be stated in proportionality form as 

π θ θ π θ| |y f y( ) ∝ ( ) ( )   (13) 

Given the hyper-parameters to be estimated, the posterior distribution is:

π θ β θ β π θ, , , | | , , ,a h y f y a h( ) ∝ ( ) ( )  (14)

Where 𝜃=Σ𝛽,Σa,Σh, and the likelihood is:

f y a h y x I y x
T

| , , , expθ β
σ

β σ β( ) = − −( )′ ( ) −( )
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2 2
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π θ
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β β β ββ β( | , , ) exp[ )Σ Σ Σ Σ

a h it it it it

k
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−2 2 1
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1
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π θ β
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β σ β, , , | exp ) .exp
'

a h y y x I y x
T( ) ∝ − −( ) −( )( 
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(17)

The posterior distribution was estimated using the MCMC sampling methods given the likelihood 
function and the prior distributions. The MCMC allows the function of the parameters such as the im-
pulse response function and posterior means to be estimated. Samples from the posterior distribution 
were drawn, 𝜋(𝜃,𝛽,a,h,|y) given f(y|𝜃,𝛽,a,h) and 𝜋(𝜃|Σ𝛽,Σa,Σh) by using the MCMC algorithm presented 
in Appendix 1.

Choice of Priors and Calibrations

Nakajima (2011) and Olayungbo & Akinlo (2016) procedures were followed in choosing the priors. Flat 
priors were set for the initial state because there was no information about the initial state a priori. The 
inverse gamma distributions, a family of two parameters, are used as priors alongside the normal distri-
bution variance to ensure precision. In Bayesian statistics, the inverse gamma distribution serves as the 
conjugate prior to the variance of a normal distribution (Nakajima, 2011). The prior choices are sum-
marised as follows: ( )Σb i

− ∼2  Gamma (40, 0.02), ( )Σ
a i
− ∼2  Gamma (4, 0.02) and ( )Σ

h i
− ∼2 Gamma 

(4, 0.02).
For the initial state of the time-varying parameters, flat priors are set; 𝛽0=a0=h0=0 and 

Σ Σ Σb0 0 0
10= = = ×

a h
I ,  Nakajima (2011) and Olayungbo & Akinlo (2016).
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EMPIRICAL ANALYSIS

This section contains the description of data, presentation, and discussion of results. Descriptive statistics 
is necessary to analyze the statistical distribution in terms of the average and extreme values of the data 
employed in the study.

Descriptive Statistics

The descriptive statistics of the variables of interest are presented in Table 1. It shows that the average 
value of energy consumption, GDP, and carbon emissions for the period of study is almost 83 billion 
kilograms, N23 trillion (equivalent to US$313billion with an exchange rate of N410 to US$1) and 68814 
metric tonnes, respectively. The maximum and minimum values of the variable of interest suggest that 
GDP and carbon emission increase with energy consumption. The positive value of standard deviation and 
kurtosis implies that the data are not normally distributed. However, the closer the value of the skewness 
of energy consumption and emission to zero suggests normal distribution. Finally, the null hypothesis of 
the normal distribution is rejected with the Jarque Bera value of 4.05, 24.6, and 4.40 greater than 0,05%.

DISCUSSION OF RESULTS AND FINDINGS

After analyzing the statistical properties of the data, it proceeded to the presentation and implementation 
of the TVP-VAR model. In analyzing Bayesian TVP-VAR results, it generated M=10,000 draws from 
the posterior using the MCMC simulation with one optimal lag length selection (see Table 3 in Appen-
dix). The initial 1,000 samples were discarded as burn-in. In addition, the Bayesian and the convergence 
diagnostics performed well with low autocorrelations of estimates and suggested independence of the 
parameter estimate with high efficiency. Table 2 shows the posterior mean, posterior standard deviation, 
95 percent interval, and the Geweke (1992) convergence diagnostic of the diagonal elements such as Σ𝛽1, 
Σ𝛽2, Σa1, Σa2, Σh1 and Σh2. In the results, the Geweke convergence values of 0.03 percent, 0.05 percent, 

Table 1. Descriptive statistics 

Energy Consumption GDP Emission

Mean 82,698,502,771 22,129,785,031,252 68814

Median 73,606,284,000 2,434,515,000,000 68890

Maximum 166,708,000,000 129,113,000,000,000 106067

Minimum 33,179,448,000 10,375,400,000 32280.6

Std. Dev 37,183,696,108 35,684,427,225,374 23805

Skewness 0.66 1,62 0.06

Kurtosis 2.47 4.36 1.52

Jarque Bera 4.05 24.6 4.40

Observations 48 48 48



268

Economic Growth, Energy Consumption, and Carbon Emissions
 

0.06 percent, 0.37 percent, 0.40 percent, and 0.82 percent, respectively, meaning the acceptance of the null 
hypothesis of convergence to the posterior distribution for the first three parameters at 0.05% and 0.10%.

Similarly, the inefficient factors were reasonably low with 3.40 percent, 4.24 percent, 20.77 percent, 
16.35 percent, 13.20 percent, and 11.61 percent, suggesting the number of efficient samples employed 
in the MCMC simulation was sufficient. The minimum sample number is M/10=1000 iteration. The 
evidence of convergence of all the parameters is further confirmed, as shown in Figure 2 with the con-
vergence and stable movement of the sample autocorrelation, sample paths, and the sample parameters’ 
posterior densities. The sample autocorrelation in the first row of Figure 2 (top) shows that the sample 
tends towards zero. It implies the absence of autocorrelation of the sample distribution. In addition, the 
consistent overlapping of the sample path in the second row of Figure 2 (middle) indicates the efficiency 
of the MCMC draws and proves that the model fits the observed data well. Finally, on the Bayesian 
diagnostics and visual inspection, there are relatively smooth changes of the histogram bars looking at 
the third row of Figure 2 (bottom), meaning that the posterior distribution is well represented.

The dynamic relationships among energy consumption, economic growth, and emission rate are ex-
plained using impulse response functions (IRFs) plotted for the 4, 8, and 12-period ahead in Figure 3. It 
comprises nine figures in all. The first impulse response shows a positive shock of energy consumption 
on itself (𝜀enc→enc). The second one to the right is a response of GDP to shocks from energy consumption 
(𝜀enc→gdp). The IRFs of GDP to energy consumption were positive and increased from 0.08 percent in 
1981 to 0.10 percent in 2018 for the 4th, 8th and 12th periods. This result indicates energy consumption 
promotes economic growth in Nigeria. The third impulse response also shows a positive response of 
CO2 emission to energy consumption shock (𝜀enc→ems). The CO2 impulse response initially increases 
to 0.005 percent and later tends towards zero by 2018. The second row of the impulse response shows 
that energy consumption responds positively to GDP shocks. However, we had a lower maximum value 
of 0.04 percent compared to the maximum value of 0.10 percent of GDP response to energy consump-
tion shocks. These results imply a causal relationship and dependence between energy consumption 
and economic growth in Nigeria during the study period. This study contrasts Gorus & Aydin (2018), 
where no causal relationship was found for the MENA panel study. The GDP shock on itself is positive, 
as shown in the second row of the impulse response.

In addition, the responses of CO2 emissions to GDP shocks (𝜀gdp→ems) are significantly positive with 
an initial value of 0.02 percent, increase to 0.03 percent, and fall to 0.01 percent at the end of the study 
period. This result indicates that emission initially rises, gets to the peak and falls. This result validates 
the hypothesis of EKC that emission increases initially but reduces as economic growth occurs and is 
consistent with studies including ones contemporaneously on Nigeria (Esso & Keho, 2016; Aiyetan & 
Olomola, 2017; Panayotou, 2003, 1997; Moomaw & Unruh, 1997).

Although the relationship between economic and socio-political development is essentially linear, 
the economic development and emissions relationship has been shown to follow an inverted U-shaped 
pattern in peripheral countries (Faiyetole, 2019; Dietz & Rosa, 1997; Grimes & Roberts, 1995; Roberts 
& Grimes, 1997). Notably, according to Panayotou (2003), in equation A, evidence of EKC on emissions 
and economic growth relationship is a function of the structural composition of the GDP and pollution 
mitigative efforts. For example, in 2014, Nigeria’s economy was rebased, which essentially shows new 
sectors were factored in the sectoral composition of the GDP (NBS, 2014). The earlier understanding 
that the Nigerian economy is oil-and-gas-driven gave way to the service sector with a 240% increase 
from the 2010 base year, increasing the GDP from N34 trillion to N54.2 trillion. The implication of this 
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to the existence of EKC found in this study is that economic growth leads to environmental improve-
ment, hence the inverted U-shaped.

Lastly, the impulse responses of energy consumption to CO2 emission shocks show a negative of -0.005 
percent to -0.01 percent. It means that energy consumption reduces with an increase in emission. The 
impulse responses of GDP to emission shock are negative at -0.05 percent through the period of study 
(𝜀ems→gdp). The Paris Agreement’s (of 2015) ambitious target of a 1.5oC warming limit above pre-industrial 
levels aims at a net-zero emission in the second half of this century, requiring more stringent goals, which 
is hoped to be attained through the NDCs. According to UNFCCC (2018), Nigeria, a peripheral African 
country, in its NDC target, aims to achieve a 20% unconditional cut from its business-as-usual (BAU) 
level and a 45% conditional cut in the emission of CO2 equivalents. Nigeria is comparably meeting the 
target better than the USA (Faiyetole, 2019), the largest economy in the world by any standard, which 
intends to reduce emissions by 28% below its 2005 level to stand at ~4,500 million metric tons of CO2 
equivalents (UNFCCC, 2018).

These measures being implemented by Nigeria reflect on the sectors of the economy that contribute 
to its GDP, such as reducing emissions by ending gas flaring, generating 13 GW of off-grid solar power, 
and shifting transportation from cars to mass transit. Including improving the electricity grid, practic-
ing climate-smart agriculture and reforestation, and using efficient gas generators (Faiyetole, 2019). By 
implication, the energy mix implementation by Nigeria has reduced the stocks of energy that lead to 
excessive emissions, hence a semblance of reduced energy consumption. However, the emission increases 
because the population of the country keeps rising. For example, the average annual rate of population 
change (AARPC) for sub-Saharan Africa is the highest of all the regions at 2.4%, with Nigeria at 2.8% 
(UNFPA, 2014), which is relatively the highest compared to most other countries. The emission in the 
stationary energy sector is predominantly high due to the extensive use of distributed diesel or petrol 
generators because of the inadequate supply of grid electricity to meet the growing demand due to the 
sharp rise in population. Thus, in addition to population increase and its overarching effects on emis-
sions, for example, in Lagos (Nigeria), in 2013, there were 17,000 units such distributed diesel or petrol 
generators found in 13,000 households, industrial and commercial locations. Additional to transport 
emissions owing to diesel and petrol use in road vehicles. Also, despite the insufficient supply of grid 
electricity, it is a significant source of emissions due to its high share of gas and oil-based generation 
in the national energy mix (LSG, 2020). Hence, the reduced energy consumption with an increase in 
emissions has been evidenced in the findings of this study. On the other hand, the responses of emissions 
shocks on themselves are positive and varied over the study period.

Table 2. Estimation result of the parameters in the Bayesian TVP-VAR model

Parameters Mean St. Dev. 95% Upper 95% Lower Geweke Diag. Inefficiency

Σ𝛽1 0.0023 0.0003 0.0018 0.0029 0.037 3.40

Σ𝛽2 0.0024 0.0003 0.0019 0.0030 0.050 4.24

Σa1 0.0056 0.0017 0.0034 0.0098 0.058 20.77

Σa2 0.0055 0.0016 0.0033 0.0097 0.368 16.35

Σh1 0.0056 0.0016 0.0033 0.0094 0.396 13.20

Σh2 0.0055 0.0017 0.0034 0.0096 0.824 11.61
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CONCLUSION AND RECOMMENDATIONS

This study examines the dynamic relationships among energy consumption, economic growth, and CO2 
emissions from 1971 to 2018. The study adopts the TVP-VAR to explore the dynamic effects among 
the variable of interest. After analyzing the statistical properties of the data with MCMC, a causal 
relationship between energy consumption and economic growth was found. It is further shown in this 
study that the EKC hypothesis is valid for Nigeria. It implies that as Nigeria’s economy grew, emissions 
reduced. One of the reasons could be the commitment on the part of the government by supporting the 
shift to the use of renewable energy primarily informed by the country’s NDC choices. Many house-
holds in the country are adopting the use of solar energy as against fossil fuel generators. The results, 
by implication, indicate that the government of Nigeria, as the largest oil producer in Africa, has been 
complying with the United Nations framework convention on climate change to reduce emissions and 
invariably committed to reducing the global greenhouse effects. Therefore, this study recommends that 
the Nigerian government continue pursuing emissions reduction policies, such as the NDCs, with an 
appropriate energy mix to ensure a quality environment in the face of reasonable industrialization drive 
and economic growth achievement.

Figure 2. Sample autocorrelation (top), sample paths (middle), and posterior densities (bottom)
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APPENDIX

1. Algorithm of the Markov Chain Monte Carlo (MCMC) Simulation

Given the likelihood and the prior distributions, the posterior distribution was estimated using the MCMC 
sampling method. Samples are drawn from the posterior distribution 𝜋(𝜃,𝛽,a,h|y), by the following MCMC 
algorithm recursively with 10,000 iterations:

1.  initialize 𝛽,a,h and 𝜃.
2.  sample 𝛽|a,h,Σ𝛽,y.
3.  sample Σ𝛽|𝛽.
4.  sample a|𝛽,h,Σa,y.
5.  sample Σa|a
6.  sample h|𝛽,a,Σh,y.
7.  sample Σh|h.
8.  go to ii.

Step i-viii were done recursively in 10,000 draws to generate estimates of 𝛽, a, h, Σ𝛽, Σa, Σh, and y 
(see Nakajima, 2011, Olayungbo & Akinlo, 2016).

Table 3. Lag length selection criteria for the TVP-VAR estimates

Lag LogL LR FPE AIC SC HQ

0 -246.0505 NA 1908.760 16.06777 16.20655 16.11301

1 -165.5678 140.1956* 19.04298* 11.45599* 12.01108* 11.63694*

2 -158.8569 10.39109 22.50641 11.60367 12.57508 11.92033

3 -150.3072 11.58348 24.30684 11.63272 13.02045 12.08509

4 -143.4693 7.940788 30.68910 11.77221 13.57626 12.36029

5 -136.9111 6.346695 42.33580 11.92975 14.15011 12.65353

* indicates optimal lag order selected by the criterion. LogL-Log Likelihood, LR-Likelihood Ratio, FPE-Final Prediction Error, AIC-
Akaike Information Criterion, SC-Schwarz Information Criterion, HQ-Hannan Quinn Information Criterion
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ABSTRACT

Air pollution has huge economic consequences for society, including reduced work hours, increased 
healthcare costs, and lost household income. Quantifying the environmental and health costs of air pol-
lution is conducive to improve the quality and efficiency of environmental regulations and understanding 
the real costs of economic development. This chapter provides an overview of all the costs associated 
with air pollution, the pros and cons of the traditional and new methods of air pollution cost accounting, 
and valuable insights into how future air pollution-related cost accounting should be. Another objective 
of this chapter is to carry out the economic valuation of air pollution. For this reason, environmental 
economic valuation and valuation methods are considered within the theoretical framework. It is pro-
posed to carry out a public policy strategy to internalize the costs of pollution.

INTRODUCTION

Air pollution is, in the words of the World Health Organization (WHO), “the world’s largest single en-
vironmental health risk”. It is a major risk factor in several diseases leading to disabilities and deaths, 
including cancer, lower respiratory infections, and cardiovascular and cerebrovascular diseases – in 
short, heart disease and strokes – with the two last-named accounting for the greater share of the deaths 
attributable to air pollution (Lelieveld et al., 2020). Air pollution is especially severe in some of the 
world’s fastest-growing urban regions, where greater economic activity is contributing to higher levels 
of pollution and to greater exposure. Environmental economists have performed numerous studies to 
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quantify the impacts of air pollution on health and monetize these as social costs. In theory, air pollution 
can affect economic production through four channels (Dechezleprêtre et al., 2019):

1.  Affecting the size of the workforce (through deaths and migration);
2.  Reducing the number of hours worked per worker, if they are sick and cannot work (or have to take 

care of a sick family member);
3.  Reducing the productivity of workers, and;
4.  By affecting the quality of natural capital, which is an input to production, particularly in the ag-

ricultural sector.

This simple conceptual framework illustrates the mechanisms through which pollution can affect 
economic production. It is used to show how the impacts of pollution on total economic output can be 
measured. A synthetic review of the literature on these four channels previously identified is provided 
below.

1.  Pollution and population: The burden that air pollution imposes on human health is well identified 
(Sohrabi et al., 2020; Rehman et al., 2022). Large epidemiological studies have provided evidence 
for at least 30 years that contamination by small particles in the air (PM2.5) increases the death rate, 
especially through respiratory diseases and cancer (Zhu et al., 2019). Literature also finds evidence 
that pollution affects birth outcomes and infant mortality (Guo et al., 2019). Recent research also 
suggests that air pollution affects migration (Rafay, 2022). For example, Liu and Yu (2020) found 
a great movement between provinces in China to avoid air pollution. Taken together, these studies 
suggest that air pollution likely reduces the population in a region, by reducing live births, and 
increasing deaths and net emigration.

2.  Pollution and absenteeism: In addition to its effect on the general population, pollution has been 
found to affect absenteeism as a result of increasing sickness. Aragón et al. (2017) found that a 
key factor to explain absenteeism, especially at moderate levels of pollution, is the presence of 
dependents in the home (for example, children). Therefore, there may be also a link between school 
and work absenteeism.

3.  Pollution and productivity: In addition to causing significant health and mortality problems, air 
pollution also affects cognitive and physical function. Once again, PM2.5 is of particular concern. 
When this pollutant is inhaled, the particles can enter deep into the lung and pass into the blood-
stream, where they can affect brain and heart function (Boda et al., 2020). Since contamination 
influences physical and intellectual capacity, there is a clear way through which it can influence 
productivity in the working environment. Several investigations have shown that high contamination 
causes an abatement in productivity, focusing on workers for whom efficiency is straightforwardly 
measurable and for whom assignments cannot be effortlessly postponed or relocated. For instance, 
air contamination has been displayed to diminish the number of pieces gathered by laborers on a 
farm in California (Graff-Zivin and Neidell, 2012), the quantity of articles of clothing sewn each 
hour in a factory in India (Achyuta et al., 2014), or the quantity of boxes packaged in an indoor 
office (Chang et al., 2016). There is likewise proof that contamination influences productivity in 
high-expertise assignments, for example, understudy execution on normalized secondary school 
tests (Ebenstein et al., 2016). Recently, a large-scale study using data from manufacturing plants 
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in China evidenced that a 1μg/m3 increase in average annual PM2.5 concentration reduces a plant’s 
productivity by 1.1% (Fan, 2020).

4.  Pollution and productivity of natural resources: Notwithstanding effects of contamination that 
are interceded through the work market, air contamination may likewise straightforwardly affect 
yield, specifically in the forestry or agricultural sectors, where air contamination can possibly harm 
harvests or trees and subsequently cause decreases in yield. Many authors found evidence that 
agricultural production is affected by environmental pollution. Sun et al. (2017) show how air pol-
lution can not only affect plant growth and animal health but also shift market equilibrium of both 
agro-inputs and outputs in the food supply chain and thereby affect food security indirectly. Even 
at relatively low levels, air pollutants may cause a range of physiological, chemical or anatomical 
changes which will lead to detectable yield reductions and may increase the crop’s sensitivity to 
other stresses, thereby further contributing to significant yield losses (Marshall et al., 1997). Outside 
the agricultural sectors, Liyuan et al. (2019) found that PM2.5 contamination in China causes huge 
losses in solar photovoltaic production (by 20% on an average yearly premise in eastern China) as 
it diminishes the direct radiation reaching the solar panels.

These recent results, based on study populations around the world, clearly confirm that air pollution 
affects health and population size, absenteeism, and productivity at work (of both high-skilled and low-
skilled workers) and has direct impacts on production in the agricultural sector through reductions in 
crop yields. Having into consideration all of these effects, a recent study found that, on average every 
inhabitant of a European city suffers a welfare loss of over €1,250 a year owing to direct and indirect 
health losses associated with poor air quality. This is equivalent to 3.9% of income earned in cities (de 
Bruyn and Vries, 2020). If the expenses of the COVID-19 pandemic were fully included, the costs 
calculated in this study are expected to rise. In other parts of the world, the situation is similar, if not 
worse. The overall yearly cost of air pollution in China is projected to be $900 billion, while the cost in 
the United States is estimated to be $600 billion. Cities in India have received a poor rating in a recent 
study. Indian towns have scored adversely in air pollution indexes for years and the issue costs the coun-
try $150 billion per year on average. In 2018, the cost of polluted air equated to 6.6 percent of Chinese 
GDP, 5.4 percent of India’s GDP and 3 percent of US GDP (Myllyvirta, 2020). Environmental costs 
are also important. Without a doubt, air pollution is closely associated with climate change, and the 
consequences can be severe for mankind. Climate change and the effects of global planetary warming 
have a significant impact on different ecosystems, resulting in difficulties such as food safety concerns, 
plant and animal extinction, and other consequences. Numerous studies have also been conducted in 
order to assess the environmental effects of air pollution and convert these into monetary costs under 
the principle of “willingness to pay” for clean air. This is one of the most important indicators of the 
public’s acceptance of air pollution mitigation policies (Pu et al., 2019). These studies show how air 
pollution costs have grown since 1990, and also the willingness to pay (Sánchez-García et al., 2021). 
During this time, environmental losses nearly doubled and labor income losses increased by 40 percent 
(Lanzi et al., 2018). So greater action on air pollution is required despite countries having made great 
gains in economic development and health outcomes (WB & IHME, 2016).
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BACKGROUND

Economic growth is represented through the volume or quantity that a country has managed to produce 
in terms of its Gross Domestic Product or GDP. Growth has been a goal pursued by economists since 
the 1960s of the previous century. This is why for several years they have focused their efforts on creat-
ing models that allow long-term growth (Joffe, 2021). However, economic growth is not necessarily a 
measure that reveals the well-being of a society. There are several cases, in which some countries, de-
spite having positive economic figures, lack a good standard of living for society, that is, despite having 
growth, they have not achieved economic development (Olayungbo et al., 2022).

Economic development is a term that goes far beyond the economic returns that a nation generates. 
According to Ray (2002, 2017), economic development is a multidimensional concept, which not only 
considers the income generated, but also the level of health, education, access to public services, and 
life expectancy, among others. It can be said that economic development is closely related to the well-
being of human beings. Among the existing dilemma between growth and development, a new concept is 
generated “sustainable development”, which has gained momentum today. According to the EC (2016), 
sustainable development stands for “meeting the needs of present generations without jeopardizing 
the ability of futures generations to meet their own needs – in other words, a better quality of life for 
everyone, now and for generations to come”. That is, sustainable development includes the harmony 
between productive activities and the responsible use of natural resources. This vision is particularly 
important because it includes natural goods and services as part of the production process and therefore 
recognizes their importance and their care and conservation. In similar terms the US Environmental 
Protection Agency defines sustainability, as a “state or condition that allows for the fulfillment of eco-
nomic and social needs without compromising the natural resources and environmental quality that are 
the foundation of human health, safety, security, and economic well-being”. According to Landrigan 
et al. (2018), improvements in developed countries have not only decreased health issues but have also 
resulted in significant economic advantages. For every dollar invested in air pollution management in 
the US since 1970, an estimated $30 in benefits (range, $4–88) has been returned to the economy. As a 
consequence, sustainable development is both “a goal of achieving this state for the benefit of current 
and future generations, and a process whereby innovative tools, models, and approaches are adopted to 
advance economic prosperity while minimizing adverse global impacts” (USEPA, 2018). However, the 
vision of sustainable development is not the only one to incorporate natural resources into its premises. 
According to Samuelson and Nordhaus (2009) there are occasions when the government must intervene 
in the economy. One of these cases is the provision of public goods. These goods are those that cannot 
be acquired in the market, and adequate private production for them does not exist, since they have char-
acteristics of non-exclusion and non-rivalry. For this reason, the State is obliged to provide this type of 
property to guarantee its existence. A peculiarity of pure public goods is that since they are non-exclusive, 
all agents can benefit from them. In addition, by not being able to establish a property figure, the use that 
is given to them is subjected to possible exploitation or deterioration. In the specific case of natural goods 
and services, such as air, all individuals can enjoy it. However, there are no autonomous incentives on 
the part of individuals to reduce air pollution levels. And here is where the market failures are revealed.

The market is the institution where supply and demand are combined, where the price mechanism 
agents make their purchase decision and maximize their utility. The market, according to economic 
theory, reaches efficiency when a correct allocation of resources is made. However, there are various 
situations where the market “fails” and is not efficient. In these situations, the intervention of the State 
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as an economic regulator is required (Ziolo et al., 2019). According to Stiglitz and Rosengard (2015), 
externalities are the typical market failure associated to air pollution. Externalities are consumption or 
production decisions that affect third parties. They can be divided into positive and negative externali-
ties. A positive externality (Marshall, 1890) is a situation in which the acts carried out by an economic 
agent benefit third parties without their having contributed thereby. On the other hand, a negative exter-
nality arises when the acts of an economic agent cause costs or damages to third parties. The problem 
with negative externalities is that the entire damage is not assumed by those who generated them. The 
State is obliged to intervene, to ensure the correct management of these failures. The classic example of 
negative externalities is pollution caused by economic activities (Pigou, 1920). In this case, economic 
theory indicates that a “contamination optimum” must be determined. In other words, a point must be 
reached where the contamination is not so high as to harm the agents, nor is it minimal to prevent the 
firms from producing. Once the social optimum is defined, it can be decided whether or not government 
intervention is desired. The justification for State intervention is based on the concept of efficiency in 
the Pareto sense, this is a situation in which an agent cannot maximize its welfare without worsening the 
welfare of another. Within economic theory, a scenario is known as socially optimal, since both parties 
have reached their maximum level of well-being (Stiglitz and Rosengard, 2015). On the other hand, if 
government intervention is not desired, the theory of Coase (1960) is applied. This author argues that 
the damages caused by externalities can be fixed through negotiation between the affected parties and 
the cause of the externality. However, Coase (1960) did not consider in this theory the transaction costs 
involved in negotiation, or a possible abuse of power by one of the parties.

In this scenario, the Environmental Economy arises to guarantee the optimal use of natural resources. 
This is a branch of microeconomics that deals with the analysis of the interactions between the economy 
and the environment. In this way, maximum air pollution levels can be established, and economic growth 
can be combined with the pollution generated. Environmental economics starts from the premise that 
future generations have the same rights over the biosphere as current and past generations (Ahlheim, 
2018), similar statement that the supported by the sustainable development concept.

Environmental economic valuation is a very useful tool to monetize environmental impacts. The ob-
jective of this tool is to assign a monetary value to environmental goods and services in order to evaluate 
the real economic impact and the opportunity cost that losing natural capital would involve. The main 
purpose of this tool is to fully exploit the use of resources in a sustainable way. In addition, it supports 
regulatory institutions that are in charge of managing the protection of certain resources, designing 
policies and making decisions (Tinch et al., 2019). Of special interest when dealing with air pollution 
is the hedonic price method. This method is based on the theory of consumer demand that recognizes 
the utility is not provided by the goods themselves, but by the attributes they have. In such a way that 
consumers make their purchasing decisions based on the number of attractive features that the products 
have. Harrison and Rubinfeld (1978) presented for the first time the theory of hedonic prices related to 
air pollution arguing that the total price of the good, in this case the air, is equal to the sum of the value 
of each of the attributes that it possesses. The purpose of the method is to determine the valuation that 
consumers give to each characteristic in order to know which of them contributes a greater percentage 
to the total price (Mei et al., 2020). The hedonic price model is an alternative approach to value air 
quality and has also been widely applied in developed countries (Bajari et al., 2012; Chen et al., 2018; 
Freeman et al., 2019). It suggests that properties’ price differentials resulting from local variations in 
air pollution can be used to estimate the benefits of air quality improvement or the costs of air quality 
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deterioration. In other words, the benefits or costs associated with air pollution are able to be capitalized 
into, for example, the housing prices (Mei et al., 2020).

THE ECONOMIC COST OF AIR POLLUTION

Valuation of Air Pollution Externalities

As already introduced in the previous section, externalities are those costs (or benefits) generated by 
the behavior of a group of people that affects to another group and are not compensated by the first 
group. For example, traffic environmental external costs reflect the monetary value of the loss of social 
welfare from pollutant emissions and various environmental hazards that are not assumed by the user 
(EC, 2008; IMEP, 2021). One vehicle emitting hazardous pollutants causes air quality deterioration, 
and therefore depleting local inhabitant’s health, leading into costs not assumed by the driver nor owner. 
Air pollution is caused by several pollutants, coming from different economic sectors and can occur 
in rural or urban areas with different population distribution, causing different impacts. For example, 
same number of different pollutants emitted in one zone, or the same mass of emissions of the same 
pollutant in different geographical areas have different impact in economy. Several studies have been 
carried out to quantify air pollution impacts on economy. The assessment of a refinery closure near 
Mexico City (Hanna and Oliva, 2015) estimated that individuals living within a 5 km radius would 
see a 1.3-hour per week increase (or 3.5 percent) in work on average in comparison to neighborhoods 
further away from the refinery. A study in California (Graff-Zivin and Neidell, 2012) concluded that a 
10 ppb drop in ground-level ozone would boost agricultural worker productivity by 5.5%. To arise to 
these conclusions, the Institute of Medicine (IOM, 1981) created one of the first models in this field in 
the early 80s. The base of this model was estimating “fractional contribution” of pollution attributable 
to a concrete disease (Forouzanfar et al., 2016). The model enabled to correlate the effects of pollution 
and GDP. This fist approach properly worked in countries with robust data systems while failed in other 
with fewer resources. Other drawback of this model was that the model did not reflect intangible losses 
such as family disruption occurred by the dead of a progenitor. Finally, a model that only considers GDP 
is not suitable to address all pollution threats (Landrigan et al., 2018). To defeat these points there are 
currently several methodologies to estimate externalities:

• Damage Cost Approach: It is the preferred option by the economists. It is based on assessing 
the damage caused by an individual. Since there is often a lack of market damage information, 
this method typically makes use of the willingness to pay (WTP) of individuals. There are two 
types of approaches for calculating the WTP: (1) Stated preference methods that makes use of 
questionnaires, surveys, interviews and choice experiments; (2) Revealed preference methods, 
which evaluates economic impacts in other economic markets to calculate the monetary value of 
externalities (van Essen et al., 2019). One of the most advanced countries assessing damage cost 
is the UK. UK evaluates the damages costs produced by five pollutants: nitrogen oxides (NOx), 
particulate matter (PM2.5), sulfur dioxide (SO2), volatile organic compounds (VOCs) and ammonia 
(NH3). Table 1 shows average 2020 cost of each pollutant in £/t (UKG, 2021a). Other confinable 
sources give similar information such as the Handbook on the external costs of transport pub-
lished by the European Commission (van Essen et al., 2019).
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• Impact Pathway Approach: It is the method used by UK government for scenarios where costs 
are higher than 50M£. It is based on evaluate how a policy intervention affects to pollutant dis-
persion and therefore impacts on public health, mortality, morbidity, ecosystems and economy. 
Valuation considers chronic mortality, acute mortality, morbidity, hospital admissions, disease 
duration, productivity losses, damage caused by SO2 to buildings (limestone, sandstone…), dam-
age caused by ozone to materials, soiling of buildings due to PM, ecosystem damages and overlap 
of NOx and PM. The assessment of health impact and cost valuation is made with the advice of 
the Committee on the Medical Effects of Air Pollutants (COMEAP) and Public Health England 
(PHE) (UKG, 2021b). Figure 1 gives an overview of this method.

Other extended methodology is avoidance cost approach, especially useful when the externality’s 
harms are unknown and/or difficult to quantify. It calculates the cost of introducing an additional level 
of environmental quality based on CO2 price and avoidance costs functions. Finally, replacement cost 
approach estimates the cost accounted for reparation, refurbishment or replacing a good due to an ex-

Table 1. Average pollution contribution cost per substance for 2020

Pollutant Cost (£/t)

NOx 6,385

SO2 13,206

NH3 7,923

VOC 102

PM2.5 73,403

(UKG, 2021a)

Figure 1. Impact pathway approach.
Adapted from van Essen et al. (2019) and UKG (2021b)
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ternality, this methodology may undervalue actual costs, since not always a good can be replaceable or 
reparable (van Essen et al., 2019).

• Value Transfer Approach: Some studies are carried out into specific socioeconomic conditions. 
To appropriately transfer these approaches to different locations with other conditions, it is crucial 
to apply value transfer approach. This considers prices differences as well as income differences 
(van Essen et al., 2019). In addition, it is important to apply a correction factor to update costs 
from the year of the source to the year of the study, according to the GDP.

Health Costs Accounting on Air Pollution

It has been previously analyzed how exposure to air pollution is associated with premature mortality 
and loss of quality of life. This impact of environmental pollution on health can be evaluated from an 
economic point of view from two perspectives: 1. the market cost perspective, as a result of a decrease in 
productivity due to morbidity or an increase in health spending, among other causes; and 2. the perspective 
of the cost of well-being, translating premature mortality into monetary terms. The measurement of this 
welfare cost has acquired special relevance since it has been shown to have significant consequences for 
the economy (WHO & OECD, 2015). Methods to quantify mortality and morbidity effects are available, 
and they are based on air pollution concentrations, basic demographic and health data, and the relation-
ship between the ambient concentrations and each specific health outcome. This can be translated into 
number of human lives lost or costs associated with mortality and morbidity (EEA, 2020).

Knowing the results obtained from both points of view is interesting when analyzing the benefit 
of intervening in reducing exposure to environmental pollution, although the use of one or the other 
depends largely on the context (OECD, 2020; WHO & OECD, 2015). From the point of view of health 
economics, the priority is to know the market cost of the risk factor considered, with the intention of 
maximizing the health budget assigned to it. On the other hand, environmental economics focuses on 
measuring the cost of well-being, for which indicators are used that measure how much a given society 
values   the intervention in improving its quality of life, in this case, by reducing exposure to air pollution.

To measure the real economic incidence of environmental pollution, what is known as the “chrysohe-
donistic illusion” whereby wealth equals money, must be set aside and understand that the loss of wealth 
attributed to the risk factor considered, air pollution in this case, it is the welfare cost (EC, 2018; WHO 
and OECD, 2015). It is important to understand when measuring the economic impact of environmental 
pollution that the cost of a person’s premature death from the perspective of GDP could even lead to 
a reduction in state spending, if, for example, this person was a beneficiary of a subsidy. However, in 
terms of the cost of well-being, the economic impact of a person’s premature death is the value of his 
or her life itself (WHO and OECD, 2015). For this reason, the impact of environmental pollution on 
the economy is measured using the Value of Statistical Life (VSL), which incorporates the economic 
assessment of society to avoid the consequences associated with a specific risk factor.

The VSL is the standard method used in economics to measure people’s preference in allocating 
resources to protect life. Specifically, this index is based on the idea that citizens have to weigh the 
allocation of their budget between consumption, leisure, health and life based on the value they place 
on each (EC, 2018; WHO and OECD, 2015). The VSL starts from the basis that if individuals want to 
allocate part of this budget to improving their health and preserving their lives, they have to sacrifice 
the acquisition of consumer and leisure goods. Therefore, it is necessary to know the willingness of 
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individuals to pay (WTP) to ensure a marginal reduction in the risk of dying prematurely, in this case, 
due to exposure to air pollution.

First of all, it should be noted that when considering a risk factor such as exposure to air pollution, 
the burden of assuming the cost of solutions to minimize the impact of this threat falls on the states and 
it does not depend on individual decisions of people (de Bruyn and de Vries, 2020). This does not mean 
that environmental pollution is a national problem, but that, generally, the responsibility in making deci-
sions in the allocation of the budget destined to reduce the incidence of air pollution in health rest, in the 
last instance, in governments at the national level. It is for this reason that, even being aware that within 
the same country there are considerable differences in the exposure to air pollution and in the WTP of 
its inhabitants, adding the value of the VSL at the state level is a representative index of the economic 
impact of environmental pollution (WHO and OEDC, 2015).

To determine the VSL of each country, it is assumed that each individual has an expected utility 
function 𝑈𝐸 (𝑦, 𝑟) that weights the utility of the consumption of goods 𝑈 (𝑦) and the risk of premature
mortality (𝑟) in a given period of time (y) (EC, 2018; WHO and OECD, 2015). The expected utility of 
the individual will increase to a greater extent the lower their probability of dying in the period of time 
considered, as shown in Equation 1:

𝑈𝐸 (𝑦, 𝑟) = (1 - 𝑟) 𝑈 (𝑦) (1)

If the fact of how much the individuals in a society value life is considered, the individual’s willing-
ness to pay (WTP) for reducing the risk from 𝑟 to 𝑟′ must be included in the expected utility, as shown
in Equation 2:

𝑈𝐸 (𝑦, 𝑟) = 𝑈𝐸 (𝑦 - 𝑊𝑇𝑃, 𝑟′ ) (2)

Based on this idea, VSLs are defined as the marginal replacement rate of reallocation of the budget 
of goods to an improvement in health. That is, a VSL represents the value that individuals assign to 
greater longevity for each budget unit that they decide to allocate to 𝑟 and not to 𝑦 (Li et al., 2020), as
shown in Equation 3:

𝑉𝑆𝐿 = 𝜕𝑊𝑇𝑃 / 𝜕𝑟 (3)

Through the VSL it is possible to assign a monetary value to a determined risk factor, in this case the 
air pollution, and to understand the true economic dimension of premature mortality that is attributed 
to it. To determine the welfare cost of premature mortality due to exposure to air pollution, the VSL is 
multiplied by the total number of premature deaths that have occurred in the country during the period 
of time considered (EC, 2018). However, it is necessary to bear in mind that VSL will only include the 
economic consequences of premature mortality and not morbidity, nor does it include all market costs. 
For these reasons, some studies suggest that the value of one year of life (VOLY) index is more repre-
sentative of the welfare cost of environmental pollution since it also includes the incidence of morbidity. 
However, there is currently no standard index by which to measure the cost of morbidity, although it has 
been estimated that it represents approximately 9% to 10% of the economic cost of air pollution (WHO 
and OECD, 2015).
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According to the analysis carried out by Iglesias (2021) about the impact of air pollution on the health 
of the European population, it was observed that those countries that reported lower VSL rates for 2017, 
showed that the welfare cost of premature mortality due to air pollution as a percentage of GDP was 
considerably higher than that of those countries with higher VSL rates. This reality is not surprising, 
since the incidence of this pollutant on health was higher. Indeed, in 2017, while in Finland and Sweden 
the welfare cost of premature mortality attributed to particles (PM2.5) presence in air was 1.6% and 1.8% 
of their GDP, in Bulgaria and Lithuania this figure reached 8.70% and 7%, respectively. On the other 
hand, in the context of the EU, it is striking that as premature mortality has decreased by 24.71% since 
1990, the VSL has increased by 42.4% in all the countries. This can be interpreted as a greater concern of 
community citizens to improve their quality of life, sacrificing part of the budget allocated to consumer 
goods to guarantee a reduction in exposure to air pollution and improve their quality of life.

A recent OECD study on the impact of air pollution on the economic activity of the market in Europe 
(Dechezleprêtre et al., 2019) estimated that a decrease of 1 μg/m3 in the average annual concentration 
of PM2.5 would increase the Europe’s GDP by 0.8%, which represents around 200 euros per capita per 
year. Of this increase in GDP, 95% is the result of increases in people´s health, translated into higher 
production per worker, through less absenteeism from work or higher labor productivity, due to less air 
pollution. This study concludes that stricter air quality regulations could be justified solely on economic 
grounds, as the direct economic benefits of air pollution control policies far outweigh the costs of abate-
ment, even when the costs are ignored, great benefits in terms of avoided mortality. These authors also 
estimated that if all EU countries met their national targets for reducing exposure to PM2.5 in 2020, 
European GDP would grow by 1.28% between 2010 and 2020, representing reduction costs of around 
0.01% of GDP. Poland, with the highest reduction target, would increase its GDP by up to 2.9% and 
Bulgaria by 1.7%. The impact is around 1.5% for Austria, Belgium, the Czech Republic, France and 
Italy; 1.2% for Germany and the United Kingdom, and even for countries with low concentrations of 
PM2.5, such as Ireland or Norway, GDP increases are still substantial at around 0.8%.

Impacts on Agricultural Systems

Air pollution is harming not only human health but also the agricultural systems. Air pollution has 
deleterious effects on both soil and water. Concerning particulate matter as an air pollutant, its impact 
on crop yield and food productivity has been previously reported (Manisalidis et al., 2020). Zhou et al. 
(2018) used an econometric model to assess the impact of PM2.5, the main indicator of haze, on the 
average yields of three main crops (wheat, rice and corn) in China between 2001 and 2010. The results 
indicated that the increased exposure to particulate matter was devastating to wheat and crop yields. In 
particular, PM2.5 can significantly reduce the average wheat yield by interacting with temperature and 
sunlight, two key elements of solar radiation. Similar to climatic factors, PM2.5 also has a non-linear 
quadratic effect on average wheat and corn yields. The quantification of the effects of air pollution on 
agricultural yield calls for the identification of the dose-response functions between pollutant concen-
tration and agricultural losses (Wang et al., 2020). The negative effects of air pollution on agricultural 
production, especially those associated with ozone, have attracted attention from many researchers (Zhou 
et al., 2018). Studies have shown that ozone is detrimental to crop growth and can significantly reduce 
crop quality. For example, ozone concentrations between 31 and 50 ppb can reduce wheat yield by 9.7% 
(Feng and Kobayashi, 2009) and a 1% reduction in ozone could increase winter wheat yield by 0.68% 
(Yi et al., 2016). Ozone can destroy plant leaves and impede their metabolism by influencing respiration 
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(Young and Aidun, 1993) and affect the photosynthesis of plant leaves (Sirotenko et al., 1997), which 
would lead to lower crop yields. Van der Eerden et al. (1988) found that air pollution reduced crop yields 
in the Netherlands by 5%, where 3.4% was due to ozone, 1.2% was due to sulfur dioxide, and 0.4% was 
due to hydrogen fluoride. Using exposure–response functions (ERFs) for seven crop types, Vandyck et 
al. (2018) calculated the crop yield impact of climate policy-induced reductions in tropospheric ozone 
mixing ratios. By projecting future changes in crop yields on current values   of agricultural produc-
tion, these authors obtained the impacts shown in Figure 2, where monetary agricultural co-benefits 
are expressed in per capita terms. The results for this scenario highlight areas where ozone reductions 
overlap with high production values   of ozone-sensitive crops, such as wheat, soybeans, and corn in 
the US, or soybeans and sugarcane in Brazil. While reducing ozone emissions would globally increase 
wheat, corn, soybean, rice and yields by 0 4% to 0.6%, 0.4% to 0.7, 0.8% to 1.1% and %, 0.1% to 0.3% 
in 2030, respectively, a more ambitious climate policy limiting warming to 2 °C would further increase 
the productivity of these crops by 0.9-1.7%, 0.8-1.5%, 1.8-2.7% and 0.2-0.8% according to these authors. 
Estimates of monetary agricultural co-benefits for yield impacts for 2050 exceed $10 per capita in some 
regions, when calculated using the current value of agricultural production. Wei et al. (2014) also noted 
that an agricultural loss of $1.43 billion was caused by industrial sulfur dioxide pollution in China, which 
accounted for about 0.66% of the total agricultural value of the considered area.

Furthermore, climate change, as a consequence of air pollution, is resulting into a very high rate 
of land degradation causing enhanced desertification and nutrient deficient soils. The menace of land 
degradation is increasing by the day and has been characterized as a major global threat (Arora, 2019).

POLICIES AND TOOLS TO REDUCE AIR POLLUTION AND RELATED COSTS

The environmental policy has developed various methods and instruments to provide a solution to the 
problems of pollution and degradation of natural resources. Instruments can be classified into two large 
groups. On the one hand, there are the mandate and control measures, which are basically regulations 
through legal normative. On the other hand, there are market mechanisms, also known as economic 
instruments. The latter seek to correct the price of goods and services by incorporating the social cost 
(in addition to the private cost) that was incurred for the cleaning of these natural resources when they 
are polluted (Wang, et al., 2019).

The mandate and control measures are the most common form of regulation, they take the name of 
“mandate” because they are mandatory standards for polluters. For the design of these mechanisms, a 
monitoring system is implemented to verify possible non-compliance. According to Labandeira (2006) 
among the main command and control measures are:

• Norms on Emission of Pollutants: These norms are in charge of regulating the polluting gases 
emitted by a specific agent in a given time. They are also known as “operating standards”.

• Norms on the Emission of Pollutants: They are in charge of verifying that the emission of gases 
is within the permitted levels in a certain area at all times.

• Technological Standards: These regulations oblige companies to introduce new technologies 
that generate a lower level of contamination, or, failing that, to implement decontaminating tech-
nologies. These standards are also known as “design standards”
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• Norms on Final Goods or Intermediaries: These norms are in charge of regulating the levels of 
pollution or energy consumption produced by the goods that are offered to the public. An example 
of this is the regulations that are issued to control the gases emitted by motor vehicles.

• Planning Rules: As its name explains, these rules are responsible for the organization and projec-
tion of the territory by creating buildable conditions or noise levels.

Referring market mechanisms, these instruments are intended to modify the environmental behavior 
of agents through the application of economic incentives. Market mechanisms present some flexibility 
in the implementation of environmental policies because people react to the intervention according to 
their capacities. In this way, pollution is reduced at a minimum cost to society (Labandeira et al., 2006). 
The most common market mechanisms are taxes, emission rights markets and subsidies.

Figure 2. Agriculture benefits associated with ozone emissions reduction due to climate policy in dollars 
per capita. a) Difference between the current scenario and the scenario in 2030 based on nationally 
determined contributions (NDC) stipulated in the Paris Agreement on climate change; b) Difference 
between the current and the -2 °C scenario in 2050.
Source: Adapted from Vandyck et al. (2018).



290

Economic Valuation and Cost of Air Pollution
 

• Taxes: These are mandatory fees that must be paid by agents that carry out polluting activities. 
Taxes are said to be a “price instrument” since when they are levied on a polluting activity, they 
create an externality price. It should be considered that an environmental tax does not have the 
objective of collection. Its main objective is to encourage changes in the behavior of economic 
agents, as stipulated in the role of “penalization”. Such a tax is considered successful when it 
achieves lower collection over time, which means that pollution levels have decreased. Only in 
this case, it can be said that the incentives applied were correct, and the environmental policy has 
achieved its ends.

The implementation of environmental taxes has several advantages, they are:

1.  Static efficiency: Ability to achieve the same level of pollution reduction at a lower total cost since 
each agent can choose how much to reduce according to their particular marginal costs.

2.  Dynamic efficiency: Environmental taxes encourage agents to adopt new, cleaner and more in-
novative technologies.

3.  Generalized treatment: All agents face the same tax rate, which eliminates the need for the regula-
tory authority to individually negotiate the rate to be taxed.

4.  Revenue potential: The objective is not to promote higher collection with these taxes; however, 
such collection should be channeled to financing environmental policy programs, prevention of 
natural damage, or remediation.

Similarly, environmental taxes also have several difficulties and disadvantages.

1.  Sometimes they are not the most successful mechanism: In cases of health or life-threatening ef-
fects, the most appropriate instrument would be to implement command and control measures.

2.  Reaction of economic agents: Adverse reactions can be generated in agents, if they assume that 
they have permission or right to pollute given the payment of the tax.

3.  Adverse impact on equity: Households with fewer economic resources may be most affected since 
taxes are levied on goods such as energy and fuels at a uniform rate for society. In such a way that 
their relative spending on these goods has a greater proportional impact (Franco and Marin, 2017).

Emission rights markets: They are also known as quantity instruments. They propose the creation of 
a fictitious market in which, based on the amount of interchangeable rights allowed, the price per unit 
of issue is formed (Labandeira, 2006). There are some variations of emission rights markets, among 
them, according to the nature of the market, according to the definition of the permit, according to the 
static and dynamic exchange rules and according to the definition of property rights. It should be noted 
that these variations are not mutually exclusive.

Issuance by property rights is one of the most common, it is classified into two types, auctioned 
emission permits or permits distributed for free. This case arises from the definition that society has of 
who has the rights to the environment. If the State is the one who owns the property rights, the auctioned 
permits are applied. Otherwise, if it is considered that the companies are the ones who own the rights 
to the environment, free permits are granted.

Subsidies: Subsidies are the market mechanism that, unlike in the previous cases, does not comply 
with the principle of “whoever pollutes pays”, in fact the application of subsidies fulfills the opposite 
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premise: The State pays the agents causing the pollution in exchange for them reducing their level of 
emissions. Labandeira (2006) proposes two types of subsidies. The first are granted in order to make 
investments in decontamination technology. These types of subsidies are the most common because 
their application is simpler. The second type of subsidies is constituted by subsidies that the State grants 
for each unit of reduced emission. Its application is more complicated, because it requires constant 
monitoring and control of the contamination produced by each agent. On the other hand, subsidies for 
decontamination do not comply with efficiency parameters, although they encourage the reduction of 
emissions, they cease to be effective when the subsidy ceases to be profitable due to the increase in 
marginal costs of decontamination.

In conclusion, it can be said that air pollution can be analyzed from the economic point of view as 
a negative externality, so market failures and the need for intervention by the State should be under 
discussion in any scenario.

FUTURE DIRECTIONS

As it has been amply demonstrated in this chapter, emissions from anthropogenic activities seriously af-
fect the global economy mainly due to their negative effects on health and ecosystems. The effectiveness, 
globally and in the 2050 horizon, of policies and measures to reduce air pollutant emissions and the cost 
derived from this pollution has been continuously evaluated by the International Energy Agency (IEA, 
2016, 2017, 2018, 2019, 2020), considering, country by country and sector by sector, all the relevant 
policies and measures adopted or announced as imminently applicable worldwide to fight against air 
pollution and climate change.

One of the most striking conclusions pointed out by this organization is that despite the fact that in 
the reference scenarios based on the new policies implemented around the world, with the application 
of existing and planned sectoral policies at the international level, emissions would be significantly cut, 
the progress made would not be enough to improve air quality at a global level, which is why a more 
drastic and decisive international intervention is necessary.

According to the New Policies Scenario (IEA, 2016), the growing concern and attention given by 
the international community to the problem of air quality, together with the commitments acquired by 
the international community after the Paris summit in December 2015 (COP21) to accelerate the energy 
transition towards a more efficient and decarbonized model, will translate between now and 2040 in a 
slow but continuous decrease in the set of global emissions of air pollutants.

The aforementioned scenario contemplates an increase in the combustion of coal, oil, natural gas 
and biomass, in order to cover an increase of close to a third of the global energy demand. However, 
despite this, global emissions of PM are expected to fall by 7% by 2040, those of SO2 by 20% and those 
of NOX by 10%. This decoupling between both trends reflects, in approximately equal parts, the ap-
plication of pollution control technologies and the global movement towards the adoption of a cleaner 
energy model. Pollution controls have been applied more and more rigorously in areas of growth in 
energy demand, mainly in Asia, where air quality regulation has made considerable progress to adapt 
to the rapid growth rate of industrial and urban activity and demographic expansion. At the same time, 
the widespread transformation of the energy sector, catalyzed by the Paris agreement on climate change, 
could mean that more than a third of the expected growth in energy use is achieved from sources free of 
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polluting emissions, such as wind, solar, hydro and nuclear. Another 30% would come from natural gas, 
the combustion of which emits fewer pollutants than the other two fossil fuels and biomass.

With an eye to the horizon of 2040, the New Policies Scenario set by the International Energy Agency 
in 2016 contemplates that the continued reduction of polluting emissions in the industrialized world, and 
the beginning of their decline in China, will be accompanied by a modest growth in India and Southeast 
Asia, as well as faster growth in some parts of Africa. Taken together, the International Energy Agency 
projections discussed in this section represent bad news for the health of millions of people around the 
world and the ecosystems, at the same time that higher costs associated with air pollution. Despite in-
tensifying efforts to improve air quality, rising demographic trends, along with growth in urbanization 
and energy use, especially in developing Asian countries, suggest that the number of premature deaths 
attributable to air pollution outside homes will continue to rise.

What has been exposed so far goes to show that although the measures to be applied to improve air 
quality are known, the problem is far from being able to be satisfactorily solved on a global scale in the 
next two decades? It is clear that any significant progress requires more determined government bets, 
which drastically reinforce and accelerate current international commitments for the deployment of new 
energy and air quality policies. It is, therefore, necessary to implement stricter control and mitigation 
measures that really achieve an effective reduction of air pollution phenomenon in all the activities of 
humanity. In agreement with Amann et al. (2020), the future scenario deliberately requires a range of 
ambitious policy interventions that clearly deviate from current practices. Implementation will require 
clear political will and public support. For this reason, the International Energy Agency has developed 
a much more ambitious scenario than the one previously discussed, called the Clean Air Scenario 
(IEA, 2016). This includes a wide range of energy and air quality policies, very pragmatic, of proven 
efficacy and exclusively based on currently operating technologies, the implementation of which would 
ensure much cleaner air and better health for the citizens of the world. Thus, in the Clean Air Scenario, 
premature deaths caused by air pollution outside homes would fall to 2.8 million in 2040, while those 
attributable to air pollution inside homes they would stand at around 1.3 million on the same date (in the 
New Policies scenario, both figures were 4.5 and slightly less than 3.0 million, respectively). Obviously, 
the improvements obtained would be mostly concentrated in developing countries.

Achieving the anticipated progress in the Clean Air Scenario would depend on the global implemen-
tation of a range of policies, including others would include the following:

1.  Ensure access for the entire population to clean stoves in order to reduce the use of inefficient 
biomass stoves and their PM2.5 emissions.

2.  Raise the requirement and strictly enforce emission standards in road transport, especially in cities, 
in order to reduce NOX pollution.

3.  Control emissions and promote fuel switching in the heat and electricity generation sector (paying 
special attention to the substitution of coal) and increase efficiency in the industrial sector, in order 
to cut SO2 emissions.

According to the International Energy Agency, the additional investments required to implement the 
measures contemplated in the Clean Air Scenario are not insurmountable. The cumulative investment 
required through 2040 would be 7% (or $ 4.8 trillion) higher than that forecast in more conservative 
scenarios, while the value of the resulting benefits would be much higher.
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Along these lines, the rapid technological development in the field of sensors is opening the door 
to achieving real-time monitoring and control of emissions, under the premise that if something can be 
measured, it can be controlled and reduced. The development of harmonized measurement methodologies 
will increase the reliability of the data collected and the credibility of the consequent mitigation proce-
dures implemented by the authorities through their policies. For example, the integration of measurement 
systems into the transportation infrastructure can help identify vehicles that do not meet prescribed limits 
and allow the operator and vehicle owner to be quickly informed of a vehicle’s environmental deficien-
cies, or help to authorities to identify polluting vehicles, preventing their access to low emission zones, 
thus mitigating the effects of non-compliance with tolerance limits. On the other hand, the integration 
into the infrastructure of solutions with negative emissions (such as nature-based solutions) can also 
contribute to an effective reduction of the negative effects (including costs) of emissions. Technology is 
an important tool (Rafay, 2019) and is useful to support public policies to control air pollution.

CONCLUSION

The need to improve air quality stems from the public health problem caused by its effects on premature 
morbidity and mortality, as well as the impacts on the environment and the associated costs. Thus, this 
need, and compliance with the legislation derived from it, is not an environmentalist or ecologist option, 
but rather the obligation to respond to such a pressing problem.

Economic co-benefits related to air quality include reduced cost of air pollution control measures, 
health care expenses avoided, non-commercial value of reduced morbidity, fire reduction implications 
and, therefore, GHG emission and related air pollution reduction through a proper land use, good 
indoor air quality and the corresponding positive results on human health, the effects of acidification 
and eutrophication on ecosystems, and the impact of air pollution on human capital formation and job 
performance, among others.

At a time when COVID-19 has created extraordinary uncertainty, governments have unique capaci-
ties to act and guide the actions to be taken. They can lead the way by providing the strategic vision, 
the stimulus for innovation, the incentives for consumers, the policy signals, and the public finances 
that catalyze action by private actors. A zero-emission future is a choice: for consumers, investors and 
industries, but most of all, for governments.

DISCLAIMER

The contents and views of this chapter are expressed by the authors in their personal capacities. It is not 
necessary for the Editor and the Publisher to agree with these viewpoints and they are not responsible 
for any duty of care in this regard.

ACKNOWLEDGMENT

The authors gratefully acknowledge support of this work by the European Commission through the grant 
agreement N.860441 (H2020 NEMO project, www.nemo-cities.eu).



294

Economic Valuation and Cost of Air Pollution
 

The authors extend sincere gratitude to:

• The Editor and the International Editorial Advisory Board (IEAB) of this book who initially desk 
reviewed, arranged a rigorous double/triple blind review process and conducted a thorough, min-
ute and critical final review before accepting the chapter for publication.

• All anonymous reviewers who provided very constructive feedbacks for thorough revision, im-
provement, extension and fine tuning of the chapter.

• All colleagues, assistants and well-wishers who assisted the authors to complete this task.

REFERENCES

Achyuta, A., Kala, N., & Nyshadham, A. (2014). Management and shocks to worker productivity: evi-
dence from air pollution exposure in an Indian garment factory [Unpublished working paper]. University 
of Michigan.

Ahlheim, M. (2018). Environmental economics, the bioeconomy and the role of government. In Bio-
economy (pp. 317–329). Springer. doi:10.1007/978-3-319-68152-8_10

Amann, M., Kiesewetter, G., Schöpp, W., Klimont, Z., Winiwarter, W., Cofala, J., Rafaj, P., Höglund-
Isaksson, L., Gomez-Sabriana, A., Heyes, C., Purohit, P., Borken-Kleefeld, J., Wagner, F., Sander, R., 
Fagerli, H., Nyiri, A., Cozzi, L., & Pavarini, C. (2020). Reducing global air pollution: The scope for 
further policy interventions. Philosophical Transactions of the Royal Society A, 378(2183), 20190331. 
doi:10.1098/rsta.2019.0331 PMID:32981437

Aragón, F. M., Miranda, J. J., & Oliva, P. (2017). Particulate matter and labor supply: The role of 
caregiving and non-linearities. Journal of Environmental Economics and Management, 86, 295–309. 
doi:10.1016/j.jeem.2017.02.008

Arora, N. K. (2019). Impact of climate change on agriculture production and its sustainable solutions. 
Environmental Sustainability, 2(2), 95–96. doi:10.100742398-019-00078-w

Bajari, P., Fruehwirth, J. C., & Timmins, C. (2012). A rational expectations approach to hedonic price 
regressions with time-varying unobserved product attributes: The price of pollution. The American 
Economic Review, 102(5), 1898–1926. doi:10.1257/aer.102.5.1898

Boda, E., Rigamonti, A. E., & Bollati, V. (2020). Understanding the effects of air pollution on neuro-
genesis and gliogenesis in the growing and adult brain. Current Opinion in Pharmacology, 50, 61–66. 
doi:10.1016/j.coph.2019.12.003 PMID:31896533

Chang, T., Graff Zivin, J., Gross, T., & Neidell, M. (2016). Particulate pollution and the productivity of 
pear packers. American Economic Journal. Economic Policy, 8(3), 141–169. doi:10.1257/pol.20150085

Chen, J., Hao, Q., & Yoon, C. (2018). Measuring the welfare cost of air pollution in Shanghai: Evidence 
from the housing market. Journal of Environmental Planning and Management, 61(10), 1744–1757. do
i:10.1080/09640568.2017.1371581



295

Economic Valuation and Cost of Air Pollution
 

Chen, X., Gao, Z., & McFadden, B. R. (2020). Reveal preference reversal in consumer preference for 
sustainable food products. Food Quality and Preference, 79, 103754. doi:10.1016/j.foodqual.2019.103754

Coase, R. (1960). The problem of social cost. The Journal of Law & Economics, 3, 1–44. doi:10.1086/466560

de Bruyn, S., & de Vries, J. (2020). Health costs of air pollution in European cities and the linkage 
with transport.

Dechezleprêtre, A., Rivers, N., & Stadler, B. (2019). The economic cost of air pollution: Evidence from 
Europe. OECD.

Ebenstein, A., Lavy, V., & Roth, S. (2016). The long-run economic consequences of high-stakes examina-
tions: Evidence from transitory variation in pollution. American Economic Journal. Applied Economics, 
8(4), 36–65. doi:10.1257/app.20150213

EC. (2008). Internalization of external transport costs. European Commission. Retrieved from https://
eur-lex.europa.eu/summary/ES/tr0007

EC. (2016). Sustainable development. Paris: European Commission. Retrieved from https://ec.europa.
eu/environment/archives/eussd/index.htm

EC. (2018). Science for Environment Policy. Future Brief: What is the health cost of environmental 
pollution? (Future Brief Issue 21). Luxemburg: European Union. Retrieved from https://ec.europa.eu/
environment/integration/research/newsalert/pdf/health_costs_environmental_pollution_FB21_en.pdf

EEA. (2020). Air quality in Europe - 2020 report. Copenhagen: European Environmental Agency. Re-
trieved from https://www.eea.europa.eu/publications/air-quality-in-europe-2020-report

Fan, Y. (2020). Air pollution, avoidance behaviors, and neglected social costs: Evidence from outdoor 
leisure and commuting behaviors [Unpublished doctoral dissertation]. Massachusetts Institute of Tech-
nology.

Feng, Z., & Kobayashi, K. (2009). Assessing the impacts of current and future concentrations of surface 
ozone on crop yield with meta-analysis. Atmospheric Environment, 43(8), 1510–1519. doi:10.1016/j.
atmosenv.2008.11.033

Forouzanfar, M. H., Afshin, A., Alexander, L. T., Anderson, H. R., Bhutta, Z. A., Biryukov, S., ... 
Carrero, J. J. (2016). Global, regional, and national comparative risk assessment of 79 behavioural, 
environmental and occupational, and metabolic risks or clusters of risks, 1990–2015: A systematic 
analysis for the Global Burden of Disease Study 2015. Lancet, 388(10053), 1659–1724. doi:10.1016/
S0140-6736(16)31679-8 PMID:27733284

Franco, C., & Marin, G. (2017). The effect of within-sector, upstream and downstream environmen-
tal taxes on innovation and productivity. Environmental and Resource Economics, 66(2), 261–291. 
doi:10.100710640-015-9948-3 PMID:32025099

Freeman, R., Liang, W., Song, R., & Timmins, C. (2019). Willingness to pay for clean air in China. 
Journal of Environmental Economics and Management, 94, 188–216. doi:10.1016/j.jeem.2019.01.005

https://eur-lex.europa.eu/summary/ES/tr0007
https://eur-lex.europa.eu/summary/ES/tr0007
https://ec.europa.eu/environment/archives/eussd/index.htm
https://ec.europa.eu/environment/archives/eussd/index.htm
https://ec.europa.eu/environment/integration/research/newsalert/pdf/health_costs_environmental_pollution_FB21_en.pdf
https://ec.europa.eu/environment/integration/research/newsalert/pdf/health_costs_environmental_pollution_FB21_en.pdf
https://www.eea.europa.eu/publications/air-quality-in-europe-2020-report


296

Economic Valuation and Cost of Air Pollution
 

Graff-Zivin, J., & Neidel, M. (2012). The impact of pollution on worker productivity. The American 
Economic Review, 102(7), 3652–3673. doi:10.1257/aer.102.7.3652 PMID:26401055

Guo, L. Q., Chen, Y., Mi, B. B., Dang, S. N., Zhao, D. D., Liu, R., Wang, H.-L., & Yan, H. (2019). 
Ambient air pollution and adverse birth outcomes: A systematic review and meta-analysis. Journal of 
Zhejiang University. Science. B., 20(3), 238–252. doi:10.1631/jzus.B1800122 PMID:30829011

Hanna, R., & Oliva, P. (2015). The effect of pollution on labor supply: Evidence from a natural experi-
ment in Mexico City. Journal of Public Economics, 122, 68–79. doi:10.1016/j.jpubeco.2014.10.004

Harrison, D. Jr, & Rubinfeld, D. (1978). Hedonic housing prices and the demand for clean air. Journal 
of Environmental Economics and Management, 5(1), 81–102. doi:10.1016/0095-0696(78)90006-2

IEA. (2016). Energy and Air Pollution, World Energy Outlook 2016 Special Report. International En-
ergy Agency.

IEA. (2017). World Energy Outlook 2017. International Energy Agency.

IEA. (2018). World Energy Outlook 2018. International Energy Agency.

IEA. (2019). World Energy Outlook 2019. International Energy Agency.

IEA. (2020). World Energy Outlook 2020. International Energy Agency.

Iglesias, E. (2021). El efecto de la calidad del aire sobre la salud en la Unión Europea. University of 
Basque Country.

IMEP. (2021). External costs of air emissions from all sources in Israel. Retrieved from https://www.gov.
il/BlobFolder/news/special_moep_report_calculating_external _costs_air_emissions_inventory_in_israel/
ar/air_quality_air_emissions_external_costs_2021.docx

IOM. (1981). Cost of Environmental-Related Health Effects: A Plan for Continuing Study. Institute of 
Medicine.

Joffe, M. (2021). Equilibrium, instability, growth and feedback in economics. In Feedback Economics 
(pp. 43–68). Springer.

Labandeira, X., León, C., & Vázquez, M. X. (2006). Economía Ambiental. Pearson Educación.

Landrigan, P. J., Fuller, R., Acosta, N. J., Adeyi, O., Arnold, R., Baldé, A. B., ... Zhong, M. (2018). 
The Lancet Commission on pollution and health. Lancet, 391(10119), 462–512. doi:10.1016/S0140-
6736(17)32345-0 PMID:29056410

Lanzi, E., Dellink, R., & Chateau, J. (2018). The sectoral and regional economic consequences of outdoor 
air pollution to 2060. Energy Economics, 71, 89–113. doi:10.1016/j.eneco.2018.01.014

Lelieveld, J., Pozzer, A., Pöschl, U., Fnais, M., Haines, A., & Münzel, T. (2020). Loss of life expectancy 
from air pollution compared to other risk factors: A worldwide perspective. Cardiovascular Research, 
116(11), 1910–1917. doi:10.1093/cvr/cvaa025 PMID:32123898

http://https://www.gov.il/BlobFolder/news/special_moep_report_calculating_external_costs_air_emissions_inventory_in_israel/ar/air_quality_air_emissions_external_costs_2021.docx
http://https://www.gov.il/BlobFolder/news/special_moep_report_calculating_external_costs_air_emissions_inventory_in_israel/ar/air_quality_air_emissions_external_costs_2021.docx
http://https://www.gov.il/BlobFolder/news/special_moep_report_calculating_external_costs_air_emissions_inventory_in_israel/ar/air_quality_air_emissions_external_costs_2021.docx


297

Economic Valuation and Cost of Air Pollution
 

Li, J., Liu, F., Liang, F., Huang, K., Yang, X., Xiao, Q., Chen, J., Liu, X., Cao, J., Chen, S., Shen, C., 
Yu, L., Lu, F., Wu, X., Zhao, L., Wu, X., Li, Y., Hu, D., Huang, J., ... Gu, D. (2020). Long-term effects 
of high exposure to ambient fine particulate matter on coronary heart disease incidence: A population-
based Chinese cohort study. Environmental Science & Technology, 54(11), 6812–6821. doi:10.1021/
acs.est.9b06663 PMID:32384243

Liu, Z., & Yu, L. (2020). Stay or leave? The role of air pollution in urban migration choices. Ecological 
Economics, 177, 106780. doi:10.1016/j.ecolecon.2020.106780

Liyuan, Z., Xiaoxiao, Y., Binyu, B., Wenrui, G., Yachen, F., & Min, Z. (2019). Impacts of air pollution 
and meteorological conditions on the generation efficiency of photovoltaic system in Xi’an, China. 
[). IOP Publishing.]. IOP Conference Series. Earth and Environmental Science, 332(2), 022018. 
doi:10.1088/1755-1315/332/2/022018

Manisalidis, I., Stavropoulou, E., Stavropoulos, A., & Bezirtzoglou, E. (2020). Environmental and health 
impacts of air pollution: A review. Frontiers in Public Health, 8, 14. doi:10.3389/fpubh.2020.00014 
PMID:32154200

Marshall, A. (1890). Principles of Economics. Macmillan.

Marshall, F., Ashmore, M., & Hinchcliffe, F. (1997). A hidden threat to food production: Air pollution 
and agriculture in the developing world (Gatekeeper Series No. 73). International Institute for Environ-
ment and Development.

Mei, Y., Gao, L., Zhang, J., & Wang, J. (2020). Valuing urban air quality: A hedonic price analysis 
in Beijing, China. Environmental Science and Pollution Research International, 27(2), 1373–1385. 
doi:10.100711356-019-06874-5 PMID:31745810

Myllyvirta, L. (2020). Quantifying the economic costs of air pollution from fossil fuels. Centre for Re-
search on Energy and Clean Air.

OECD. (2020). Health at a Glance: Europe 2020. State of Health in the EU Cycle. OECD.

Olayungbo, D. O., Faiyetole, A. A., & Olayungbo, A. A. (2022). Economic Growth, Energy Consump-
tion and Carbon Emissions: The Case of Nigeria. In A. Rafay (Ed.), Handbook of Research on Energy 
and Environmental Finance. IGI Global. doi:10.4018/978-1-7998-8210-7

Pigou, A. C. (1920). The Economics of Welfare. Macmillan.

Pu, S., Shao, Z., Yang, L., Liu, R., Bi, J., & Ma, Z. (2019). How much will the Chinese public pay for 
air pollution mitigation? A nationwide empirical study based on a willingness-to-pay scenario and air 
purifier costs. Journal of Cleaner Production, 218, 51–60. doi:10.1016/j.jclepro.2019.01.270

Rafay, A. (Ed.). (2019). FinTech as a Disruptive Technology for Financial Institutions. IGI Global. 
doi:10.4018/978-1-5225-7805-5

Rafay, A. (Ed.). (2022). Finance for Sustainability in a Turbulent Economy. IGI Global. doi:10.4018/978-
1-6684-5580-7

Ray, D. (2002). Economía del desarrollo. Antoni Bosch.



298

Economic Valuation and Cost of Air Pollution
 

Ray, D., & Esteban, J. (2017). Conflict and development. Annual Review of Economics, 9(1), 263–293. 
doi:10.1146/annurev-economics-061109-080205 PMID:28202148

Rehman, A., Malik, A. H., Kanwal, A., & Lashari, N. A. (2022). Wealth at the Expense of Health: The 
Outcome of Environmental Degradation. In A. Rafay (Ed.), Finance for Sustainability in a Turbulent 
Economy. IGI Global. doi:10.4018/978-1-6684-5580-7

Samuelson, P., & Nordhaus, W. (2009). Economics. McGraw Hill.

Sánchez-García, M., Zouaghi, F., Lera-López, F., & Faulin, J. (2021). An extended behavior model for 
explaining the willingness to pay to reduce the air pollution in road transportation. Journal of Cleaner 
Production, 314, 128134. doi:10.1016/j.jclepro.2021.128134

Sirotenko, O. D., Abashina, H. V., & Pavlova, V. N. (1997). Sensitivity of the Russian agriculture to 
changes in climate, CO2 and tropospheric ozone concentrations and soil fertility. Climatic Change, 36(1), 
217–232. doi:10.1023/A:1005320521321

Sohrabi, S., Zietsman, J., & Khreis, H. (2020). Burden of disease assessment of ambient air pollution 
and premature mortality in urban areas: The role of socioeconomic status and transportation. Interna-
tional Journal of Environmental Research and Public Health, 17(4), 1166. doi:10.3390/ijerph17041166 
PMID:32059598

Stiglitz, J. E., & Rosengard, J. K. (2015). Economics of the public sector (4th ed.). WW Norton & Company.

Sun, F., Yun, D. A. I., & Yu, X. (2017). Air pollution, food production and food security: A review from 
the perspective of food system. Journal of Integrative Agriculture, 16(12), 2945–2962. doi:10.1016/
S2095-3119(17)61814-8

Tinch, R., Beaumont, N., Sunderland, T., Ozdemiroglu, E., Barton, D., Bowe, C., Börger, T., Burgess, 
P., Cooper, C. N., Faccioli, M., Failler, P., Gkolemi, I., Kumar, R., Longo, A., McVittie, A., Morris, J., 
Park, J., Ravenscroft, N., Schaafsma, M., ... Ziv, G. (2019). Economic valuation of ecosystem goods and 
services: A review for decision makers. Journal of Environmental Economics and Policy, 8(4), 359–378. 
doi:10.1080/21606544.2019.1623083

UKG. (2021a). Guidance: Air quality appraisal: damage cost guidance. Department for Environment 
Food & Rural Affairs, UK. Retrieved from https://www.gov.uk/government/publications/assess-the-
impact-of-air-quality/air-quality-appraisal-damage-cost-guidance

UKG. (2021b). Guidance: Air quality appraisal: impact pathways approach. Department for Environ-
ment Food & Rural Affairs, UK. Retrieved from https://www.gov.uk/government/publications/assess-
the-impact-of-air-quality/air-quality-appraisal-impact-pathways-approach

USEPA. (2018). Sustainability and sustainable development. Retrieved from https://cfpub.epa.gov/si/
si_public_record_report.cfm?Lab= NRMRL&dirEntryId= 341844

Van der Eerden, L. J., Tonneijck, A. E., & Wijnands, J. H. (1988). Crop loss due to air pollution in 
the Netherlands. Environmental Pollution, 53(1-4), 365–376. doi:10.1016/0269-7491(88)90046-2 
PMID:15092562

https://www.gov.uk/government/publications/assess-the-impact-of-air-quality/air-quality-appraisal-damage-cost-guidance
https://www.gov.uk/government/publications/assess-the-impact-of-air-quality/air-quality-appraisal-damage-cost-guidance
https://www.gov.uk/government/publications/assess-the-impact-of-air-quality/air-quality-appraisal-impact-pathways-approach
https://www.gov.uk/government/publications/assess-the-impact-of-air-quality/air-quality-appraisal-impact-pathways-approach
https://cfpub.epa.gov/si/si_public_record_report.cfm?Lab=NRMRL&dirEntryId=341844
https://cfpub.epa.gov/si/si_public_record_report.cfm?Lab=NRMRL&dirEntryId=341844


299

Economic Valuation and Cost of Air Pollution
 

Van Essen, H., van Wijngaarden, L., Schroten, A., Sutter, D., Bieler, C., Maffii, S., & El Beyrouty, K. 
(2019). Handbook on the External Costs of Transport. European Union.

Vandyck, T., Keramidas, K., Kitous, A., Spadaro, J. V., Van Dingenen, R., Holland, M., & Saveyn, B. 
(2018). Air quality co-benefits for human health and agriculture counterbalance costs to meet Paris Agree-
ment pledges. Nature Communications, 9(1), 1–11. doi:10.103841467-018-06885-9 PMID:30467311

Wang, P., Deng, X., Zhou, H., & Yu, S. (2019). Estimates of the social cost of carbon: A review based 
on meta-analysis. Journal of Cleaner Production, 209, 1494–1507. doi:10.1016/j.jclepro.2018.11.058

Wang, Z., Wei, W., & Zheng, F. (2020). Effects of industrial air pollution on the technical efficiency of 
agricultural production: Evidence from China. Environmental Impact Assessment Review, 83, 106407. 
doi:10.1016/j.eiar.2020.106407

WB & IHME. (2016). The Cost of Air Pollution: Strengthening the Economic Case for Action. World 
Bank & Institute for Health Metrics and Evaluation.

Wei, J., Guo, X., Marinova, D., & Fan, J. (2014). Industrial SO2 pollution and agricultural losses in 
China: Evidence from heavy air polluters. Journal of Cleaner Production, 64, 404–413. doi:10.1016/j.
jclepro.2013.10.027

WHO. (2014). WHO Expert Meeting: Methods and tools for assessing the health risks of air pollution at 
local, national and international level (Meeting report). Copenhagen: WHO Regional Office for Europe.

WHO & OECD. (2015). Economic cost of the health impact of air pollution in Europe: Clean air, health 
and wealth. WHO Regional Office for Europe.

Yi, F., Jiang, F., Zhong, F., Zhou, X., & Ding, A. (2016). The impacts of surface ozone pollution on 
winter wheat productivity in China–An econometric approach. Environmental Pollution, 208, 326–335. 
doi:10.1016/j.envpol.2015.09.052 PMID:26552518

Young, D., & Aidun, S. (1993). Ozone and Wheat Farming in Alberta: A Micro‐study of the Ef-
fects of Environmental Change. Canadian Journal of Agricultural Economics, 41(1), 27–43. 
doi:10.1111/j.1744-7976.1993.tb03730.x

Zhou, L., Chen, X., & Tian, X. (2018). The impact of fine particulate matter (PM2. 5) on China’s agri-
cultural production from 2001 to 2010. Journal of Cleaner Production, 178, 133–141. doi:10.1016/j.
jclepro.2017.12.204

Zhu, F., Ding, R., Lei, R., Cheng, H., Liu, J., Shen, C., Zhang, C., Xu, Y., Xiao, C., Li, X., Zhang, J., & 
Cao, J. (2019). The short-term effects of air pollution on respiratory diseases and lung cancer mortality 
in Hefei: A time-series analysis. Respiratory Medicine, 146, 57–65. doi:10.1016/j.rmed.2018.11.019 
PMID:30665519

Ziolo, M., Filipiak, B. Z., Bąk, I., Cheba, K., Tîrca, D. M., & Novo-Corti, I. (2019). Finance, sustain-
ability and negative externalities. An overview of the European context. Sustainability, 11(15), 4249. 
doi:10.3390u11154249



300

Economic Valuation and Cost of Air Pollution
 

KEY TERMS AND DEFINITIONS

Externality: Cost or benefit caused by a producer that is not financially incurred or received by that 
producer.

Gross Domestic Product (GDP): Total monetary or market value of all the finished goods and 
services produced within a country’s borders in a specific time period.

Hedonic Pricing: Model that identifies price factors according to the premise that price is determined 
both by internal characteristics of the good being sold and external factors affecting it.

Marginal Cost: Change in total production cost that comes from making or producing one additional 
unit.

Monetize: Process of turning a non-revenue-generating item into cash.
PM2.5: Particulate matter less than 2.5 microns in diameter.
Public Goods: That good which belongs to or is provided by the State at any level through all those 

organizations that are part of the public sector.
Value of Statistical Life (VSL): Marginal rate of substitution between income (or wealth) and 

mortality risk.
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ABSTRACT

China has been one of the largest global emitters of carbon dioxide (CO2). As a result, the country is 
committing itself to implement the 2030 Agenda for Sustainable Development. The attention that is be-
ing paid to the serious problem of climate change has increased manifold. Corresponding policies are 
introduced in relation to the financing of carbon. In particular, in the wake of the announcement that 
China would be going carbon neutral before 2060, concrete efforts are being consistently made towards 
carbon emission reduction. Policies and measures related to carbon finance are being continuously 
promulgated, and a national carbon emission trading market too has been established on July 16, 2021. 
This chapter gives a brief overview of the carbon market, carbon finance, and its policies in the context 
of sustainable development. It also examines the approach towards the future development of the carbon 
finance market by discussing in detail the existing deficiencies and areas of improvement.
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INTRODUCTION

People’s Republic of China (PRC), a world-renowned producer of industrial goods, has today become 
the world’s largest emitter of carbon (Dudley, 2019). Between 2000 and 2016, China’s CO2 emissions 
grew by an average of more than 11% on a yearly basis with CO2 emissions almost tripling in a very 
short span of time (Figure 1). It has been reported that in the year 2016, nearly 30% of global CO2 
emissions came from China (The World Bank, 2021). Though, it is the manufacturing industry that is 
generally held liable for the majority of CO2 emissions, but in recent years, the tertiary industry too is 
being recognized as the main source of CO2 emission in China (Wang et al., 2020).

Cities are mostly a hub for human activities and at the same time for the consumption of fossil fuels 
and emission of CO2 as well (Chen et al., 2020; Meng et al., 2019). In order to tackle climate change 
and reduce emissions, China as a country will have to bear heavy responsibility for introducing signifi-
cant changes in its economy for energy conservation (Chen & Zhu, 2019; Liu & Bae, 2018). Driven 
by a decline in overall carbon intensity and a rise in inter-city carbon inequality, 41.38% of provinces 
and 49.65% of cities are still under great pressure to reduce carbon emissions. These cities emit carbon 
dioxide at a higher than the average level than the most parts of the country (Cheng et al., 2020).

Since the past decade, China’s primary energy consumption has been rising. Even if the elasticity 
coefficient of China’s energy consumption drops below 1, or even stabilizes below 0.6 for a long time, it 
can still be concluded that China’s GDP growth is inseparable from a large amount of energy consump-
tion. In addition, China’s energy production is characterized by huge differences at the provincial level. 
All these factors have become roadblocks to China’s efforts to reduce its overall percentage in carbon 
emissions (Figures 2 and 3).

It is widely accepted that CO2 emissions are the macro determinants of environmental quality (Leal 
& Marques, 2020; Nidhaleddine et al., 2021), and serious environmental problems have resulted into 

Figure 1. China’s carbon emissions and its share in the world total carbon emissions from 2000 to 2018 
(Unit: MtCO2)
Source: https://www.climatewatchdata.org/
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significant damage to the sustainable development of economy (Wang & Luo, 2020). Hence, it is urgently 
required that China comes up with innovative solutions and techniques at a breakneck speed along with 
implementing policies and measures that contribute to reduction of carbon emissions.

As China joins global response to combatting the looming threat of climate change by working on 
reducing carbon footprint; appropriate financial flows, new technology framework and enhanced ca-
pacity building are few areas that will require attention from the government on an immediate basis. A 
systematic yet long term shift to a sustainable economy characterized by promoting investments that 
accelerate decarbonization, sustainable solutions, creation of green jobs are few challenges that will 
have to be overcome to build back better from the current crisis of pandemic coupled with increasing 
carbon emissions.

Figure 2. Primary energy consumption and annual elasticity of energy consumption in China and the 
world from 2010 to 2020 (All GDP is calculated in 2010 constant dollars)
Sources: BP Statistical Review of World Energy 2021 (70th edition) and World Bank

Figure 3. Share of coal production by region in 2020
Source: China Foresight Industry Research Institute
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At present, China’s low-carbon economy and carbon emission trading are in the primary stage of 
their development (Chang et al., 2019). In September 2020, Xi Jinping, President of China, announced 
at the 75th session of the United Nations (UN) General Assembly that China will strengthen its contri-
butions and implement more policies and measures to achieve the goal of cutting down carbon dioxide 
emissions by 2030 thus achieving carbon neutrality by 2060 (30·60 goals). In December 2020, China 
announced its commitment that towards 2030, Chinese CO2 emissions per unit of GDP will be 65% 
lower than in 2005, the proportion of non-fossil energy in primary energy consumption will reach 25%, 
forest stock will increase by 6 billion cubic meters over 2005, and total installed capacity of wind and 
solar power will reach more than 1.2 billion kilowatts (Xinhua News Agency, 2020). In 2021, China 
has also promulgated regulations such as Guiding Opinions of the State Council on Accelerating the 
Establishment and Improvement of a Green and Low-Carbon Circular Development Economic System 
(State Council of the People’s Republic of China, 2021) and Administrative Measures for Carbon Emis-
sion Trading (Trial) (Ministry of Ecology and Environment [MEE], 2021), and has even announced the 
first one-year performance cycle of China’s carbon market from January 1 onwards. The State Council’s 
executive meeting on July 7 proposed the establishment of a monetary policy to support carbon reduction 
(Xinhua News Agency, 2021a). Report on the work of the government (Li, 2021) has clearly proposed 
implementation of special financial policies to support green and low-carbon economy and introduce 
new tools for carbon emission reduction.

On July 16, 2021, China’s long awaited National Carbon Emission Trading Scheme, the world’s largest 
carbon market or China Carbon Emission Trade Exchange (CCETE) was listed. More than 2,000 power 
plants, accounting for more than 40 percent of the country’s carbon emissions, entered the market as the 
first batch of traders, responsible for more than 4 billion tons of greenhouse gas emissions. Under this 
scheme, companies were assigned emission targets at the beginning of the year and after trading they 
were required to submit compliance report to the government. Companies that have surplus target will 
be able to sell in this market and those polluting will have to buy surplus and submit emission statement 
accordingly. As of September 16, 2021, CCETE’s cumulative trading volume of Chinese Emission Al-
lowance (CEAs) was 8,457,531 tons, with a cumulative trading volume of 416,898,493.8 yuan (Shanghai 
Environment and Energy Exchange, 2021). Judging from its trading volume, the CCETE is gradually 
subsiding from its initial activity, and is likely to show characteristics of the previous pilot carbon market 
(Figure 4). In the next 1-3 years, eight energy-intensive industries, including iron and steel, non-ferrous 
metals, petrochemicals, chemicals, building materials, paper making, electric power and aviation, will 
all be included in the national carbon trading market. Towards a low-carbon future, few products are 
expected to be launched in next few years. Further, the national carbon market is expected to open up to 
institutional and individual investors next year, with brisk trading. Its cost currently accounts for less than 
1% of electricity price and is expected to increase significantly in the next 2-3 years (Yang et al., 2021).

It can be said that with the opening of the CCETE, China’s carbon trading system has moved from a 
local pilot to a national one with the trading volume and activity ushering in a new stage of development. 
As a regulatory tool, financial products can guide the production and operation activities of enterprises 
through market means (Wang et al., 2021), while national policies can guide the general direction of 
enterprises’ production at the macro level (Jiang et al., 2016). Although the carbon finance project has 
expanded a variety of products, its main product is green bonds, and the number of available financial 
products are still low in number. China has the world’s largest green bond market currently, but banks 
issue debt through regulatory arbitrage rather than the cost of funding mechanism (Cao et al., 2021). At 
present, the investment in green finance has decreased, and there are still many small and medium-sized 
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enterprises who though committed to a low carbon cause, are facing financial difficulties. Many busi-
ness entrepreneurs and investors have not yet understood the crucial role of carbon finance, as a branch 
of the financial industry, bringing about economic benefits. This lack of awareness has also impacted 
people’s participation in the process (Yang et al., 2016). China’s climate governance is undergoing a 
period of transition. The formulation of policies provides guidance for the development of enterprises 
(An et al., 2021), improves the international influence of Chinese industries (Qi et al., 2021), and pro-
vides economic subsidies.

However, the coercive means of laws and regulations adopted by the state have few drawbacks. The 
legal system of carbon emission trading in China being in nascent stage of its development, cannot 
effectively protect the rights and interests of both sides of the transaction. Few complications further 
increase the cost of investment and financing. The market entry threshold is too high to reach a balance 
between preventing market speculation and encouraging companies to voluntarily reduce emissions. All 
these negative trends have a potential to hamper China’s efforts to achieve the Sustainable Development 
Goals or live up to their commitment towards climate action.

In order to explore the role and responsibility of enterprises and governments in climate change and 
understand the current situation of sustainable development in China, studying carbon finance and its 
corresponding policies is necessary. With the establishment of the national carbon emission trading 
market and continuous improvement of relevant laws and regulations, China’s carbon financial market is 
definitely making a headway towards 2030 with great scope for low-carbon future. This chapter intends 
to analyze the characteristics of the current Chinese carbon market, the role of the Chinese government 
in the carbon market, and the specific Chinese case studies, so as to find out the prevailing shortcomings 
and the steps that can be taken towards improvement.

The following literature review will summarize the current status of China’s carbon finance market, 
then briefly introduce the features of Chinese carbon financial market, followed by a brief discussion 
of the role of Chinese government in promoting carbon finance along with case analysis. Finally, this 

Figure 4. Market situation within two months after CCETE was built
Source: Shanghai Environment and Energy Exchange
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chapter provides advice to the future development of China’s carbon market from various perspectives, 
including innovation, capacity building, policy making, financial institutions, and information disclosure.

LITERATURE REVIEW

The commitment to realize reduction of CO2 emissions by 2030 and hit carbon neutrality by 2060 
popularly known as the 30·60 goals in China, demand that industrial transformation and sustainable 
development go hand in hand. The goal of The Paris Agreement (UN, 2015b) is to reduce global warm-
ing. Achieving this herculean task requires that every country commit itself towards achieving a carbon 
neutral world. United Nations has defined Climate neutrality which is sometimes referred to as carbon 
neutrality, zero net or net zero, as a process of restoring the balance of the planet, in terms of achieving 
the percentage emissions to a state that prevailed one and a half centuries ago (Figueres, 2015). The 
European Parliament (Guillot, 2019) offers the definition that “Carbon neutrality means having a bal-
ance between emitting carbon and absorbing carbon from the atmosphere in carbon sinks.” China indeed 
has an ambitious plan as per its unique prevailing local conditions with respect to development needs 
(Xinhua News Agency, 2021b).

There is no final conclusion yet on whether China’s increasing carbon emissions are driven by produc-
tion or consumption. The fact that it is consistently rising is basically driven by positive economic output 
and increased energy consumption (Huang et al., 2018; Ma et al., 2019; Zhang & Da, 2015). Developing 
country such as China, which is characterized by relatively weak environmental protection policy and 
constraints as to, foreign direct investment (FDI) has by default led to more CO2 emissions (Ansari et al., 
2019; Liu et al., 2021). However, according to Zhang (2011), China’s financial development, especially 
in the wake of increasing role of financial intermediaries, has been a vital factor contributing to increase 
in carbon emissions. According to Wang et al. (2014), China’s current carbon policy’s main problem is 
that the key decisions on the production side, need to incorporate proposed emission reduction targets. 
Further, China’s carbon emission regional heterogeneity problems are not given enough appropriate 
attention as well (Wu et al., 2020; Zhang et al., 2021).

The Emissions Trading Scheme (ETS) is an important market-oriented environmental policy in a 
market economy system (Ouyang et al., 2020). As a developing country with strategic significance, the 
construction of China’s carbon market can not only solve the issues with respect to increasing global 
carbon emissions, but also provide valuable and unique experience for other developing countries (Wen 
et al., 2020). Currently, China’s pilot carbon market is small scale with low market efficiency and low 
market activity coupled with price fluctuations (Liu et al., 2019; Wang et al., 2019; X. Z. Yang et al., 
2020). Though, carbon market’s different rules and regulations will affect the efficiency of its operation 
(Zhang et al., 2015), China’s CETS is being widely recognized globally as an effective policy tool to 
promote carbon neutrality (W. Zhang et al., 2020; Y. J. Zhang et al., 2020).

The construction and continuous improvement of carbon finance market is slated to contribute towards 
achievement of the 30·60 goals. By using macro-prudential financial regulation, banks have expanded 
the availability of credit flows to support low-carbon activities (Campiglio, 2016). Ding et al. (2019) 
revealed that a higher level of carbon tax greatly affects the rate of carbon emissions. Carbon subsidies 
further enable a company to make a transition towards low-carbon future and a cleaner production (Cao 
et al., 2017). This further supports enterprises to move in the direction of energy conservation and en-
vironmental protection through regulating market activities (Jung et al., 2018).
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Environmental regulation can not only restrict CO2 emission in China, but also influence the cycle 
of energy consumption (Zhao et al., 2020). Even if any policy has been designed keeping a short-term 
goal in mind and overlaps with China’s low carbon economy policy (Yang et al., 2019), there is still 
scope for emission reduction (Akram et al., 2020; Li et al., 2020).

The following sections will demonstrate the characteristics of China’s carbon finance market with 
more specific data.

CHARACTERISTICS OF CHINA’S CARBON FINANCE MARKET

Composition of China’s Carbon Finance Market

The carbon financial market in China is particularly dominated by carbon trading with very few partici-
pants, being a pilot project in various provinces and cities. Carbon trading is a market-based system that 
is specifically aimed at reducing carbon dioxide emitted by burning fossil fuels. Cap and trade schemes, 
as well as a regulated carbon market are a big attraction for government and industry as it brings along 
an easy mechanism of implementation towards achieving 30·60 goals.

When it comes to carbon financial market, China mainly focuses on trading a variety of carbon 
products including spot investments, forwards, futures and bonds. The carbon emission trading market 
started with the Clean Development Mechanism (CDM). The Notice on Carrying out the Pilot work in 
Carbon Emission Trading (National Development and Reform Commission [NDRC], 2011) proposed 
to gradually carry out the pilot market of carbon emission trading. Meanwhile, as per Interim Measures 
for the management of greenhouse gas voluntary emission reduction (NDRC, 2014), it was decided that 
initially there would be trading in carbon emission rights and subsequently other trading products will 
be added over a period of time. In addition to the aforementioned quota and Chinese Certified Emis-
sions Reductions (CCER) trading, carbon exchanges in Beijing and Guangzhou have also established 
Voluntary Emission Reduction (VER) trading platforms to encourage investors to participate in more 
diversified carbon emission trading activities.

Table 1. Seven pilot carbon market in China

Sources: http://www.tanpaifang.com/
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As of June 1, 2021, China’s largest carbon financial market in 7 pilot cities recorded a total carbon 
trading volume 586.6234 million yuan. According to the 2019-2020 National Carbon Emission Trading 
Quota Implementation Plan issued on December 30, 2020, the carbon emission quotas for 2019 and 2020 
which were allocated and traded in 2021, accounted for 70% of the total pre allocated amount, and the 
remaining 30% was issued after the carbon emission accounting for 2019-2020 was completed. The pre 
distribution quota was about 5.6 billion tons and if calculated according to the carbon price of 30 yuan 
per ton, the market value turns out to be 168 billion yuan (Yang & team, 2021).

CDM project market, which first focused on developing carbon market in China, resulted into satisfac-
tory achievements. As of April 1, 2021, the number of CDM registered projects in China reached 3861. 
From the perspective of its registration, China’s CDM projects have developed rapidly between period 
from 2006 to 2012, where a whopping 3,791 projects were registered and filed in 7 years. After 2013, 

Figure 5. Composition of China’s carbon finance market
Sources: China Finance 40 Forum and each carbon exchange websites
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the rate of CDM registered projects slowed down as a result of EU carbon emission system restricting 
the offset of CDM projects, resulting in a sharp reduction in CDM projects in China, which earlier ac-
counted for the highest proportion. The projects are mainly concentrated in areas around Sichuan, Yunnan, 
Inner Mongolia Autonomous Region, Gansu and Shandong province, and the total number of projects 
is 1,521, accounting for almost 39% of total number of projects. These CDM projects that have been 
registered mainly focus on wind energy and hydraulic, recording a number of 2,851 projects accounting 
for 73.84% of total number of projects (NDRC, 2015).

In 2013, China drawing inspiration from the CDM of the Kyoto Protocol (UN, 1997) undertook 
planning on constructing CCER as per unique and local conditions prevailing in China. The pilot carbon 
markets have offsets ranging from 5% to 10%. Before 2017, CCER project registration had been stopped 
due to its limited contribution in reducing greenhouse gas emissions and insufficiently standardized 
individual projects in the implementation process. As per the Interim Measures for the management of 
greenhouse gas voluntary emission reduction (NDRC, 2012), a total of 2871 CCER approved projects 
and 861 registered projects were carried out from 2012 to 2017, mainly including wind power, photo-
voltaic, methane recovery, hydro power, biomass energy utilization, waste incineration and other fields. 
As of May 30, 2021, China’s CCER projects have traded 294 million tons of carbon, with Shanghai 
and Guangdong leading in CCER trading volume, the total trading volume being119 million tons in 
Shanghai market, accounting for 40.4% of the national total, followed by Guangzhou, accounting for 
more than 20% (Figure 6).

In December 2020, the Measures for the Administration of Carbon Emissions Trading (Trial) (Draft 
for comments) clearly included CCER back into the carbon trading market (Environmental Development 
Fund, 2020). In February 2021, the MEE issued the Administrative Measures for Carbon Emission Trad-
ing (Trial), indicating that CCER certification could be restarted for renewable energy, forestry carbon 
sequestration and methane utilization projects. As of May 30, 2021, the cumulative trading volume of 
CCER in China’s carbon market in 2021 was 30.67 million tons. According to the average price of CCER 
listed in the most active Shanghai CCER secondary market, the price of CCER showed a relatively 
upward trend. However, due to the time invested in construction of the carbon emission trading market 
in each province and the unique pace of economic development of each province, the carbon market of 
each province in China is different from the other (Carbon Neutrality Committee, 2021).

Figure 6. Accumulative trading volume of China’s pilot CCER projects as of May 30, 2021 (Unit: 10,000 
tons)
Source: HuaBao Securities
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Carbon Price

Carbon pricing which is in the form of a carbon tax or carbon emission trading is a method of applying 
a cost to greenhouse gas emissions so that polluters can be pushed towards reducing pollution caused by 
combustion of coal, oil and gas. As far as China’s carbon pricing is concerned, the same is not uniform 
across the country, and the price is generally low, with a significant amount of volatility in the market.

China began to develop its carbon trading market during the second commitment period of the Kyoto 
Protocol (2013-2020), and currently it is in the stage of comprehensive expansion from the standpoint 
of world market (Liu et al., 2017). As of June 2021, China’s carbon market reached 5,866.234 million 
yuan and 241.309 million was the total volume of trade. From the global perspective, the carbon price in 
China is generally low with a weak market stability. At current pace of carbon price, China will not be 
able to achieve its 2030 target of reducing carbon emissions by 42% from 2015 levels (Wang & Wang, 
2021). According to the report of a survey, carbon price in China (Slater et al., 2020) is expected to rise 
to 71 yuan/ton in 2025 and 93 yuan/ton by the end of the next decade. If the carbon price in China rises 
too fast in the short term, it might turn out to be harmful for enterprises in the long run.

As per the usual price theory, in a perfectly competitive market, the carbon price should be equal to 
the marginal cost of emission reduction. However, China’s carbon price is set by each province’s carbon 
exchange, which leads to different carbon prices. While evaluating how carbon prices have fluctuated 
on account of exchange since they were established, it can be seen in figure 7 that Beijing’s trading 
price has been very high for most of the time during last 16 years. Thus, it will be reasonable to say that 
the fluctuation of carbon price shows convergence. With the passage of time, the fluctuation of carbon 
price will gradually change from being relatively volatile to being stable. At present, only Guangdong 
province has achieved convergence. However, the price of carbon on the other exchanges generally 
fluctuates around 25 yuan, rarely above 50 yuan a ton. In terms of actual demand, the price of carbon 
permit is slightly lower (Figures 7a and 7b). As per the report published by The World Bank, the Paris 
Agreement’s target quota price is between 40 to 80 Euros, which makes it nearly impossible for China to 

Figure 7. Historical carbon prices at China’s pilot exchanges as of the first quarter of 2021 (Unit: yuan)
Sources: CSMAR, www.tanpaifang.com and each carbon exchange websites
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achieve the expected emission reduction target within the estimated time. In addition, these fluctuating 
carbon prices cannot truly reflect the emission reduction performance of enterprises (Y. Li et al., 2021).

Products Related to Carbon Finance in China

There are many types of financial products circulating in China’s secondary carbon market, but they 
are still not comprehensive. The total number of innovative carbon financial products is small, which 
is difficult to meet the demand. China’s secondary carbon market though rich in product categories, 
has relatively few numbers of products (Tables 2 and 3). Carbon finance places great emphasis on ad-
dressing climate change and low-carbon transition, with economic activities, market players, investment 
projects and related assets following a clear path to low-carbon and zero carbon (Chen et al., 2021). In 
recent years, pilot regions in China have successively launched a variety of innovative carbon financial 
products, such as carbon neutral bonds, carbon forward, and carbon emission right credit pledge fi-
nancing. Enterprises in Beijing, Hubei, Shenzhen, Guangzhou and other pilot places have tried to carry 
out relevant carbon emission trading financial derivatives services, mainly focusing on funds, bonds, 
pledge financing, repurchase financing and other project. However, the challenge continues to remain 
the limited scale of operation as a result of which financial institutions continue to be in the exploratory 
stage of accepting the financing method with carbon emission right as collateral, and vast majority of 
transactions being the “first order”.

The development of China’s financial industry owes its growth majorly to implementation of green 
credit policy. Today, China is leading the world in this area and innovation in technology, such as use 
of big data, artificial intelligence, Internet of things, has further added to growth of this sector adding 
great value to the country. Green credit has not only become an important profit growth point for banks, 
but also one of the most important marketing strategies of modern commercial banks, helping them in 
building the visibility (Cheng & Huang, 2021). At present, green credit accounts for 10% of loan balance, 
and green bond accounts for less than 2% of credit debt. All these factors point towards the fact that the 
concept of carbon financing and carbon financial derivatives still needs further innovation. State-owned 
enterprises are the majority of participants in China’s carbon market. But there is a significant difference 
between the enthusiasm of enterprises to participate in the primary market and the secondary market 
(Song et al., 2019). Most enterprises participating in the carbon market regard the allocation of carbon 
emission quotas in the primary market as a political obligation, accompanied by their own enthusiasm 
for trading activities. By contrast, they lack such willingness and participation in the secondary market 
(Deng et al., 2018). Thus, it can be concluded that the current secondary carbon market in China is 
largely affecting the investment efficiency and market participation.

Table 2. Carbon finance primary products

Sources: King & Wood Mallesons
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Carbon Financing Market in China

Chinese carbon financing market is still in the initial stage of development. Though, the basic institutional 
structure of China’s carbon finance market is sound, its overall scale and influence need to be improved.

Table 4. Part of institution in the carbon finance market

Source: Research on the Internal Operation and Management Mechanism of Carbon Financial Transaction in China and each institution’s 
website

Table 3. Part of the first case of carbon financial products in China

Sources: Collated from relevant research data of each pilot carbon market



313

Carbon Financing and the Sustainable Development Mechanism
 

IMPACT OF GOVERNMENT POLICY

As opposed to carbon market in Europe, China’s carbon market was defined as a policy tool for achiev-
ing sustainable development and promoting enterprises’ low-carbon transformation even before its 
construction. Chinese government is widely recognized as the founder and promoter of the carbon 
market in China. Most developing countries have a rapid economic growth rate, but it leads to many 
serious environmental problems (Liu et al., 2020). Companies emphasizing on political linkages is a 
common phenomenon in developing countries (Claessens et al., 2008), and emerging market economies 
often obtain valuable resources by establishing political relations (Li & Zhang, 2015). As the world’s 
largest developing country, China’s economic development depends on the government’s strong policy 
guidance. For example, despite market-oriented reforms aimed at reducing administrative involvement 
in allocation (D. Yang et al., 2020), the Chinese government still has a significant influence on the al-
location of basic resources.

China is a country with multiple levels of governance whereby each level has a corresponding re-
sponsibility for reducing emissions. In China, local governments are not only the environmental policy 
maker, but also the recipients of indicators assessment and this grassroots movement has set the pace 
for the development of carbon market and carbon finance in China. Market-based trading mechanism 
is an important means for the Chinese government to control environmental pollution. Since the 30·60 
goals were proposed, the central and local governments in China developed a series of policies, aimed at 
promoting enterprises to strengthen their efforts thereby inspiring many market participants and opening 
the way for the low-carbon transition (Table 5). The relevant legislation of carbon emission trading in 
China has experienced the process of “from bottom to up” and “from local to central”. Chinese govern-
ment is constantly innovating and improving relevant laws, regulations and policies, so as to mobilize 
the enthusiasm of enterprises for low-carbon development and enhance the participation of the financial 
industry and consumers. In addition, the Chinese government has also been improving its work efficiency 
through measures such as streamlining administration and delegating power, combating corruption and 
upholding integrity. For example, the organizing department of the Central Committee of the Commu-
nist Party of China issued the Opinions on Further Regulating party and Government Leading Cadres’ 
Part-time Jobs (Posts) (Document No.18) on October 19, 2013 (National Health Commission, 2021). 
The main content of this regulation is to restrict government officials from participating in high-level 
management positions of enterprises and eradication of corruption (Xu, 2018).

The establishment of a sound market information disclosure mechanism is crucial to the development 
of China’s carbon financial market. Despite the failure of the much-anticipated mandatory environmental 
disclosure requirement for listed companies in China in 2020, the government has been maintaining its 
stance of going ahead with environmental information disclosure.

The government policies in China have been designed to ensure the long-term development of China’s 
carbon financial market. Firstly, China has recognized the legality of carbon emission permits as part 
of its national legislation, so as to realize the commercialization of these permits. Secondly, the carbon 
emission trading policy under the “mandatory” mechanism can realize the “double control” of the total 
energy consumption, stimulate the emission reduction potential of enterprises, and improve the tech-
nical research level. Without any enforcement mechanism and government regulation, the innovation 
needed to develop low-carbon solutions will be difficult to achieve (Pestre, 2019). With the increase in 
number of environmental regulations, many enterprises in emerging market and transition economies 
have established political links to offset the pressure of environmental regulation, rather than strengthen 
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their green technology innovation (Chen et al., 2011). Chinese authorities as a result are reluctant to 
open the carbon market to financial institutions for risk control reason. Although China’s carbon market 
was set up by the Chinese government, government officials are not direct market participants, so it is 
impossible for them to know the real picture on the ground. This also causes problems such as price 
fluctuations and single product categories. Political connections have a potential of negatively impact-
ing companies (Chan, 2020; Q. G. Liu et al., 2013). They can lead to distortion in resource allocation 
and long-term investment strategies, as well as the long-term investment behavior of firms (Xu et al., 
2013). Qin and Zhang (2019) pointed out that de-politicization promotes innovation in enterprises. So, 
Chinese government bears a heavy responsibility on its shoulders to tap the maximum potential of the 
carbon market thereby achieving the goal of sustainable development.

CHINESE CASE STUDIES

This part introduces three practical cases bringing about significance and contribution of carbon finance 
in China.

Table 5. Part of the latest regulations relating to the 30·60 goals

Source: China Clean Air Policy Partnership
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Low-Carbon Cities and Eco-Cities Built by the Chinese 
Government: Taking Longgang District of Shenzhen City and 
Sino-Singapore Eco-City of Tianjin City as Examples

China has invested greatly in developing green as well as sustainable cities, launching a series of measures 
to promote “ecological civilization”, such as eco-city and low-carbon city. The construction of national 
green cities in China has been completed in cooperation with foreign governments, as the success of 
the entire process depends heavily on the amount of funds brought by the sponsors (Hult, 2015), which 
usually is the government in most cases. Since building sustainable cities needs huge investments, it is 
a huge challenge for local governments. It is estimated that China’s investment in green projects (such 
as ecological and low-carbon cities and renewable energy projects) between 2015 and 2020 is about 2.9 
trillion yuan. Even if the government budget can complete the entire project sufficiently, it is difficult 
to ensure that the same will contribute to sustainable development achieving desired objectives in a way 
actually intended. Therefore, it is crucial to balance financial instruments and programs in order to draw 
funding from a variety of sources for ensuring the overall viability of eco-city projects (Zhan et al., 2017).

By studying these cases, common features can be recognized whereby the government leads the 
projects and develops financing methods suitable to unique local conditions.

International Low-Carbon City of Shenzhen

The International Low-carbon City of Shenzhen (ILCC), a demonstration project of the China-EU 
Partnership on Sustainable Urbanization (CEUPSU), was launched in 2012 with the support of China’s 

Table 6. Part of regulations related to China’s environmental information disclosure

Sources: Central and local governments and carbon emission trading market website
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National Development and Reform Commission, which is aimed at achieving development in an en-
vironmentally, socially and economically sustainable manner (Cheshmehzangi et al., 2018; Shenzhen 
International Forum Low Carbon City, 2021). Its planned total area is 53.14 square kilometers, the 
scale of construction land is 19 square kilometers, and the basic ecological line control area reaches 
63% (Shenzhen Longgang, 2021). In 2021, Longgang District’s Government Work Report proposed to 
accelerate the promotion of green and low-carbon development. The same is expected to promote the 
development and construction of international low-carbon cities with high standards, implementation of 
projects relating to hydrogen energy industrial parks and other projects along with building a national 
low-carbon pioneer zone for sustainable development (Longgang District People’s Government, 2021).

The new financing method adopted by ILCC is aimed at the overall planning of the village, innovat-
ing the financing method, developing the real estate and railway, as well as enhancing the construction 
of infrastructure.

Planning the village area as a whole (PVAW) is a new way of land preparation method, where state-
owned land, collective land, individual non-agricultural land and other scattered land are clubbed together 
allowing local government, community and real estate developers to thereby plan its constructive use. 
The interests of local residents are incorporated into the redevelopment of community, economy, high-
end industries and public utilities, so as to maximize the interests of the community and residents. As 
residents collectively use their land to invest in ILCC, PVAW aims at reducing government investment 
in land preparation method.

The investment and financing mode: construction of metros and property development is franchised 
to a subway company by local governments. The subway company then sublets the contracts for the 
real estate development to real estate companies, which in turn develop commercial buildings, lease and 
sell real estate, share the income with metro companies and realize the value-added of real estate. This 
makes a large part of financing of construction of infrastructure to be borne by market investors, thus 
reducing the overall pressure on local finance institutions (Zhan & De Jong, 2018).

Sino-Singapore Tianjin Eco-City

Sino-Singapore Tianjin Eco-City (SSTEC) is a major strategic cooperation project between the govern-
ments of China and Singapore. It is the world’s first eco-city jointly developed by countries and this 
project was launched in September 2008 (China-Singapore Tianjin, 2021). By the end of 2020, 39 parks 
have been built and put into use in the eco-city, with a total green area of 1,049 hectares. There are 54 
three-star green buildings, 68 sponge city pilot projects which have been completed, and the pilot con-
struction of “waste free city” is also being carried out. The next move of SSTEC now is to move towards 
development of smart city (SSTEC, 2021).

SSTEC was established with “the strong support of the national government and the structural par-
ticipation of foreign investment”, receiving policy and financial support from the governments of China 
and Singapore. Local governments cooperated with the central government to finance the development 
of SSTEC by providing funds and tax rebates. The financial instruments used by SSTEC to support the 
construction of eco-cities include bank loans, corporate bonds, government funds, tax rebates, private 
capital and international assistance projects. Out of all the sources mentioned, bank loans and corpo-
rate bonds are the two main sources of funding for SSTEC. For example, the National Development 
and Reform Commission gave priority approval to SSTEC to issue corporate bonds worth 1.2 billion 
yuan. In addition, SSTEC has made innovations in the ownership structure as well. The establishment 
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of Tianjin Eco-City Investment and Development Co., Ltd (TEID) has brought about great changes in 
equity structure and company operation, making the financing model of “government investment and 
government leading” more complicated. TEID has now moved away from performing the role of a 
traditional financing vehicle, delegating tasks to different specialized subsidiary, thereby allowing it to 
operate more like a business in the marketplace. In addition, the information and technology TEID gained 
from the construction of SSTEC has enabled in generating more revenue. This prevents companies from 
becoming financing tools for local governments. The ownership structure separates the functions of lo-
cal governments and enterprises, which is conducive to the marketization of enterprises and improves 
the efficiency of economy as well as decision-making. In addition, the franchise agreement signed with 
the government is a guarantee for TEID and its subsidiaries to obtain sustainable operating assets and 
stable cash flow expectations, which further expands TEID’s funding sources arousing the enthusiasm 
of enterprises to invest (Zhan & De Jong, 2017).

Innovation of Carbon Financial Products: Carbon Neutral Bonds

In response to the carbon neutral target, on February 9, 2021, the National Association of Financial Market 
Institutional Investors (NAFMII), under the aegis of the People’s Bank of China, actively implemented 
the green development concept in the bond market. Carbon neutral bond was launched, and the funds 
raised were used for green projects with carbon emission reduction benefits. According to the definition 
set by the Association (NAFMII, 2021b), carbon neutral debt financing instrument is a type of green 
bond, which is a debt financing instrument that raises funds specifically for green projects with carbon 
emission reduction benefits.

As of July 8, 2021, a total of 111 carbon neutral bonds were issued in the market, with a total issuance 
of 120.593 billion yuan (Bao, 2021). Although the scale of issuing carbon neutral bonds has decreased 
in the past three months, the proportion of carbon neutral bonds in relation to issuance scale of green 
bonds has reached 44.77% within half year of its creation, thus effectively leading the way for funds 
to be invested in green and low-carbon industries. As of July 10, 2021, a total of 73.938 billion carbon 
neutral bonds were issued in the inter-bank market and 46.766 billion carbon neutral bonds were issued 
in the exchange market, with clean energy projects accounting for 56%. Its main varieties include debt 
financing instruments, corporate bonds and asset-backed securities. At present, carbon neutral bonds are 
generally issued by large state-owned enterprises. The reports reveal that the issuance scale of AAA sub-
jects accounts for 96% of the stock market scale, and AA+ and AA account for 2% respectively. In terms 
of the nature of enterprises, central enterprises account for 77% of the stock issuance, and state-owned 
enterprises and private enterprises account for 18% and 5% respectively. In addition, on the whole, the 
credit qualifications of the issuers of carbon neutral corporate bonds and carbon neutral debt financing 
instruments are AA+, AAA and other high level credit qualifications belong to central enterprises and 
local state-owned enterprises. Carbon neutral bonds are publicly issued and in terms of bond maturity, 
the time period is generally short term such as 2 or 3 years. The funded projects are mainly clean energy 
projects relating to hydropower, wind power, photovoltaic power generation, nuclear power and pumped 
storage, as well as rail transit and low-carbon green building projects (Zen & Wu, 2021).

As compared to other carbon financial products, carbon neutral bonds have a better mechanism. For 
example, in its March 18 notice, the NAFMII clarified the scope of raising carbon neutral bonds, project 
evaluation, fund raising, administrative requirements, and made mandatory the timing of information 
disclosure (Gao, 2021). At the same time, NAFMII (2021a) issued policies to encourage enterprises 



318

Carbon Financing and the Sustainable Development Mechanism
 

to register and issue carbon- neutral bonds, such as opening up a green channel for the registration and 
evaluation of carbon neutral bonds, providing them with special marks, encouraging the research and 
development of medium and long-term products, and encouraging enterprises to register and issue in-
novative products of structural debt financing instruments such as green asset-backed notes supported 
by the cash flow generated by carbon emission reduction projects.

Carbon Finance Projects: Take Qingdao Kc Blue 
New Energy Co., Ltd. as an Example

Qingdao Kc Blue New Energy Co., Ltd. (Kc Blue) is a green enterprise committed to environmental 
protection, which is mainly engaged in refrigeration, heating and air conditioning equipment production 
and heat pump host and heat exchanger’s research and development. In 2011, its chairman returned to 
his hometown to start his own business with the “world’s first and international leading” raw sewage 
heating technology. This technology takes heat from underground sewage, replaces air and surface water, 
thereby producing a higher amount of energy. As compared to traditional methods, it saves 50% of initial 
investment, 30% of operating cost, and does not even produce smog. The project was awarded “National 
Science and Technology Benefiting the People Project” by the Ministry of Science and Technology. 
Due to its strong market demand, the enterprise is overwhelmed with orders and is urgently looking for 
funding to build a new production base. Further, in 2016, Kc Blue was listed on the New Third Board 
Market (that’s China’s over-the-counter market, established in 2006) and successfully landed on the 
capital market, realizing 10 million square meters of new energy heating device, saving 46,000 tons 
of coal and reducing 114,000 tons of emission of carbon dioxide annually (Zhang & Zadek, 2015). In 
2017, Kc Blue led the design and construction of the country’s first urban central heating overall clean 
renovation project, which was used as a model project of the national “blue sky protection”. In 2019, 
Kc Blue fully promoted and improved the planning, design and construction of various projects, and 
completed the construction of Hongdao energy station of Ji-Qing high-speed railway. The station too 
functions in a unique way so as to conserve energy (Kc Blue New Energy, 2018). Thus, it is visibly 
clear that financial investment has made the development of low-carbon enterprises a smooth process.

Kc Blue’s experience is not unique. Based on the diversity of carbon market products, carbon finance 
provides carbon finance services to various government projects and companies, helping them access 
financing and the necessary industry information for achieving sustainable development.

SUGGESTIONS FOR THE FUTURE DEVELOPMENT OF CARBON FINANCE

Business Innovation Activities

Technological innovation will play an important role in enabling the industry to achieve carbon emission 
reduction and optimum utilization of capital resources simultaneously (Ma et al., 2021). For example, 
research on manufacturing enterprises shows that every 1% increase in the level of low-carbon technol-
ogy will increase the operating performance of manufacturing industry by 0.2% (F. Li et al., 2021).

The government as well as business enterprise sector to focus more on enhancing technological 
innovation thereby paving a way for a brighter future for all mankind. The government can carry out 
structural reform in an environment-friendly way, for instance by promoting the development of renew-
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able energy (Dong et al., 2021), so as to provide a safe and stable environment for business innovation. 
For enterprises, it is necessary to integrate carbon emission reduction into all aspects of their operations, 
such as performance appraisal and investment decisions, making full use of advanced technologies like 
the big data, cloud computing and artificial intelligence, to promote business transformation through 
innovation and improvement in production capacity and efficiency. The UN’s Sustainable Development 
Goal Number 13 related to taking climate action by cutting carbon to net zero and building resilience 
against physical impact of climate change, requires that along with the measures to contain carbon emis-
sions, innovative ways to simultaneously address the emerging momentary issues be also introduced 
(UN, 2015a).

Capacity Building

Human capital is a significant determinant of ecological and carbon footprint in order to assess the 
extent of environmental degradation in the short and long term (Wang, 2021). But Salahodjaev (2018) 
believes that the carbon trading system lacks potential. On one hand, due to inherent challenges in the 
system, the market is restricted and limited and on the other hand, the carbon industry demands skilled 
workforce with professional expertise during the construction stage.

There is an urgent need for strengthening capacity building in this sector. Banking institutions can 
strengthen cooperation with experts or other related institutions, and introduce more professionals with 
environmental, energy efficiency, chemical, energy and other professional backgrounds. Further, they 
should continue to develop more effective trading manuals, establish databases, and actively provide 
market information and training services to enhance capacity building efforts. In addition, universities 
can also include carbon market research into its curriculum to introduce students to this sector thereby 
encouraging them to polish and hone their skills for being absorbed into the industry in the near future.

Construction of Carbon Market

Some regulations and policies in China are not conducive to carbon financing schemes, and it often 
takes a long time for policies to upgrade. The design and implementation of the pilot project is the re-
sponsibility of local governments, but only a few government officials have knowledge and expertise to 
handle trading activities and markets. Professionals in the field of finance have the expertise to provide 
advice, but only few of them are involved in the decision-making process. In addition, official data and 
regulatory standards for emissions are far from mature and its inconsistency makes it even more difficult 
for financial institutions to assess the economic risks or environmental viability associated with carbon 
finance applications (Adams, 2013). Though, there are many theories about the legalities concerning 
carbon emission rights in academic circles, but there is no consensus yet among the academia (Giurco 
et al., 2014; Karsenty et al., 2014).

Appropriate environmental regulations have been shown to have a positive impact on reducing carbon 
emissions, and scholars have pointed out that political relations can help enterprises overcome financing 
constraints, obtain innovative resources, benefits, subsidies, and influence long-term decisions (Atsu & 
Adams, 2021). The central government can legislate to determine the legality of carbon emission rights 
ensuring the implementation of relevant policies, so as to reduce the trading risks of financial institu-
tions, enterprises and investors. Further, significant efforts can also be made for providing incentives 
for local governments including their officials such as providing prize money and publicly rewarding 
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good performance. Central and local governments need to formulate more reasonable carbon tax policies 
and implement post-assessment system for carbon financial policies, such as setting up carbon emission 
trading platforms and implementing various forms of carbon emission trading schemes (Jabbour et al., 
2020; Li & Masui, 2019; Qin et al., 2016). Avoiding aggressive carbon reduction measures that are not 
tailored to local conditions, can also be of consequence in the long run.

Financial Institutions

Currently, only the carbon spot market is allowed in China, but it has become less attractive to finan-
cial services providers and investors, because they are not allowed to speculate on future price rise or 
fall and take risks. There is also a prevailing misunderstanding about carbon emission rights and their 
financial attributes, resulting in the lack of integration between the financial industry and carbon trad-
ing system. The role of financial development in shaping the ecosystem depends on the allocation of 
financial resources. According to the analysis by the National Center for Climate Strategy and Inter-
national Cooperation on China’s current sources of climate finance and its future demand for climate 
finance, China needs at least 3.5 trillion yuan per year to achieve its 30·60 target (Center for China and 
Globalization, 2021). At present, the annual supply of funds is only 525.6 billion yuan, with a shortage 
of more than 2.5 trillion yuan per year (Liu, 2021). As for the carbon financial market, the funds of the 
traditional financial industry cannot be released in a timely manner, thereby resulting into issues such 
as insufficient funds in the early stage of development leading to excessive dependence on government 
financial subsidies for financing.

This kind of scenario demands comprehensive promotion of the combination of construction of a 
robust national carbon finance market coupled with, reforms in the trading system. Financial institutions 
need to increase their efforts for spreading awareness about carbon emission rights. Proactively leading 
innovation by introducing low carbon derivative financial instruments, can also lead to progress in this 
sector.

Information Disclosure

From the beginning of introduction of green finance system in China, the mandatory disclosure plan 
for 2017 to 2020 was made clear. Although enterprises agreed with the importance of information 
disclosure, they have been concerned more about the loss of competitiveness caused by the impact of 
negative information disclosure. Chinese carbon information disclosure mainly relates to non-financial 
carbon information, and financial carbon information disclosure level is even lower than the average of 
carbon information disclosure (Li et al., 2019). In addition, the environmental information disclosure 
of Chinese enterprises is not systematically in place, thus there being no unified carbon information 
disclosure mechanism. Only 65 Chinese listed companies from 12 industries participated in Carbon 
Disclosure Project (CDP) which called for environmental information disclosure in 2020. Though the 
participation was high 2019, but it is still considered very less. Chinese firms are unwilling to respond 
to CDP surveys because of the proprietary costs of information disclosure (Simpson, 2021). Most of 
the disclosed enterprises choose Corporate Social Responsibility (CSR) and Environment, Social Re-
sponsibility, Corporate Governance (ESG) information disclosure. Although ESG is a relatively widely 
used form of information disclosure in China, and capital market participants increasingly pay attention 
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to ESG of listed companies, it still lacks a unified approach as ESG’s overall investment scale is small, 
and the overall evaluation score is low (Wang & Xiao, 2020).

It is thus suggested that enterprises should strengthen their awareness of carbon information disclo-
sure, and each carbon financial trading center should constantly improve ESG information disclosure 
guidelines. To a certain extent, the social pressure on enterprises brought about by media reports can push 
investors to pay attention to carbon information disclosure, reduce information asymmetry, improve the 
quality of investment decisions, and strengthen the risk reduction of financial institutions and investors 
in the carbon market (Li et al., 2017; Schmidt et al., 2013).

CONCLUSION

This chapter analyzes the current status and characteristics of carbon finance, the role of the government 
in the development of the carbon market, and few practical case studies of carbon finance in China. It 
also discusses the issues plaguing China’s carbon finance sector thereafter introducing some valuable 
suggestions.

Although China’s carbon financing market is still in its infancy, it has indeed contributed to reduc-
tion of CO2 emissions. The construction and development of China’s carbon finance market is led by 
the government, which has been driving the whole process by issuing laws, regulations and formulating 
development goals from time to time. Relevant financial institutions have also continuously innovated 
various carbon finance related products and intermediary services. Carbon financing plays an important 
role in helping environment-friendly enterprises reduce their operating costs. As a result of efforts of 
the Chinese government in past few years, increasing number of people have started realizing the role 
of carbon finance, thus opening the era of accelerated development of carbon finance.

Prior to July 16, 2021, China has not established a unified national carbon market, the carbon market 
was previously established and supervised by provinces and cities, resulting into instability in the national 
carbon price and its high fluctuation, with little space for the survival and development in the future. 

Figure 8. ESG rating status of Chinese listed companies in 2020
Source: Research Report on Environmental, Social and Governance of Chinese Listed Companies
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The anomalies in the policy system, lack of relevant product categories, and information asymmetry 
make carbon finance a very unattractive market at this stage for the investors. In the future, though the 
development of carbon finance leading the way to sustainable development will be the general trend, 
but for that to happen relevant market participants need continuous support to play an active and more 
useful role in carbon finance market. To achieve the 30·60 goals, China needs the continued solidarity 
of stakeholders on both sides of the supply and demand. In order to coordinate the relationship between 
all parties and achieve the goal of 1+1>2, China’s policy makers need to be bold and innovative so as 
to not only maintain the status quo but also achieve better results. By properly dividing the functions of 
various departments, streamlining administration and delegating power, the potential of all stakeholders 
can be put to constructive use thereby tapping the carbon financial market in the most value creating 
manner paving the way to sustainable development.

This chapter focuses on China’s carbon finance, without making a horizontal comparison with other 
carbon markets in the world, so as to draw a more representative conclusion. In addition, because the 
national carbon market has just been established in China and is in its nascent stage of development, 
the experience and conclusions of pilot carbon markets may not be applicable to the future. As the time 
passes by, there will be expansion of research in this area which will further contribute to the develop-
ment of carbon financial market.
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KEY TERMS AND DEFINITIONS

Carbon Disclosure Project: A project that helps companies to disclose their environmental impact 
and dependence on the natural resources and as well as related management strategies. The data that is 
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collected along with the information disclosed is helpful for making informed decisions towards taking 
concrete actions towards sustainable economy.

China Certified Emission Reductions: Under this system, the government sets a limit on amount 
of greenhouse gas emissions that companies can emit during a certain period. The emission reduction 
certificate obtained by enterprises thereafter through the implementation of projects to reduce greenhouse 
gases, can be used to offset part of the carbon emissions upon the fulfillment of the contract.

Chinese Emission Allowance: The main trading product in China’s carbon emissions trading market 
currently. In the pilot carbon market in China, Shenzhen, Guangdong and Tianjin adopted the initial 
distribution mode of free distribution mainly and paid distribution supplemented in the initial pilot stage, 
while other pilot cities adopted free distribution mode.

Clean Development Mechanism: Under this mechanism, any country that has an emission reduction 
commitment under Kyoto Protocol can implement a project to minimize greenhouse gas emissions in 
developing country. It assists non-parties in carrying out a plan for sustainable development.

Corporate Social Responsibility: It refers to a company’s responsibility towards its employees, 
consumers, community, and the environment. Under this concept, a company makes a conscious effort 
to integrate social and environmental concerns in its business operations.

Emissions Trading Scheme: A market-based energy conservation and emission reduction policy 
tool whereby emitters can trade units to meet their emission targets or implement internal emission 
reduction measures to reduce emissions and make profits. It has two main types: cap-and-trade systems 
and baseline and credit systems.

Environment, Social, and Corporate Governance (ESG): It is an investment concept and a set of 
standards that enterprises use. It basically evaluates a company’s performance in terms of how respon-
sibly they conduct their operations respecting the environment, how it manages its relationships with 
employees, suppliers, customers and community and how it exercises leadership. These three core factors 
measure sustainability and ethical impact in corporate or business investment.

Paris Agreement: It is a legally binding international treaty on climate change. It was adopted at 
the Paris Climate Change Conference in 2015, with the main goal to limit the rise in average global 
temperatures to less than 2 degrees Celsius above pre-industrial times and to try to limit the rise to 1.5 
degrees Celsius.

Voluntary Emission Reduction: It is a scheme where industries and individuals voluntarily and in 
public interest, compensate for their emissions. It is also referred as verifiable emission reduction and is 
usually created by projects which are verified outside Kyoto Protocol’s Clean Development Mechanism. 
It provides financing channels for carbon emission reduction projects that cannot be developed by CDM, 
thereby enriching carbon market products.
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ABSTRACT

This chapter examines the asymmetric link between technological innovation and financialization in 
Pakistan for the period 1980-2019. The non-linear autoregressive distributed lag (NARDL) model 
proposed by Shin et al. is applied to achieve the research objective. The numerical estimates based on 
annual data explain that an asymmetric relationship exists between financialization and environmental 
degradation and between technological innovations and environmental degradation in the long run. An 
increase in financialization and regression in technology stimulates environmental degradation while 
a decline in financialization and progress in technology improves environmental quality in Pakistan. 
Based on empirical evidence, the research emphasizes the suitable channelization of financial institu-
tions towards environmentally friendly projects and formulation of those policies that encourage energy-
efficient technologies.

Technological Innovation 
and Financialization for 

the Environment:
The Case of Pakistan

Samia Nasreen
 https://orcid.org/0000-0002-2056-401X

Lahore College for Women University, Pakistan

Abdul Rafay
 https://orcid.org/0000-0002-0285-5980

University of Management and Technology, Pakistan

https://orcid.org/0000-0002-2056-401X
https://orcid.org/0000-0002-0285-5980


334

Technological Innovation and Financialization for the Environment
 

INTRODUCTION

Environmental degradation and its threatening effect on natural word and human life has become a 
challenge for policymakers and researchers worldwide. Environmental changes and global warming 
occur due to burning of fossil fuels and deforestation. Governments are highly conscious to reduce the 
adverse effect of environmental pollution without compromising economic development. The solu-
tion of devastating effect of environmental pollution has even become more important for developing 
economies. Rapid expansion in energy demand and relax environmental regulations in these economies 
are deteriorating the already overwhelming situation of environmental pollution. Now, it has become a 
universal agenda to reduce the emissions of toxic pollutants in the environment. In this regard, sustain-
able development goal 13 and Paris agreement (2015) are important steps to reduce the emissions of 
greenhouse gases at global level.

To control environmental pollution, the major structural changes are required in production and con-
sumption. There is more likely that nations have to sacrifice the upward trends in economic development 
to improve environmental quality. In this situation, a well-developed financial system is required that 
adjust lower growth rate and support industrial re-structuring. Financialization has appeared to be a major 
economic factor in the past few decades. However, in the present research, the impact of financialization 
on environmental degradation is discussed. Financialization can impact the environmental degradation 
through four different channels (Yuxiang and Chen, 2011).

1.  Capitalization Effect: According to this, financialization can improve environmental quality if 
investment is made on environmentally friendly projects. However, the same effect can deteriorate 
environmental quality when funds are transferred on energy intensive projects (Kong, 2021).

2.  Technology Effect: This effect has both favorable and harmful effects on environmental degrada-
tion: favorable because financialization encourage innovations to promote green technologies and 
harmful because new technologies can increase the demand for energy.

3.  Income Effect: Financialization helps to increase the income of households that in turn is spent 
for the purchase of environmentally friendly products and as a consequence environmental quality 
may improve. However, income effect can also deteriorate environmental quality due the usage of 
energy consuming products.

4.  Regulation Effect: Regulated banks granted more loans to invest in green technologies can help to 
improve environmental quality. Empirically, the role of financialization in environmental deterio-
ration has been mostly discussed after the global financial crisis. It is indicated in literature that 
financialization has both positive and negative effect on environmental degradation (Shahbaz and 
Hoang, 2019; Amin et al., 2020; Lahiani, 2020; Destek and Manga, 2021; Kong, 2021).

Now a days, technological progress is considered to be a prerequisite for improving environmental 
quality. Torras and Boyce (1998) stated that technological progress supported commercial activities that in 
turn reduce environmental degradation. The use of new innovative technology in energy sector can reduce 
environmental pollution by encouraging the consumption of renewable energy sources (Vukina et al., 
1999). However, developing countries have limited access to high-cost environmental technology due to 
fund constraint. As a consequence, developing economies are still dependent on production structure that 
is based on non-renewable energy sources. On contrary, developed economies are using environmentally 
friendly technologies in production processes because they can easily obtain necessary funds through 
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financial system. Thus, it is clear that financialization process directly or indirectly contribute to reduce 
environmental degradation. There is also debate that financialization process deteriorates environmental 
quality through various reasons. Firstly, countries attract foreign direct investment to develop financial 
system and support economic growth at the cost of environmental destruction. Secondly, financial instru-
ments make it easier for consumers to buy big ticket items such as cars, refrigerators, air conditioners 
and microwave ovens. These products are large consumers of energy and significantly contributing to 
already devastating environmental situation. Finally, there is an increase in energy consumption and in 
turn environmental degradation because financialization process makes it easier and less expensive for 
business sector to borrow financial capital and use them to expand existing projects and create new ones 
(Zhang, 2011). In addition to above mentioned arguments, there are some empirical studies that suggest 
insignificant relationship between financialization and environmental pollution.

Pakistan is the 6th most populous country of the world and its economic growth depends on agricul-
ture sector and manufacturing industries. However, unplanned industrial policies and soft environmental 
regulations encourage industrialists to increase output on large scale without protecting environment. The 
lack of use of new technology in the production system is another reason for environmental degradation 
in Pakistan. The financial sector of Pakistan is mostly bank based; however, capital market is developing 
very rapidly. Market capitalization reached its highest level of 9370.6 billion Pakistani rupees in 2017. 
The provision of domestic credit from financial sector showed an upward trend from 1980 to 2019. It 
was reported 59% of GDP in 2019 while it was 48.5% of GDP in 1980. Financial markets of Pakistan 
offer credit facility to households, industrial communities and business groups. Pakistan environmental 
protection agency was established in 1993 whereas national environmental policy was introduced in 
2005 with the aim to protect environment and to improve the quality of life of people through sustain-
able development. However, a little progress has been seen in the implementation of this policy. The 
industrial and transportation sector of Pakistan is increasing pollution very rapidly and deteriorating 
the environmental quality. The above-mentioned debate makes Pakistan a persuasive candidate for cur-
rent research. Therefore, the aim of current research is to scrutinize the impact of financialization and 
technological innovation on environmental degradation in Pakistan.

This chapter contributes to the prior literature in fourfold.

1.  It is the first attempt in the case of Pakistan that evaluate the asymmetric effect of financialization 
and technological innovation on environmental degradation.

2.  This research uses financial development index composed of various sub-indices to measure fi-
nancialization process instead of using private credit that is widely utilized in empirical literature

3.  The research applies the nonlinear autoregressive distributed lag (NARDL) model that can capture 
the asymmetries i.e., both positive and negative impacts of the financialization and technological 
innovation on environmental degradation. Thus, this technique provides better and consistent results 
as compared to conventional estimation methods.

4.  This study provides us very important policy suggestions for Pakistan economy in order to control 
environmental degradation and may also be generalized for other countries having similar charac-
teristics in the region.
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LITERATURE REVIEW

Financialization and Environmental Degradation

Distinct findings are seen on the link between financialization and environmental degradation in prior 
empirical literature. The main view states that developed financial markets improve environmental quality 
in parallel with increase in economic growth and the adoption of new technologies and implementation 
of rules and laws regarding the protection of environment (Islam et al., 2013). Plethora of empirical stud-
ies such as Tamazian et al. (2009), Zhang (2011), Nasreen and Anwar (2014), Başarir & Çakir (2015), 
Mugableh (2015), Kim and Park (2016), Tahir et al. (2020), Destak and Manga (2021), Ibrahim and Vo 
(2021), Yang et al. (2021) supported this positive effect of financialization on environmental quality.

In contrast, the opposite view explains that expansion in economic growth due to financialization 
increases industrial pollution and deteriorates environmental quality (Jansen, 1996). Empirically, Tama-
zian and Rao (2010), Farhani and Ozturk (2015), Le et al. (2020), and Khan et al. (2021) are in favor 
of negative effect of financialization on environmental quality. Insignificant effect of financialization 
on environment is reported by Dogan and Turkekul (2015), Abid (2016) and Rasiah et al. (2018). The 
studies of Lahiani (2020) and Kong (2021) show an asymmetric relationship between these two factors.

In the case of Pakistan, Muhammad and Fatima (2013) and Raza and Nida (2018) claimed the damaging 
effect of financialization on environment while the good effects of financialization on environment are 
reported by Shahbaz et al. (2011). Khan et al. (2020) demonstrates the mixed effect of financialization 
on environment, that is, the growth of stock market is deteriorating the environment while the growth 
of domestic credit is improving the environmental quality in Pakistan. (For details see Table 1). The 
controversial findings of prior studies encourage us to examine the role of financial development in the 
environmental degradation of Pakistan.

Technological Innovation and Environmental Degradation

Endogenous growth theory states that production efficiency is enhanced as a result of rise in R&D ex-
penditures. However, effect of technological innovation on environmental quality is not clear (Romer, 
1990). It is a general belief that environmental quality improves as a result of innovative technologies. 
For instance, Ang (2009) in the case of China; Ibrahiem (2020) in the case of Egypt; Yang and Li (2017) 
in the case of China; Dinda (2018) in the case of United States; Churchill et al. (2019) in the case of G7 
countries conclude that technological innovation greatly contributes to improving environmental quality 
by reducing energy consumption and enhancing energy efficiency.

Some scholars, for example, Cheng et al. (2019) in the case of OECD countries; Masoudi et al. (2020) 
in 30 countries; Su et al. (2021) in the case of BRICS economies; Khan et al. (2021) in the case of Belt 
and Road Innovative (BRI) countries found that technological innovation may harm environmental 
quality through increased production, capital and energy investment. Hang and Yuan-Sheng (2011) 
found inverted U-shaped link between technological innovation and carbon emission in China. Direct 
reduction of CO2 in OECD countries as a result of innovative technology is supported by Cheng et al. 
(2021). In the case of Pakistan, Nizam et al. (2020) noted that progress in information and communica-
tion technology is a major driver of CO2 emission.
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Table 1. Impact of financialization on environmental degradation: An empirical view

Author(s) Sample 
Period Country/Region Methodology

Findings

Improving 
Environmental 

Quality

Deteriorating 
Environmental 

Quality

Insignificant 
Effect

Inverted 
U-Shaped/ 

Asymmetric 
Effect

Tamazian et al. 
(2009) 1992-2004 BRIC countries Reduced form 

modeling approach ✓

Tamazian and 
Rao (2010) 1993-2004 24 Transitional 

economies
Random effect and 
GMM ✓

Shahbaz et al. 
(2011) 1972-2009 Pakistan ARDL ✓

Muhammad and 
Fatima (2013) 1971-2011 Pakistan ARDL ✓

Başarir and 
Çakir (2015) 1995-2010 Emerging countries Panel data 

regression ✓

Mugableh (2015) 1976-2010 Jordan ARDL ✓

Farhani and 
Ozturk (2015) 1971-2012 Tunisia ARDL ✓

Omri et al. 
(2015) 1990-2011 MENA countries GMM ✓

Dogan and 
Turkekul (2015) 1960-2010 USA ARDL ✓

Abid (2016) 1996-2010 SSA countries GMM ✓

Xing et al. 
(2017) 2000-2013 China PMG ✓

Rasiah et al. 
(2018) 1970-2016 ASEAN countries Panel data 

regression ✓

Raza and Nida 
(2018) 1972-2014 Pakistan Johansen’s 

cointegration ✓

Lahiani (2020) 1977-2013 China NARDL ✓

Le et al. (2020) 2004-2014 31 Asian countries Pooled OLS, Fixed 
effect regression ✓

Khan et al. 
(2020) 1982-2018 Pakistan Dynamic ARDL ✓

Kim et al. (2020) 1989-2013 Advanced and 
developing countries Panel data analysis ✓

Hunjra et al. 
(2020) 1984-2018 South Asian region GLS technique ✓

Tahir et al. 
(2020) 1990-2014 South Asian region Panel data analysis ✓

Kong (2021) 1985-2019 China NARDL ✓ ✓

Destek and 
Manga (2021) 1995-2016 BEM countries Panel cointegration ✓

Ibrahim and Vo 
(2021) 1991-2014 Industrialized countries GMM ✓

Sharma et al. 
(2021) 1990-2015 Emerging Asian 

countries CS-ARDL ✓

Yang et al. 
(2021) 1990-2017 GCC countries ✓ ✓

Khan et al. 
(2021) 2000-2014 BRI countries GMM

Note: BRIC= Brazil, Russia, India and China; ASEAN=Association of Southeast Asian Nations; BEM=Big emerging markets; 
SSA=Sub-Saharan Africa; MENA=Middle East and North Africa; GCC= Gulf Corporation countries; BRI= Belt and Road Innovative; 
GMM= Generalized Methods of Moment; ARDL= Auto-Regressive Distributed Lag; NARDL=Non-linear Auto-Regressive Distributed 
Lag; PMG= Pooled Mean Group; GLS = Generalized Least Square.
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There are few studies that examined the causal connection between technological innovation and car-
bon emission and found insignificant relation between two variables. Fei et al. (2014) noted insignificant 
causal connection between technological development and environment in the case of New Zealand and 
bidirectional causal connection between these two variables. Irandoust (2016) reported insignificant 
causality between technology progress and air pollution in Denmark, Finland and Sweden and Norway. 
Similarly, Ali et al. (2016) and Chen and Lee (2020) in their studies concluded that technological ad-
vancement has no role in mitigating environmental pollution in Malaysia and 96 economies of the globe, 
respectively (for details see Table 2).

To sum up, the impact of financialization on environmental quality as well as technological innovation 
on environmental quality is controversial and demand further exploration. Moreover, there is no prior 
study exist that examined the non-linear impact of financial development and technological innovation 
on CO2 emission in the case of Pakistan. Therefore, the evidence of present research will contribute to 
the literature on the financial development-technological innovation and CO2 emission by considering 
the case of Pakistan.

THEORETICAL FRAMEWORK AND METHODOLOGY

This study used the IPAT environmental model (Ehrlich and Holdren, 1971) in order to examine the link 
between financialization, technological innovation and CO2 emissions. The IPAT environmental model 
can be described as follows:

I = P × A × T (1)

Where

I = Environmental impact,
P= Population
A= Economic Activities
T= Level of Technology

This model is purely conceptual and cannot be directly used for empirical analysis. Dietz and Rosa 
(1994, 1997) augmented IPAT model into a STIRPAT (Stochastic Impacts by Regression on Population, 
Affluence and Technology) model to explain the impact of R&D activities on environment. Following 
Destek and Manga (2021), empirical model of his study is based on STIRPAT model and the popula-
tion variable is replaced with by some countable variables measured in per capita form. Thus, empirical 
model can be written as:

EDeg FIN Tinnov G EUt t t t t t= + + + + +γ γ γ γ γ µ
0 1 2 3 4

 (2)

where ED teg denotes environmental degradation and proxied by CO2 emission, FINt represents finan-
cialization, Tinnovt is technological innovations, Gt is economic growth, EUt is energy usage and 𝜇t is a 
random term. The log transformation of Tinnovt, Gt and EUt is used in empirical estimation. A time-
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series data from the period 1980 to 2019 is used to compute the nonlinear link between environmental 
degradation and its determinants in Pakistan. The detail of variables and data sources is described in 
Table 3.

Table 2. Impact of technological innovations on environmental degradation: An empirical view

Author(s) Sample 
Period Country/Region Methodology

Findings

Improving 
Environmental 

Quality

Deteriorating 
Environmental 

Quality

Insignificant 
Effect

Inverted 
U-Shaped/ 

Asymmetric 
Effect

Ali et al. 
(2016) 1985-2012 Malaysia ARDL ✓

Irandoust 
(2016) 1975-2012 Nordic countries VAR ✓

Álvarez-
Herránz et al. 
(2017)

1990-2014 OECD countries V-lag distribution 
model ✓

Yii and Geetha 
(2017) 1971-2013 Malaysia VECM ✓

Dinda (2018) 1963-2010 United States VECM ✓

Fan & Hossain 
(2018) 1974-2016 China and India ARDL ✓

Youssef et al. 
(2018) 1980-2017 Indonesia FMOLS and DOLS ✓

Mensah et al. 
(2018) 1990-2014 OECD countries FMOLS ✓

Dauda et al. 
(2019) 1990-2016 18 developed and 

developing countries FMOLS and DOLS ✓

Ganda (2019) 2000-2014 OECD countries GMM ✓

Chen and Lee 
(2020) 1996-2018 96 economies Spatial econometric 

analysis ✓

Zameer et al. 
(2020) 1985-2017 India ARDL and VECM ✓

Masoudi et al. 
(2020) 1990-2016 30 countries Quantile regression ✓

Nizam et al. 
(2020) 1975-2017 Pakistan ARDL ✓

Kumail and 
Ali (2020) 1990-2017 Pakistan ARDL ✓

Destek and 
Manga (2021) 1995-2016 BEM economies Panel cointegration ✓

Ibrahim and 
Vo (2021) 1991-2014 Industrialized countries GMM ✓

Khan et al. 
(2021) 2000-2014 BRI countries GMM ✓

Cheng et al. 
(2021) 1996-2015 OECD countries Quantile regression ✓

Note: OECD= Organization for Economic Cooperation and Development; BRICS= Brazil, Russia, India, China and South Africa; 
BEM= Big Emerging Markets; ARDL=

Auto-Regressive Distributed Lag; VAR=Vector Auto-Regressive; VECM= Vector Error Correction Model; FMOLS= Fully Modified 
Ordinary Least Square; DOLS= Dynamic

Ordinary Least Square; GMM= Generalized Methods of Moment.
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The estimation of Eq. (2) in current form describes long-run impact of variables on EDeg. In order to 
compute the short-run impacts of selected variables on environmental degradation, following Pesaran 
et al. (2001) error correction format of variables is estimated:
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One of the vital advantages of Eq. (3) is that both short-run and long-run impacts are computed in a 
single step. The coefficient on first differenced variables in Eq. (3) reflect the short-run estimates while 
coefficient’s of 𝜎’s explains the long-run estimates. Eq. (3) can evaluate the short-run and long-run impact
of financialization, technological innovation and auxiliary variables on environmental degradation but 
it cannot compute the asymmetric effects of financialization and technological innovation. Therefore, in 
order to capture the asymmetric impacts of financialization and technological innovation, the nonlinear 
autoregressive distributed lag (NARDL) model is applied (Shin et al., 2014). NARDL methodology 
used the partial sum concept which can be written as:
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Table 3. Detail of variables and data sources

Symbol Variable Description Reference Data

EDeg CO2 emission Per capita CO2 emission (metric 
tons)

Ali et al. (2016); Mensah et al. (2018); 
Tsaurai (2019); Hunjra et al. (2020) WDI

FIN Financialization Financial development index Amin et al. (2020); Destek and Manga 
(2021) IMF

Tinnov Technological 
innovation Total no. of patent application

Bonilla et al. (2014); Ali et al. (2016); 
Mensah et al. (2018); Destek and 
Manga (2021)

WDI

G Economic growth Per capita real GDP Tsaurai (2019); Lahiani (2020); Kong 
(2021) WDI

EU Energy use Per capita energy usage (Kg of oil 
equivalent

Chen and Lee (2020); Hunjra et al. 
(2020); Destek and Manga (2021) WDI
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Tinnov Tinnov Tinnovt j
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Where FIN FINt t
+ −,  andTinnov Tinnovt t

+ −,  are the partial sum of positive and negative shocks in fi-
nancialization and technological innovation respectively.

Following Pesaran et al. (2001), the FINt is replaced by FIN FINt t
+ −,  and Tinnovt by Tinnov Tinnovt t

+ −,  
to find the error correction specification of Eq. (2) which can be written as:
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(5)

After estimating Eq. (5), additional asymmetry propositions could be tested. For instance, short-run 
impacts of financialization will be asymmetric if the coefficient of ∆ +FIN j is different from coefficient 
of ∆ −FIN j . With the application of Wald test, if the null hypothesis f f

j j
+ −=  is rejected, then the 

asymmetric effect of financialization would be confirmed. However, the long-run asymmetric effect of 
financialization on EDeg can be established if the null hypothesis of +v2/v1= -v2/v1 could be rejected. 
The same proposition would be tested for Tinnovt.

EMPIRICAL FINDINGS

Table 4 presents the preliminary statistics of five selected variables and shows that environmental degra-
dation variable has the highest average value followed by economic growth and technological innovation. 
Technological innovation variable shows highest volatility while financial innovation variable presents 
least volatility. Moreover, the distribution of all the variables except financial development is negatively 
skewed. The Jarque-Bera normality test reports that the null of normality is only rejected in the case of 
technological innovation, hence indicates that the variable of technological innovation deviates from 
normality while other variables are normally distributed.

Prior to the application of ARDL model, the stationary status of variables should be checked as the 
model requires that the maximum order of stationary of variables should not exceed two. Thus, the ADF 
and PP unit root tests are applied and findings are reported in Table 5. The findings show that null of 
non-stationary is accepted at level form while rejected at first difference. Hence, it can be concluded 
that all variables (EDegt, FINt, Tinnovt, Gt, EUt) are first difference stationary and appropriate for the 
estimation of ARDL model.

Table 6 shows the numerical estimates of ARDL and NARDL models. Panel A highlights the short-
run and long-run estimates of ARDL model. The negative and significant value of speed of adjustment 
parameter (ECM) indicate that the estimated ARDL model is stable. The significant value of F-bound 
confirm the long-run association between EDegt, FINt, Tinnovt, Gt, and EUt in Pakistan. Table 6 also 
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demonstrates the short-run and long-run estimates of NARDL. The estimation of NARDL with finan-
cialization and technological innovation are decomposed into positive and negative partial sums. The 
significant statistics of F-bound and ECM confirm the presence of cointegration and convergence of 
variables towards long-run equilibrium. Furthermore, the significant statistics of asymmetry test confirms 
the presence of asymmetric long-run association between variables.

Besides, various diagnostic and statistical tests are reported in Panel B and C. The outcomes of these 
tests explain that the selected model does not show any statistical issue. The existence of asymmetric 
linkage between financialization and environmental degradation; between technological innovation and 
environmental degradation is estimated by applying Wald test. The outcomes confirm that the effect of 
both positive and negative changes is not same and thus, provides evidence for the existence of asym-
metric hypothesis.

Table 4. Preliminary analysis of variables

Variables EDegt FINt Tinnovt Gt EUt

Mean 0.863 0.250 6.078 6.731 6.048

Median 0.885 0.230 6.790 6.708 6.096

Max. 0.956 0.390 7.460 7.123 6.215

Min. 0.739 0.160 6.006 6.314 5.759

S.D. 0.062 0.061 0.424 0.209 0.123

Skewness -0.501 0.780 -0.106 -0.107 -0.925

Kurtosis 2.096 2.463 1.818 2.224 2.650

J-B (Prob.) 0.111 0.584 0.005 0.239 0.886

Table 5. Unit root tests

Variables

ADF (Augmented Dickey Fuller) PP (Phillips-Perron)

Intercept Trend and Intercept Intercept Trend and Intercept

Level First 
Difference Level First 

Difference Level First 
Difference Level First 

Difference

EDegt -2.100 -2.666*** 1.236 5.629*** -2.099 -8.791*** -0.434 -2.217**

FINt -1.808 -5.139*** -1.633 -5.135*** -1.899 -5.139*** -1.734 -5.139***

Tinnovt -1.808 -5.139*** -1.633 -5.135*** -1.899 -5.139*** -1.734 -5.135***

Gt -0.289 -3.817*** -2.408 -3.747*** -0.943 -3.871*** -2.529 -3.747***

EUt -3.650** -4.576*** -0.710 -5.736*** -3.502** -4.622*** -0.722 -5.723***

Note: *, ** and *** shows the significance at 10%, 5% and 1% level respectively.
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Table 6. ARDL and NARDL empirical results

EDegt (Dependent Variable)

ARDL NARDL

Coefficient Probability Coefficient Probability

Panel A: Short-run estimates

∆FINt 0.168 0.650

∆ +FIN t 0.142 0.089

∆ −FIN t -0.106 0.672

∆ −
−FIN t 1

0.154 0.494

∆Tinnovt -0.244 0.030

∆ −Tinnovt 1
-0.372 0.072

∆ +Tinnovt -0.263 0.040

∆ −
+Tinnovt 1

-0.158 0.218

∆ −Tinnovt 0.219 0.072

∆Gt -0.316 0.149 -0.582 0.001

∆EUt 0.572 0.041 0.479 0.000

∆ −EU t 1
0.378 0.088 0.215 0.028

Long-run estimates

FINt 0.152 0.074

FIN t
+ 0.102 0.072

FIN t
- -0.064 0.093

Tinnovt -0.743 0.000

Tinnovt
+ -0.470 0.051

Tinnovt
- 0.508 0.079

Gt -0.456 0.030 -0.279 0.010

EUt 0.429 0.000 0.554 0.069

Panel B: Diagnostic tests

F-bound 6.192* 5.086*

ECM -0.265 0.020 0.347 0.045

Asymmetry -4.371**

continues on following page
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DISCUSSION

The short-run estimates of ARDL depicts that financialization has positive but insignificant impact on 
environmental degradation while technological innovation stimulates environmental quality. Besides, 
economic growth has no role in deteriorating environmental quality in short-run. Energy use appear to 
be a significant factor in deteriorating environmental quality in Pakistan over the period of short-run.

The long-run estimates of ARDL model explain that the process of financialization is detrimental 
for environmental quality, that is, a 1% increase in FINt leads to deteriorate the environmental quality by 
0.152%. This finding indicates that after the financial reforms of 1990s, Pakistani banks has provided 
loans on easy terms to consumers and investors. Due to lack of implementation of environmental rules 
and regulations, investors or business community spent these loans to establish new ventures and to 
buy big machines that emit more pollution in the environment. Similarly, consumers spent loans on the 
purchase of big-ticket items like automobiles, refrigerators and air condition etc. which are big source 
of carbon emission in the economy. The studies of Muhammad and Fatima (2013) and Raza and Nida 
(2018) report the similar finding in the case of Pakistan.

Furthermore, the findings of auxiliary variables indicate that energy consumption stimulates environ-
mental pollution while economic growth mitigates environmental pollution in Pakistan in long-run. The 
coefficient of economic growth is negative and significant suggesting that the rise in economic growth is 
associated with reduction in environmental degradation of 0.456%. Furthermore, the growth in Pakistan 
is based on the production of primary products that are energy-intensive and lack environmental laws 
thus leads to deteriorated environmental quality. The results are consistent with the findings of Solarin 
et al. (2017) and Zafar et al. (2019). Besides, various diagnostic tests are applied which indicates that 
there is no statistical issue in the estimated model.

Table 6 also demonstrates the short-run and long-run estimates of NARDL. NARDL model accounts 
for asymmetries in the long-run and short-run relationships between CO2 emissions, financialization and 
technological innovation while controlling for the influence of economic growth and energy consump-
tion. For this purpose, the estimation of NARDL with financialization and technological innovation are 
decomposed into positive and negative partial sums. The significant statistics of F-bound and ECM confirm 
the presence of cointegration and convergence of variables towards long-run equilibrium. Furthermore, 

EDegt (Dependent Variable)

ARDL NARDL

Coefficient Probability Coefficient Probability

LMtest 1.093 1.105

BPtest 0.686 1.003

RESETtest 1.245 0.942

Adj – R2 0.89 0.90

Panel C: Wald test for asymmetry

WLR, FIN 6.306** WSR, FIN 6.939**

WLR, Tinnov 7.230** WSR, Tinnov 8.015**s

Note: *, ** and *** shows the significance at 10%, 5% and 1% level respectively.

Table 6. Continued
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the significant statistics of asymmetry test confirms the presence of asymmetric long-run association 
between variables. The short-run outcomes indicate that a positive change in financialization enhances 
environmental pollution in the short run. Similarly, a positive change in technology lessens environmental 
pollution while a negative change in technology enhances environmental pollution. The coefficients of 
auxiliary variables support the short-run results of ARDL. The long-run findings elucidate that a posi-
tive change in financialization significantly contributing to environment degradation while a negative 
change in financialization leads to improving environmental quality in Pakistan. The estimates are in 
line with the study of Le et al. (2020); Lahiani (2020) and Kong (2021). Similarly, a 1% improvement in 
technological progress reduces environmental pollution by 0.47%, whereas a 1% decline in technologi-
cal progress enhance environmental pollution by 0.508%. The outcomes are in consonance with Yang 
and Li (2017); Ibrahiem (2020); Destek and Manga (2021). In addition, increase in economic growth is 
conducive for environment while increase in energy use is harmful for environmental quality in Pakistan.

CONCLUSION

This chapter aims to examine the asymmetric link between technological innovation, financialization 
and environmental degradation using annual data for the period 1980-2019 in the case of Pakistan. For 
this purpose, the asymmetric cointegration method developed by Shin et al. (2014) is employed. The 
numerical estimates explain that positive and negative change in financialization has different effect on 
environmental quality in long-term, that is, a positive change in financialization enhance environmental 
degradation while a negative change in financialization improve environmental quality. This result cor-
roborates with the findings of Le et al. (2020); Lahiani (2020) and Kong (2021). Similarly, the positive 
and negative change in technological innovation significantly affected environmental quality in long-term. 
A positive shock in technological progression is conducive for environment while a negative shock in 
technological progression is dangerous for environmental quality. Yang and Li (2017); Ibrahiem (2020) 
and Destek and Manga (2021) found similar findings in their empirical studies. The ARDL results show 
positive impact of financialization on environmental degradation and in line with the study of Raza and 
Nida (2018); Majeed and Mazhar (2019) and Koengkan et al. (2019) while the impact of technological 
innovation is found to be negative on environmental degradation and support the study of Nizam et al. 
(2020); Kumail et al. (2020) and Cheng et al. (2021).

The significance of Wald test further confirms the long-run asymmetry. Overall, these findings 
demonstrate that it is imperative to consider the asymmetric linkage between environmental quality 
and macroeconomic indicators. Moreover, the evidence helps to understand the inconclusive findings 
of prior studies about the positive impact of financialization and technological innovations on environ-
mental quality.

The outcomes of this chapter suggest some important recommendations. Financialization process 
deteriorate environmental quality in Pakistan by promoting investment in dirty industries in the country. 
Suitable channelization of financialization towards environmentally friendly projects without compro-
mising economic growth will be beneficial for Pakistan. Government should impose heavy taxes on the 
usage of fossil fuel energy and provides subsidies in the usage of clean energy. The government should 
introduce penalty mechanism for dirty industries and motor vehicles that emit pollution in the environ-
ment. Technological progress is helpful for improving environmental quality. Thus, policy makers need 
to formulate those policies that encourage more efficient energy technologies.
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ABSTRACT

Carbon emission allowances are considered an important policy instrument to prevent an undesirable 
increase in the Earth’s temperature caused by the excess of greenhouse gases in the atmosphere. Most 
of the existing literature modeled the behavior of allowance prices before the implementation of regula-
tory measures such as the market stability reserve mechanism. In this chapter, the main determinants 
of the carbon emissions allowance prices in the European Union are examined, applying econometric 
models—ARCH and GARCH—that take into consideration the allowances supply in the future market, 
the energy prices, the stock indices, and the regulatory measures. The results depicted that the most 
relevant variables affecting the allowance prices were the regulatory measures that mainly restrict the 
number of allowances available. Understanding the dynamics of the variables that impact these prices 
can help policymakers to address the oversupply of allowances by sending correct price signals to the 
market participants.
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INTRODUCTION

The GHG emissions, derived from human activities, are considered the main global market failure, since 
they affect all countries indistinctly. They are one of the most cited examples of negative externality, as 
depicted by economic theory (Rezai, 2012). In a market economy, consumption and investment decisions 
are guided by prices, once prices convey information about products and services such as: (i) scarcity 
(ii) quality and (iii) productivity. However, in market economies, current prices say nothing about the 
consequences, or side effects, of our consumption and investment decisions.

The absence of correct price signs that take into consideration side effects is considered a market 
failure as it promotes an inefficient allocation of resources by the market. This absence leads to a loss 
of social welfare by rewarding behaviors with harmful consequences to the environment and the society.

The mainstream economic theory endorses government intervention in the market to correct such 
failures. In this context, intervention should be made to implement mechanisms that aim to encourage 
and regulate the internalization of externalities. Just as prices guide the decisions of economic agents, 
mechanisms that incorporate into prices of goods and services the costs of the effects of climate change 
are part of the solution.

Governments and policy makers are recommended to intervene through a series of public policies, 
such as command and control tools and carbon pricing, aiming to address these failures. Among the 
international experiences using carbon pricing tools, the Emissions Trading Systems (ETS) have been 
gaining prominence in the last decade (Narassimhan, 2018; Rafay, 2022).

In an ETS, the government sets a cap on the volume of greenhouse gas pollution, measured in tonnes 
of carbon dioxide equivalent (tCO2e) [1] that can be emitted each year. Companies and facilities that par-
ticipate in the system must hold allowances, issued by the government, for each tCO2e they emit within 
one calendar year. Companies and facilities buy in public auctions and/or receive from the government 
such allowances and trade them depending on the volume of their emissions and marginal abatement 
costs. The ETS tends to change relative prices, making carbon intensive products and activities more 
expansive and, thus, creating market incentives for investments in cleaner products and technologies.

There are two main types of instruments that can provide an explicit price on carbon: (i) the emis-
sions trading system (ETS); and (ii) the carbon taxes. Assuming that there is perfect information on 
the market, both instruments can internalize externalities in a cost-effective way and achieve equivalent 
results. The main difference between the two instruments is in the price formation process. In the case 
of the carbon tax, the Government determines exogenously the price to be paid for one tCO2 emitted and 
allows the market to adjust the equilibrium emissions quantities. Whereas in the ETS, the Government 
sets an emissions’ cap for a given period, converts it into emission allowances, allocates them among 
regulated companies and lets the market find the equilibrium price of one tCO2 emitted by using supply 
and demand forces.

The distribution of allowances among companies can be done by three main methods. The first one is 
the implementation of auctions, in which the regulator sells the allowance to the covered companies. The 
second is the free allocation of allowances using industry by using benchmarking parameters, in which 
regulated entities receive permissions based on their activities or on some sector efficiency parameters, 
usually adjusted by a correction factor. Finally, the third method is the free allocation of allowances us-
ing grandfathering parameters, in which entities receive allowances based on their historical emissions. 
Although less common, it is also possible to have a hybrid distribution mechanism, in which a portion 
of the permissions are allocated for free and the rest is auctioned, or grandfathering.
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These allowances are then negotiated between regulated companies in some government-defined 
environment, usually on some stock exchanges, creating a market for buying and selling the allowances. 
Thus, in this system, the carbon price is figured out by the dynamics of the supply and demand market 
itself, encouraging companies to seek the most cost-effective way of complying with the established 
ceiling (cap), minimizing the cost to society. The end of a trading period is determined by the regulator. 
At this stage, the participants of the ETS must deliver a number of allowances equivalent to their actual 
emissions verified in the corresponding period. If the volume of emissions is greater than the allowances 
delivered, sanctions are applied in the form of fines, administrative measures, among others.

As of December 2020, there were 21 ETS initiatives operating globally, at different levels of govern-
ment, covering 6 GtCO2e. The year of 2020 has also been marked by the first ETS in Latin America, as 
Mexico launched its own system. Other new ETSs are scheduled to be implemented in 2021, including 
Germany, the United Kingdom and China. Once implemented, these systems are expected to cover 8.7 
Gt/CO2e, representing 16.1% of total global emissions (WB, 2020).

The European Union Emissions Trading System (EU ETS) stands out among the already imple-
mented ETSs. This system has been in force since 2005, covering 45% of the GHGs launched by the 28 
Member States, in addition to Norway, Iceland and Liechtenstein, which makes it the largest and most 
advanced implemented carbon market in the world. The EU ETS has continuously been reformulated 
and improved; its fourth stage began in 2021.

One of the main lessons learned throughout its different phases was the importance of mechanisms 
that help to address oversupply of allowances and to stabilize carbon prices volatility by sending cor-
rect price signals to the market participants. The EU ETS has tried different approaches to address such 
issues. In a first attempt to reduce the surplus of allowances, the EU temporarily removed 900 million 
allowances from auctions in 2014-2016. In 2015, a decision to develop a market stability reserve (MSR) 
was adopted. This instrument should permit authorities to increase or decrease the number of European 
Union Allowance (EUA) in the market, following clear rules, in order to allow the price to be balanced 
at a reasonable level. The MSR started operating in January 2019.

Seemingly such initiatives have been reflected lately on carbon prices in the secondary market lately. 
However, most of the existing literature about carbon prices and cap-and-trade instruments has modeled 
the behavior of emissions allowances prices before the implementation of the market stability mecha-
nisms using mainly Auto Regressive Integrated Moving Average (ARIMA) models or hybrid approaches, 
combining econometrics techniques and machine learning algorithms. Furthermore, the main literature 
has not been studying the determinants of EUA prices in the secondary market.

Hence, the aim of this chapter is to develop an econometric model to identify the main determinants 
of European Union Allowances price movements in the secondary market considering the market stability 
reserve mechanism. For that, ARCH (autoregressive conditionally heteroscedastic) and GARCH (general-
ized autoregressive conditionally heteroscedastic) regression models are used for the period 2008-2020.

THE EUROPEAN UNION EMISSION TRADING SYSTEM

The European Union Emissions Trading System (EU-ETS) was introduced under the United Nations 
Framework Convention on Climate Change as a result of the Kyoto Protocol. In the Protocol, the Euro-
pean Union (EU) committed itself to reducing its GHG emissions by 8% compared to 1990 emissions. 
To meet this target, the EU proposed the implementation of an emissions trading system in June 1998. 



357

Determinants of Carbon Emission Prices
 

The proposal was followed by a series of studies on energy security strategies, discussions in commit-
tees of the European Parliament and legal frameworks. After being agreed by all 25 EU Member States 
at the time, the EU-ETS went into operation on 1 January 2005 with three main objectives: (i) meeting 
environmental targets; (ii) provide cost-effective decarbonization; and (iii) provide a good carbon price 
discovery.

Since its inception, the EU-ETS has been growing and incorporating new countries, sectors, types 
of gases and lowering the emissions ceiling. Until December 2019, the system had the participation of 
its 28 member states, in addition to Iceland, Liechtenstein and Norway. The EU-ETS now covers more 
than 11,000 facilities in several sectors, such as the electricity sectors (combustion facility with a ca-
pacity of more than 20 MW), oil refineries, industries that use coal furnaces, steel mills, cement plants, 
glass, brick, ceramics, pulp and paper and the aviation sector. Regarding greenhouse gases, the EU-ETS 
currently covers three gases – CO2, NO2, and per fluorinated compounds (PFCs). The emissions ceil-
ing has been reduced to 1.8 GtCO2e, which corresponds to about 45% of the EU GHG emissions. The 
SCE-EU consists of consecutive trade periods. As of 2021, this system is at the beginning of its fourth 
phase (ICAP, 2020).

The first phase of negotiation, considered a “learning phase”, lasted from 2005 to 2007. This phase 
was characterized by a decentralized method for the determination of emission caps. In this phase, the 
annual cap was determined by the sum of all caps established in each National Allocation Plans of 
member states, reaching 2,096 MtCO2e. The expected results were not achieved. At the time, the data 
available poorly informed policymakers, to set the caps and most of the EUA were allocated free of 
charge to the participating companies. As a result, the volume of emissions were overestimated and this 
surplus of allowances in the market caused a drastic drop in the prices of allowances at the end of the 
first phase (WB, 2021).

The second phase overlapped with the targets set out in the Kyoto Protocol, i.e., from 2008 to 2012. 
This phase is characterized by the inclusion of Iceland, Liechtenstein and Norway in the ETS, by the 
inclusion of the aviation sector in 2012 and by the persistence of the surplus of allowances problem. 
The emission cap of 2,049 MtCO2e was determined using the same method of Phase 1. The allocation 
of EUA was also similar to the first phase, about 90% of the allowances were allocated free of charge 
and the other 10% were allocated through auctions in Germany, United Kingdom, Netherlands, Austria, 
Ireland, Hungary, Czech Republic and Lithuania. The surplus of allowances grew even greater after the 
2008 economic crisis which caused emissions to fall faster than anticipated, as is possible to observe in 
Figure 1 (ICAP, 2020).

In the third phase (2013-2020), a single cap of 2,084 MtCO2e was stipulated for stationary emission 
sources. It is worth noting that a rate of reduction of 1.74% per year was determined, which corresponded 
to a linear annual decrease of 38.3 million allowances. This phase was characterized by the inclusion 
of new sectors, by the increase in funds raised in the allowances auctions and by the introduction of 
management of allowances mechanisms. The allowances auctions were deepened, reaching 57% of total 
allowances. From 2013 to 2018, the funds raised in auction soared from EUR $4 billion to EUR $14 
billion (EU, 2020).

One of the main characteristics of this phase was the introduction of two mechanisms in order to 
address the oversupply of Allowances in the short term to avoid price collapse, as observed in previous 
phases. The first mechanisms postponed some scheduled auctions in 2013, 2014 and 2015 to reduce 
900 million allowances in the market. The second mechanism, implemented only in 2019, refers to the 
creation of the Market Stability Reserve (MSR). The main objective of the MSR is to address and prevent 
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the historical imbalance between supply and demand of allowances and also to improve resilience to 
future shocks (EU, 2020).

In January 2021, Phase 4 of the European SCE (2021-2030) came into operation. This phase foresees 
an increase in the pace of annual emission cuts required by the sectors concerned from 1.74% to 2.2%. 
This increase in annual emissions cut rates is in line with the 2030 European New Green Deal targets, 
as well as the 2050 carbon neutrality target of the IPCC’s 1.5°C special report (EU, 2020). In addition, 
a central component of Phase 4 is updating the free allocation parameters of allowances which will be 
adjusted annually by technology to reflect changes in production (ICAP, 2020).

During the fourth phase, the EU-ETS plans to strengthen the Market Stability Reserve (MSR). It is 
expected that between 2021 and 2023, 24% of the surplus will be placed in the MSR, instead of the regular 
rate of 12%. From 2023, the licenses held in the MSR that exceed the auction volume of the previous 
year will be invalidated. Member States may also invalidate some of the allowances to reflect additional 
policies in the energy sector, for example a gradual elimination of coal. Other changes planned for this 
phase are new financial support mechanisms to promote low-carbon innovation and support the sector’s 
modernization efforts and the energy sectors of low-income Member States (ICAP, 2020).

Therefore, one of the main lessons learned of the EU-ETS is the importance of mechanisms to stabilize 
EUA prices in both markets, the primary and the secondary market. Under an ETS, the primary market 
includes the first events in which a carbon allowance changes hands for a price, usually an auction at 
which the government sells allowances. A secondary market operates in the same way, and comprises 
all subsequent transactions, being much larger in terms of volumes of allowances exchanged. Second-
ary markets arise to meet compliance entities’ needs to manage their position and reduce their risk to 
price changes.

Figure 1. Evolution of European Union allowances prices – 03/2008 to 10/2020
Source: ICAP, 2021
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An EU ETS operator can access the secondary carbon market to buy allowances through multiple 
routes: i) trading directly with other companies covered by the System; ii) buying or selling from inter-
mediaries, e.g. banks and specialist traders; iii) using the services of a broker; and iv) joining one of the 
several exchanges that list carbon allowance products. A well-functioning secondary market is of high 
importance for efficient intermediation. A clear price signal from the secondary market is also important 
as a reference point for individual bidders in the auctions and for ensuring a competitive outcome. In 
Figure 1, it is possible to see that in the last decade EUAs have registered a long period with low prices. 
However, since 2018, before the actual implementation of MSR, the EUA prices have started increasing 
anticipating the reduction of allowances in the secondary market.

The first major test of the MSR was the economic crisis caused by the COVID19 pandemic in the first 
half of 2020. The price of the EUA, which had started the year 2020 around EUR $24, fell 37% in March, 
reaching EUR $15. At this time, the newly created MSR was used, which reversed the trend of prices 
and expectations, causing EUA prices to return to pre-pandemic levels in June 2020 (Kock et al., 2020).

Different studies have been trying to identify main determinants of EUA prices. The next section 
presents recent studies and methods to determine the EUA prices.

LITERATURE REVIEW

There are several studies that seek to explain the determinants of carbon price. Most of them used autore-
gressive models in which the only explanatory variable was the carbon price in the past. One example is 
the research of Ji et al. (2019), which introduced an ARIMA-CNN-LSTM model to forecast the carbon 
future price. The ARIMA-CNN-LSTM model employs the ARIMA model and the deep neural network 
structure that combines the CNN and LSTM layers to capture linear and nonlinear data features. In an 
ARIMA-CNN-LSTM model structure, the ARIMA was used to capture the linear features. The Convo-
lutional Neural Network (CNN) was applied to capture the hierarchical data structure while the Long 
Short Term Memory network (LSTM) was used to capture the long-term dependencies in the data. The 
authors adopted the weekly futures price of the carbon in the EU emission trading system as the main 
research dataset, without exogenous variables. The dataset covered the period from 2008 to 2019.

Hao et al. (2020) modelled carbon price using a novel hybrid model based on feature selection and 
a multi-objective optimization algorithm for autoregressive forecasting, without exogenous variables. 
The datasets, which were collected from the Shenzhen, China and European Union Emissions Trading 
Scheme daily carbon, considered the period between 2014 and 2017. For the later period, 2017 to 2019, 
Huang et al. (2021) combined econometric (GARCH) and artificial intelligence methods to forecast the 
daily price of EUA futures. The authors also did not consider exogenous variables. Also applying artifi-
cial intelligence models, Sun and Huang (2020) proposed a hybrid model for carbon price forecasting, 
introducing a secondary decomposition algorithm. The back propagation neural network model optimized 
by genetic algorithm was utilized for prediction. Beijing and Shanghai carbon markets were chosen due 
to the volume, turnover and activity of the Beijing carbon market, and the upcoming national carbon 
emission trading platform and settlement system that would still be set up in Shanghai. The data from 
the opening date of each market starts in 2013 and ends in 2019.

Another article that included no exogenous variables was Jianwei et al. (2021). The authors conducted 
a denoising-hybridization procedure, which is a hybrid model of extreme-point symmetric mode de-
composition (ESMD), kernel independent component analysis (KICA) and least squares support vector 
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regression (LSSVR) to predict the carbon price. Four ECX carbon futures prices matured in December 
2016, December 2017, December 2018 and December 2019 were considered as a dataset. Also using 
different strategies to forecast carbon prices without exogenous variables, Lu et al. (2020) applied ma-
chine learning methods to predict the daily carbon price and trading volume of eight carbon markets in 
China, including Beijing, Shenzhen, Guangdong, Hubei, Shanghai, Fujian, Tianjin, Chongqing between 
2016 and 2019.

Besides these articles that used past carbon price as the only explanatory variable, other authors were 
willing to extract more information about the price fluctuations, still without making use of exogenous 
variables. Xu et al. (2020) presented a carbon price prediction model by using time series complex net-
work analysis technology and extreme learning machine algorithm. In the model, the authors mapped 
the carbon price data into a carbon price network, and then extracted the effective information of carbon 
price fluctuations by using the network topology, and used the extracted effective information to recon-
struct the carbon price sample data. To test the validity of the model, they selected the carbon emission 
price data of the second, third and transition stages of the European Union Emissions Trading System 
(2013-2018), and the results showed that the method can improve the predictive accuracy of the model.

Another study that proposed a method to extract information about price fluctuations with no exog-
enous variables was the one of Tian and Hao (2020), which performed a chaotic analysis based on the 
maximum Lyapunov exponent and determined the appropriate distribution functions based on a newly 
proposed hybrid optimization algorithm. In the forecasting model, the phase space reconstruction tech-
nique was applied to reconstruct the sequences decomposed by variational mode decomposition due to 
the chaotic characteristics of the carbon price series. Then, an adaptive neuro-fuzzy inference system 
model was trained by the newly proposed hybrid optimization algorithm using carbon price data of the 
European Union Emissions Trading System and Shenzhen of China from 2013 to 2017.

Some authors introduced policy measures as an important factor to predict carbon price. Song et al. 
(2019) developed a fuzzy stochastic model to predict carbon price in China under the effect of demand-
related policies. The authors analyzed the demand-related policy formulated in the second developing-
phase of the Shanghai Environment and Energy Exchange from 2016 to 2018 and predicted the price 
trend after each demand-related policy publication. The authors concluded that the simulated results 
supported the idea that the supply of free allowances was excessive, even though it had shown a decreas-
ing trend in period II. This finding indicated that market liquidity derives from policy speculation, rather 
than actual trading demands, a result which further supported the leading role of policy in the carbon 
market. According to the authors, the government still needed to expand the diversity of demand-related 
policies, by either increasing the proportion of auction or decreasing the supply of allowances, to absorb 
the excess of free allowances.

Xu and Salem (2021) explained that, traded as a financial asset, carbon allowances are vulnerable 
to internal and external shocks and little is known about potential carbon price bubbles in China. These 
explosive episodes were closely related to immature market mechanisms and policy implementations. 
The authors applied the Generalized Sup Augmented Dickey-Fuller (GSADF) test, which allowed the 
detection of multiple bubbles, as well as the date stamping of bubbles in carbon prices. The empirical 
results, using a dataset between 2014 and 2017, found three bubbles in the Guangdong pilot, two bubbles 
in the Tianjin pilot, and one bubble in the Hubei pilot.

Also using policy measures to explain carbon prices, Ji et al. (2021) applied a structural break test and 
an autoregressive distributed lag model in the Chinese carbon emissions trading scheme pilots, between 
2013 and 2019. The results indicated that oversupply of allowances, low auction prices and use of China 
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certified emission reductions would cause a remarkable decline in carbon prices. The expansion of the 
carbon market and centralized trading would raise carbon prices. Oil prices were positively correlated 
with carbon prices, and coal prices were negatively related with carbon prices (Bayramov & Islamli, 
2022). Carbon-intensive product prices also affected carbon prices. Chemical prices were positively 
linked with carbon prices in Shenzhen, while negatively related with those in Beijing and Shanghai, due 
to differences in sectorial coverage. Non-ferrous prices had positive impacts on carbon prices in Beijing 
but negative impacts on those in Shenzhen, due to differences in industrial structure. Financial markets 
and weather had limited impacts on carbon prices.

Ren et al. (2020) applied a GARCH model and adopted an intelligent optimization method (a genetic 
algorithm) to find the optimal scenario to simulate the reaction of carbon prices to regulatory announce-
ments in China. The Shanghai, Guangdong and Hubei pilot carbon markets were taken as case studies, 
from 2013 to 2017. The results showed that China’s pilot carbon markets had achieved the weak form 
of efficiency, since the allowance allocation plan would affect the carbon price trend, and the allowance 
auction impact on the carbon price was not decisive.

A comparison between Phases I and II is conducted by Creti et al. (2012) estimating cointegration 
regressions for each period separately. According to their results, while the oil prices have a positive 
relation with EUA prices for the entire period, economic activity measured through financial data shows 
different results, being positively correlated only during Phase I.

Another set of authors inserted energy prices as exogenous variables to explain carbon prices. Ad-
ekoya (2021) examined the predictive role of energy prices in the forecast of European Union carbon 
allowance prices, using the Feasible Quasi Generalized Least Squares estimator. The results showed that 
the carbon allowance prices were significantly predicted by all the energy prices considered, namely 
crude oil price (Brent), natural gas price and coal price. However, the relation was greater for oil prices, 
indicating the stronger influence of the global crude oil market and its vulnerability to shocks compared 
to the global coal market (Kilinc-Ata, 2022).

Batten et al. (2021) also investigated the extent to that key energy prices (coal, gas, oil and electric-
ity) and weather explain EUA prices, and whether this relationship changed since full auctioning came 
into effect in 2013, by using two structural breaks. Energy prices were found to impact the carbon price 
in phase III of the EU ETS. However, Ordinary Least Squares modelling based solely on energy prices 
explained only 12% of carbon price variation. Weather variables did not affect the carbon price except 
for unanticipated temperature changes and the authors consider this result an indication that it is not the 
level of temperature that impacts the carbon price, but rather it is unanticipated changes in temperature 
that matter. The required data from 2013-2017 included spot prices for EUAs, obtained from the Inter-
continental Exchange data on DataStream, and the Intercontinental Exchange auction results.

Duan et al. (2021) uncovered the marginal impacts of energy prices (oil, coal and natural gas) on 
carbon price variations across carbon-energy price distributions in Phase III of the European Union 
Emission Trading Scheme (EU ETS). Applying a novel Quantile-on-Quantile (QQ) regression and the 
causality-in-quantiles approach, the empirical results demonstrated negative impacts of energy prices on 
carbon prices. Concerning different energy sources, the impacts of both oil and coal prices showed an 
increase along with a rise in carbon quantiles. The absolute values of their impacts were much greater 
than that of the gas price impacts. Using Intercontinental Exchange (ICE) as the main source of data, 
the authors collected daily data of Brent crude oil futures prices, ECX EUA carbon futures prices, UK 
natural gas futures prices, and Rotterdam coal futures prices, from 2013 to 2019.
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Koch et al. (2014) have focused specifically on the main determinants of price falls through regression 
analysis of carbon prices on a set of energy and economic variables. They found a significant relationship 
between EUA prices and both economic activity measures and other fossil fuels prices.

Besides energy variables, some studies introduced financial market variables, such as stock prices, 
to explain carbon prices. Li et al. (2020) used a neural network model to simulate the long-term trends 
of EU ETS futures products price in scenarios that represent the typical features of a carbon trading 
market, based on a dataset comprised of multiple sources, including Euro stoxx600 index, coal and 
crude oil prices, natural gas prices and European clean energy company stock prices. The time span of 
each variable in that research is from 2013 to 2017. The results show that the magnitude of economic 
development’s effect on carbon price was the largest among other factors, with the shortest duration. In 
comparison, the effect of black energy consumption was weaker, but its lasting duration is the longest. 
Additionally, the impact of clean energy development on carbon price was similar to that of black energy, 
but the effect magnitude and lasting duration were relatively smaller. According to the authors, these 
findings suggested three viable directions for the development of China’s carbon trading market in the 
future i.e. adjusting total quotas in accordance with economic development, establishing market price 
stabilization mechanisms, and developing clean energy.

Also using stock indexes as exogenous variables, Zhu et al. (2019) proposed a multiscale analysis 
model to explore and identify the carbon price drivers at different time-scales. By introducing the latest 
multivariate empirical mode decomposition, carbon price and its potential drivers were decomposed 
into several groups of simple modes with specific economic meanings. The cointegration techniques, 
error correction model and Newey–West estimator were combined to capture the carbon price drivers 
at similar timescales. Illustrated by the samples of the European Union Emissions Trading System from 
2009 to 2016, among the most important drivers of carbon price, electricity price and stock index showed 
positive impacts, while coal price showed a negative impact.

Another study focused on the relation between EUA and financial instruments is the one of Tan et 
al. (2020), which develops a network analysis of both return and volatility for several financial assets 
and energy commodities. They concluded that EUA and oil markets were closely connected, much more 
than other financial assets such as national currencies or risk measures (Rafay & Farid, 2015). Although 
their volatilities seem to present different drivers, their behavior is similar in regard to other relevant 
financial variables.

Some authors introduced several variables to explain carbon prices, including those related to weather 
and institutional conditions. Meng et al. (2019) proposed a mixed data sampling regression model and 
back propagation neural network to perform real-time forecasting of weekly carbon prices in China’s 
Shenzhen carbon market, using data from 2014 to 2017. In addition to daily energy, economy and weather 
conditions, an environmental factor was introduced into predictive indicators. The empirical results showed 
that the carbon price is more sensitive to coal, temperature and air quality index than to other factors.

Zhao et al. (2017) studied the long-run relationship between carbon price in Chinese ETS pilots and 
its influential variables: coal price, economic activity (represented by an industrial index), temperature 
and carbon price in the European market. Due to the existence of structural breaks in every variable, 
cointegration approaches that consider one and two structural breaks were applied. The dataset included 
information from 2013 to 2016. Results showed that there was a long-run cointegration relationship 
between carbon price and those factors. The cointegration model with structural breaks outperformed 
conventional cointegration models insofar it could better explain the actual relationship. Except for the 
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economy variable in Shanghai, all variables played a significant role on carbon price, among which coal 
price was the dominant factor.

Best and Zhang (2020) used panel models from 2014 to 2019 to determine which exogenous vari-
ables, as energy reserves and institutional variables, explained continuous carbon-pricing variables for 
a global sample of countries. They found that larger coal reserves per capita had a negative effect on the 
carbon-price levels. Control of corruption is a key governance variable that has been positively associ-
ated with carbon-pricing outcomes. Another important political dimension was the degree of political 
globalization. For economic resources, there was evidence that larger stocks of domestic credit help to 
enable carbon pricing. There was some evidence indicating that climate change awareness was positively 
associated with carbon pricing.

Bento and Gianfrate (2020) tested whether the macroeconomic, regulatory, industry, and firm-specific 
characteristics, such as technological attributes and institutional context, affect the disclosed level of the 
Internal Carbon Pricing (ICP), by using panel models. ICP reflects an emerging set of practices voluntarily 
adopted by companies to embed climate footprint in operations and business models, being usually higher 
than allowances prices. The authors examined the information that had been collected by the Carbon 
Disclosure Project in several reports. The results showed that the institutional context influences the 
choice of internal carbon prices, as companies with headquarters in a country with high GDP per capita 
are more likely to adopt stringent carbon prices. The authors also concluded there was a positive and 
significant relationship between internal carbon price and both board independence and energy sector. 
At last, they observed that contextual variables on the economy and regulation were found to explain 
more of the carbon pricing behavior of companies than industry and firm’s characteristics put together.

A set of studies applied a computable general equilibrium model, focusing on macroeconomic ef-
fects to predict carbon prices. Lin and Jia (2019) assessed the influencing factors of emission trading 
price (industry coverage, the annual decline factor, and free allowance rate) and analyzed the impact 
mechanism in detail. The results showed that ETS price and emission reduction had a significant positive 
correlation. Fewer industries, higher annual decline factor, and higher free allowance rate would push 
ETS price up. The authors also found that ETS prices were unpredictable when the mechanism is not 
yet fully determined because of the high relationship between ETS price and the mechanism of ETS.

Garaffa et al. (2021) assessed the distributional effects of carbon pricing on Brazilian households, 
using data from 2008 and 2009. The authors applied a multi-regional Computable General Equilibrium 
(CGE) model with representation of multiple households according to a family expenditure survey. 
Results showed that carbon pricing avoids further carbon intensive infrastructure lock-in by further 
promoting biomass in electricity generation and biofuels in the transportation sector. Lump-sum trans-
fers from carbon revenue helped boost income of lower deciles up to +4.5%, while targeting transfers 
to most vulnerable groups led to an income growth of +42.2% by 2030. Brazil has a large gap in terms 
of effective carbon pricing when compared to other countries that could be addressed in the context of 
the ongoing tax reform debate, with carbon revenue contributing to the financing of social spending.

It is clear that in the last few years several studies have intended to explain the determinants of carbon 
prices, using different techniques, such as econometric models, artificial intelligence, neural networks, 
and computable general equilibrium models, and also several variables, such as past carbon price, policy 
measures, institutional and financial variables, energy prices and macroeconomic variables. The most 
interesting results for this chapter showed a connection between carbon prices and policy measures, as 
well energy prices. Financial variables certainly were necessary because of the similar fluctuations with 
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carbon prices, typically derived from stock markets. The stock market information signals economic 
conditions as well.

DATA AND MODEL ESTIMATIONS

Identifying the main drivers of price movements is particularly important since European carbon pricing 
went through significant drops during past phases, despite its recent surge. Such behavior could reduce 
firms’ incentive to transition towards low carbon technologies. Despite that, the literature focused on 
studying the association of carbon pricing to financial variables, such as financial assets and bonds, paying 
little attention to economic and regulatory interventions over EUA prices, as can be noticed in the previ-
ous section. In this chapter, the carbon futures market price was modeled with the following equation:

P EUA V EUA EnergyPrices M arketIndex RegulatoryMt t t t. .= + + + +β θ δ γ µ eeasurest t+   

Where P.EUAt stands for the EU ETS carbon market price at period t and is the dependent variable for 
both models estimated in this chapter, while V.EUAt represents the total volume traded at period t and is 
included as an explanatory variable. Both time series were obtained from the EEX website. The other 
regressors included aim to comprise the main drivers of carbon price’s fundamentals, as presented by the 
literature and taken into account by policymakers. The first of those is EnergyPricest, which includes two 
different reference prices, Brent for oil and Henry Hub for natural gas, both series were obtained from 
the US Energy Information Administration. To consider the relation of carbon market prices with both 
financial variables and the level of economic activity, two relevant European stock indexes were included 
in the regression: London and Frankfurt. These variables were taken from the Financial Times and the 
Börse Frankfurt’s website, respectively. Finally, RegularMeasurest stands for a set of three dummies: (i) 
the start of the Paris Agreement in January 2016, establishing goals for parties which signed this binding 
international treaty on climate change; (ii) the MSR implementation, during Phase 3, in January 2019, 
searching price stability by allowances control; and (iii) the MSR interventions to reduce or elevate the 
cap of allowances. The 𝜖t statistical error is modeled as a conditional heteroscedastic process. Both ARCH 
(autoregressive conditionally heteroscedastic) and GARCH (generalized autoregressive conditionally 
heteroscedastic) models are tried. The ARCH (1) specification is the following:

𝜖t = 𝜈t𝜎t 

Where 𝜈t and 𝜎t are independent random variables such that 𝜈t ~i.i.d.(0,1) and 

σ ω α
t t
2

1 1
2= + −  

The GARCH (1,1) specification replaces the last equation by:

σ ω α φ σ
t t t
2

1 1
2

1 1
2= + +− −  
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Our dataset has daily frequency starting from July 4, 2008 and extending up to October 9, 2020.
A negative sign is expected for the coefficient of the volume variable, since the greater the number 

of future contracts on offer, the lower its price. For the international price variables of Brent oil and 
natural gas Henry Hub, a positive sign is expected, reflecting the greater economic activity and the 
increased demand for carbon credits. In turn, a positive sign is expected for the coefficient of the stock 
exchange variables, based on the idea that good expectation about macroeconomic conditions leads to 
rises in industrial economic activity, the need for a larger amount of carbon trading, and, consequently, 
higher prices. Also, stock exchange variables reflect speculative movements that could run through the 
allowances market.

Regulatory dummies are tested to verify the adherence of prices to changes in regulatory policies 
related to carbon credits. Regarding these variables, the parameters signs depend on how those measures 
relate with market expectations when announced. If the regulatory innovation reduces the supply of li-
censes above expectations, the market should react positively, buying contracts and raising prices, thus 
having a positive sign. If the measure reduces the license offer below expectations, the market may react 
negatively, selling contracts and reducing prices, thus showing a negative sign. If the measure meets the 
agents’ expectations, the variable should not be significant.

As carbon pricing is after all part of the secondary market, it is expected to display volatility patterns 
characteristic of financial series. Financial series typically exhibit time-varying volatility behavior as 
well as clusters of volatility in which periods of high variation in prices are followed by periods of more 
stable behavior. Models usually adopted for the study of financial series, such as (G)ARCH, were tested 
for our dataset of daily and volatile variables.

In the first place, Augmented Dickey-Fuller unit root tests on the set of variables were conducted. 
The results are presented in Table 1.

Since carbon secondary market volume and Henry Hub price did not present unit root, cointegra-
tion models are not necessary. However, since all the other variables presented unit root, the (G)ARCH 
models were run in first differences.

An ARCH (autoregressive conditionally heteroscedastic) regression models the variance of a time 
series[2] and is used to describe a volatile variance, which could present a lasting trend or simply short 
periods of increased variation. Such models were created in the context of econometric and finance 
problems having to deal with the variation of investments or stock prices per time period. For that reason, 

Table 1. Presence of unit root – ADF test.

Variables Unit Root

Carbon secondary market price ✔

Carbon secondary market volume

Henry Hub price

Brent price ✔

Frankfurt Stock Index ✔

London Stock Index ✔

Dow Jones Stock Index ✔
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it is commonly suggested that the dependent variable used in those models should be either the ratio of 
losses/gains to last period’s value, or the logarithm of the ratio of present value to last period’s value. 
Both specifications were tested, nevertheless there were no advantages in terms of the best fit modeling.

Autocorrelation Function and Partial Autocorrelation Function plots for both the carbon secondary 
market price and its difference are depicted in Figure 2 and Figure 3, respectively. Those plots are used 
as identification tools to set the ARMA model for the series.

Figure 2. ACF of carbon secondary market price

Figure 3. PACF of carbon secondary market price.
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Before taking the first difference, ACF slowly decreases, indicating the presence of a unit root, as 
already discussed above, and the PACF suggests an AR(2) or an AR(3) behavior.

After differentiating the series, both plots suggest either an ARMA (3,1) or an ARMA (2,1). Despite 
this result, both ARCH and GARCH models were reported, considering robust estimations for the stan-
dard errors and directly considering their variance for the estimation. Table 2 presents the results for the 

Figure 4. ACF of first differenced carbon secondary market price

Figure 5. PACF of first differenced carbon secondary market price.
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ARCH models. They show that the volume of EUA in the secondary market did not affect prices. Agents 
take the decision to sell or buy by looking at other variables instead, especially regulatory measures and 
economic activity, as presented in Table 2.

Industrial activity was represented by the two energy prices variables, since increasing fuel prices 
are usually connected with higher industrial activity. Brent price showed positive value and was statisti-
cally significant, while Henry Hub price was not. As it was expected, a higher level of economic activ-
ity leads to higher carbon emissions and, therefore, demand for the EUA also grows. Additionally, the 
effect of market speculation was isolated by introducing stock exchange market indexes, both Frankfurt 
Stock Index and London Stock Index. Just the first one was significant and had a positive value. This 
indicates that macroeconomic expectations and/or speculative movements in the stock exchange market 
runs through the allowances market.

The variable MSR interventions were positive and statistically significant, indicating the supply of 
licenses was reduced above expectations and the market reacted positively, buying contracts and raising 
prices, thus having a positive sign. The MSR interventions variable showed the most important estimated 
parameter between all explanatory variables, of 0.0845, which may indicate that future allowances prices 
were 0.0845 euros higher because of these interventions.

Seasonal dummies and Friday dummy, representing the last day of the week or the secondary market 
closure, were not statistically significant.

ARCH(1) with AR(1) and MA(1) components were ran, which were also significant. AR specifies the 
autoregressive terms of the structural model disturbance to be included in the model and MA specifies 
the moving-average terms to be included in the model for the white-noise disturbances.

In its turn, the GARCH model was estimated with the inclusion of one period lagged for both the 
dependent (price) and the exogenous variables. Table 3 shows the results for the GARCH model. The 
price of the day before was negative and statistically significant, indicating that an elevation in price in 
period t-1 is usually followed by a reduction of the price on period t, which is possibly due to the usual 
daily volatility of the variable. Something that, by its turn, reinforces the desirability to use estimations 
that are capable of modeling volatility. The volume of EUA was negative and significant as expected.

For this specification both Brent and Henry Hub prices were significant, however while the Brent’s 
coefficient remained positive, the Henry Hub’s presented a negative sign. Such a negative result was 
rather counterintuitive, since the expected impact was a positive relation between industrial use of energy 
and the need for allowances. One could imagine that the impact of energy prices has two sides, that is, 
supply and demand. If Henry Hub price is determined more by the demand side, a rise in gas demand 
could increase the price of gas and the need for allowances, increasing EUA’s prices (positive relation). 
Instead, if Henry Hub price is determined more by the supply side of the market, a drop in gas supply 
raises the price of gas, but economic activity also reduces, impacting negatively the EUA prices. Finally, 
it is also necessary to take into account that natural gas is much less pollutant than oil, which could be 
responsible for influencing this opposite pattern.

Stock exchange market variables were not significant. Possibly, the connection between the stock 
and carbon markets was represented by the volatility of the GARCH component. What could suggest 
that the linkage of EUA’s price and economic activity is better represented by its relation with fuels than 
with financial variables?
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Finally, another regulatory measure gained statistical significance in the GARCH model: the MSR 
implementation during Phase 3. While the coefficient associated with the cap measures kept its sign 
from the ARCH model, the one associated with Phase 3 was negative. This result indicates that the MSR 
implementation was followed by a price fall that could have been provoked by low expectations of al-
lowance reduction, which led the market to react negatively, selling contracts and reducing prices. MSR 
implementation (Phase 3) and MSR interventions (Cap measures) showed the most important estimated 
parameters, of -0.3361 and 0.2329, respectively, and the future allowances prices were 0.3361 euros 
lower and 0.2329 euros higher because of the MSR implementation and MSR intervention, respectively.

Table 2. ARCH model results.

ARCH Model Coefficient
Not Robust Robust

Z Statistic P-Value Z Statistic P-Value

Carbon secondary market volume -0.003 -1.94 0.052 -1.08 0.282

Brent price 0.0544*** 10.65 0.000 5.39 0.000

Henry Hub price 0.0726 1.66 0.096 1.09 0.278

Frankfurt Stock Index 0.0005*** 3.5 0.000 3.11 0.002

London Stock Index 0.0003 1.26 0.209 0.89 0.372

Phase 3 0.0118 0.41 0.681 0.41 0.682

Paris Agreement -0.0208(1) -0.39 0.700 -1.35 0.177

Cap measures 0.0845*** 1.59 0.112 2.74 0.006

Fridays 0.0343 1.12 0.261 1.41 0.159

Seasonal Dummies

Jan -0.0902** -1.6 0.109 -2.11 0.035

Fev -0.0372 -0.72 0.472 -0.83 0.406

Mar -0.0871** -1.83 0.067 -2.06 0.040

Apr -0.0155 -0.26 0.795 -0.38 0.702

May -0.0364 -0.52 0.601 -0.92 0.365

Jun 0.0037 0.07 0.945 0.09 0.928

Jul -0.0466 -0.83 0.404 -1.16 0.247

Aug 0.0157 0.31 0.754 0.35 0.726

Sep -0.0524 -1.24 0.213 -0.83 0.408

Oct(1) -0.0071(1) -1.39 0.164 -1.59 0.113

Nov -0.055 -0.98 0.325 -1.29 0.198

Constant 0.0283 0.68 0.494 0.77 0.444

ARMA and ARCH

AR1 -0.8161*** -3.66 0.000 -2.32 0.020

AR2 -0.0464 -1.13 0.259 -0.47 0.636

MA1 0.679** 3.05 0.002 1.98 0.048

SIGMA2 0.196*** 67.19 0.000 67.15 0.000

*** Significance level of 1%. ** Significance level of 5%. *Significance level of 10%. (1) P-value between 10% and 25%. Significance is 
only considered for the robust estimations of the standard deviation.
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At last, the auto-regressive and the moving average components used for modeling volatility were sta-
tistically significant. The smaller magnitude of the auto-regressive component indicates both the stability 
of the process responsible for setting the EUA’s price volatility, but also a smaller persistence of shocks.

In summary, regulatory measures are even more relevant than other explanatory variables as observed 
by the level of the coefficients. Such results highlight the importance of policy maker decisions in the 
carbon market and is the main contribution of this chapter, as discussed in the following section.

Table 3. GARCH model results.

GARCH Model Coefficient
No Robust Robust

Z Statistic P-Value Z Statistic P-Value

L1 Carbon secondary market price -0.0190*** -5.63 0.000 -2.99 0.003

L1 Carbon secondary market volume -0.0034* -2.54 0.011 -1.93 0.054

L1 Brent price 0.0032** 4.34 0.000 2.32 0.020

L1 Henry Hub price -0.0614*** -5.88 0.000 -3.09 0.002

L1 Frankfurt Stock Index 0.00003 1.91 0.057 1.04 0.299

L1 London Stock Index -0.00004 -1.1 0.270 -0.65 0.518

Phase 3 -0.3361*** -9.7 0.000 -3.46 0.001

Paris Agreement -0.04(1) -1.92 0.055 -1.47 0.141

Cap measures 0.2329*** 4.77 0.000 2.92 0.003

Fridays -0.0169 -1.04 0.299 -0.9 0.367

Seasonal Dummies

Jan -0.2098*** -4.87 0.000 -2.97 0.003

Fev -0.1532** -4.03 0.000 -2.41 0.016

Mar -0.1234(1) -3.49 0.000 -1.59 0.111

Apr -0.1164(1) -3.05 0.002 -1.47 0.141

May -0.0912(1) -2.44 0.014 -1.36 0.173

Jun -0.1318** -3.65 0.000 -1.97 0.049

Jul -0.1074(1) -2.99 0.003 -1.61 0.108

Aug -0.0464 -1.37 0.171 -0.72 0.469

Sep -0.116* -3.09 0.002 -1.69 0.090

Oct -0.0061 -1.67 0.094 -0.91 0.364

Nov -0.1028(1) -2.85 0.004 -1.55 0.121

Constant 0.5882*** 5.09 0.000 2.73 0.006

ARCH and GARCH

ARCH 0.261*** 4.91 0.000 3.94 0.000

GARCH 0.768*** 16.29 0.000 11.47 0.000

*** Significance level of 1%. ** Significance level of 5%. *Significance level of 10%. (1) P-value between 10% and 25%. Significance is 
only considered for the robust estimations of the standard deviation. L1 is lag(1) of variables (xt-1).
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RESULTS AND DISCUSSION

The results of ARCH and GARCH models showed that financial and energy variables are not the only 
drivers to explain carbon price trends. Policy measures also played an important role in dictating the 
secondary price movements in the carbon market.

Most of the studies presented in this chapter used the carbon price in the past to predict the future 
price. The signs of the parameter were ambiguous in these studies: some of them showed a positive 
relation, others, a negative one, depending on the market (Chinese or European) and the chosen period. 
In our model, the lagged price presented a negative sign, showing that a higher price in the past was fol-
lowed by a decline in the next period. This behavior was expected, since there are market adjustments.

It is important to explain that, in our study, the goal was not to predict the future price observing only 
the price movements through ARIMA models. Instead, our study intended to determine which variables 
explain the price trends. Because of that, other variables were introduced, such as financial, energy and 
policy measures variables as exogenous components. The financial variables were maintained, as in the 
literature, to consider the investor’s motive and economic movements.

The results showed that the parameter of stock indexes in Frankfurt and London was not statistically 
significant when it was introduced GARCH components. It is possible that the addition of GARCH com-
ponents helped to explain the volatility of carbon prices that was previously explained by stock indexes.

Energy prices played an important role in the model, although the two variables (oil and natural gas 
prices) presented different parameter signs. The oil price parameter was positive, which indicated that 
the use of oil increased the carbon license demand and also the carbon prices. However, the natural gas 
price parameter was negative. In the literature, it was common for studies to adopt oil or coal, the most 
polluting energy sources. The natural gas negative price sign obtained in our study is a novelty in the 
literature. highlighted that the natural gas market behavior should be different from that of the oil market, 
considering also that this energy source is less pollutant.

In the literature, the policy measures were used as control variables, but not as important components 
to foresee price volatility. In our model, for Phase 3 the parameter was negative, which indicates that the 
prices declined after the announcement of Phase 3. For the second policy measure variable, Cap Mea-
sures, the obtained sign was positive. It can be concluded that the positively affected the expectations 
of the market related to the carbon market fundamentals, increasing the demand for carbon allowances 
and also the future carbon prices.

There are several differences between our study and the literature, especially related to goals and 
the importance given to policy measures variables. While most of the literature focuses on forecasting 
prices, our goal is to find the explanatory variables of carbon prices and to investigate the role of policy 
measures.

CONCLUSION AND RECOMMENDATIONS

As discussed in the previous sections, carbon emission allowances have been considered an important 
policy instrument to control for the excess of greenhouse gases in the atmosphere (Bunyaminu & Yakubu, 
2022). The correct balance between price and quantity of carbon emission allowances is key for a suc-
cessful implementation of any carbon trading system.
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In this chapter the variables were investigated that might have some impact on the European Union 
Allowances’ prices and their trends after the market is operational. For such a task, several variables of 
control were introduced. Initially, as a proxy of the economic activity in the short run, the daily varia-
tions of either Frankfurt or London Stock Exchanges are used. Nevertheless, the results showed that 
the economic activity in the short run was not significant to explain the variations in the EUA prices. 
In other words, seasonal or daily movements of those stock exchanges did not affect the price of allow-
ances in the EU.

The influence of fuel prices – considering the prices of oil as negotiated in Europe (Brent) and of 
natural gas in Louisiana in the US (Henry Hub) – upon the EUA future prices was also analyzed. The 
results showed that EUA future prices tend to increase as oil prices rise. This can be considered an 
expected result once a rise in fuel prices is usually connected with higher industrial activity and higher 
GHG emissions, which, for its turn, boosts the demand of allowances to offset such additional emissions.

It is worth noticing that in the GARCH model, natural gas prices were also significant regarding its 
impacts on EUA future prices. However, unlike the oil prices, natural gas prices were negatively cor-
related with the prices of EUA. In other words, a rise in the natural gas prices tends to reduce the EUA 
future prices. A possible explanation to this finding could rely on the fact that natural gas prices have 
been more sensitive to shifts of its supply side rather than of its demand side. Shifts in the natural gas 
supply in Europe have been caused mainly by geopolitical moves of Russia, the largest supplier in the 
region that, quite often, changes the disposable quantities of natural gas to Europe. A drop in the amount 
of natural gas available to the EU countries might have a negative impact on their economic activity 
and, thus, less emissions occur. Consequently, the need for carbon allowances to offset such emissions 
diminishes, leading to a drop in EUA future prices. Nevertheless, further investigation should be carried 
on to clarify the rationale behind the result that was found.

Finally, and more important, the three regulatory measures that were tested proved to be crucial to 
explain the EUA price movements. Either (i) the launch of Paris Agreement in January 2016, establishing 
goals for parties which signed this binding international treaty on climate change; (ii) the implementa-
tion of the market stability reserve in January 2019, aiming price stability by EUA emissions’ quantity 
control; and (iii) the sequential interventions through the market stability reserve reducing the amount 
of allowances, such as in May 2019 and in August 2020, had, all of them, substantial impacts on the 
EUA future prices.

More precisely this last measure – the implementation of the market stability reserve – had a posi-
tive and statistically significant impact. As observed, a reduction in the supply of allowances resulted 
in an increase in the allowances future prices even above what was previously expected by the market 
participants. In other words, restrictions on the number of allowances tends to lead the participants to 
anticipate scarcity and propels up the prices of these allowances.

It is worth noticing that the identification of the main drivers for European Union Allowances prices 
and how the market stability reserve affects them are crucial to understand the dynamics of the allow-
ances’ prices and thus to achieve a reasonable price fluctuation. One of the most undesirable results of the 
carbon markets is that either the prices stay too low, discouraging the pursuit for processes and measures 
that lead to emissions reductions, or they skyrocket so fast, causing a supply shock in the economies.

Practical implications of the findings summarized in this chapter are related to the fact that acting 
through regulatory measures, and especially implementing the market stability reserve mechanism, 
can be a useful form to efficiently intervene in emissions trading systems already in place. Moreover, 
these actions can notably play a key role as many countries and regions throughout the globe have not 
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yet implemented their emissions trading systems. Avoiding the prices of allowances to get trapped into 
the extremes, either too low or too high, is key to achieving a balanced trend for the allowances’ prices. 
Certainly, reaching reasonable levels of carbon prices will send correct signals to the market participants 
towards the expected emissions targets needed.

DISCLAIMER

The contents and views of this chapter are expressed by the authors in their personal capacities. It is not 
necessary for the Editor and the Publisher to agree with these viewpoints and they are not responsible 
for any duty of care in this regard.
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KEY TERMS AND DEFINITIONS

ARCH: Autoregressive conditionally heteroscedastic.
ECX: Carbon future prices.
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EUA: European emission allowances of carbon.
GARCH: Generalized autoregressive conditionally heteroscedastic.
GHG: Greenhouse gases.
IPCC: Intergovernmental Panel on Climate Change.
MAC: Marginal abatement costs.
MSR: Market stability reserve.

ENDNOTES

1  A carbon dioxide equivalent or CO2 equivalent, abbreviated as CO2-eq is a metric measure used 
to compare the emissions from various greenhouse gases on the basis of their global-warming po-
tential (GWP), by converting amounts of other gases to the equivalent amount of carbon dioxide 
with the same global warming potential.

2  As explained by the Eberly College of Science from Penn State, available in https://online.stat.psu.
edu/stat510/lesson/11/11.1.
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ABSTRACT

This chapter aims to examine the effect of environmental performance (EP) on the capital structure of 
firms. Non-financial firms of 12 Asian countries over the period of 2007–2018 are used as the study 
sample. The results indicate that EP generally has a positive effect on the leverage of firms. When 
country-level variables such as financial system and legal system are considered, the results are more 
significant. Specifically, EP positively (negatively) affects leverage in civil (common) law countries. 
EP also positively (negatively) affects leverage in countries with bank-based (market-based) financial 
systems. A more in-depth analysis further reveals that the financial system plays a more important role 
than the legal system in determining the effect of EP on leverage.

INTRODUCTION

Climate change or global warming has been a rising concern worldwide. Although the reasons behind 
climate change are controversial, humans can always do something about it to mitigate its devastat-
ing impact. It has become a global consensus to tackle this problem altogether. Starting from late last 
century, Kyoto Protocol, the first international climate treaty, was first signed and ratified. It signifies 
global consensus and effort to combat climate change by setting the common goal to cut down on carbon 
emissions in the foreseeable future.
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Despite the global consensus to combat climate change, the extent of climate effort and its effective-
ness vary across countries. Although some countries have made good improvements, others are lagging 
behind. Namely, environment performance (EP) varies depending on several factors, most of which are 
country-specific.1 Improving EP clearly incurs cost, which is likely to be high for some industries or 
countries because they are less equipped to make related improvement. In addition to the costs incurred, 
compliance with climate-related regulations involves risks because firms tend to have lower profitability 
and become more indebted such that financial distress or bankruptcy become more possible under such 
circumstances. Given the costs and risks involved in improving EP, whether and how capital structure 
should be adjusted is worth exploring as it is one of key financial decisions of firms (Nosheen, et al., 2016).

According to Mizutori and Guha-Sapir (2020), Asia tops the list in terms of the number of disasters 
during the period of 2000–2019, followed by Americas and Africa. Asia is the most affected continent 
for two reasons: it is the largest among all continents and its terrains are disaster-prone. High population 
density is also to blame. Most of the world’s disasters over the last two decades are storms and floods, 
which are all related to climate change (Rafay, 2022) Asia is no exception. Given that Asia is the most 
affected continent by climate change, focusing on it to see whether any climate action or EP has bearings 
on capital structure of firms is worthwhile.

This chapter aims to examine whether and how EP improvement influences the capital structure 
of firms using non-financial firms in Asia as the study sample. The effect of EP improvement on the 
capital structure of firms is difficult to predict because several factors are at play (e.g., financing cost, 
risk, corporate governance (CG)). Nevertheless, this makes the research question all the more intrigu-
ing. For example, from the cost perspective, EP improvement entails higher costs for firms at least in 
the short run because of their compliance with climate-related regulations. As such, debt should reduce 
in response to rising cost, meaning that EP negatively affects the leverage of firms. However, in the 
long run, the positive effect of EP improvement on operating cost should be weaker or minimal because 
firms have sufficient time to make necessary adjustment to minimize the cost incurred. More impor-
tantly, as time goes by, financing cost should decrease because investors’ consensus to combat climate 
change strengthens over time such that they are increasingly willing to invest. In addition, from the risk 
perspective, firms are expected to experience higher cash flow volatility at the early stage when they 
are required to comply with environmental laws and regulations. As firms invest increasingly more to 
improve EP though, the climate risk that they face will reduce. In sum, as costs and risks decrease over 
time, firms should be able to raise more debt as EP improves in the long run. EP should positively affect 
the leverage of firms under such circumstances.

Countries in Asia are diverse in terms of economic development, financial system, and legal origin, 
all of which are likely to influence EP’s effect on the capital structure of firms. Hence, this chapter 
further investigates whether and how country variables such as financial and legal systems determine 
the effect of EP on the capital structure of firms. The study results provide important implications for 
Asian countries regarding whether and how to adjust capital structure in response to EP improvement.
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LITERATURE REVIEW

Environmental Performance (EP)

Ever since humans started to recognize the impact of climate change in last century, EP has been a hot 
research issue. A school of research argues that improving EP incurs cost such that it may hurt business. 
Another school of thought holds that it pays to engage in EP improvement despite increased cost in the 
short run. The reason is that firms can gain from EP improvement in the long run after they pay for the 
environmental cost, and the environmental risk is better under control with EP improvement.

Existing literature extensively explores the effect of EP on firms, but most studies focus on how EP 
affects financial performance of firms. Most of the evidence suggests a positive effect of EP on financial 
performance, whereas scant information indicates a negative effect.

Capital Structure

Three major theories explain capital structure, and they are tradeoff, agency, and pecking order theories. 
According to tradeoff theory, firms balance marginal benefit and marginal cost of debt, so optimal capital 
structure exists. Based on agency theory, holding debt incurs agency cost of debt, so optimal capital 
structure is also predicted. Pecking order theory states that cash is the most preferred financing source, 
followed by debt and then equity. As debt is determined by hierarchical financing, there is no optimal 
capital structure (Myers 1984; Harris and Raviv 1988; Harris and Raviv 1991; Rafay et al., 2014).

Research on capital structure abounds. Early research focuses on how capital structure is related to 
firm-specific determinants. Recent research explores the roles of country-specific factors in determin-
ing capital structure. To date, minimal research deals with the effect of EP on capital structure though. 
Hence, this chapter contributes to existing literature by examining this issue from the perspectives of 
cost and risk.2

EP and Capital Structure: A Cost Perspective

Existing literature on the relationship between EP and financing cost is inconclusive, depending on the 
countries examined and methodology. For example, the financial performance of firms may or may 
not improve with EP, suggesting that EP may incur higher cost (e.g., financing cost) such that financial 
performance worsens with EP.

Despite limited research on the link between EP and leverage or capital structure, most studies 
provide evidence directly or indirectly indicating a positive relationship between EP and leverage. For 
example, Kalash (2021) finds that EP positively affects leverage likely because EP contributes to a re-
duction in the cost of debt such that firms can afford to hold more debt as EP improves. Other studies 
find a negative effect of EP on the cost of debt although they do not directly examine the effect of EP 
on leverage. However, a decrease in the cost of debt or total cost implies an increase in leverage. For 
example, Boiral et al. (2012) find that mitigating greenhouse gas emissions of Canadian manufacturing 
firms helps them improve financial performance, suggesting a negative effect of EP on their production 
cost, which includes financing cost, among others. Muhammad et al. (2015) find that the reduced cost 
of financing resulting from improved EP and accompanying risk reduction contribute to a reduction 
in total cost borne by firms and transitively higher profitability. Du et al. (2017) find a negative effect 



380

Environmental Performance and Capital Structure
 

of EP on the cost of debt, suggesting that “lenders applaud better environmental performance.” Using 
firms in the real estate sector as sample, Eichholtz et al. (2019) find a negative effect of EP on the cost of 
debt. Fernández-Cuesta et al. (2019) examine the effect of EP on debt among European firms, and they 
find that the cost of debt reduces as EP improves and environmental risk reduces. Based on the sample 
consisting of the US and EU bonds, Chiesa et al. (2021) find that EP negatively affects the cost of debt.

Another stream of studies provide evidence indicating a negative effect of EP on the leverage of 
firms through the cost of debt. For example, Chen and Wang (2012) find that the ratification of Kyoto 
Protocol as well as the accompanying environmental compliance and subsequent improvement on EP 
has a negative effect on leverage. This suggests that EP results in an increase in the cost of debt. Fard et 
al. (2020) find that environmental regulations have a positive effect on the cost of bank loans, implying 
a negative effect of EP on leverage. Chang et al. (2021) find that corporate environmental liabilities 
have a negative effect on leverage, suggesting the presence of substitutability between environmental 
liabilities and financial liabilities. Their finding further hints on a negative effect of EP on leverage given 
the established positive link between corporate environmental liabilities and corporate social responsi-
bilities (CSR) and that between CSR and EP (Chuang and Huang 2018). Using the Japanese firms as 
study sample, Suto and Takehara (2017) find a positive link between EP and the cost of debt, which is 
attributed to bank dependency.

EP and Capital Structure: A Risk Perspective

Existing literature appears to indicate a negative effect of EP on risk. For example, Khairollahi et al. 
(2016) find that EP as measured by reduction of carbon dioxide (CO2) emissions has a negative effect on 
corporate risk, which in turn implies a positive effect of EP on leverage given the negative relationship 
between risk and leverage. Using the electric utility firms in the US as study sample, Gao and Connors 
(2011) find a positive effect of EP on leverage. They argue that poor EP involves high cash flow vola-
tility associated with “potential regulatory changes and potential cleanup costs” and such a high risk 
reduces debt capacity. Using the polluting firms in the US as study sample, Dobler et al. (2014) find 
a negative relationship between EP and environmental risk. Using ASX-listed companies in Australia 
as study sample, Muhammad et al. (2015) find a negative relationship between EP and financial risk. 
Using US public traded firms as study sample, Sharfman and Fernando (2008) find a positive link be-
tween environmental risk management and the cost of debt. Given that environmental risk management 
results in EP improvement, EP is positively related to the cost of debt. Despite an increase in the cost 
of debt in response to better environmental risk management, Sharfman and Fernando (2008) find that 
EP has a net positive effect on leverage. This finding indicates that the negative effect of environment 
risk management on risk overwhelms its positive effect on the cost of debt. Other studies also provide 
ample evidence that poor EP leads to high financial risk of firms, implying a negative effect of EP on 
financial risk (e.g., Godfrey 2005; Capelle-Blancard and Laguna 2010; Lee and Garza-Gomez 2012; 
Dögl and Holtbrügge 2014).

In sum, the effect of EP on leverage remains inconclusive, with positive and negative effects being 
observed. The study results also depend on the countries examined. However, prior studies primarily 
assert that the cost of debt is the major channel through which EP affects leverage. On the one hand, 
improving EP means that environmental risk is contained and corporate profitability should increase 
and become more stabilized. As a result, creditors are willing to lend and the cost of debt decreases. 
On the other hand, improving EP usually involves compliance with environmental regulations, which is 
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costly and causes firms to incur higher risk related to profitability. As a result, creditors are less willing 
to lend and the cost of debt increases.

Despite the opposing effects of EP on leverage, if the positive effect is more overwhelming than 
the negative effect, the net effect of EP on leverage will be positive. Hence, the following hypothesis is 
formulated:

H1: EP has a positive effect on leverage.

Legal System and EP’s Effect on Leverage

Stulz (2005) first argues that country- and firm-level governance are mutually reinforcing. Namely, 
when country-level governance is good, CG is good, and vice versa. Prior studies indicate that country 
variables matter in determining CG (Doidge et al. 2007). For example, legal systems play a key role in 
determining CG across countries (La Porta et al. 2000; Anderson and Gupta 2009). Increasingly more 
evidence further indicates that country-level governance variables have an overriding effect on CG (Chen 
2011; Chen and Yang 2017).

La Porta et al. (1998) construct the indexes for shareholder rights and creditor rights. They find 
that shareholder rights are generally stronger in common law countries than in civil law countries. The 
same goes for creditor rights. However, the results of statistical tests demonstrate that the difference in 
shareholder rights is more striking than that in creditor rights. Specifically, shareholder rights for com-
mon law countries are always significantly stronger when compared with all types of civil law countries, 
including German, French, and Scandinavian civil law countries. By contrast, creditor rights for common 
law countries are not necessarily significantly stronger when compared with civil law countries. Specifi-
cally, there is no significant difference in creditor rights between common law countries and German 
civil law countries. In addition, any difference in creditor rights between common law and other types 
of civil law countries is less significant than that in shareholder rights for the same comparison. Namely, 
shareholder rights are highly emphasized in common law countries compared with in civil law countries.

In common law countries where shareholder rights are stronger, shareholder activism is higher 
because shareholders are better protected and thus more incentivized to pursue their own benefits by 
exercising their rights to influence the management. Owing to higher shareholder activism, improving 
EP is likely to exacerbate the existing conflict of interests between shareholders and other creditors 
(Barros et al. 2021).3 The underlying reason is that CG model in common law countries is essentially 
shareholder-based. EP improvement may not serve the best interest of shareholders. As such, the agency 
cost of debt should increase and debt should decrease under such circumstances, meaning that EP should 
have a negative effect on leverage under such circumstances. By contrast, in civil law countries where 
shareholder rights are weaker and the CG model is stakeholder-based, improving EP should serve the 
interests of all stakeholders, including shareholders and creditors. In addition, as shareholder rights are 
weak and shareholder activism is low, EP improvement should have minimal impact on any conflict 
between shareholders and creditors. The agency cost of debt should decrease and debt should increase, 
meaning that EP should have a positive effect on leverage under such circumstances. Based on the above 
discussion, the following hypothesis is formulated:

H2: EP has a positive (negative) effect on leverage for civil law (common law) countries.
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Financial System and EP’s Effect on Leverage

Financial system can be divided into two kinds, namely, bank-based and market-based financial system 
(Rafay & Farid, 2019). Bank-based financial system is a system where banks play a leading role in 
channeling funds from savers to borrowers, and firms raise funds primarily through banks instead of 
securities markets. By contrast, in market-based financial system, securities markets play a more im-
portant role in channeling funds, and firms raise funds primarily through securities markets rather than 
banks. In general, financial system tends to be bank-based (market-based) in developing (developed) 
countries because factors that contribute to market-based financial system are usually accompanied by 
high economic development. These factors include high levels of accounting regulation, shareholder 
protection, and national income; low levels of corruption and inflation; and unrestrictive banking regula-
tions (Moradi et al. 2016; Rafay & Farid, 2018).

The effect of EP on leverage should vary between countries with bank-based system and those with 
market-based financial system. The cost of bank loans has been shown to increase as environmental 
regulations become stricter (Fard et al. 2020). The underlying reason is that banks consider that com-
pliance with environmental regulations incurs high cost and risk. Hence, they charge higher interest to 
compensate for higher risk when extending loans to firms under such circumstances. This behavior of 
banks suggests that as EP improves and the compliance cost reduces as time goes by, bank loans should 
become less costly such that firms can get more loans from banks. When the financial system is bank-
based, this phenomenon should be more pronounced and EP’s positive effect on leverage should be 
stronger than when the financial system is market-based.

By contrast, when financial system is market-based, the securities markets usually view EP im-
provement as conducive to firm growth such that investors are willing to invest in firms that show EP 
improvement. Investors’ investment can come in two forms, namely, debt and equity. Equity investment 
plays an important role in market-based financial system relative to bank-based financial system, so debt 
and equity increase in response to EP improvement. As such, the positive effect of EP on leverage may 
strengthen, weaken, or stay the same depending on the relative magnitude of increase in debt and equity 
in response to EP improvement. However, EP’s positive effect on leverage should be less pronounced 
because equity also likely increases in response to EP improvement. Hence, compared with the case for 
bank-based financial system, any positive effect of EP on leverage should be weaker or become reversed 
in countries with a market-based financial system. On this basis, the following hypothesis is formulated:

H3: The positive effect of EP on leverage is stronger in countries with bank-based financial system than 
in those with market-based financial system.

METHODOLOGY

Data

The sample is comprised of non-financial firms from 12 countries over the period 2007 −2018.4 Fi-
nancial firms and non-financial firms that are related to governments are excluded because their goals 
and decision criteria are likely different. Prior research follows the same approach. Annual financial 
data for firm-specific variables are gathered from the Compustat Global Vantage database. Annual data 
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for country-specific variables are gathered from different sources. Specifically, the data on total value 
of stocks traded are from World Bank. The data on GDP and real GDP growth are from International 
Monetary Fund. The data on legal system and financial system are from La Porta et al. (1998) and 
Demirgüç-Kunt and Levine (1999), respectively.

Table 1 consists of three panels. Panel A presents the mean values of variables across countries based 
on the full sample. Panels B (C) presents the mean values of variables across countries based on sample 
partitions by financial system (legal system). The entire sample contains 114,844 firm-year observa-
tions, which are effectively used in the model estimation. Leverage (LEV), the dependent variable in 
this study, is measured as the ratio of book value of total debt to book value of total assets. The mean 
value of the LEV for the entire sample ranges from 0.184 to 0.278, with the overall mean being 0.196.

Environmental performance (EP), the key variable in this study, is derived from Environmental Per-
formance Index (EPI), which is constructed by Wendling et al. (2020). Since EPI for different years are 
not directly comparable, EPI is further manipulated to generate EP used in this study by standardizing 
it based on the mean value and standard deviation for each year from 2007 to 2018.

To examine whether and how financial system and legal system modify EP’s effect on leverage, the 
following dummy variables are created. FS is a dummy variable that returns a value of one (zero) if 
a given country’s financial system is market-based (bank-based). LS is a dummy variable that returns 
a value of one (zero) if a given country’s legal system is common law (civil law) system. Given that 
some studies treat China and Vietnam as countries with the socialist law system rather than those with 
civil law system, two additional dummy variables (i.e., LS1 and LS2) are created to divide the sampled 
countries into three groups. Specifically, LS1 is a dummy variable that returns a value of one if a given 
country has a common law system and zero otherwise. LS2 is a dummy variable that returns a value of 
one if a given country has a socialist law system and zero otherwise. The civil law countries that exclude 
socialist law countries are thus indicated when LS1 and LS2 are zero.

Based on Chen and Wang (2012), the following control variables are included: asset tangibility 
(Tangibility), firm size (Size), growth opportunity (Growth), Profitability, Liquidity, tax rate (Tax), real 
GDP growth (RGDPG), and stock market development (Stock). Tangibility, a proxy of the collateral 
value of a firm’s assets, is derived by dividing net fixed assets by book value of total assets. Tangibility 
is expected to be positively related to leverage because creditors are able to recover more loans in the 
event of default and thus are more willing to lend to firms when tangibility is higher. Size is the natural 
logarithm of book value of total sales.5 A positive link between Size and LEV is expected because the 
probability of financial distress or bankruptcy decreases as firm size increases Growth is measured as 
Tobin’s q (i.e., the ratio of book value of total assets less book value of equity plus market value of equity 
to book value of total assets). A negative link between Growth and LEV is expected because leverage 
should be reduced to minimize the conflict between shareholders and creditors when growth opportu-
nities increase. Profitability is measured as the ratio of operating income to book value of total assets. 
It is expected to have a negative relationship with LEV based on the pecking order theory. Liquidity is 
the ratio of working capital (i.e., current asset minus current liability) to book value of total assets. It 
is expected to have a negative relationship with LEV based on the pecking order theory. Tax is income 
tax expense divided by pretax income, which is earnings before interest and taxes (EBIT) less interest 
expense. Given that debt is a tax shield, a positive link between Tax and LEV is expected based on the 
tradeoff theory. Aside from the above firm-specific determinants of leverage, country-specific variables 
such as real GDP growth rate (RGDPG) and stock market development (Stock) are also considered to 
control for differences across countries. RGDPG is expected to have a negative relationship with LEV 
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because firms tend to increase equity and decrease debt when economy is picking up. Stock is derived 
by dividing stock market capitalization by GDP. A negative link between Stock and LEV is expected 
because equity is less costly and firms can raise more equity when stock market development is higher.

Prior to estimation, the observations are winsorized at the 5% and 95% levels to exclude extreme 
values from the sample.

Table 2 shows the correlation matrix of the variables used in this study and the variance inflation 
factors (VIFs) for the regression model. LEV correlates with its determinants, justifying their inclusion 
in the model. In addition, all VIF values are low with the highest being 1.97, so the multicollinearity 
concern is alleviated.

Model

Given that the data consist of multiple firms and years, a panel data model is appropriate. The fixed-
effects panel data model is estimated based on the Hausman test results. Cluster-robust standard errors 
are estimated to compute z statistics and p-values in hypothesis testing.6

EMPIRICAL RESULTS

Effect of EP on Leverage

Table 3 presents the results based on the full sample. Columns 1 and 2 show the results regarding whether 
and how legal system modifies the effect of EP on leverage. Column 3 provides the results regarding 
whether and how financial system determines the effect of EP on leverage.

A quick glance reveals that the coefficient of EP is significantly positive across all columns, indicating 
that EP has a positive effect on leverage, consistent with H1. Focusing on the results in Column 1 where 
LS indicates common law countries, the effect of EP on leverage is measured as 0.019 − 0.023 LS, which 
equals 0.019 (−0.004) when a given country has a civil (common) law legal system. Hence, EP has a 
positive (negative) effect on leverage for civil (common) law countries, consistent with H2. In Column 2 
where LS1 indicates common law countries and LS2 socialist law countries (i.e., China and Vietnam), the 
effect of EP on leverage is measured as 0.019 − 0.024 LS1, which equals 0.019 (−0.005) when a given 
country has a civil or socialist law (common law) legal system. Therefore, EP has a positive (negative) 
effect on leverage for civil or socialist law (common law) countries. The results continue to support H2. 
In Column 3, the effect of EP on leverage is measured as 0.020 − 0.026 FS, which equals 0.020 (−0.006) 
when a given country’s financial system is bank- (market-) based. Thus, EP has a positive (negative) effect 
on leverage for countries with a bank-(market-) based financial system, consistent with H3.

Regarding the results on control variables, the coefficient of Tangibility is positive although insignificant, 
indicating a potential positive effect of the collateral value of a firm’s assets on leverage. The coefficient 
of Size is significantly positive, indicating a positive effect of firm size on leverage. The coefficients of 
Growth, Profitability, Liquidity, and Tax are significantly negative, implying that leverage reduces as growth 
opportunities, profitability, liquidity, or tax expense increases. The coefficient of RGDPG is significantly 
positive, denoting a negative effect of real GDP growth rate on leverage. The coefficient of Stock is sig-
nificantly negative, hinting that leverage decreases as stock market development increases. All the results 
are consistent with expectations except those for real GDP growth rate’s effect on leverage.
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Legal System, Financial System and EP’s Effect on Leverage

Table 4 presents the results based on sample partitions by financial system. The objective is to provide 
an insight into whether and how legal system matters in determining the effect of EP on leverage after 
controlling for financial system. In Columns 1 and 2 where a binary legal system variable is used (i.e., 
LS), the coefficient of LS×EP is insignificant, suggesting that legal system does not modify the effect 
of EP on leverage, regardless of the types of financial system. In Columns 3 and 4 where two dummy 
variables (i.e., LS1 and LS2) are used to distinguish between three legal systems (i.e., civil law, common 
law, and socialist law), the coefficients of all interaction variables are insignificant, suggesting that legal 
system does not modify the effect of EP on leverage, regardless of the types of financial system.7 The 
results are consistent with those in Columns 1 and 2. Lastly, the results on control variables are generally 
consistent with those in Table 3. Of note, the coefficient of Stock is insignificant in Columns 2 and 4 
where countries with market-based financial system are examined, suggesting that the observed negative 
effect of stock market development in Table 3 is driven by countries with bank-based financial system.

Table 2. Correlation matrix and variance inflation factors (VIFs)

LEV Tangibility Size Growth Profitability Liquidity Tax RGDPG Stock EP LS FS VIF

LEV 1.000

Tangibility 0.366 1.000 1.51

Size 0.180 0.148 1.000 1.25

Growth -0.199 -0.166 -0.122 1.000 1.29

Profitability -0.164 0.012 0.187 0.076 1.000 1.14

Liquidity -0.618 -0.562 -0.240 0.182 0.177 1.000 1.68

Tax -0.059 -0.047 0.109 -0.152 0.097 0.023 1.000 1.10

RGDPG 0.011 0.016 0.044 0.350 0.040 -0.051 -0.193 1.000 1.97

Stock -0.047 -0.046 0.089 0.164 -0.013 0.071 -0.026 0.019 1.000 1.33

EP -0.030 -0.059 0.040 -0.291 -0.061 0.068 0.192 -0.662 0.037 1.000 1.91

LS 0.042 0.047 -0.216 -0.032 -0.038 -0.033 -0.109 0.065 -0.446 0.023 1.000 1.47

FS 0.052 0.079 -0.131 -0.111 -0.039 -0.089 -0.088 -0.033 -0.082 0.007 0.290 1.000 1.14

Notes: LEV is the ratio of book value of total debt to book value of total assets. Tangibility is the ratio of net fixed assets to book value 
of total assets. Size is the natural logarithm of book value of total sales. Growth is Tobin’s q (i.e., the ratio of book value of total assets less 
book value of equity plus market value of equity to book value of total assets). Profitability is the ratio of operating income to book value 
of total assets. Liquidity is the ratio of working capital to book value of total assets. Tax is income tax expense divided by pretax income. 
RGDPG is real GDP growth rate. Stock is the ratio of stock market capitalization to GDP. EP is Environmental Performance Index (EPI) 
(Wendling et al. 2020). LS is a dummy variable that returns a value of one (zero) if a given country’s legal system is common law (civil law) 
system. FS is a dummy variable that returns a value of one (zero) if a given country’s financial system is market-based (bank-based).
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Table 3. EP’s effect on leverage – full sample

Dependent variable: LEV (1) (2) (3)

Independent variable

Tangibility
0.015 0.015 0.014

(0.009) (0.009) (0.009)

Size
0.043*** 0.043*** 0.043***

(0.002) (0.002) (0.002)

Growth
-0.003*** -0.003*** -0.003***

(0.001) (0.001) (0.001)

Profitability
-0.193*** -0.193*** -0.193***

(0.010) (0.010) (0.010)

Liquidity
-0.305*** -0.305*** -0.305***

(0.006) (0.006) (0.006)

Tax
-0.010*** -0.010*** -0.010***

(0.001) (0.001) (0.001)

RGDPG
0.002*** 0.002*** 0.002***

(0.000) (0.000) (0.000)

Stock
-0.005*** -0.005*** -0.004***

(0.001) (0.001) (0.001)

EP
0.019*** 0.019*** 0.020***

(0.002) (0.002) (0.002)

LS×EP
-0.023***

(0.005)

LS1×EP
-0.024***

(0.005)

LS2×EP
-0.007

(0.012)

FS×EP
-0.026***

(0.005)

Constant
0.045*** 0.044*** 0.045***

(0.012) (0.012) (0.012)

N 114844 114844 114844

n 13214 13214 13214

R2 0.294 0.294 0.295

Notes: LEV is the ratio of book value of total debt to book value of total assets. Tangibility is the ratio of net fixed assets to book value of total assets. Size is 
the natural logarithm of book value of total sales. Growth is Tobin’s q (i.e., the ratio of book value of total assets less book value of equity plus market value of 
equity to book value of total assets). Profitability is the ratio of operating income to book value of total assets. Liquidity is the ratio of working capital to book 
value of total assets. Tax is income tax expense divided by pretax income. RGDPG is real GDP growth rate. Stock is the ratio of stock market capitalization 
to GDP. EP is Environmental Performance Index (EPI) (Wendling et al. 2020). LS is a dummy variable that returns a value of one (zero) if a given country’s 
legal system is common law (civil law) system. LS1 is a dummy variable that returns a value of one if a given country has a common law system and zero 
otherwise. LS2 is a dummy variable that returns a value of one if a given country has a socialist law system and zero otherwise. FS is a dummy variable that 
returns a value of one (zero) if a given country’s financial system is market-based (bank-based). In all columns, year dummy variables are included to capture 
year-specific effects, but the results are saved for brevity. N and n represent the number of firm-year observations and that of firms, respectively. The numbers in 
the parentheses are robust standard errors. ***, **, and * stand for 1, 5 and 10% significant, respectively.



389

Environmental Performance and Capital Structure
 

Table 4. Legal system vs. EP’s effect on leverage – sample partitions by financial system

Dependent variable: LEV (1) (2) (3) (4)

Independent variable Bank-based Market-based Bank-based Market-based

Tangibility
0.002 0.039** 0.002 0.039**

(0.011) (0.016) (0.011) (0.016)

Size
0.040*** 0.053*** 0.040*** 0.053***

(0.002) (0.005) (0.002) (0.005)

Growth
-0.004*** -0.001 -0.004*** -0.001

(0.001) (0.002) (0.001) (0.002)

Profitability
-0.200*** -0.189*** -0.200*** -0.189***

(0.013) (0.015) (0.013) (0.015)

Liquidity
-0.298*** -0.323*** -0.297*** -0.323***

(0.007) (0.011) (0.007) (0.011)

Tax
-0.008*** -0.016*** -0.008*** -0.016***

(0.002) (0.003) (0.002) (0.003)

RGDPG
0.003*** 0.001** 0.003*** 0.001**

(0.000) (0.001) (0.000) (0.001)

Stock
-0.007*** 0.004 -0.007*** 0.004

(0.001) (0.005) (0.001) (0.005)

EP
0.018*** -0.030** 0.018*** -0.030**

(0.002) (0.015) (0.002) (0.015)

LS×EP
0.020 0.013

(0.018) (0.016)

LS1×EP
0.020 0.013

(0.018) (0.016)

LS2×EP
-0.007

(0.012)

Constant
0.058*** 0.019 0.057*** 0.019

(0.013) (0.025) (0.014) (0.025)

N 86963 27881 86963 27881

n 10138 3076 10138 3076

R2 0.282 0.330 0.282 0.330

Notes: LEV is the ratio of book value of total debt to book value of total assets. Tangibility is the ratio of net fixed assets to book value 
of total assets. Size is the natural logarithm of book value of total sales. Growth is Tobin’s q (i.e., the ratio of book value of total assets less 
book value of equity plus market value of equity to book value of total assets). Profitability is the ratio of operating income to book value 
of total assets. Liquidity is the ratio of working capital to book value of total assets. Tax is income tax expense divided by pretax income. 
RGDPG is real GDP growth rate. Stock is the ratio of stock market capitalization to GDP. EP is Environmental Performance Index (EPI) 
(Wendling et al. 2020). LS is a dummy variable that returns a value of one (zero) if a given country’s legal system is common law (civil 
law) system. LS1 is a dummy variable that returns a value of one if a given country has a common law system and zero otherwise. LS2 is 
a dummy variable that returns a value of one if a given country has a socialist law system and zero otherwise. In all columns, year dummy 
variables are included to capture year-specific effects, but the results are saved for brevity. N and n represent the number of firm-year 
observations and that of firms, respectively. The numbers in the parentheses are robust standard errors. ***, **, and * stand for 1, 5 and 10% 
significant, respectively.
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Table 5 presents the results based on sample partitions by legal system. The objective is to examine 
whether and how financial system matters in determining the effect of EP on leverage after controlling for 
legal system. In Columns 1 where civil law countries are examined, the coefficient of EP is significantly 
positive, whereas that of FS×EP is insignificant, suggesting that EP has a positive effect on leverage 
for civil law countries, regardless of the types of financial system. In Columns 2 where common law 
countries are examined, the coefficient of EP is insignificant, whereas that of FS×EP is significantly 
negative, suggesting that EP has a negative effect on leverage for common law countries when financial 
system is market-based, but it has no effect on leverage when financial system is bank-based. In Column 
3 where civil law countries that exclude socialist law countries (i.e., China and Vietnam) are examined, 
the coefficients of EP and FS×EP are significantly positive, suggesting that EP has a positive effect on 
leverage for these civil law countries, and such a positive effect is stronger when financial system is 
market-based than bank-based. In Column 4 where socialist law countries are examined, the coefficient 
of EP is insignificant, whereas that of FS×EP is inestimable because these two countries have a common 
financial system (i.e., bank-based financial system). The results indicate that EP has no effect on leverage 
for these two socialist law countries. Importantly, insignificant findings further suggest that the results 
obtained in Column 1 are not driven by these two socialist law countries, which are usually classified 
as civil law countries in prior studies. Lastly, the findings on control variables are in line with those in 
Table 3 for the most part. Notably, the coefficient of Stock is significantly negative only in Column 1, 
indicating that stock market development has a negative effect on leverage for civil law countries. Hence, 
the observed negative effect of stock market development in Table 3 is driven by civil law countries.

CONCLUSION

The study results reveal that EP does influence leverage, and this finding is consistent with those of 
prior research. However, unlike prior studies that provide evidence indicating that EP has a single effect 
on leverage (i.e., either positive or negative based on the individual studies), this study shows that the 
effect of EP on leverage can be positive or negative depending on the types of legal system and financial 
system. More specifically, EP’s effect on leverage generally proves to be positive (negative) for civil 
(common) law countries or for countries with bank-based (market-based) financial system. However, a 
more in-depth analysis based on subsamples classified by financial and legal systems suggest that the 
former plays a more important role than the latter in determining EP’s effect on leverage. Specifically, 
when focusing on a country group with the same financial system, EP’s effect on leverage is independent 
of legal system. By contrast, when focusing on a country group with the same legal system, financial 
system plays roles in determining EP’s effect on leverage, which is negative (insignificant) for common 
law countries when financial system is market-based (bank-based). In addition, EP’s effect on leverage 
for civil law countries that include China and Vietnam is positive and does not depend on the types of 
financial system. When China and Vietnam are excluded from the civil law country group though, EP’s 
effect on leverage remains positive and strengthens when financial system is market-based. Given that 
EP’s effect is insignificant for the subsample that consists of China and Vietnam only, the positive effect 
of EP on leverage for civil law countries gains further support. The results show that EP’s positive effect 
on leverage for civil law countries is not driven by China and Vietnam.
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The results provide important implications for researchers, practitioners, and policymakers. For re-
searchers, future research related to EP’s effect on leverage should consider country-specific variables 
such as financial and legal systems given that this study provides strong evidence indicating that these 
country variables indeed matter in explaining cross-country difference in EP’s effect on leverage. In 

Table 5. Financial system vs. EP’s effect on leverage – sample partitions by legal system

Dependent variable: LEV (1) (2) (3) (4)

Independent variable Civil law Common law Civil law Socialist law

Tangibility
0.011 0.017 0.018 -0.023

(0.010) (0.023) (0.012) (0.018)

Size
0.041*** 0.052*** 0.049*** 0.045***

(0.002) (0.006) (0.003) (0.003)

Growth
-0.003*** -0.001 -0.004*** -0.006***

(0.001) (0.003) (0.001) (0.001)

Profitability
-0.203*** -0.169*** -0.205*** -0.226***

(0.011) (0.024) (0.012) (0.024)

Liquidity
-0.307*** -0.304*** -0.333*** -0.279***

(0.006) (0.016) (0.008) (0.009)

Tax
-0.010*** -0.013*** -0.008*** -0.013***

(0.001) (0.005) (0.001) (0.003)

RGDPG
0.003*** 0.000 0.004*** 0.006*

(0.000) (0.001) (0.000) (0.004)

Stock
-0.004*** -0.004 -0.002 -0.008

(0.001) (0.007) (0.002) (0.005)

EP
0.019*** 0.028 0.013*** -0.004

(0.002) (0.019) (0.002) (0.014)

FS×EP
-0.008 -0.039* 0.024*

(0.014) (0.022) (0.014)

Constant
0.043*** 0.082*** 0.003 0.022

(0.012) (0.029) (0.017) (0.048)

N 99192 15652 70384 28808

n 10907 2307 7,049 3858

R2 0.297 0.290 0.310 0.300

Notes: LEV is the ratio of book value of total debt to book value of total assets. Tangibility is the ratio of net fixed assets to book value 
of total assets. Size is the natural logarithm of book value of total sales. Growth is Tobin’s q (i.e., the ratio of book value of total assets less 
book value of equity plus market value of equity to book value of total assets). Profitability is the ratio of operating income to book value 
of total assets. Liquidity is the ratio of working capital to book value of total assets. Tax is income tax expense divided by pretax income. 
RGDPG is real GDP growth rate. Stock is the ratio of stock market capitalization to GDP. EP is Environmental Performance Index (EPI) 
(Wendling et al. 2020). FS is a dummy variable that returns a value of one (zero) if a given country’s financial system is market-based 
(bank-based). In all columns, year dummy variables are included to capture year-specific effects, but the results are saved for brevity. N and 
n represent the number of firm-year observations and that of firms, respectively. The numbers in the parentheses are robust standard errors. 
***, **, and * stand for 1, 5 and 10% significant, respectively. In Column 3, China and Vietnam are excluded from the civil law countries.
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addition, given that the modifying effect of financial system varies between common law and civil law 
countries, future research can explore why this is the case.

For practitioners, given that the findings show that financial system plays a predominant role in 
modifying EP’s effect on leverage, firms should be clear about the type of financial system adopted in 
a given country. Then, they should make the corresponding adjustment in leverage in response to EP 
improvement. For example, if they are located in a civil law (common law) country, they should consider 
holding more (less) debt as EP improves because study results suggest that doing so is optimal.

As for policymakers, given that country-level EP improvement influences the capital structure of firms, 
they should realize the potential effect of EP improvement on leverage of firms. For example, seeing that 
EP positively affects leverage in civil law countries, governments should know such a consequence and 
take measures to keep leverage from rising too much after EP improvement because high indebtedness 
increases the risk of financial crisis and destabilizes the economy. By contrast, given that EP negatively 
affects leverage for common law countries when financial system is market-based, the concern about 
high leverage due to EP improvement can be alleviated. More importantly, EP improvement is effective 
in reducing leverage under such circumstances.

DISCLAIMER

The contents and views of this chapter are expressed by the authors in their personal capacities. It is not 
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ENDNOTES

1  In this chapter, EP is measured by Environmental Performance Index (EPI), which is constructed 
by Wendling et al. (2020). According to Wendling et al. (2020), on the basis of data from 180 
countries, the 2020 EPI summarizes the state of sustainability worldwide. Thirty-two performance 
indicators under 11 issue categories are used to rank the 180 countries in terms of environmental 
health and ecosystem vitality. Through these indicators, countries are graded on their degree of 
achievements with regard to established environmental policy targets at a national scale. For details, 
please visit the following website: https://epi.yale.edu/.

2  The effect of EP on leverage can also be analyzed from the perspectives of CG and financial con-
straint. However, this chapter focuses on the cost and risk for brevity. The other two channels will 
be considered in the future related studies.

3  Barros et al. (2021) find that shareholder activism has a negative effect on firms’ performance.
4  Muslim majority countries are not considered in the present study because their legal system is 

unique and thus the determination of leverage is likely different from that for other countries.

http://epi.yale.edu
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5  Total assets are also used to measure firm size for robustness check. The major results remain.
6  Year dummies are included to capture year-specific effects, but the results are not reported for 

brevity. Industry dummies are not included because they are time-invariant and get dropped with 
the fixed-effects panel regression.

7  The coefficient of LS2×EP is inestimable because there are only two kinds of legal systems (i.e., 
civil law and common law systems) in countries with market-based financial system.
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ABSTRACT

This chapter explores the impact of environmental policy stringency index (EPS) on FDI inflows in 26 
OECD countries for the period 1995-2012. The study employed Durbin-Hausman panel cointegration 
and Emirmahmutoglu-Kose panel Granger causality tests to determine the long-run and the causal re-
lationship between the relevant variables, respectively. According to findings, variables move together in 
the long run. On the one hand, in the long run, capital formation and economic globalization increase 
FDI inflows, while real effective exchange rate, EPS, and non-market EPS decrease these inflows. On the 
other hand, the coefficients of the parameters are estimated positively for capital formation and negatively 
for the real effective exchange rate. It was determined that environmental policies cause FDI inflows 
in 12 out of 26 countries. These empirical findings suggest several courses of action for policymakers.

INTRODUCTION

In the new global economy, Foreign Direct Investment (FDI) inflow has become a central issue for capital 
flows between developed and developing countries. FDI inflow is a form of cross-border investment, 
meaning direct investment equity flows to the recipient country. Besides, it combines equity capital, 
earnings reinvestment, and other capital (World Bank, 2020). FDI inflows can take three forms: a) green-
field investment (GI), b) joint ventures (JV), and c) mergers and acquisitions (M&A). An investment is 
named as GI when a foreign investor constructs a new facility in the host country. Furthermore, a JV is 
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a contractual agreement between two or more economic agents to enter into a commercial partnership to 
achieve a common goal. In addition, an M&A encompasses changes in the ownership of existing assets 
(Hofmann, 2013). Besides, plant enlargements, an increase in equity stake, and real estate acquisitions 
can be regarded as the fourth form of FDI (Alba, Park, & Wang, 2010).

It has been conclusively shown that there is a positive relationship between FDI inflows and economic 
growth (Lee, 2013). Therefore, an increase in FDI inflows causes a rise in income level in the recipient 
country. At this stage, a crucial question comes to mind: Why do firms prefer to invest abroad? The most 
comprehensive answer to this question was given by Dunning (1977, 1981). According to Dunning (1977, 
1981), companies choose to make investments abroad for three main reasons: ownership advantages 
(O), location advantages (L), and internalization advantages (I). These three factors that determine the 
investment decisions of companies are called as OLI paradigm in the literature. First, ownership advan-
tages stand for management capabilities, knowledge-based advantages, or brand power of companies. 
Second, location advantages denote cultural, institutional, political, and economic factors of host coun-
tries. Hence, the country’s characteristics of recipient economies determine the investment decisions 
of multinational companies (Gast & Herrmann, 2008; Aziz & Mishra, 2016). Last, internalization is 
based on the decision between producing abroad or offshore outsourcing. Moreover, internalization is 
relevant to decrease transaction costs, including monitoring, searching, contracting costs, and avoiding 
a principle-agent problem (Gast & Herrmann, 2008; Hofmann, 2013).

More recently, there has been an increased emphasis on the factors affecting FDI flows (Baskurt et 
al., 2022). In the literature, there are a bunch of variables that affect foreign direct investment flows such 
as corporate tax rate, government expenditure, gross capital formation (CAF), human capital, inflation, 
infrastructure, institutional quality, labor cost, market size, political stability, the exchange rate (EXR), 
and trade openness (TO). In addition, some studies have asserted that environmental policies affect 
FDI flows, e.g., Mihci, Cagatay, and Koska (2005), Ljungwall and Linde-Rahr (2005), Zhang and Fu 
(2008), Kukenova and Monteiro (2008), Kalamova and Johnstone (2011), Naughton (2014), and Kim 
and Rhee (2019).

However, a limited study in the empirical literature uses the environmental policy stringency index 
(EPS) as a measure of the tightness of environmental regulations. This index was introduced by Botta 
and Koźluk (2014) and provided by the OECD (The Organization for Economic Cooperation and De-
velopment) database. It covers many environmental measures such as taxes on emission levels, trading 
schemes, feed-in tariffs, deposit and refund schemes, emission standards, and R&D subsidies. So far, 
several studies have utilized the environmental policy stringency index; however, to the best of our 
knowledge, only a few investigated its impact on FDI inflows. The empirical findings of Lundh (2017) 
suggest that EPS with one-lag increases FDI flows between OECD countries and host countries. Besides, 
Rahul and Viswanathan (2018) found that EPS increases FDI inflows in 33 developed and developing 
countries. However, these studies have failed to show a long-run link between EPS and FDI inflows. Also, 
they have not been able to show any causal relationship between these variables. Among the remaining 
studies, Ahmed and Ahmed (2018) used EPS to predict further values of CO2 emissions in China. In 
addition, Andersson (2018) utilized EPS as a determinant of CO2 emissions in China. Feng et al. (2019) 
and Martínez-Zarzoso, Bengochea-Morancho, and Morales-Lage (2019) examined the impact of EPS 
on the productivity level in OECD countries. Moreover, Malzi et al. (2020) investigated the impact of 
EPS on natural gas consumption in OECD countries.

The primary aim of this investigation has been to examine the impacts of environmental policy 
stringency indices on FDI inflows. Moreover, the study uses gross capital formation, real effective 
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exchange rate, and economic globalization as control variables. For that purpose, 26 OECD countries 
were chosen as a sample for 1995-2012 for this study. The organization consists of high-income and 
upper-middle-income countries. Thus, one can say that OECD countries show similar but not the same 
economic characteristics. In addition, OECD countries have attracted research interest for a few decades 
since their share of world FDI inflows was around 82.4% for the period 1970-1989; 72.4% for the period 
1990-2009; and above 50% for the period 2010-2018. Even if some emerging economies like Brazil, 
Russia, India, China, and South Africa (BRICS) have become the top FDI destinations among emerging 
economies in recent years, OECD countries still have a significant share of world FDI inflows.

The main contributions of this paper to the empirical literature can be listed as follows. First, the 
study chooses the environmental policy stringency index and its components (market-based and non-
market policies) to assess the impacts of environmental regulations on FDI inflows. To the best of our 
knowledge, previous studies have failed to consider the effects of market-based and non-market environ-
mental policies on FDI inflows in the long-run. Second, this study considers cross-section dependency 
(CD) in the testing procedure of panel data techniques. Thus, panel unit root, panel cointegration, and 
panel causality tests provide results that are more reliable. In detail, this study uses the Durbin-Hausman 
(DH) cointegration test developed by Westerlund (2008) and the Emirmahmutoglu-Kose (EK) Granger 
causality test introduced by Emirmahmutoglu and Kose (2011) in the panel setting.

This paper has been divided into six sections. Section 2 provides a theoretical background for FDI 
inflow and its relationship with economic growth and environmental quality (Olayungbo et al., 2022). 
Besides, Section 3 gives an extensive literature review, while Section 4 presents the data and methodol-
ogy employed. The study’s empirical findings are reported in Section 5, while Section 6 highlights the 
key empirical findings and concludes the study.

OVERVIEW OF FDI INFLOWS AND EPS IN OECD COUNTRIES

OECD countries mainly consist of high-income and upper-middle-income countries. They have attracted 
a significant amount of FDI inflows from the rest of the world for decades. Figure 1 displays the annual 
time-series graph of FDI inflows in OECD countries and the world. In the figure, there is a clear trend 
of increasing FDI inflows up to 2000, and then fluctuations in the series occur. Also, one can infer that 
these two series moved together for the period examined, and there was a strong positive correlation 
between these series. Figure 1 exhibits that FDI inflows were negatively affected by the 2001 recession 
and the 2007-2008 financial crisis. Notably, after the Great Recession, their share in global FDI inflows 
has decreased. In addition, the sharp decline in foreign direct investment inflows in 2018 can be explained 
by the changing tax regime in the US (UNCTAD, 2019). In recent decades, it is seen that foreign direct 
investment flows have started to shift from developed countries to developing countries such as BRICS, 
Asia Pacific, or MENA (the Middle East and North Africa) countries. However, FDI inflows to OECD 
countries still have a significant share in global FDI movements.

Among OECD countries, the United States has received the lion’s share from FDI inflows with a value 
of 258.39 billion dollars. According to the graph, Germany, Ireland, Australia, France, and the United 
Kingdom have attracted 105.27, 64.53, 60.95, 59.84, and 58.65-billion-dollar value of FDI, respectively. 
Also, it is reported that disinvestments were higher than new investments in Hungary, Netherlands, and 
Switzerland in 2018.
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Overall, according to UNCTAD (United Nations Conference on Trade and Development) (2017), 
financial openness and liberalization have started at the beginning of the1980s. These developments 
cause an increase in FDI flows between economies. Also, it can be stated that FDI inflows can be affected 
by domestic and global crises negatively. Especially, OECD countries have attracted most FDI inflows 
for a few decades. However, developing countries such as BRICS countries have received a significant 
amount of FDI inflows in recent times.

Figure 2 displays the composite index for environmental standards for OECD countries in 2012. It 
shows that environmental standards were fragile in Mexico in 2012. Also, it is seen that the index value 
was relatively low in Greece, Ireland, Portugal, and Turkey compared to other members. On the other 
side, the highest values were observed in Denmark, Australia, Netherlands, and France.

Figure 3 represents country-specific market-based and non-market policies in OECD members. Ac-
cording to the figure, one can infer that the United Kingdom, Canada, France, and Australia focused 
on market-based environmental approaches in 2012. At the same time, they were not common policies 
in Turkey, Korea Republic, Ireland, and Mexico. Besides, it is seen that Finland, Denmark, and the 
Netherlands intervened in markets through non-market policies. However, the value of this index was 
relatively low in Greece and Mexico compared to other OECD members.

Overall, it can be concluded that developed countries prefer to implement more stringent environmental 
policies while developing economies tend to conduct weaker policies. It can be explained by the fact 
that the environmental consciousness of people increases with a rise in income level. So, high-income 
people demand higher ecological standards from governments. Therefore, ecological policies become 
tighter in developed countries compared to emerging economies. Besides, tight environmental policies in 
these countries can be explained by the common environmental policies conducted by both OECD and/
or the European Union. Sustainability is an important consideration for environmental policy (Kiranmai 
et al., 2022). For instance, European environmental policies try to focus on sustainable development. For 
this purpose, they have introduced several policy actions for decades to get high ecological quality and 

Figure 1.  Foreign direct investment, net inflows (billion current US$) in the period 1970-2018
Note: The figure is constructed by using World Bank data.
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efficient use of natural resources and prevent climate change (European Parliament, 2020). Also, OECD 
has designed and implemented various environmental policies to fight against environmental issues for 
a long time. In addition, many of these countries play essential roles in intergovernmental actions to 
reduce environmental degradation in the world, such as the Kyoto Protocol and the Paris Agreement.

Figure 2. Index for environmental policy stringency in OECD countries, 2012 

Figure 3. Index for market-based and non-market policies in OECD countries, 2012 
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THEORETICAL BACKGROUND

It is a common idea that FDI inflows increase productivity and cause economic growth in host countries. 
Even if there is a positive impact of FDI inflows on microeconomic or macroeconomic variables, in 
some cases, it might damage the environmental quality in the receiving countries. In developed countries, 
governments impose tight environmental regulations on pollutive activities of firms through policy tools 
(including taxes on emission levels and emission limits) due to high environmental consciousness and 
demand by citizens. Thus, firms’ production costs increase, and they start to look for new investment 
opportunities in developing countries with lax environmental standards. Besides, foreign investors may 
change investment decisions in developed countries because of their strict environmental policies. There-
fore, stringent environmental policies may cause an increase in FDI outflows from developed countries 
and decrease FDI inflows to developed countries through disinvestment. Mostly, pollutive industries 
(paper, textile, metal-plating, or pharmaceutical industries) (Keleş, Hamamcı, & Çoban, 2015) prefer 
to invest in developing countries due to their loose environmental policies. As a result, the pollution 
level and environmental deterioration increase in developing countries. In the literature, it is called the 
Pollution Haven Hypothesis (Cole, 2004). Shorty, the PHH reveals that pollution-intensive production 
moves from developed countries with tight environmental control to developing countries with lax en-
vironmental regulations (Copeland, 2010). In the empirical literature, the PHH has been mostly tested 
through the effect of TO, FDI inflows, and FDI outflows on the pollution level.

According to Taylor (2004), production technology level, abatements in taxes and debts, and having 
production factors like natural resources form the characteristics of an economy. These factors affect 
the income level of a country, and then national environmental policies are designed. An increase in 
environmental taxes regarding manufacturing causes higher production costs and decreases the profits 
of companies. Therefore, firms shift their operations from countries with high environmental taxes to 
countries with low environmental taxes. These movements affect foreign direct investment flows, and 
they change the production patterns of countries. These investment movements directly affect envi-
ronmental quality and per capita income levels. Eventually, all these factors cause a change in country 
characteristics. One can see the unbundling the Pollution Haven Hypothesis in Figure 4.

On the other side, the effects of FDI inflows on environmental degradation sometimes may not be 
detrimental in the receiving countries. Domestic companies in host countries may take advantage of 
foreign firms’ eco-friendly technologies and environmental management systems. Therefore, they can 
change their old-fashioned pollutive production systems, and their environmental damage decreases 
gradually. The positive impact of foreign direct investments on the host country’s environmental quality 
is called the Pollution Halo Hypothesis (Zarsky, 1999).

LITERATURE REVIEW

This section summarizes the empirical literature on FDI inflows and environmental quality. In the first 
strand, the study focuses on the impact of FDI inflows on the environmental quality. In the second part 
of this section, the study reviews the literature on the effects of environmental policies on FDI flows.
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FDI Inflows-Environmental Quality Nexus

In the empirical literature, both the PHH and the pollution halo hypothesis are tested via the impacts of 
FDI inflows or trade variables on environmental quality.

On the one hand, among the first studies on the PHH, Grimes and Kentor (2003) found that an in-
crease in FDI inflows caused environmental degradation in 66 less-developed countries covering the 
period 1980-1996. He (2006) discovered that FDI inflows had a positive but small impact on the sulfur 
dioxide emissions in Chinese cities for the period 1994-2001. Later, the empirical findings of Aliyu 
(2005) suggested that lagged values of FDI inflows deteriorated environmental quality (according to the 
GLS results) in emerging countries for the period 1990-2000. Koçak and Şarkgüneşi (2018) explored 
the determinants of environmental pollution in Turkey for the period 1974-2013. For this purpose, the 
study used the Maki cointegration test, which allows sharp structural breaks in the long-run relation-
ship between the variables. The findings exhibit that FDI inflows have a positive but small impact on 
the pollution level that supports the PHH in Turkey. In addition, Sapkota and Bastola (2017) tested the 
significance of FDI inflows and income levels on pollution levels in 14 Latin American countries dur-
ing the period 1980-2010. Empirical findings demonstrate that FDI inflows trigger pollution levels in 
this set of countries. Also, Solarin et al. (2017) found evidence supporting the PHH in Ghana for the 
period 1980-2012.

Figure 4. Unbundling the Pollution Haven Hypothesis
Note: The figure is constructed by the authors based on the work of Taylor (2004).
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Moreover, Ansari, Khan, and Ganaie (2019) tested the validity of the pollution haven hypothesis 
in 29 selected countries covering the period 1994-2014. The study’s empirical findings show that CO2 
emissions, energy consumption, per capita income, TO, and FDI inflows are cointegrated. In the long-
run, it is estimated that the coefficient of FDI inflows is positive in East Asian countries. Ganda (2019) 
explored the effects of financial development variables on the environment for 23 OECD countries 
during the period 2001-2012. The empirical results display that FDI inflows trigger environmental 
pollution. Gorus and Aslan (2019) examined the effects of per capita income, energy consumption, 
and FDI inflows on CO2 emissions in nine MENA countries in the period 1980-2013. According to the 
empirical findings, the PHH is valid in Algeria, Iran, Jordan, Morocco, and Turkey. Also, Hanif et al. 
(2019) analyzed the link between fossil fuels, FDI inflows, income level, and pollution level for the 15 
Asian countries during the period 1990-2013. The authors conducted a panel ARDL methodology to 
find both short-term and long-term relationships among these indicators. The empirical results support 
that the PHH is confirmed in these countries.

Furthermore, Ansari, Haider, and Khan (2020) investigated the effect of the TO on environmental 
degradation in ten global economies during the period 1971-2013. The study used time-series techniques, 
including a unit root test—allowing a structural break in the series—and an ARDL bound test. According 
to the empirical results, TO deteriorates the environment in Canada and Saudi Arabia in the long-run. 
Assamoi et al. (2020) found that the PHH is valid in Ivory Coast for the period 1980-2014 both in the 
short-term and long-term. Recently, Yilanci, Bozoklu, and Gorus (2020) studied the effects of FDI in-
flows on ecological footprint and its components in BRICS countries during the period 1982-2014. The 
study employed a bootstrap ARDL bounds testing approach with a Fourier function to reveal the long-
run relationship between the abovementioned variables. Empirical results exhibit that FDI inflows are 
pollutive in China regarding ecological footprint. The remaining components of the ecological footprint 
provide mixed results. On the other hand, most of the studies test the pollution halo hypothesis in the 
empirical literature. Among them, Tamazian, Chousa, and Vadlamannati (2009) analyzed the impacts of 
financial variables on the pollution level in BRIC countries during the period 1992-2004. The empirical 
results gathered from the study show that FDI stocks have a positive impact on environmental quality. 
In addition, Kirkulak, Qui, and Yin (2011) investigated the relationship between environmental pollu-
tion, per capita income, FDI inflows, population, technology level, and industry structure in China using 
provincial data for the period 2001-2007. According to the findings, it is supported that an increase in 
FDI inflows causes a decrease in environmental degradation in China.

Kohler (2013) examined the relationship between environmental pollution, income level, energy 
consumption, and TO in South Africa for the period running from 1960 to 2009. For this purpose, the 
study conducted an ARDL bound test method and Granger causality test. According to the empirical 
results, TO decreases the emission level in the country both in the short-run and in the long-run. Dogan 
and Turkeku (2016) utilized an ARDL bound test to exhibit the long-run impact of the TO on the pollu-
tion level in the United States. It was found that TO decreases environmental degradation in the period 
1960-2010. Zhang and Zhou (2016) employed several panel data estimation techniques to determine 
the effects of FDI inflows on the environmental quality in China for the period 1995-2010. The empiri-
cal findings demonstrate that FDI inflows decrease environmental pollution in national case. Shahbaz, 
Destek, and Polamis (2018) found that FDI inflows led to a decrease in carbon emissions (in the cubic 
model) in 11 emerging countries covering the period 1992-2016. Yilanci, Bozoklu, and Gorus (2020) 
discovered that FDI inflows decrease crop land footprint in India, China, and South Africa. They also 
led to a decrease in grazing land footprint in Brazil, China, and South Africa. Besides, the pollution halo 
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hypothesis is valid in Russia regarding forest land footprint. In South Africa, FDI inflows cause a bet-
ter environmental standard regarding fishing ground footprint. In addition, an increase in international 
investment inflows leads to a rise in built up land footprint in Russia and South Africa. Finally, it was 
found that these flows mitigate the carbon footprint in Brazil.

Balsalobre-Lorente et al. (2019) examined the nonlinear relationship between ecological footprint 
and foreign direct investment inflows in Mexico, Indonesia, Nigeria, and Turkey in the panel setting 
over the period 1990-2013. The paper provides evidence that there is an inverted U-shaped relationship 
between the aforementioned variables. After a threshold point, FDI inflows improve environmental quality 
in the countries examined. Recently, Huynh and Hoang (2019) explored the impacts of the interaction 
between FDI and institutional quality on environmental degradation in 19 Asian countries for the period 
2002-2015. It was found that, after a specific point of the institutional quality, FDI inflows increase en-
vironmental standards in this set of countries. Lastly, Waqih et al. (2019) conducted a panel ARDL test 
to find the effect of FDI inflows on the pollution level in the South Asian countries during the period 
1986-2014. They found that international investment flows decrease the pollution level in the long-run.

Environmental Policies-FDI Flows Nexus

In the literature, several empirical studies have asserted that environmental policies affect FDI flows 
significantly. Among these studies, Mihci, Cagatay, and Koska (2005) found that a rise in environmental 
regulations increases FDI outflows in OECD countries. They stated that Japan, Netherlands, and Den-
mark show better environmental performance compared to the other member states. Besides, Ljungwall 
and Linde-Rahr (2005) exhibited that environmental policies have a negative impact on FDI inflows 
only in the Central Region in China. Similarly, Zhang and Fu (2008) found that policies on the environ-
ment decrease FDI inflows in China. They conducted a feasible generalized least square method for the 
period 1999-2003. Furthermore, Kukenova and Monteiro (2008) found a negative relationship between 
environmental stringency and FDI inflows in OECD countries for the period 1981-2005 according to 
the random effect model. Besides, an inverted U-shaped relationship was found between environmental 
stringency differentials and FDI inflows in OECD members to developing countries sample by Kalamova 
and Johnstone (2011).

Naughton (2014) examined the effects of environmental regulations in the host and home countries 
on FDI inflows in OECD countries covering the period 1990-2000. The author utilized a gravity model 
to reveal the link between the aforementioned variables. According to the findings, an increase in the 
tightness of the environmental policies in the host country causes a decrease in FDI inflows. Besides, 
Ridzuan et al. (2014) aimed to investigate the impact of environmental regulatory stringency on FDI 
inflows for 110 countries during the period 2006-2010. For this purpose, they carried out the Generalized 
Method of Moments for their analysis. The paper’s empirical results suggested that an increase in the 
tightness of the environmental policies leads to a decrease in FDI inflows for the countries examined. 
Lundh’s (2017) empirical findings suggested that EPS with one-lag increases FDI flows between OECD 
countries and host countries.

Yoon and Heshmati (2017) studied the impact of the environmental regulations on the FDI outflows 
for South Korea, 2009-2015. According to the findings, an increase in the environmental standards led 
to a rise in the FDI outflows in the host countries. These standards primarily affected the production side 
of the economy. In addition, Rahul and Viswanathan (2018) revealed that EPS increases FDI inflows in 
33 developed and developing countries. Kim and Rhee (2019) demonstrated that an increase in the en-
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vironmental performance index attracts FDI inflows in 120 emerging economies. The authors employed 
the panel fixed effects model covering the period 2000-2014. Recently, Cansino et al. (2020) investigated 
the impact of environmental regulations on the investment flows from Spain to abroad for the period 
2008-2018. The authors employed the gravity model for this purpose. The study’s empirical findings 
demonstrated that high environmental standards cause Spanish firms to move their operations abroad. 
Besides, Ge et al. (2020) found that the emission reduction policies of the Chinese government mitigate 
FDI inflows for the period 2001-2005, according to the “difference-in-difference-in-differences” model.

DATA, MODEL, AND METHODOLOGY

In this section, this study presents the dataset utilized and gives brief information on the methodology 
employed.

Data and Model

In this section, the study presents the dataset examined. The study employs an annual dataset covering 
the period 1995-2012 for 26 OECD countries. This dataset is chosen because of working with balanced 
panel data. Notably, EPS and its components are not available for most of the OECD countries after 2012. 
Countries examined in this study can be seen in Table 4-6. The dependent variable of the study is FDI 
inflows, while independent variables are gross capital formation, real effective exchange rate (REER), 
economic globalization index, EPS, market-based environmental policy stringency index (MEPS), and 
non-market environmental policy stringency index (NMEPS).

FDI inflow data is in terms of billion current U.S. dollars, and it is taken from the World Develop-
ment Indicators Database. Among the independent variables, CAF (in terms of current U.S. dollars) 
covers outlays on additions to the fixed assets of the economy. Also, it includes net changes in the level 
of inventories. CAF data is gathered from the World Development Indicators Database. This study uses 
the consumer price index (2010=100) to deflate nominal FDI inflows and gross capital formation data. 
In addition, REER data is based on consumer price indices (2015=100) is taken from Thompson Reuters 
Eikon. An increase in REER means appreciation of the currency and leads to a decrease in competitive-
ness. Besides, the study uses the KOF Economic Globalization Index as a proxy for economic global-
ization. The index includes plenty of indicators ranging from current economic activities to regulations 
on trade and finance. KOF Globalisation Index is developed by Dreher (2006), and the revised version 
is provided by Gygli et al. (2019). An increase in the index means a more global economy. This index 
is retrieved from the KOF Swiss Economic Institute database. Lastly, this paper uses the environmen-
tal policy stringency index and its components—market-based and non-market environmental policy 
stringency indices—for exploring the effects of strict environmental policies on FDI inflows. The range 
of the index is between 0 and 6, and higher values show more stringent policies regarding the environ-
ment. The MEPS includes taxes on emission levels, trading schemes, feed-in tariffs, and deposit and 
refund schemes, while NMEPS covers emission standards and R&D subsidies. This data is taken from 
the OECD database for 26 member countries.

This study constructs three main models to evaluate the impacts of environmental policy stringency 
on FDI inflows. Besides, this paper includes three control variables in the models—CAF, REER, and 
economic globalization. These three models can be presented as follows:
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Model 1. FDI=f(lnCAF, lnREER, lnEGLOB, lnEPS)
Model 2. FDI=f(lnCAF, lnREER, lnEGLOB, MEPS)
Model 3. FDI=f(lnCAF, lnREER, lnEGLOB, lnNMEPS)

Overall, one can summarize the research hypotheses of this paper as follows:

Hypothesis 1: Countries with higher gross capital formation receive more FDI inflows.
Hypothesis 2: Countries with higher real effective exchange rates receive less FDI inflows.
Hypothesis 3: Countries with a more global economy receive more FDI inflows.
Hypothesis 4: Countries with more stringent environmental policies receive less FDI inflows.

Methodology

Recent advances in econometric techniques have facilitated the investigation of panel data methods 
considering cross-section dependency. Thus, in this study, this paper employs second-generation panel 
data techniques to get more reliable results than conventional techniques.

In the empirical literature, it is suggested that second-generation panel cointegration tests should be 
utilized to reveal the long-term relationship between variables in the case of CD in the residuals of the 
model. In this study, this paper conducts a panel cointegration test proposed by Westerlund (2008). The 
benefit of this approach is that it allows investigating the cointegration relationship between variables 
when the dependent variable is stationary at the first difference, while independent variables can be ei-
ther I(0) or I(1). Westerlund proposes two panel cointegration tests—DHg and DHp—that have the null 
hypothesis of no cointegration. In the first one (group mean test), the rejection of the null means that 
there is a cointegration relationship for at least some of the cross-sectional units. Besides, the second 
one (panel test) indicates that there is a cointegration relationship for all the cross-sectional units in the 
case of the rejection of the null hypothesis (Westerlund, 2008). In addition, this study employs a PMG 
ARDL estimation method to estimate the models’ long-run and short-run parameters. The PMG estima-
tor provides homogeneous long-run parameters while it allows different intercepts, error variances, and 
short-run coefficients across the cross-sectional units (Pesaran, Shin, & Smith, 1999). 

After, the presence of the cointegration relationship between variables indicates that there is a unidi-
rectional causality between variables at least one direction. Thus, the causal linkages between variables 
should be investigated in the panel setting. This study employs a panel Granger causality test introduced 
by Emirmahmutoglu and Kose (2011). EK panel Granger causality approach has a number of attractive 
features as follows: a) it considers the CD in the residuals of the model; b) it takes heterogeneity into 
consideration. Thus, this test provides robust and reliable results in the case of both CD and heterogeneity 
since it uses bootstrap techniques. The null hypothesis of this test is that there is no causality between 
variables for the panel. Contrarily, the rejection of the null hypothesis means that there is a causal rela-
tionship between variables for at least one of the cross-sectional units. In the analysis, it is not necessary 
to make stationary the variables; however, the maximal number of the integration level (dmax) should be 
determined (Emirmahmutoglu & Kose, 2011; Fang & Chang, 2016).
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EMPIRICAL RESULTS AND DISCUSSION

In this section, the study reports empirical findings obtained and discusses these results. At first, this 
study conducts CD tests for the series to determine which generation panel unit root test should be used. 
This study takes into consideration the empirical results of the bias-corrected scaled LM test. According 
to the empirical findings, there is cross-section dependency in the series examined1. Thus, the paper 
conducts a second-generation panel unit root test—CIPS test. Besides, the authors also report the first-
generation panel unit root test—IPS test—to enrich the study.

The empirical results of the CIPS panel unit root tests suggest that FDI, lnCAF, lnEGLOB, lines, 
and MEPS are stationary at the first difference while lnREER and lnNMEPS are stationary at level. In 
addition, IPS unit root test results indicate that FDI, lnREER, and lnEGLOB stationary at level, while 
the remaining series are stationary at the first-difference (see Table 1).

It is found that independent variables are the mixture of I(0) and I(1), while the unit root property of 
the dependent variable is I(1). This paper also investigates the CD in the residuals of the models through 
the bias-adjusted LM test developed by Pesaran, Ullah, and Yamagata (2008). Empirical results of the 
study exhibit that there is a cross-sectional dependence in all three models (see Table 2, second column). 
Thus, this study utilizes the DH cointegration test—considering CD in the model—to find the long-term 
relationship between variables. This study sets up three main models, and the empirical results indicate 
that these variables move together in the long-run. All the related findings are reported in Table 2.

Table 1. Panel unit root tests results

Variables IPS Unit Root Test Level First Difference (∆) Result

FDI -7.273*** — I(0)

lnCAF -0.333 -7.004*** I(1)

lnREER -1.457* — I(0)

lnEGLOB -7.300*** — I(0)

lnEPS 3.326 -13.112*** I(1)

MEPS 3.094 -12.256*** I(1)

lnNMEPS 2.956 -18.185*** I(1)

Variables CIPS Unit Root Test Level First Difference (∆) Result

FDI -1.833 -3.244*** I(1)

lnCAF -1.536 -2.175** I(1)

lnREER -2.284** — I(0)

lnEGLOB -1.782 -2.639*** I(1)

lnEPS -1.841 -2.427*** I(1)

MEPS -1.762 -2.071* I(1)

lnNMEPS -2.173** — I(0)

Note: ***, **, and * are the significance levels at the p=0.01, p=0.05, p=0.10, respectively.
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The short-run and the long-run coefficients of the models can be estimated through PMG ARDL 
estimators. Firstly, this study considers the long-run estimation results of the study that is reported in 
Table 3. The empirical findings exhibit that an increase in CAF causes FDI inflows in the host countries 
in all three models. According to Ranjan and Agraval (2011), high CAF indicates that there is a poten-
tial of the economy for spending. Besides, capital formation plays a significant role in the attraction of 
international investment flows since it includes land improvements, plant, machinery, and equipment 
spending, construction of roads and railways. Hence, the sign of the coefficient is estimated as expected. 
In addition, the impact of the REER on FDI inflows is found as negative in Model 1 and Model 2, while 
its impact is estimated positive in Model 3. These results are significant at the p=0.01 level. An increase 
in the real effective exchange rate causes an appreciation of the domestic currency and leads to a decline 
in price or cost competitiveness of the host country. Moreover, foreign investors cannot compete with 
local investors in terms of taking overs and mergers because of the appreciation of the host country’s 
currency (depreciation of the source country’s currency) (Takagi & Shi, 2011). Therefore, the sign of the 
coefficient of the REER in Model 1 and Model 2 is in line with the expectations. Contrarily, the coeffi-
cient of the real effective exchange rate is positive in Model 3. This result seems somewhat economically 
counterintuitive. However, the appreciation of the domestic currency might signal for foreign investors 
that there will be better economic conditions in the economy. Therefore, multinational companies may 
invest in the host country (Aziz & Mishra, 2016). 

Moreover, the empirical findings of this study demonstrate that a rise in the economic globalization 
triggers FDI inflows in OECD countries in all three models. In detail, the economic globalization index 
takes into consideration many variables such as trade in goods and services, trade partner diversity, 
portfolio investments, international reserves, tariffs and taxes, and investment restrictions. Positive de-
velopments in this indicator provide a better trade and investment environment for host countries. Lastly, 
this paper examines the impacts of environmental policy stringency on the FDI inflows. In Model 1, it is 
found that the effect of the environmental policy stringency index (composite index) on the FDI inflows 
is negative in 26 OECD countries. Besides, non-market policies covering emission limit values affect 
international inflows negatively in Model 3. Thus, it can be said that stricter environmental policies 
deter FDI inflows to these countries.

On the contrary, a rise in the stringency index regarding market-based policies covering taxes on 
emissions causes an increase in the FDI inflows in Model 2. This contradictory result can be attributed 
to low tax rates (or no tax) on CO2, NOx, and SOx emissions in most of the OECD countries. Even if 
taxes on the emission increase the production cost of foreign investors slightly, they may bear these low 
costs. In addition, Elliot and Zhou (2013) assert that tighter environmental standards may increase FDI 
inflows in the host country, depending on the market structure. A tax increase may deter the entry of 
domestic firm and leads inflow of foreign direct investment. Therefore, the foreign firm becomes an 

Table 2. DH cointegration test results

Models Bias-Adj. LM Test Statistics DHg DHp

1) FDI=f(lnCAF, lnREER, lnEGLOB, lnEPS) 7.145*** 45.902*** 3.393***

2) FDI=f(lnCAF, lnREER, lnEGLOB, MEPS) 8.678*** 124.082*** 3.240***

3)FDI=f(lnCAF, lnREER, lnEGLOB, lnNMEPS) 8.225*** 140.490*** 7.271***

Note: *** is the significance level at the p=0.01. DHg denotes Durbin-Hausman group mean statistics while DHp shows Durbin-Hausman 
panel statistics.
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FDI monopolist because the domestic firm is excluded from the market. Thus, the profit of the foreign 
firm increases with the rise in environmental standards.

Secondly, this study also reports the short-run coefficients and the error correction terms (ECT) 
of the models in Table 3. The short-run relationship between variables partially supports the long-run 
estimation results regarding CAF and REER. It is found that gross capital formation increases FDI in-
flows, while an appreciation of domestic currency causes a decrease in FDI inflows in OECD countries. 
Furthermore, no statistically significant correlation between the remaining variables is evident. Thus, 
economic globalization and environmental stringency do not affect the FDI inflows in the short-run. In 
the light of this information, one can conclude that foreign investors choose their investment decisions 
according to the economic criteria—CAF and REER—in the short-run. In addition, it is found that ECT 
is negative and statistically significant in all three models. Any deviation from the long-run equilibrium 
between FDI inflows, CAF, REER, economic globalization, and environmental stringency is corrected 
about one year later in Model 1 and Model 2. In contrast, it is corrected about 1.5 years later in Model 3.

Table 3. PMG ARDL estimation results

Model 1 
ARDL(1, 1, 1, 1, 1)

Model 2 
ARDL(1, 2, 2, 2, 2)

Model 3 
ARDL(2, 2, 2, 2, 2)

Variables / Models Long-Run Coefficients

lnCAF 24.852*** 26.121*** 17.737***

lnREER -86.528*** -111.018*** 86.926***

lnEGLOB 188.323*** 236.743*** 97.453***

lnEPS -9.285*** — —

MEPS — 9.254*** —

lnNMEPS — — -11.629***

Variables / Models Short-Run Coefficients

ECT -0.890*** -0.824*** -0.642***

CONSTANT TERM -906.716*** -955.304*** -796.556***

∆FDI(-1) — -0.129 —

∆lnCAF 104.867* 105.913* 110.091**

∆lnCAF(-1) 49.947 8.817 —

∆lnREER -263.928** -168.908 -276.358**

∆lnREER(-1) -201.154 -118.330 —

∆lnEGLOB -77.840 193.182 77.511

∆lnEGLOB(-1) 87.088 -40.620 —

∆lnEPS 11.811 — —

∆lnEPS(-1) -10.180 — —

∆MEPS — 25.128 —

∆MEPS(-1) — 7.395 —

∆lnNMEPS — — 15.765

∆lnNMEPS(-1) — — —

TREND 0.837 -0.972 —

Note: ***, **, and * are the significance levels at the p=0.01, p=0.05, p=0.10, respectively. ECT denotes the error-correction term.
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This study also examines the impact of market size on FDI inflows for OECD countries in the Ap-
pendix. This study uses the economic growth rate as a proxy for market size2. In the long-run, an increase 
in the economic growth rate causes a rise in FDI inflows, while there is no statistically significant effect 
in the short-run (see Table 4).

Table 4. Panel causality test results between FDI and lnEPS

Individual / Direction lnEPS → FDI FDI → lnEPS Conclusion

Wald statistics

Australia 0.134 0.495 No Causality

Austria 1.934 0.571 No Causality

Canada 0.035 0.977 No Causality

Czech Republic 0.020 3.270* One-Way Causality

Denmark 0.073 0.138 No Causality

Finland 0.021 0.008 No Causality

France 1.522 0.538 No Causality

Germany 0.009 2.774* One-Way Causality

Greece 0.094 3.633* One-Way Causality

Hungary 0.461 0.135 No Causality

Ireland 1.492 0.228 No Causality

Italy 17.013*** 0.919 One-Way Causality

Japan 0.377 0.315 No Causality

Korea, Rep. 3.381* 0.403 One-Way Causality

Mexico 1.896 1.711 No Causality

Netherlands 1.460 0.000 No Causality

Norway 0.210 0.185 No Causality

Poland 7.153*** 0.728 One-Way Causality

Portugal 1.801 8.147** One-Way Causality

Slovak Republic 0.028 0.006 No Causality

Spain 0.218 1.078 No Causality

Sweden 0.293 8.274** One-Way Causality

Switzerland 5.388** 0.126 One-Way Causality

Turkey 1.505 0.156 No Causality

United Kingdom 2.438 0.411 No Causality

United States 1.686 0.209 One-Way Causality

Panel Fisher statistics

Panel 74.590 55.268 No Causality

Note: ***, **, and * are the significance levels at the p=0.01, p=0.05, p=0.10, respectively.
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In addition to estimating the long-run and the short-run coefficients of the models, this study also 
employs a Granger causality analysis between FDI inflows and environmental policy stringency vari-
ables. For that purpose, the study uses a bias-adjusted LM test to determine which kind of causality test 
is proper for our models. The empirical results state that there is a cross-sectional dependence in the 
residuals of the models3. Thus, this paper utilizes a Granger causality test developed by Emirmahmutoglu 
and Kose (2011)—considering CD in the model—to find the causal nexus between the variables. This 
test provides both panel and country-specific Granger causality test results.

The empirical findings are provided from Table 4 to Table 6. In this paper, the authors are only 
interested in the causal link between FDI inflow and environmental policy stringency indices4. The 
causal relationship among the independent variables is not the scope of this study. Table 4 shows that 
the past values of the environmental policy stringency index can be used to estimate the future values 
of FDI inflows in Italy, the Korea Republic, Poland, and Switzerland. Besides, it is found that there is a 
one-way causality running from FDI inflows to EPS in the Czech Republic, Germany, Greece, Portugal, 
and Sweden for the period examined.

Table 5 presents the Granger causality results between FDI inflows and market-based environmental 
policy stringency index in OECD countries. According to the empirical findings, there is a one-way 
causality running from MEPS to FDI inflows in Canada, Finland, Ireland, Korea Republic, Mexico, 
Netherlands, Poland, Spain, and Switzerland. It was also found that there is a unidirectional Granger 
causality from FDI inflows to MEPS in Australia, the Czech Republic, Greece, Spain, and Turkey. Lastly, 
there is no causal link between the variables as mentioned above in the remaining countries.

Finally, this study examines the causal relationship between FDI inflows and non-market-based en-
vironmental policy stringency index in OECD countries during the period 1995-2012. According to the 
empirical findings, lnNMEPS Granger causes FDI inflows in Austria, France, Ireland, Italy, and Poland. 
Also, it is found that the previous values of the FDI inflows include valuable information for predicting 
further values of lnNMEPS in Austria, Germany, Sweden, and Turkey. Therefore, there is a bidirectional 
relationship between these variables in Austria. Furthermore, the empirical findings support that there 
is no causal relationship between the variables above in the remaining countries.

Overall, this study shows that forms of environmental policy stringencies have a predictor power 
on FDI inflows for a variety of countries. It was found that environmental policies Granger cause FDI 
inflows in 12 out of 26 countries. Among these countries, eight of them is EU member (Austria, Finland, 
France, Ireland, Italy, Netherlands, Poland, and Spain), while only four of them is non-EU members 
(Canada, Korea Republic, Mexico, and Switzerland). Therefore, one can infer that being an EU member 
can affect the impact of environmental policies on FDI inflows slightly.

This study summarizes the empirical findings derived from the cointegration and causality analyses 
as below:

• FDI inflows, CAF, REER, economic globalization, and environmental policy stringency indices 
are cointegrated in the long-run in OECD countries for the period 1995-2012.

• CAF and economic globalization increase FDI inflows in the long-run, while REER, EPS, and 
NMEPS decrease these flows.

• In the short-run, the coefficients of the parameters are estimated positive for CAF and negative for 
the real effective exchange rate.

• The ECT is negative and statistically significant in all three models.
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Our findings show some similarities with the existing literature for OECD countries. Since the eco-
nomic globalization index covers a part of trade activities and regulations, it can be compared with trade 
openness variable. Agiomirgianakis, Asteriou, and Papathoma (2004) (2004), Wisniewski and Pathan 
(2014), Dellis, Sondermann, and Vansteenkiste (2017), Economou et al. (2017), and Baltas, Tsionas, 
and Baltas (2018) find that an increase in trade openness causes more FDI inflows in the host country. 
Thus, the results of this paper support the empirical findings of the above studies. Besides, the positive 
impact of gross capital formation on FDI inflows is in line with the empirical results of Economou et 

Table 5. Panel causality test results between FDI and MEPS

Individual / Direction MEPS → FDI FDI → MEPS Conclusion

Wald statistics

Australia 0.731 4.995** One-Way Causality

Austria 0.008 0.105 No Causality

Canada 3.064* 0.003 One-Way Causality

Czech Republic 2.484 4.654** One-Way Causality

Denmark 0.007 0.163 No Causality

Finland 7.038*** 1.208 One-Way Causality

France 0.205 1.729 No Causality

Germany 0.126 1.632 No Causality

Greece 0.624 8.643*** One-Way Causality

Hungary 0.241 0.058 No Causality

Ireland 3.094* 0.020 One-Way Causality

Italy 2.458 0.023 No Causality

Japan 2.613 0.592 No Causality

Korea, Rep. 5.731* 0.642 One-Way Causality

Mexico 2.971* 0.781 One-Way Causality

Netherlands 4.189** 0.098 One-Way Causality

Norway 0.042 1.745 No Causality

Poland 5.028** 0.060 One-Way Causality

Portugal 0.080 0.000 No Causality

Slovak Republic 0.045 0.483 No Causality

Spain 2.922* 3.872** Two-Way Causality

Sweden 0.069 0.330 No Causality

Switzerland 7.851*** 0.111 One-Way Causality

Turkey 0.052 2.918* One-Way Causality

United Kingdom 1.605 2.547 No Causality

United States 0.012 2.294 No Causality

Panel Fisher statistics

Panel 82.657 67.352 No Causality

Note: ***, **, and * are the significance levels at the p=0.01, p=0.05, p=0.10, respectively.
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al. (2017) and Baltas, Tsionas, and Baltas (2018). Furthermore, the long-run coefficient of MEPS in 
Model 2 is similar to studies of Lundh (2017) and Rahul and Viswanathan (2018). However, the signs of 
the parameters of EPS and NMEPS differ from the aforementioned studies in the long-term. Moreover, 
Kukenova and Monteiro (2008) and Naughton’s (2014) findings for OECD countries are compatible 
with our empirical results obtained from Model 1 and Model 3.

Table 6. Panel causality test results between FDI and lnNMEPS

Individual / 
Direction lnNMEPS → FDI FDI → lnNMEPS Conclusion

Wald statistics

Australia 0.115 0.034 No Causality

Austria 4.090** 4.296** Two-Way Causality

Canada 0.655 0.174 No Causality

Czech Republic 1.502 0.750 No Causality

Denmark 0.761 0.817 No Causality

Finland 0.329 0.030 No Causality

France 4.501** 0.068 One-Way Causality

Germany 1.113 8.787** One-Way Causality

Greece 0.803 0.301 No Causality

Hungary 0.084 0.013 No Causality

Ireland 5.271* 0.457 One-Way Causality

Italy 4.934* 3.484 One-Way Causality

Japan 0.125 0.304 No Causality

Korea, Rep. 0.638 1.214 No Causality

Mexico 0.120 0.313 No Causality

Netherlands 0.381 0.106 No Causality

Norway 0.724 0.007 No Causality

Poland 8.298*** 0.791 One-Way Causality

Portugal 0.016 1.813 No Causality

Slovak Republic 0.047 0.174 No Causality

Spain 0.117 0.180 No Causality

Sweden 0.002 6.182** One-Way Causality

Switzerland 0.224 1.873 No Causality

Turkey 1.352 3.004* One-Way Causality

United Kingdom 0.428 0.163 No Causality

United States 1.733 0.022 No Causality

Panel Fisher 
statistics

Panel 62.165 57.032 No Causality

Note: ***, **, and * are the significance levels at the p=0.01, p=0.05, p=0.10, respectively.
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CONCLUSION

This study sets out to explore the influence of environmental policy stringency indices on FDI inflows 
in 26 OECD countries covering the period 1995-2012. This study also uses CAF, REER, and economic 
globalization index as control variables. In accordance with the purpose of this research, recent panel 
data techniques were employed. In the first step, stationarity properties of the variables were examined 
through the CIPS panel unit root test because of the presence of the CD in the series. Empirical findings 
revealed that independent variables of the models consist of a mixture of I(0) and I(1). Therefore, the 
long-run relationship between variables was examined through the DH panel cointegration test. DH test 
allows for the CD in the residual of the models and the cointegration relationship between stationary and 
non-stationary variables. DH test results support that all the variables move together in the long-run.

The results of this investigation show that, on the one side, it was found that CAF and economic glo-
balization increase FDI inflows in OECD countries in the long-run. Besides, an increase in the REER, 
in other words, an appreciation of the domestic currency, leads to a decrease in FDI inflows because of 
the competitiveness effect. Lastly, the empirical findings show that an increase in EPS and non-market 
environmental policy stringency index deters FDI inflows. The empirical results of this study are in line 
with prior expectations and provide a shred of evidence for the validity of the PHH in OECD countries 
in the long-run. However, it was found that the impact of market-based environmental policy stringency 
index has a positive effect on FDI inflows in OECD countries. On the other side, the ECT is negative 
and statistically significant in all models. In the short-run, the impact of CAF on FDI inflows is positive, 
while the coefficient of the real effective exchange rate is negative. These findings support the long-run 
results regarding CAF and REER. Overall, this study strengthens the idea that tight environmental poli-
cies decrease FDI inflows in the host country in the long-run.

This study also examines the causal relationship between variables through the EK panel Granger 
causality test. The country-specific results indicate that EPS has predictive power on FDI only in Italy, 
Poland, and Switzerland during the period examined. Besides, market-based environmental policies 
Granger causes FDI inflows in nine countries, while non-market policies have predictive power on FDI 
inflows in five OECD countries. Taken together, this result suggests that there is a one-way causality 
from subcomponents of EPS to foreign direct investment flows only in Ireland and Poland.

These findings suggest several courses of action for policymakers. First, policymakers should be 
careful when they design environmental policies. They should be aware of the consequences of tight 
environmental policies because their effects on FDI inflows can be harmful. Second, CAF and REER 
are useful tools to manage FDI inflows both in the short and long-run. Thus, they should focus on the 
policies increasing gross capital formation and preventing domestic currency appreciation. Third, a more 
global economy leads to a rise in FDI inflows in the host country in the long-run. Therefore, policymakers 
should put required regulations into action on trade and finance to provide a better trade and investment 
environment. Policymakers should also focus on market-based environmental regulations to avert a de-
crease in FDI inflows. Further investigations are needed to evaluate the impact of environmental policy 
stringency index on FDI inflows in emerging markets using recent analyzing tools.
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KEY TERMS AND DEFINITIONS

Causality: The method that is used to whether an independent variable predicts the dependent vari-
able’s further values or not.

Cointegration: The method that is used to whether the dependent and independent variables move 
together in the long-run or not.

Economic Globalization: A concept that shows the economic interaction between a country and 
the world.

Environmental Policy Stringency Index: A measure to determine the stringency level of environ-
mental policies in a country.

Foreign Direct Investment Inflows: They are direct investment flows from the home country to 
the host country.

Gross Capital Formation: It shows the potential of the economy for spending, including land im-
provements, plant, machinery, and equipment spending, construction of roads and railways.

Real Effective Exchange Rate: The weighted average of a domestic currency in relation to an index 
or basket of major foreign currencies such as the dollar or euro.

ENDNOTES

1  CD test results can be provided upon request.
2  This study uses economic growth rate as a proxy for market size since GDP per capita and GDP 

are not stationary at I(0) or I(1). Thus, this study could not investigate the long-run relationship 
between these variables and FDI inflows. Economic growth rate data is taken from the OECD 
database.

3  CD dependency test results for the residuals of the models can be provided upon request.
4  All the causal linkages between variables can be provided upon request.
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APPENDIX

Table 7. PMG ARDL estimation results (considering economic growth)

ARDL(1, 1, 1, 1, 1)

Variables / Models Long-Run Coefficients

lnGROWTH 0.385**

lnCAF 10.635***

lnEGLOB 70.923***

lnEPS -6.173***

Variables / Models Short-Run Coefficients

ECT -0.783***

CONSTANT TERMS -444.208***

∆lnGROWTH -0.422

∆lnCAF 73.412*

∆lnEGLOB 388.443**

∆lnEPS 0.195

TREND 1.444**

Note: ***, **, and * are the significance levels at the p=0.01, p=0.05, p=0.10, respectively.
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ABSTRACT

This chapter explains the drivers for carbon prices related to institutional decisions, energy prices, and 
weather events. The study focuses on price changes in the EU as being the most liquid carbon asset. 
In this regard, the daily spot price of the EU is highlighted to demonstrate the daily changes, given the 
high volatility in this carbon financial market. The CO2 prices depend on several determinants. This 
chapter constitutes an introduction to emission trading and an overview of the regulations of carbon 
financial markets. First, the price changes in the EU and primary energy prices are discussed. Second, 
the characteristics of emissions trading are introduced in terms of spatial and temporal limits, clean 
dark spread, and switch price. Third, a global analysis of atmospheric variables, structural variations, 
the subprime crisis, and the COVID-19 crisis is presented.
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INTRODUCTION

Managers have recently been highly interested and engaged in issues of renewable finance from the 
perspective of an effective style of management. Yet, among the many studies concerned with this field 
(Rafay, 2022), only few works have particularly investigated the performance of the adoption of Sustain-
able Finance (El Amri, Boutti & Rodhain, 2020).

Since the seventies of the last century, when the scientific community has shown tremendous interest 
in Climate Change (CC), there has emerged a global agreement on the responsibility for producing green-
house gas emissions (GHG)(Bunyamminu & Yakubu, 2022). As such, there is now a global consensus 
on taking immediate measures to help reduce these emissions to curb the scale of future consequences 
on climate change, bearing in mind that the global average temperature could reach higher levels ranging 
from 1.1 C to 6.4 C° towards the end of the 21st century.

It is deemed very decisive at this stage to bring about a significant reorientation of these methodolo-
gies and approaches in order to better face up to the challenges posed by climate change. One important 
aspect is that these strategies effect a reallocation of CO2 emissions- a fact, which tends to drive industrial 
companies to evaluate the intensity and rate of their emissions, and which also gives paramount impor-
tance to the resultant priorities (taking into consideration the recommendations for limiting carbon). In 
this context, the EU ETS deeply consider the hazards related to Climate Change (CC) and define the 
financial development prospects as regards GHG emissions (Alberola, Chevallier and Cheze, 2008); 
this in turn helps demonstrate existing CO2 pricing practices (EUA) through the econometric analysis 
of the two phases of the EU ETS. Given this, it makes sense then to state that the real objectives of EU 
ETS are to offer financial opportunities to manufacturing companies so that they can limit their CO2 
emissions and thus help foster the adoption of technologies, which produce less carbon and develop 
Efficiency Energy (EE) and Renewable Energies (RE).

Of the most significant objectives that characterize management research are the attempts at describ-
ing, understanding, explaining, or predicting various phenomena pertaining to organizations. Similarly, 
complexity is what characterizes the world of organizations to the extent that it becomes impossible 
for researchers to delineate all the details of the phenomena he or she is studying. Modeling represents 
an effective way to represent these complex phenomena in an understandable and conceivable manner.

To better account for this statement, the objective in this chapter is to examine and study the impact 
of the explanatory variables (primary energy, atmospheric, fuel modification, structural movement, CO2 
emissions information and the Sanitary Covid-19 crisis variables) on EUA price variable so that the 
researchers can detect and better explain the practices of the Responsible Management of companies 
involved in the European Union Emissions Trading Scheme (EU ETS).

Chevallier (2012), following the seminal work of Christiansen et al. (2005), came up with the first 
literature review on carbon price development, which was later developed by Lebatt and White (2007). 
Given the economic analysis (particularly demand and supply fundamentals), Christiansen et al. (2005) 
and Alberola et al. (2008) did a pioneering work in terms of laying bare economically the relationship 
between energy markets and the price of CO2. Taking into consideration Phase I spot and future data, 
these researchers have stressed that these relations vary depending on the period of time in concern and 
the institutional events taking place (Phase I, Phase II, Phase III). Furthermore, Bunn and Fezzi (2007) 
have investigated the close ties between CO2 and electricity variables such as Clean Dark, Clean Spark 
Spreads, and the switch price during the first phases of EU ETS. As such, Christiansen et al. (2005) 
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have defined the following factors as decisive in the EU ETS: strategy and regulatory issues, market 
fundamentals, the role of fuel-switching, and weather/ production situations.

After the pioneering work by Christiansen et al. (2005), Chevallier (2012) produced the first litera-
ture reviews on the carbon price development in their respective publications. This work was further 
elaborated by Lebatt and White (2007).

Considering the economic analysis (essentially demand and supply fundamentals), Christiansen et 
al. (2005) have defined the following aspects as being very influential in terms of price in the EU ETS: 
strategy and regulatory issues, market fundamentals, the role of fuel-switching, weather and production 
levels. Christiansen et al. (2005) and Alberola et al. (2008) were pioneers in econometrically accounting 
for the relations between energy markets and the CO2 price.

Based on Phase I spot and futures data, the former group of authors emphasizes that the nature of 
this relationship between energy and carbon prices varies depending on the period under consideration 
(Phase I, Phase II or Phase III) and the major influence of institutional events.

In addition, Bunn and Fezzi (2007) have examined the causalities between CO2 and electricity variables 
(such as Clean Dark and Clean Spark Spreads, and switch price) during the first phases of the EU ETS.

Lebatt and White (2007) underscore a primordial element in functioning of EU ETS to know the 
incorporation of two of three mechanisms of suppleness of Kyoto even in the first stage (2005-2007) 
and before the second stage (2008-2010), particularly, the Negotiable Emissions Permits (PEN) and the 
Mechanisms of Clean Development (MDP).

Faced with this official report, these last two mechanisms are established to help industrial compa-
nies to achieve their discounts allocated by programs CO2; even if there is a space of clarity, the use of 
which is made of these mechanisms as percentage of the complete objective of discount of programs.

Finally, it is worth highlighting the work by Boutti, El Amri and Rodhain (2019) whose structural 
model of allowance price under the assumption of the performance of the Carbon Finance Strategy for 
Sustainable Finance is based on the reaction of the fundamentals of quota prices of the European Union 
Emissions Trading Scheme (EU ETS).

The former group of authors using multiple econometrically show regression that changes in the 
price of carbon (EUA) react to changes in primary energy prices (mainly natural gas). Last but not least, 
macroeconomic fundamentals of carbon prices respond to the impact of the COVID-19 crisis during 
the phase III: 2013-2019.

CARBON FINANCE

Policy Aspects

The UNFCCC estimates very high annual adaptation costs for infrastructure as shown in the table of 
estimates above. Indeed, it is found that the upper bound of climate change adaptation costs for infrastruc-
ture is ten (10) times higher than other sectors such as agriculture, coastal protection and water supply. 
The Kyoto Protocol (KP) has been supplemented by several Conferences of the Parties (COP), the main 
ones being Bonn (COP 5 (1999) & COP 6 (2001)) and Marrakech (COP 7 (2001)), in the context of 
sustainable development initiatives in the South. However, the procedures for formalizing a CDM strategy 
are complex, involving multiple stakeholders as well as the costs of adaptation to climate change (CC).
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A positioning of the CDM strategy within the strategies and mechanisms advocated by the Kyoto 
Protocol is presented as follows:

According to El Amri et al. (2021), the de-carbonization of the capitalist mode of production requires 
a transformation. This makes sense if the productive, technological and consumption model is considered 
as well as the ways of living and working on a global scale.

It is therefore useful to specify how the carbon constraint is applied today in the countries of the 
South. If it is evident in industrialized countries, it is more, without a doubt, an economic opportunity 
thanks to the implementation of GHG emission reduction projects on their own territory. Favoring this 
analysis would therefore restrict the understanding of Sustainable Development and Environmental 
Responsibility practices.

In this perspective, El Amri, Boutti & Rodhain (2020) draw up a « short list » of negotiation themes 
defined in Bali (COP 13 took place in Bali in 2007). Among the advances made is an action plan for 
a post-Kyoto agreement (Post 2012) at COP 15 (Copenhagen)). The debate concerned the negotiation 
themes that are at the heart of the climate negotiations on the post-2012 regime. The vernacular axes of 
these themes are briefly presented:

• Adaptation: the adaptation support funds are now operational, namely the Least Developed 
Countries Fund (LDCF), the Special Climate Change Fund (SCCF), the Adaptation Fund (AF), 
(these funds are developed in the following) ;

• Technology transfer: DCs are asking for an exemption on intellectual property rights for climate-
friendly (low-carbon) technologies ;

• Financing: the focus was on the financial assistance that industrialized countries must provide to 
Least Developed Countries (LDCs) and Small Island Developing States (SIDS) to help them adapt 
to Climate Change (CC) ;

• Deforestation: the urgency to act quickly through ad-hoc actions, to strengthen the capacities of 
developing countries and to have these actions financed by developed countries was recognized.

Table 1. A look at the flexibility applications of the Kyoto Protocol

Strategies and Mechanisms Parties Involved Consistent

Emissions Trading Between industrialized countries

An industrialized country with GHG emission reduction 
margins sells all or part of its surplus to another industrialized 
country that is having difficulty meeting its quantified target 
under the Protocol.

Joint Implementation (JI) Between industrialized countries 
and countries in transition

An industrialized country invests in a project that reduces 
GHG emissions in a country with a transition economy and in 
exchange receives emission credits that it can count as assets.

Clean Development Mechanism 
(CDM)

Between industrialized and 
developing countries

An industrialized country invests in a project that reduces 
GHG emissions in a developing country (DC) and in exchange 
receives emission credits that it can count as assets.

Source: (El Amri et al., 2020)
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It must be recognized that the evaluations of the costs of adaptation to climate change for developing 
countries (DCs) are based on the same methodological basis. According to El Amri, Boutti & Rodhain 
(2020), these evaluations are based on the unified methodology of the World Bank, the Stern Review, 
Oxfam and the United Nations Development Programme (UNDP). Following this principle, it can be 
stated that these evaluations are based on three financial flows received by developing countries, namely:

Financial Flow 1: Official Development Assistance (ODA),
Financial Flow 2: Foreign Direct Investment (FDI) and
Financial Flow 3: Gross Domestic Investment (GDI) (This notion, otherwise known as Gross Fixed 

Capital Formation (GFCF), accounts for the expenditures allocated to the increase of the fixed 
capital of the economy, considering variations in the levels of the stocks).

These three financial flows received by developing countries highlight potential investment amounts 
that are sensitive to the impacts of climate change (El Amri, Boutti & Rodhain, 2020). In this respect, 
making these investments climate resilient implies the use of a climate sensitivity factor and a mark-up 
factor reflecting the additional cost of improving resilience to climate change impacts (WC, 2006).

Indeed, other methodologies exist. The Stern Review adopted a mark-up factor of 5-20% and further 
reduced the fraction of ODA (financial flow 1) sensitive to climate change (CC) to 20%. Oxfam adopted 
the WC (2006) figures but added some additional costs such as the costs of the work of non-governmental 
organizations (NGOs) at the community level in developing countries (DCs) and the implementation of 
NAPAs. UNEP FI (2013) also adopted the WC (2006) approach.

Means of Carbon Finance

Carbon markets are defined as the environmental markets created to regulate the emissions of greenhouse 
gases (including CO2) such as the European Union Emissions Trading Scheme (EU ETS) and the Kyoto 
Protocol (more precisely the Clean Development Mechanism).

Through the analysis of the EU ETS and the CDM, the chapter shows how to use a variety of econo-
metric techniques to analyze an evolving and expanding carbon market sphere worldwide.

This chapter offers a mix knowledge on emissions trading with practical applications to carbon 
markets. It covers the stylized actions on carbon markets from an economics perspective as well as key 
aspects on pricing strategies, fundamental and technical analysis.

This work deals with carbon price drivers (institutional decisions, energy prices and extreme weather 
events) in the context of the linear regression model.

The use of dummy variables contains the relevant price fundamentals on carbon markets. In terms of 
applications use, this chapter may be appealing to fundamentals in finance such as principles of financial 
markets, financial economics and finance econometrics.

The EU ETS has been created by the Directive 2003/87/CE. Across its 27 Member States, it covers 
large plants from CO2-intensive emitting industrial sectors with a rated thermal input exceeding 20 MW. 
The European market covers approximately half of European CO2 emissions.

Since 2005, the EUETS has operated independently from the Kyoto Protocol, but it has been linked 
to International Emissions Trading (IET) in 2008. In this context, the sectors covered include power 
generation, mineral oil refineries, coke ovens, iron and steel and factories producing cement, glass, lime, 
brick, ceramics, pulp and paper.
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The price track of CO2 allowances under the EU ETS is deeply affected by institutional decisions. 
Indeed, the EU ETS is an environmental market which has been created by the Directive 2003/87/EC. 
According to this environmental regulation tool, the EU Commission, and more particularly Directorate-
General for Climate Action, can intervene to amend the functioning of the scheme. As market participants 
fully react to new arrival, any policy intervention from regulator has an immediate impact on the carbon 
price. The influence of institutional decisions is classically captured in regression model by using dummy 
variables. To illustrate how to use dummy variables, it is hoped to evaluate the impact of COVID-19 
crisis about Phase III National Allocation Plans (NAPs) by the European Commission on the price of 
carbon. In this context, the news announcements of COVID-19 crisis have been identified. The dummy 
variables refer to news information disclosure concerning NAPs Phase III (NAPsPhaseIII).

The main sources for the news events recorded may be cited as being the United Nations Framework 
Convention on Climate Change (UNFCCC), the European Commission, the European Parliament, the 
European Economic and Social Committee, European Climate Exchange (ECX), European Energy 
Exchange (EEX), Bleunext, European emission allowances on the Intercontinental Exchange (ICE) and 
Point Carbon.

A vivid industry has developed with hundreds of participating firms, asset management firms, brokers, 
consultants, verifications agencies or other institutions.

FUNDAMENTAL ANALYSIS OF THE EU ETS

The former group of authors whose drivers a structural model of allowance price under the assumption of 
the performance of the Carbon Finance Strategy for Sustainable Finance is based on the reaction of the 
fundamentals of quota prices of the European Union Emissions Trading Scheme (EU ETS). It is worth 
highlighting the work by Boutti, El Amri and Rodhain (2019); it establishes to show econometrically 
using multiple regression that changes in the price of carbon (EUA) react to changes in primary energy 
prices (mainly natural gas) during the Phase I: 2005-2007 test period. Last but not least, macroeconomic 
fundamentals of carbon prices respond to the impact of the subprime crisis during the phase II: 2008-2010.

The Price of Carbon

This study engages with the price variations of the EUA as being the most liquid carbon asset. The daily 
spot price of the EUA is shed light on to foreground the daily changes that influence its price taking into 
consideration the intensity of volatility in this market (Chevallier, 2012). Given this, it is focused on the 
spot price of the EUA on the most liquid regulated spot markets.

The exchange is established in the French register for the USA and Swiss for the RECs. The buyer’s 
cash account is debited to the BlueNext transit account then the seller’s cash account. According to El 
Amri et al. (2020) the BlueNext scholarship proposes decreasing costs (tariffs) which are presented 
below according to the volumes of transactions carried out.

In this regard, since the buyers of allowances can turn either to the market or to auctions, the two 
prices should thus be very close. After dealing with the price of carbon, the focus will be on the prices 
of primary energies: price of oil, price of natural gas and price of coal.
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Primary Energy Prices: Oil, Natural Gas and Coal

The prices of allowances are clearly influenced by the price of primary energy. As a consequence, when 
the price of oil and gas are up, coal consumption also goes up. Given this principle, it is stated that 
CO2 emissions go up, thus leading to an increase in the price of allowances (El Amri, Boutti, Rodhain, 
2020). To realize this, potential future prices of primary energies are analyzed to demonstrate the price 
variations of the EUA (European Union Allowance) as related to the needs of industrial firms once the 
carbon is launched. Thus, the future markets for these energies are the most liquid. The data was taken 
from Reuters in Chevallier (2012).

The brent price (expressed in Euro/BBL) is the brent crude futures Month Ahead price negotiated on 
ICE. The brent is a North Sea deposit: its oil is representative of crudes produced in this region. Hence, 
it offers the best attributes to face up to the other energy variables traded in continental Europe, which 
enter in the determination of carbon price.

The natural gas price used (expressed in Euro/Therm) is the futures Month Ahead natural gas price 
negotiated on Zeebrugge Hub. It is the best liquid gas trading market in Europe and has a major influ-
ence on the price that European consumers pay for this gas. As such, the Zeebrugge price represents the 
best proxy of the European gas market price determined close to end-users.

The coal price is the Atntwerp/Rotherdam/Amsterdam (ARA) coal futures Month Ahead price, which 
is the major imported coal in northwest Europe. The ARA coal is expressed in Euro/ton.

The Clean Dark Spread, Spark Spread and Switch Price

Power operators pay close attention to the Dark and Spark spreads as well as to the difference between 
them. The Dark spread represents the theoretical profit that a coal-fired power plant makes from selling 
a unit of electricity, having purchased the fuel required to produce that unit of electricity.

The operators of electricity production can modify the fuel used for this purpose. In this sense, it is 
a sine qua non to take into consideration a few variables. To qualify this statement, the researchers can 
detail this as follows:

Table 2. Characteristics of transactions on the stock exchange spot and future markets BlueNext

Spot Market USA CER SpreadCER-EUA

Contract BlueNext Spot EUA BlueNext Spot CER NC

Min volume 1000 tons 1000 tons 1000 tons

Register French Swiss French (EUA) 
Switzerland (CER)

Future Market USA CER

Contract BlueNext Futures EUA BlueNext Futures CER

Underlying asset USA 2008-2012
CERs issued by the CDP steering 

committee and accepted by 
BlueNext

Min volume 1000 tons 1000 tons

Register French Swiss

Source: El Amri et al., 2020
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First Variable

The Clean Dark Spread: (expressed in € / MWh) represents the difference between the price of electricity 
during peak hours (note elec) and the price of coal (noted coal) used to generate and produce electricity, 
corrected for energy output from coal in the plant and CO2 costs (noted), as follows:

Cleandark elec coal EF
coal

coal= − × ×










1
r

 (1)

With 𝜌coal is the thermal efficiency of a conventional coal-fired plant, and EFcoal the CO2 emissions factor 
of a conventional coal-fired power plant.

Second Variable

The Clean Spark Spread: (expressed in € / MWh) represents the difference between the price of elec-
tricity in peak hours and the price of natural gas (noted ngas) used to generate and produce electricity, 
corrected for the energy output from fuel gas in the plant and CO2 costs, as follows:

Cleanspark elec ngas p EF
ngas

t ngas= − × + ×











1

r
 (2)

With 𝜌ngas is the thermal efficiency of the fuel gas in the approved plant, and EFngas is the factor of 
CO2 emissions factor of conventional coal-fired power plant.

Third Variable

The Switch Price: (expressed in € / MWh) represents the competitive price to equalize the Clean Dark 
and the Clean Spark, as following:

Switch
t M W h t M W h

tCO M W h tCO M W h
ngas coal

coal ngas

=
−

−

cos cos/ /

/ /2 2
 (3)

With costngas is the cost to produce a unit of MWh of electricity based on the net CO2 emissions of gas 
(expressed in € / MWh), costcoal is the cost to produce a unit of MWh of electricity based on the net CO2 
emissions of coal (expressed in € / MWh), tCO2coal is the emission factor (expressed in tCO2 / MWh) 
of fuel coal in the approved plant and tCO2ngas is the emission factor (expressed in tCO2 / MWh) of fuel 
gas in the contracted plant.
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Atmospheric Variables

No doubt, atmospheric conditions affect the amount of CO2 emissions. As this is considered, it can be 
posited that more energy produced will certainly be concluded by more oil consumed in relation with 
CO2 emissions, and as a result, CO2 allocations on the carbon market will be needed in relation to a posi-
tive effect on CO2 prices. Carbon prices (EUA prices) are also influenced by temperature of each region 
using an index called the NBCI “National Business-Climate Index”. The latter is defined by an average 
daily temperature of the region of the country, produced by the population of this region (Chevallier, 
2012). This index is expressed in “Celsius Degree (C°)” concerning eighteen (18) countries1 as following:

q
q

=
×

=

=

∑

∑

pi

pi

i
i

N

i

N
1

1

 (4)

With N the number of regions in the country under consideration, pi the population of region i, and 𝜃i the 
average temperature of region i during the month in question. Moreover, this methodology has been 
extended by CDC Climate to consider the specificities of the carbon market. The European temperature 
index is equal to the average of the national temperature indices forecast for the eighteen countries, 
weighted by the weight of each country in the total volume of allowances distributed. The researchers 
present the formula for this index as follows:

T
Q

Q

j j
j

j
j

=
×∑

∑
=

q
4

1

4
 (5)

With T the monthly index, Qj the number of quotas allocated by country j in its National Quota Alloca-
tion Plan (PNAQ), and 𝜃j the country’s national temperature index j.

French Stock Exchange Companies and Subprime Crisis

It is highly decisive that the weight of economic activity on electricity production and the price of the 
EUA (Boutti et al., 2019) is considered. As such, it is intended to highlight the effect of the subprime 
crisis on companies of the EU Emissions Trading Scheme (EU ETS) for Responsible Management.

Given this, it can be argued that this analysis does suggest the SBF 250 variable, which is listed on 
NYSE Euronext. The following Table highlights the members of BlueNext by categories.

It is important to notice that the economic activity influences electricity producers (representing 37% 
in the carbon market) and companies subject to ETS (41% share in BlueNext).
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TECHNICAL ANALYSIS OF THE EU ETS

At the outset, the explained variable and the explanatory variables in the framework of this econometric 
work will be highlighted so as to test the research hypothesis. The research hypothesis is as follows: the 
performance of the Carbon Finance strategy for Responsible Management is influenced by the Sanitary 
Covid-19 crisis during phase IIII of the EU ETS.

Specification of the Variable to Be Explained

This explained variable (endogenous variable) is evaluated and measured by the change in EUA spot 
prices. It is used to express the return from the point of view of allocation on the carbon market: the 
European Union Emissions Trading Scheme (EU ETS).

Specification of Explanatory Variables

The goal is to demonstrate the link between the performance of the strategies of industrial players subject 
to the European Union Emissions Trading Scheme (EU ETS) for both periods via the variation of the 
EUA spot price and the primary energy variables, atmospheric variables, CO2 emissions information 
variables, fuel modification variables, structural movement variables and the Sanitary COVID-19 crisis 
variable (exogenous variables).

Variables for the Third Period EU ETS 2013-2021

The variables for the third period, known as the Kyoto Protocol commitment phase (KP) of the European 
Union Emissions Trading Scheme (EU ETS) are also presented in four groups (A - B - C and D) in Table 4.

As is shown in the table above, ten variables have been opted for as the first period for the third period 
of the EU ETS. However, it is to be noted that the variable Structural movement dummy is substituted 
with the Sanitary Covid-19 crisis dummy. As a result, six (06) explanatory variables have a positive 
expected sign and four (04) explanatory variables have a negative expected sign.

Table 3. BlueNext members by categories

Categories Share of Members (%)

Companies subject to ETS 41

… Of which electricity producers 37

Bank and market participants 32

Brokers 20

Credit issuers 07

Source: El Amri et al., 2020
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EU ETS Model Specification

The general linear model is a generalization of the simple regression model in which several explanatory 
variables are included.

Y X X X oft nt t t k kt t= + + + + + =β β β β ε
0 1 1 2 2

1... , ....,  (6)

The parameter βi is called the partial regression coefficient; it measures the variation of Y when Xi 
increases by one unit and the other explanatory variables are kept constant. ε represents the random 
error; it is unobservable and includes both the measurement errors on the observed values of Y and all 
other explanatory factors not considered in the model.

Multiple regression aims to explain a dependent variable Y and p explanatory variables X1, X2, X3, 
..., Xp (p>1). Then, if this relation is confirmed, evaluate its intensity.

To determine the variables that influence the performance of EU ETS actors’ strategies via the EUA 
price, the following formulation is adopted:

PERF EUA W X Z Yit it it it it it, , , , , ,
= + + + +α β χ δ ε  (7)

To get to the heart of the matter, the above table includes four groups of addressable action variables 
on the performance of the strategies of EU ETS actors via the EUA award.

Table 4. Presentation of explanatory variables for the third period of the EU ETS

Explanatory Variables Predicted Signs

Group A: Primary Energy Variables

Variations in the price of Brent + Var. 01

Variations in the price of gas - Var. 02

Coal Price Variations - Var. 03

Group B: Fuel Modification Variables in Power Generation

Clean Spark Spread - Var. 04

Clean Dark Spread + Var. 05

Group C: Structural Movement Variables

Dummy Sanitary crisis COVID-19 + Var. 07

The impact of economic activity and the Sanitary COVID-19 crisis on electricity production - 
SBF 250 variations - Var. 08

Group D: Atmospheric variables

Extremely Cold Dummy + Var. 09

Extremely Hot Dummy + Var. 10

Normal Seasonal Variations + Var. 11

Source: El Amri et al., 2021
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First, group A of primary energy variables (Wi,t) contains three addressable action variables, namely, 
changes in the price of Brent (Brent i,t) [Var. 01], changes in the price of gas (Gas i,t) [Var. 02], and 
changes in the price of coal (Coal i,t) [Var. 03]. Second, group B of the variables of modification of the 
fuel of energy production shows in force two addressable action variables; the Clean Spark Spread (CSS 
i,t) [Var. 04] and the Clean Dark Spread (CDS i,t) [Var. 05]. Thirdly, group C of structural movement 
variables involve three variables; the Structural Movement Dummy for phase II (DMS i,t) [Var. 06], the 
Sanitary COVID-19 crisis Dummy for phase III (DCS i,t) [Var. 07] and the impact of economic activity 
and the financial crisis on electricity production - SBF 250 Variations (SBF i,t) [Var. 08].

Finally, group D of atmospheric variables highlight Extremely Cold Dummy (DEF i,t) [Var. 09], 
Extremely Hot Dummy (DEC i,t) [Var. 10], and Normal Seasonal Variations (VNS i,t) [Var. 11].

Phase III EU ETS Model Validation

The Fisher statistic (F-test) enables us to validate this model. By consulting F tabulated (theoretical 
or critical) with the degrees of freedom of 5% and the number of observations, the authors find the F 
tabulated (theoretical or critical)2 which is equal to 2,01. Then this tabulated F (theoretical or critical) 
is compared with the calculated F (F-statistic) which is 36.93663; it is found that F (F-statistic) > F 
tabulated (theoretical); it is concluded that the model is validated.

Table 5. The four groups of variables in the econometric study of the EU ETS time series

PERF EUAi t,
Performance of EU ETS Actors’ Strategies 

via the EUA Price
Groups 

Variables

Wi,t Primary energy variables Group A

Brent i,t Variations in the price of Brent (Var. 01)

Gas i,t Changes in the price of gas (Var. 02)

Coal i,t Coal price changes (Var. 03)

Xi,t Fuel modification variables of energy production Group B

CSS i,t Clean Spark Spread (Var. 04)

CDS i,t Clean Dark Spread (Var. 05)

Zi,t Structural movement variables Group C

DMS i,t Structural Dummy Movement for Phase II (Var. 06)

DCS i,t Dummy Sanitary crisis COVID-19 for phase IIII (Var. 07)

SBF i,t 
The impact of economic activity and the Sanitary COVID-19 crisis on electricity 
production - SBF 250 variations (Var. 08)

Yi,t Atmospheric variables Group D

DEF i,t Extremely Cold Dummy (Var. 09)

DEC i,t Extremely Hot Dummy (Var. 10)

VNS i,t Normal Seasonal Variations (Var. 11)

𝜀i,t Random variable (error term), following a normal law N=(0,𝜹2) Error Term

Source: Boutti et al., 2019
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The calculated value of F is compared to its critical value read from the Fisher table at a threshold (1-
α). A high value of F shows that the regression model is globally significant, which leads to and results 
in the rejection of H0; therefore, at least one of the coefficients βi is different from zero. In accordance 
with the above statement, this model is validated because the model according to the above table confirms 
a value Prob (F-statistic) = 0,000000 which is lower than the threshold α =0,05. At the 5% significance 
threshold; it can be affirmed that there is a significant relationship between the performance of the Carbon 
Finance strategy for Responsible Management and the performance of the Carbon Finance strategy as 
Responsible Management is influenced by the Sanitary COVID-19 crisis during phase III. Ultimately, 
this analysis indicates that this research Hypothesis is therefore verified.

RESULTS, DISCUSSIONS AND CRITICAL ISSUES

To minimize the electricity production cost, power producers can capitalize on the fact that they switch 
from coal to gas depending on the share of coal and gas in their electricity mix.

The switching between coal and gas is focused on to produce one unit of electricity. As oil is mostly 
consumed to meet high peak demand, particularly in winter, it is most likely that it will not interfere 
with coal and gas switching in the European system. In addition, oil has known an intensity and rise in 
volatility during the recent period while gas and coal are considered the cheapest alternatives.

Switching offers good solutions to power to decrease and lessen their emissions at low costs. Elec-
tricity generators have to compare the CO2 price and marginal abatement costs in order to exploit and 
benefit from these cheap abatement offers.

It seems less demanding to switch for a less carbon-intensive fuel (such as gas) in lieu of using coal 
and buying permits. This explains why electricity prices are conditioned by the marginal generation 
technology in power sector. Variant generation units are evaluated and ranked by marginal costs from the 
cheapest technology to the most expensive one. This is called ‘merit order’ ranking and it is conditioned 
by several parameters like fuel prices, plant efficiencies, and carbon intensity.

The intensity of power generation technologies is changed and the competitiveness of power plants 
is modified once the introduction of a carbon cost is affected through tradable permits. The expensive 
gas-fired power plants, yet less CO2 intensive than coal fired power plants, may become more profitable 
than coal-fired power plants as the authors introduce the high carbon costs. This is called ‘switching 
point’ and it is made up when the two technologies are rendered equally attractive.

Without carbon costs, the marginal cost of producing electricity is given by the ratio between fuel 
costs and the efficiency of the plant.

The switch can only occur if coal-plants are running while some gas plants are available to replace 
them. The best opportunities occur when the load is relatively low and mostly met by coal-fired plants 
(during weekends, nights and summers).

Then, with adequate economic incentives, available gas-fired units may be switched. Consequently, 
the possibility of fuel-switching varies throughout the year depending on the season (winter or sum-
mer), the time of the week (day-of-week or week-end effects), and the period of the day (day or night).

As shown in this chapter, the influence of such drivers (mainly energy variables and extreme tem-
peratures events) varies depending on the period under consideration and the influence of institutional 
decisions.
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Last but not the least, concerning spatial limits, it is worth emphasizing scaling issues. Indeed, increas-
ing the scale of the cap-and-trade system increases economic efficiency, but also decreases trade security.

In addition, when setting a tradable permits market, the regulator needs to consider deposition con-
straints, by avoiding exceedance of critical loads in specific geographical zones. Another concern lies 
in the proper design of national emission ceilings. In this analysis, the authors aim to investigate the 
important and unimportant variables for this model. The probability column “Prob.” 3 is considered in 
the table above. This table of results from the EU ETS Phase III multiple regression summarizes the 
results of the correlation analysis. It forcefully demonstrates the significant and non-significant variables 
with their correlations in this sense of the EU ETS Phase III correlation analysis results.

As shown in the table above, the five significant variables in the EU ETS Phase III that are:

• [Var. 01] Variations in the price of Brent (Brent): predicted sign (+) and hind sign (+) ;
• [Var. 03] Variations in the price of coal (coal): predicted sign (-) and hind sign (-) ;
• [Var. 08] The impact of economic activity and the Sanitary COVID-19 crisis on electricity pro-

duction (SBF): predicted sign (-) and hind sign (+) ;
• [Var. 10] Extremely Hot Dummy (DEC): predicted sign (+) and hind sign (-) ;
• [Var. 11] Normal Seasonal Variations: predicted sign (+) and hind sign (-).

The following table highlights the impact of the increase in the cost of the carbon constraint on the 
profits of firms listed on the EU ETS market according to the state of competition on the markets (up-
stream and downstream).

Table 6. Significant and non-significant variables in Phase III of the EU ETS

Five (05) Significant Variables From Phase III of the EU ETS

Analysis variables Correlations (hind signs)

Variations in the price of Brent crude oil → Positive correlation Var. 01

Coal Price Variations (Coal) → Negative correlation Var. 03

The impact of economic activity and the Sanitary COVID-19 crisis on 
electricity production (SBF) → Positive correlation Var. 08

Extremely Hot Dummy (DEC) → Negative correlation Var. 10

Variations in Seasonal Standards (VNS) → Negative correlation Var. 11

Four (04) non-significant EU ETS Phase III variables

Analysis variables Correlations (hind signs)

Changes in gas prices (Gas) → Positive correlation Var. 02

Clean Spark Spread (CSS) → Positive correlation Var. 04

Clean Dark Spread (CDS) → Positive correlation Var. 05

Extremely Cold Dummy (DEF) → Negative correlation Var. 09

Source: Boutti et al., 2019



438

Carbon Financial Market
 

The table above highlighted the following four situations with respect to the price elasticity of quotas:

1.  If the company cannot reduce the use of a production factor: downward trend in profit. Example: 
aluminum production if the supply of electricity is uncompetitive.

2.  Customers cannot forego purchasing the company’s product and the company is not experiencing 
an exacerbated competitive intensity: tendency to maintain profit. Example: Electricity supply in 
countries with monopoly and pricing freedom.

3.  If the market for a production factor is highly competitive: tendency to maintain profits. Example: 
Aluminum production if the supply of electricity is competitive.

4.  If there are substitutes with a relative advantage for their costs in carbon constraint: tendency to 
decrease the deficit. Example: short-haul air transport subject to competition from rail and road 
networks.

RECOMMENDATIONS

In this chapter, it is examined and shown how energy costs related to fuel use (Brent, natural gas, coal) 
and power producers’ fuel–switching behavior (Clean dark spread, clean spark spread, switch price) af-
fect carbon price changes through various regression models. Also, it has been emphasized the impact of 
extreme weather events on carbon prices, based on unexpected changes in temperature. Carbon Finance 
will have consequences for the various economic actors, directly for industrial activities and indirectly 
for the rest of the socio-economic system. According to the literature, market mechanisms have led to 
the emergence of a carbon price signal, which companies must incorporate into their strategies in order 
to optimize their reductions in GHG emissions (Nordhaus, 1991). The interest for the company is to 
understand the ins and outs of Carbon Finance and to make the best use of allocated quotas in order 
to optimize their economic, financial and environmental performance. Thus, the central question of 
this research was formulated in the following way: “What are the responsible issues and sustainable 
opportunities for the adoption of carbon finance for EU ETS companies for the development of a “2 ° 
C Finance”?. In practice, several determinants of CO2 prices (EUA) exist to promote the resilience of 
Carbon Finance, which can be characterized by the price of carbon, primary energy prices: oil, natural 
gas and coal, Clean Dark Spread, The Clean Spark Spread and the Switch Price, the atmospheric vari-
ables and the SBF250 and the Subprime crisis. Unlike solutions that are inflexible or irreversible, that 
increase Climate Change or reduce the incentive to adapt to Carbon Finance would be poorly adopted 
(Springer, 2003).

Table 7. Significant impact of the rising cost of carbon

Elasticity to Changes in 
the Price of Quotas Supply of Production Factor Request Addressed to the Company

Inelastic Downward trend in earnings Trend towards sustained earnings

Elastic Trend towards sustained earnings Downward trend in the deficit

Source: Boutti et al., 2019
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The mechanisms of Carbon Finance have a prominent place for the realization of the Sustainable 
Development (SD) agendas for Carbon Finance to become “Finance 2 ° C”. In these circumstances, not 
including the anticipation of Climate Change (CC) and the adoption of Carbon Finance (especially the 
CO2 exchange system) will increase the risk of making the existence vulnerable to uncertainties while 
eliminating the actions and carbon transactions available to Sustainable Finance and Sustainable De-
velopment (SD). It seems very useful to inject less GHGs in absolute terms, but the real challenge is to 
reduce the GHGs to a threshold that limits the rise in temperature to 2°C (Toth, 1995). To carry out this 
study, it is decided to treat each period of the EU ETS in a different way according to their specificities 
and the academic work already carried out. In addition to the results of the econometric tool itself and 
their analysis, the process of sensitizing the industrial players and refocusing reflection on their own 
interest, that maximizing profitability (or avoid reducing profitability) a project to exchange EU ETS 
CO2 allowances for current and future climate change.

FUTURE RESEARCH DIRECTIONS

As is shown in these econometric analyses, it is noticed that a number of levels of interpretation of 
Carbon Finance in the test of Responsible Management. The five (05) significant variables are identi-
fied as follows:

• The variable “Variations in the price of Brent (Brent)” [Var. 01], is the determinant of the price 
of a ton of carbon are very different from those of the EU ETS test period. First, the probabilities 
are much lower. Indeed, one of the main determinants of the EU ETS period I had a probability 
of 7% with a correlation coefficient of 8%. Secondly, the Variations in the price of Brent, had a 
probability of 0.81% with a correlation coefficient higher than that of gas, namely 19%.

• The variable “Variations in the price of coal (Coal)” [Var. 03], is a significant variable with a 
negative backward sign. Coal was used more than natural gas in power plants during the Sanitary 
COVID-19 crisis. The statistical test applied allows us to pay particular attention to the negative 
(-) hind sign. In this respect, the use of coal, compared to other energies and particularly gas, for 
energy production, increases CO2 emissions. In the same vein, carbon market companies were 
facing a crisis situation (Sanitary COVID-19 crisis). In this respect, in order to obtain liquidity, 
sales of allowances contributed to an increase in activity in the carbon market during this crisis 
period (Chevallier, 2012).

• The variable “The impact of economic activity and the Sanitary COVID-19 crisis on electricity 
production (SBF)” [Var. 08] is significant in the model. In this respect, this variable has a posi-
tive sign (+) after the fact, as does the variable “Variations in the price of Brent (Brent)” [Var. 
01]. The researchers can argue that the variable [Var. 08] has a positive influence on EUA prices. 
The authors can conclude that industrial actors were motivated to reduce the use of natural gas on 
behalf of coal (in the short term to face the Sanitary COVID-19 crisis and as part of a long-term 
Responsible Management strategy, at the end of the period).

• The “Extremely Hot Dummy (DEC)” [Var. 10], is a significant variable. That said, when tempera-
tures are extremely high, the authors are faced with a situation of increasing energy requirements 
for air conditioning, which increases CO2 emissions.
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• The variable “Variations in Seasonal Standards (VNS)” [Var. 11], is a significant variable. This 
said, when temperatures are extremely low, the researchers are faced with a situation of increas-
ing heating energy needs. According to the above, energy consumption increases and, in turn, 
increases CO2 emissions. On the other hand, when the temperature is very hot in summer, the 
authors are faced with a situation of increasing energy needs for air conditioning. In these circum-
stances, EUA prices have been increased on the market. This analysis is very relevant with that 
of Chevallier (2012). A colder than usual temperature in winter increases energy generation and, 
in particular, the need for heating fuel. A very hot temperature in summer increases energy con-
sumption for air conditioning. In the case of cold winters and hot summers, emissions are, all other 
things being equal, higher, which leads to an increase in the price of allowances on the market.

To sum up, five (5) types of determinants of the EUA price for the third phase of the EU ETS have 
been identified: the first determinant being « Variations in the price of Brent crude oil » [Var. 01], the 
second determinant being « Coal Price Variations (Coal) » [Var. 03], the third determinant being « The 
impact of economic activity and the Sanitary COVID-19 crisis on power generation (SBF) » [Var. 08], 
the fourth determinant being « Extremely Hot Dummy (DEC) » [Var. 10], and finally « Variations in 
Seasonal Standards (VNS) » [Var. 11].

In this respect, it is tried to show using multiple regression that carbon price variations react to 
economic activity and the Sanitary COVID-19 crisis during period III of the EU ETS. According to 
Chevallier’s (2012) financial analysis, the EUA market had six (6) fundamental disconnections during 
period III of the EU ETS, as follows:

• 1st fundamental disconnection in 2008: Subprime Financial Crisis
• 2nd fundamental disconnection in 2009: New equilibrium in the soft recovery
• 3rd fundamental disconnection in 2010: Fukushima incident
• 4th fundamental disconnection in 2010: Debt crisis and further deterioration of growth prospects
• 5th fundamental disconnection in 2011: Energy Efficiency (EE) discussions
• 6th fundamental disconnection in 2019: Sanitary COVID-19 crisis and further deterioration of 

growth prospects

It is concluded with the idea that the results are in perfect symbiosis with the literature reviews. The 
interest for the company is to understand the ins and outs of Carbon Finance and to make the best use 
of the allocated quotas in order to optimize their financial and economic performance. Ultimately, car-
bon finance will help us find a way to meet the climate change challenge only when all elements of the 
economy—consumers, producers, and regulators—have to factor GHGs into their bottom line.

CONCLUSION

Many decades after the economic work of Coase (1960) on negative externalities, the European carbon 
market has grown significantly and has become the main market for environmental instruments in the 
world. In the introduction to this chapter, the authors mentioned the significance of the recent develop-
ment of carbon finance and its relevance in the fight against climate change.
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Carbon Finance encompasses the versatile market mechanisms included in the Kyoto Protocol and 
it includes all the activities that contribute to making GHGs a tradable good. Market mechanisms have 
created a carbon price signal—a fact which makes companies forced to adopt and integrate into their 
strategies in order to optimize their GHG emission reductions.

In the analysis, it was able to highlight key concepts and theories relating to carbon finance which led 
us to consider two main themes: determining the price of carbon and the impact of its accounting treat-
ment on the assets of the Business and its financial profitability. These themes are closely linked to each 
other insofar as the carbon price is subject to several influencing factors (regulatory decisions, primary 
energy prices, macroeconomic factors, etc.) and itself has a direct impact on the valuation of the market.

To set out on the analysis, it was decided to treat each topic in a different way depending on their 
specificities and the academic work already done. The authors studied the determinants of the price per 
ton of carbon using a quantitative methodology. An econometric study was performed based on a linear 
regression model in order to test the research hypothesis.

This information is decisive for companies to integrate carbon risk into their long-term strategies and 
adapt their sales and purchasing strategies to the carbon market. These studies have enabled us - quite 
modestly - to enrich the existing literature and make managerial recommendations, mainly based on 
the need for legal, financial and informational monitoring of the carbon market. Clear identification of 
carbon risks is essential. Some of the challenges and opportunities of Carbon Finance have thus been 
highlighted; although the subject being very broad to deal with, it is important to conclude this part by 
setting in perspective the implications and suggest the need for a better supervision of the carbon market 
so as to bring about a robust long-term price signal in Europe and on all current and future carbon markets.

As for the pedagogical possibilities, this chapter may be appealing to courses in finance such as 
principles of financial markets, financial economics and financial econometrics. It will also be relevant 
to courses in energy, environmental and resource economics as it covers the EU ETS and the Kyoto 
Protocol which constitute a new commodity; it will also be eligible to courses on commodity markets 
and risk management on these markets. Finally, the measure of risk in climate change in CO2 spot and 
a future market is detailed based on commodity markets models and linear regressions. Besides, carbon 
price risk management strategies are described by the means of an econometric analysis of the factors 
influencing fuel-switching in the power sector.

DISCLAIMER

The contents and views of this chapter are expressed by the authors in their personal capacities. It is not 
necessary for the Editor and the Publisher to agree with these viewpoints and they are not responsible 
for any duty of care in this regard.
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KEY TERMS AND DEFINITIONS

Activities Carried Out Jointly: Pilot Stage of the joint implementation (MOC), such as it is defined 
in the Article 4.2 (a) of CCNUCC and which favors the implementation of activities of plans between 
developed countries (and their firms) as well as between country developed and developing country 
(and their firms). Activities carried out jointly should allow Parties in CCNUCC to acquire experience 
in this domain. It is not planned to validate the activities of this type during pilot stage. One still decides 
on nothing as for the future of the plans of activities carried out jointly and, in the manner, they can be 
linked to the mechanisms of Kyoto. Under the simple form of negotiable licenses, activities carried out 
jointly and other expressions founded on the market represent mechanisms which could greatly contribute 
to the draft of additional means for the preservation of total environment.

Annex B (Kyoto Protocol ([PK]): The countries of the annex B are principally the same that the 
countries of the annex I of CCNUCC with some difference. For instance, Belarus and Turkey are not 
included in the annex B. These countries have objectives of discount of programs of GES. The countries 
of the annex B are 37 countries as follows: Germany, Australia, Austria, Belgium, Bulgaria, Canada, 

http://http://siteresources.worldbank.org/EXTCC/Resources/EACC_FinalSynthesisReport0803_2010.pdf
http://http://siteresources.worldbank.org/EXTCC/Resources/EACC_FinalSynthesisReport0803_2010.pdf


444

Carbon Financial Market
 

Croatia, Denmark, Spain, Estonia, the United States, Finland, Greece, Hungary, Iceland, Ireland, Italy, 
Japan, Latvia, Liechtenstein, Lithuania, Luxembourg, Monaco, New Zealand, Norway, Netherlands, 
Poland, Portugal, Republic Czech, Romania, United Kingdom, Russia, Slovakia, Slovenia, Sweden, 
Switzerland, Ukraine.

Carbon Dioxide (CO2): Artificial or natural Gas of origin in case it results from fossil fuels (oil, 
gas, coal, etc.), of biomass and changes of allocation of lands, as well as other industrial techniques. 
It is main gas with anthropogenic greenhouse effect and reference gas for the measure of other gases 
with greenhouse effect. It is a gas which occurs of course, and that is also a product diverted from the 
combustion of fossil fuels and from biomass, as well as of the changes of allocation of lands and other 
industrial processes. It is main gas with anthropogenic greenhouse effect which has an influence on the 
radiatif balance sheet of the Earth. Gas acting as reference for the measure of other Gases with Green-
house effect (GES); his Potential of Worldwide Warming is equal to 1.

Clean Dark Spread (CDS): Expressed as € / MWh, represents difference between the selling price 
of electricity and its production cost, inserting the purchase of fuel (coal) and the possible purchase of 
the corresponding licences of program. Other expenses (functioning and maintenance and other interest 
charges) are excluded from counting. For the producer of electricity, one Clean positive Dark Spread 
means that the production of electricity is lucrative for considered period.

Clean Sark Spread (CSS): Expressed as € / MWh, represents difference between the selling price 
of electricity and its production cost, inserting the purchase of fuel (gas) and the possible purchase of 
the corresponding licences of program. Other expenses (functioning and maintenance and other interest 
charges) are excluded from counting. For the producer of electricity, one Clean positive Spark Spread 
means that the production of electricity is lucrative for considered period.

Climatic Change (CC): Detectable and persistent Variation of climate (modifications of the average 
of temperatures). Climatic Changes indicate a statistically significant variation of the medium state of 
climate or its changeability persisting during long periods, in general during decades or more. Climatic 
changes can be owed to natural internal processes or to external forcings, or to changes anthropiques 
persistent of the composition of the atmosphere or the allocation of lands.

Kyoto Protocol (PK): The Kyoto protocol is signed in 1997 has as objective to force industrial 
countries to reduce their programs of six (6) Gases to Greenhouse effect (GES): CO2, CH4, N2O, HFC, 
PFC, SF6. Agreement envisages for the period 2008-2012 that greenhouse gas emissions (GES) regress 
of 5,2% on average in comparison with the year of 1990. The European Union (EU) and other numerous 
countries ratified aforementioned protocol in 2002. To come into force, this protocol must be ratified by 
more than 55 countries totaling more than 55% of programs GES. Further to ratification by Russia at the 
end of 2014, the Kyoto protocol came into force on February 16th, 2005. Several big countries did not 
sign PK, notably the United States of America and China. Developing countries (PED) are exempted 
from ciphered commitments so that their development is not called into question.

Price of Carbon: Commands who must be poured (in a public authority in form of tax or in license 
of exchange of programs) for the program 1 ton of CO2 in the atmosphere. In models, as well as in the 
present Report, the price of carbon represents the social expense to avoid the program of an additional 
unit of Équivalent - CO2. In certain models the price of carbon is represented by the informal price of 
an additional unit of issued CO2, in others – by the rates of taxes on carbon or price of the license of 
programs. In the present Report it is also used as limit rate for the marginal expenses of depressions 
during the valuation of the economic possibilities of alleviation.
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Transfer of Programs of Carbon: Fraction of the discounts of programs in the purposeful countries/
parties in the Annex B which can be compensated, in countries exempt from obligations, by an increase 
of programs above basic conditions. This transfer can be linked (1) to a relocation of the activities of 
production with strong energy intensity in regions exempt from obligations; (2) in an augmented con-
sumption of fossil fuels in regions exempt from obligations due to fall of the international prices of oil 
and gas following from a reduction of the request of these forms of energy; and (3) in an evolution of 
incomes (and as a result of the request of energy) owed to an improvement of the terms of exchange. 
The transfer of programs also corresponds to the effects of the discount of the programs of GES or the 
plan of activities of stocking of CO2 which can happen beyond the borders of plan and that are measur-
able and attributable to activity. Nevertheless, it happens that effects attributable to an activity not being 
part of plan, can entrained a reduction of the programs of GES. It is what they call commonly an effect 
of entrainment. If a (negative) transfer of programs can entrain a delivery on the discounts of proved 
programs, an effect of positive entrainment will not be reason there out of necessity.

Unit of Discount Certified by Programs (URE) – Program Reduction Unit (ERU): Corresponds 
to a ton of programs in Equivalent-CO2 reduced or trapped thanks to a plan of the Mechanism for a clean 
development, calculated with the aid of the Potential of worldwide warming. To reflect possibility that 
a plan of afforestation or reforestation is not competitive, the 9th Conference of Parties decided to use 
temporary certificates for the net elimination of gases with greenhouse effect anthropogenic. See also 
Units of discount of programs. It is a credit carbon generated by the discount of a ton of greenhouse gas 
emission (GES) emanating from a plan MOC, expressed in tons CO2 (teqCO2) is equivalent.

ENDNOTES

1  Austria, Belgium, Germany, Denmark, Spain, Finland, France, United Kingdom, Hungary, Ireland, 
Italy, The Netherlands, Norway, Poland, Portugal, Sweden, Slovenia and Slovenia.

2  To find the theoretical value on the Fisher table the authors need dl1 and dl2. In this respect, [dl1 
= 9 (the variables) - 1 = 8] and [dl2 = 122 (the observations) - 9 = 113].

3 This column indicates the percentage chance that the correlation between the variable and the EUA 
spot price is zero. In this respect, the authors take the variables that have the lowest probability 
(value less than 0.05).
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ABSTRACT

The factors affecting environmental quality are examined in this chapter. Along with the support of 
relevant literature, Environmental Kuznets Curve (EKC) hypothesis is explained in detail to examine 
the impact of economic growth. In order to understand the linkage between foreign direct investments 
(FDI) and environmental degradation, pollution haven hypothesis (PHH) and pollution halo hypothesis 
(P-HH) are scrutinized. Using data of Sweden for the period 1971-2015, impacts of economic growth, 
FDI inflows, and energy consumption on the ecological footprint are measured. Results show that there 
exists a U-shaped relationship between gross domestic product per capita and ecological footprint. In 
the long run, the EKC hypothesis is contradicted. Additionally, FDI inflows are found to affect ecological 
footprint negatively, meaning that it decreases the environmental deterioration, in the long run, affirming 
P-HH. This study could be extended by using different econometric models, countries, and larger datasets.
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INTRODUCTION

Economic activities like foreign investments, global trade and transportation are essential for economic 
growth, which is the main goal to achieve for many countries around the world. However, rapid economic 
growth accompanied by excessive levels of such activities, industrialization, and higher population, 
result not only in increased levels of energy consumption by ongoing economic activities (Wang, Li, 
Fang, & Zhou, 2016), but also negative environmental impacts, especially the increased emissions and 
gradual gathering of Greenhouse Gases (GHG) in the atmosphere (Ahmad et al., 2016). The accumula-
tion of GHGs is among the root causes of global warming, climate change and other factors that cause 
environmental degradation. All these factors have serious implications to the whole ecosystem and may 
roll back the development progress.

Due to significant pace of growth, global warming, climate change and environmental degradation 
draws more attention and awareness (Apergis & Ozturk, 2015; Destek & Sarkodie, 2019). Industrializa-
tion became more prominent in last few decades which resulted in an increase in energy demand. As this 
demand is usually met by non-renewable fossil fuels causing GHG accumulation, managing the trade-off 
between economic growth and environmental deterioration gets harder day by day (Uddin, Salahuddin, 
Alam, & Gow, 2017; Majeed & Mazhar, 2019). Economic growth usually brings in industrialization 
that adds value to the extracted resources and increases agricultural output which raises consumption 
of natural resources. Consequently, regenerative capacity of natural resources is exceeded, creating 
ecological deficits in more countries (Sarkodie & Strezov, 2019). The people all over the globe create 
ecological footprint that is 60% higher than ecosystems can renew (Global Footprint Network, 2020) 
as a result of which the human-induced pressures on the environment have become an important threat.

The major global challenges that the humanity must face is continuing economic development while 
preserving the environment simultaneously. This challenge forms the notion of “sustainable develop-
ment.” Significant steps must be taken to prevent an environmental catastrophe while ensuring global 
sustainable development. The Sustainable Development Goals (SDG), two of which are fighting against 
climate change and creating access to affordable and clean energy for more people, were adopted in 
2015 as a development guide for all the UN member states with the aim of forming their principles and 
activities to reach these objectives by the end of 2030 (UN, 2020). The success in achieving sustain-
able development requires staying under world’s average bio-capacity which is the capability of natural 
resources to renew (Global Footprint Network, n.d.b). However, many countries involve in excessive 
economic activities to achieve rapid economic growth, resulting in over-exploitation of natural resources 
and/or accumulation of GHGs. The ultimate outcome is unsustainable environment.

The relationship between the quality of environment and economic growth is explained by Envi-
ronmental Kuznets Curve (EKC) hypothesis whereas Pollution Halo Hypothesis (P-HH) theorizes the 
relationship linkage between degradation of environment and inflows of foreign direct investment. In 
general both these hypotheses show the relationships for a developing country. EKC hypothesis defends 
that for a developing country, priorities are constructed upon economic growth instead of protection of the 
nature, while the latter two hypotheses investigate the impact of FDIs on the environmental deterioration 
in a developing country which depends on the attitudes of foreign investors. That is why, researching the 
validity of these hypotheses for a developed country case might be informative and pathfinder. It may 
pave the way for theories explaining better the relations mentioned above for the developed cases and 
may be insightful for policymakers.
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The aim this chapter is to scrutinize the factors affecting environmental degradation with an empirical 
application for Sweden, a developed country. Examining and understanding these factors properly may 
result in efficient policy suggestions with the aim of creating a sustainable environment not only for this 
generation but also for the next ones. Economic growth, FDI inflows and environmental degradation are 
discussed. Hypotheses are constructed, and empirical analysis is made by using econometric techniques 
to test the hypotheses. In the last part, results are discussed and suggestions for future research are made.

BACKGROUND

Indicators of Environmental Quality

The carrying capacity of environment is its “maximum persistently supportable load” (Catton, 1986). 
In our context, the prosperity of increasing human population depends on the viability of scarce energy 
and material resources the nature provides. Hence, allowing these sources to regenerate and preventing 
them from depleting are the keys to reach environmental sustainability. Considering this, Rees (1996) 
defined human carrying capacity as “the maximum rates of resource harvesting and waste generation 
(the maximum load) that can be sustained indefinitely without progressively impairing the productivity 
and functional integrity of relevant ecosystems wherever the latter may be located” (p. 203). Because 
all resource materials eventually turn into waste as the degraded form, waste generation has significant 
importance in this cycle, too.

Various indicators have been used as proxies for environmental deterioration. For example, Salahud-
din et al. (2015), Ahmad et al. (2016), and Wang et al. (2016) used carbon dioxide (CO2), Cole et al. 
(1997) used nitrogen dioxide (NO2) while others used other chemicals as environmental degradation 
indicators in their studies. CO2 emission is the most prominently used one among these which is probably 
because it has the biggest share in GHGs (Zafar et al., 2019). The effect of economic development on 
environmental deterioration comprises of several dimensions. Single indicator cannot give a full picture 
of environmental degradation as it is only a part of the deterioration resulting from large scale energy 
consumption (Solarin & Al-Mulali, 2018; Uddin et al., 2017). Carbon footprint (CARt) comprises the 
productive surface areas’ use but excludes other productive surface areas such as cropland, forests, fish-
ing lands, built-up lands, forests, and grazing lands (Solarin & Al-Mulali, 2018).

Ecological footprint is more appropriate to augment previously used separate indicators of degrada-
tion with a composite global indicator. It points out the per capita demand for bio-capacity (Mrabet, 
AlSamara, & Jarallah, 2017). William Rees and Mathis Wackernagel introduced ecological footprint 
concept in 1990’s initially. It was defined by Rees (1996) as “the corresponding area of productive land 
and aquatic ecosystems required to produce the resources used, to assimilate the wastes produced, by 
a defined population at a specified material standard of living, wherever on Earth that land may be 
located” (p. 205). This indicator reveals the impact on the environmental deterioration in terms of soil, 
water, and air (Al-Mulali, Weng-Wai, Sheau-Ting, & Mohammed, 2015) for individuals, companies, 
cities, nations, and the world (Charfeddine & Mrabet, 2017). Ecological footprint comprises carbon 
demand on land and biologically productive areas like forest, built-up and grazing lands, crop lands and 
fishing grounds that are required for regeneration of the resources for consumption, waste assimilation 
and economic growth (Destek & Okumus, 2019; Majeed & Mazhar, 2019). It depends on the population, 
income, consumption patterns, living standards and ecosystem efficiency (Wackernagel et al., 1999). 
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There are sub-categories of ecological footprint like carbon footprint, water footprint that can be used 
for various measurements and comparisons. The carbon footprint usually constitutes the largest part of 
ecological footprint (Verhofstadt et al., 2016).

In this chapter, ecological footprint is used as a proxy for environmental deterioration (Bello et al., 
2018; Destek et al., 2018). Ecological footprint combines all the data about environment into a single 
number, which makes it easier to compare regenerative capacity of the ecosystem with human consump-
tion of natural resources and to make sure the natural resources are used sustainably. Rees (1996) defined 
ecological deficit as “the level of resource consumption and waste discharge by a defined economy or 
population in excess of locally/regionally sustainable natural production and assimilative capacity” (p. 
205). Ecological footprint provides information about ecological deficit or surplus. In this way, eco-
logical footprint tells if the resources are used sustainably, or if the pace of consumption is higher than 
the regeneration capacity of biosphere. The rapid pace of increase in the human demand for ecosystem 
resources may create a danger for biological capacity available. Measurement of ecological footprint is 
done in global hectares (GHA) per person. In its calculation, first step is to estimate land area appropri-
ated (aa) per capita for each important consumption item production. Then, all appropriate ecosystem 
areas are summed to find total ecological footprint per capita. At the last step, this number is multiplied 
by the population size to get total ecological footprint (Rees, 1996).

In view of the foregoing, it is better to use ecological footprint as a proxy of human pressure on the 
environment (Destek, Ulucak, & Dogan, 2018; Uddin et al., 2017; Bello, Solarin, & Yen, 2018; Ozcan, 
Apergis, & Shahbaz, 2018; Majeed & Mazhar, 2019).

Factors Effecting Environmental Quality

Numerous studies consider different factors as effectors of ecological footprint and scrutinizes causal-
ity relations between ecological footprint and these variables. In their pioneering study, Grossman and 
Krueger (1995) examined the relationship between per capita income representing economic development 
and the environmental pollution level measured by various indicators. The researchers pointed out that 
this relationship could be represented by an inverted U-shaped curve. A U-shaped relationship is found 
if a dependent variable decreases due to an increase in an independent variable at a decreasing rate until 
it reaches a minimum turning point, after which the dependent variable rises at an increasing rate as the 
independent one continues to increase. In the opposite side, an inverted U-shaped relationship is found 
if the dependent variable first rises with the increase of the independent variable at a decreasing rate 
until the maximum turning point, after which it falls at an increasing rate (Haans, Pieters, & He, 2016). 
The researchers claimed that during the early stages of economic development, environmental awareness 
is usually limited, and the policy makers’ focus is the material output. That is why, the environmental 
degradation gets higher with high emission and pollution levels. Over extraction of natural resources 
result in higher waste generation. As the countries’ development and income per capita levels rise; the 
importance of the environment increases and institutions protecting environment get much more atten-
tion (Grossman & Krueger, 1995; Sarkodie, 2018; Sarkodie & Strezov, 2019; Zafar et al., 2019). Ad-
ditionally, the technology improves and economy’s development path changes from pollution intensive 
industries to service industries resulting in increased quality of the environment (Sarkodie & Strezov, 
2019). Panayotou (1993) labelled this pattern as Environment Kuznets Curve (EKC) hypothesis as it is 
named after Kuznets who stated that the relationship between the inequality and income level can be 
defined by an inverted U-shape curve. The hypothesis asserts that the economic growth is not a threat 
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but a requirement for the environmental quality in the long-term. If EKC hypothesis truly reflects the 
linkage between economic growth and deterioration of the environment, then levels of environmental 
degradation would be predicted according to countries predicted gross domestic product (GDP) levels 
in future years (Charfeddine & Mrabet, 2017). The theoretical equation of EKC can be written as,

EFP a GDP GDP Zit it it it it it= + + + +β β β ε
1 2

2
3

 (1)

In this equation, EFP represents ecological footprint, while GDP represents GDP per capita of the 
country. GDP squared is also added to the equation and all other possible effectors of ecological footprint 
are represented by Z.

For different signs of parameter β, shape of the EKC would change (Lorente & Álvarez-Herranz, 
2016). If all β parameters are 0, then there is no significant relationship between economic growth and 
environmental deterioration. If only β1>0 and other parameters are zero, then an increase in economic 
growth causes a linear increase in the environmental degradation. If β1<0 and all other parameters are 
zero, then an increase in economic growth causes a linear decrease in the environmental degradation. If 
β1>0 and β2<0 and the other parameter β is zero, there exists an inverted U-shaped EKC. In the opposite 
way, if β1<0, β2>0 and other parameter β is zero, there exists a U-shaped EKC as explained above. If 
β1>0, β2<0 and β3>0, there exists an N-shaped relationship between economic growth and environmental 
deterioration and for the opposite signs of the parameters; there will be an inverted N-shaped linkage 
between environmental degradation and economic growth (Allard, Takman, Uddin, & Ahmed, 2018).

Total energy use is one of the variables that is studied often and may have a relation with ecological 
footprint. It is defined by Charfeddine and Mrabet (2017) as “the use of primary energy before transfor-
mation to other end-use fuels (such as electricity and refined petroleum products)” (p. 144). It is usually 
represented by energy consumption or logarithm of energy consumption per capita. Impact of energy 
consumption on the environment may differ according to the way and the purpose of energy usage. If 
non-renewable energy sources are used creating higher demand for oil, gas, and coal; than this consump-
tion probably increases GHG emissions and deteriorate environmental quality (Mirza & Kanwal, 2017). 
If the utilization of “green technologies” exists, then it may not increase environmental degradation.

Energy use affects environmental quality that impacts the economic growth. There are different 
hypotheses about energy use and economic growth relationship. “Growth hypothesis” states that as 
energy consumption positive bidirectional relationship with economic growth (Shahbaz, Farhani, & 
Ozturk, 2015). “Feedback hypothesis” asserts causality and reverse causality for economic growth and 
consumption of energy. Whereas conservation hypothesis defines the one way causality between these 
two variables. No causality is depicted by “Neutrality hypothesis” (Ahmad et al., 2016). Additionally, 
it is claimed that energy use contributes economic growth that results in environmental deterioration 
(Charfeddine & Mrabet, 2017).

The influence of urbanization on ecological footprint is also studied by many researchers. Urban 
population is represented by the percentage of the people living in urban areas out of the total population 
(Charfeddine & Mrabet, 2017). Process of urbanization is contributed by the transition of the economy 
from agriculture to industry. This transition usually accompanied by rapid economic development and 
higher earnings. The effect of urbanisation on the environment may differ. If the urbanization process 
is planned properly and the people living in urban areas use green technology, then it may decrease the 
deterioration of the environment (Arouri, Shahbaz, Onchang, Islam, & Teulon, 2013). Additionally, ac-
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cording to ecological modernization theory, environmental deterioration may decrease with the help of 
efficient use of space and transportation, ecologically rational institutions and technologies (Majeed & 
Mazhar, 2019). Urbanization and rapid industrialization enhance the production of goods and services 
which ultimately increases the environmental degradation (Ulucak & Khan, 2020).

Political factors like political freedom or democracy may affect sustainable environmental quality 
in the long-term. Charfeddine and Mrabet (2017) claimed that the political institutions are critical in 
ensuring compliance with the regulations and laws protecting the environment. Usually, developments 
in law, regulations and institutional quality are seen among the political factors that are effectors of the 
environment. Deacon and Mueller (2006) defended that political system and institutional mechanisms of 
a country are important in making people and producers adapt more environmentally friendly attitudes 
and production mechanisms.

The fertility rate may affect the environmental degradation in many ways. High fertility rate is usu-
ally accompanied by higher population growth rate that fastens the rate of depletion for limited natu-
ral resources. Naturally, this impact depends on the consumption patterns of population, agricultural 
practices, urbanization pace, changes in land-use, energy consumption patterns and many other factors. 
Charfeddine and Mrabet (2017) considered fertility rate as a crucial factor affecting the environmental 
quality. According to them, as the population grows, degradation of the environment caused by the 
people also increases.

Human capital also has the potential to impact environmental quality, especially in the long run. As 
the society becomes more educated, human capital is accumulated. This helps efficient use of natural 
resources. By the increase in human capital, efficiency in production processes and energy consumption 
may advance, causing less GHG emissions and more tendency to adopt cleaner technologies, not only 
in industrial sectors but also in daily routine (Zafar et al., 2019).

There are different views about the effect of trade openness on the environment. One view defends 
that for production, environmental control costs are generally not very high and developing countries 
with stricter environmental laws may focus on less-polluting industries to get competitive advantage 
(Asghari, 2013). Depending on the pollution the production process creates the income gain from trade 
may be outbalanced by the environmental degradation in the exporting country.

FDI is among prospective determinants of environmental deterioration. It may be measured by FDI 
inflows as a percentage of GDP. Compliance of environmental protection laws attract FDIs for green tech-
nologies. This promotes research and development in cleaner technologies, decreasing the environmental 
degradation in turn (Asghari, 2013). On the other hand, FDIs benefit from loose/weak environmental 
regulations and the weak infrastructure in the countries (Majeed & Mazhar, 2019), that results in the 
decreased quality of the environment by the accumulation of GHGs and pollution.

Environmental Deterioration and Economic Growth: EKC Curve

Economic growth is represented usually by GDP, logarithm of GDP or real GDP per capita (Majeed 
& Mazhar, 2019). Through different channels environment is affected by economic growth like Scale, 
composite and technique effect.

Scale effect represents the increased degradation of the environment due to “the economies of scale 
production”, i.e. better utilization of inputs for higher production. Hence, rising output requires more 
inputs, resulting in higher environmental degradation. This impact asserts a monotonically increasing 
relation between income and environmental deterioration (Charfeddine & Mrabet, 2017). Composite 
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effect means that the negative effect on the environment increases as the growth path changes from 
agriculture to industrialization with heavy manufacturing industries and then declines afterwards as the 
path goes towards the service sector. Lastly, economic growth may decrease environmental deteriora-
tion by the development of green technology and decreasing pollutant emissions, which is defined as 
technique effect (Stern, 1998). Countries with higher income tend to make the environment cleaner 
(Asghari, 2013). Environmental quality can be developed only if the technological effect dominates both 
the composite and scale effects. Hence, the EKC hypothesis is important and provides policy makers a 
roadmap on how the sustainable growth may be achieved (Mrabet et al., 2017). It is notable to mention 
that GDP comprises only official economic activities. Hence, given the presence of informal economic 
activities and the informal economy, studying the relation between economic growth and environmental 
degradation using GDP may give misleading results (Imamoglu, 2018).

The standard practice is to analyse the impacts of economic growth on the environmental deterioration 
to test EKC hypothesis. However, considering their direct and indirect influences on the environment, 
a few other variables are incorporated into the framework, for example, financial development. There 
are different channels through which the financial development affects the environment. First, it would 
attract FDI, which may contribute to economic growth. Also, just like the economic growth, financial 
development may bring easier access to clean technologies, which would increase efficient use of energy 
(Zhang, 2011). It also attracts more projects using green technology and facilitate investments in such 
technologies like renewable energy (Majeed & Mazhar, 2019). On the other hand, financial develop-
ment may motivate the credit facilities that help the investors for purchasing machinery, devices and 
such which increases the GHG accumulation and environmental degradation (Zhang and Zhang, 2018).

LITERATURE REVIEW

Environmental Degradation and Economic Growth

Numerous studies have scrutinized the linkage between environmental degradation and economic growth 
by investigating the EKC hypothesis. Differing results have been witnessed.

First strand of studies confirms the EKC hypothesis for which CO2 emission is considered as an indi-
cator for degradation of environment. The inverted U shape EKC hypothesis is confirmed for Malaysia 
by investigating the relationship between real GDP and the environmental deterioration (Saboori et al., 
2012). Using time series data of twenty-one countries, Boulatoff and Jenkins (2010) proved the negative 
relationship between CO2 emissions and income.

EKC hypothesis integrates the influence of other variables on the environment. Jalil and Mahmud 
(2009) supported the EKC hypothesis where the inverted U-shaped linkage is found between income 
and CO2 emissions. The study also confirmed the increasing influence of energy consumption on CO2 
emissions. Twenty-four transition economies Using panel data for twenty four economies, Tamazian and 
Rao (2010) approved the EKC hypothesis. The study revealed the significance of institutional quality 
and financial developments to decrease environmental degradation. Jalil and Feridun (2011) confirmed 
EKC hypothesis and pointed out that financial development decreases environmental deterioration in 
China. Omri (2013) considered 14 MENA countries and found that energy consumption and economic 
growth increase environmental deterioration, confirming EKC hypothesis. Through an inverted U-shaped 
relationship, Ahmad et al. (2016) found that the GDP per capita in linear form has an increasing im-
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pact on CO2 emissions, while GDP per capita squared affects it negatively in India. Similarly the EKC 
hypothesis holds for China (Zhang and Zhang, 2018). In addition, trade and exchange rate affect the 
environmental quality negatively according to the results. Sarkodie and Strezov (2019) also confirmed 
the validity of EKC hypothesis in China.

There are opposite findings in some studies which do not confirm the EKC hypothesis. Tamazian et 
al. (2009) investigated the impacts of economic growth and financial development on the environment 
for the BRIC economies and emphasized that the higher levels of financial development and economic 
growth would bring technological innovations creating energy efficiency, resulting in decreased environ-
mental degradation in turn. Hence, results of the study oppose EKC hypothesis. Ozturk and Al-Mulali 
(2015) showed that GDP, urbanization, energy consumption, and trade openness increase CO2 emissions, 
hence intensify environmental degradation in Cambodia so EKC hypothesis is not confirmed in the study. 
Bakirtas and Cetin (2017) could not find any evidence supporting EKC hypothesis for Mexico, Indonesia, 
the Republic of Korea, Turkey, and Australia (MIKTA) countries, whose focus is not on environmental 
quality but on material output, while FDI has a positive influence on the environmental degradation. 
Dar and Asif (2018) concluded that, in Turkey, financial development affects environmental quality 
positively while economic growth and higher energy usage deteriorates. Thus, the study challenges the 
validity of EKC hypothesis.

In view of the foregoing literature, CO2 emissions are considered as an indicator for environmental 
degradation although CO2 emissions are just a part of environmental deterioration (Al-Mulali, Weng-Wai, 
et al., 2015). Available bio-capacity is not considered while testing EKC hypothesis. Ecological footprint 
would be a better and more comprehensive proxy for the environmental quality regarding its specifications. 
Charfeddine and Mrabet (2017) investigated EKC hypothesis for 15 MENA countries using ecological 
footprint as an environmental indicator and found that while the EKC hypothesis is confirmed for the 
whole sample, for the non-oil-exporting sub-sample, U-shaped behaviour of EKC curve is witnessed. 
The researchers also found that while the increases in energy consumption and political institutions in-
dex scale up ecological footprint, urbanization decreases it. The researchers also added that fertility rate 
and the life expectancy at birth decrease ecological footprint, benefiting the environment. Uddin et al. 
(2017) found that considering the highest emitting countries, real income has significant positive effect 
on ecological footprint per capita, while financial development and trade openness decrease it. Bello et 
al. (2018) showed that hydroelectricity usage as renewable energy consumption significantly decreases 
the ecological footprint in Malaysia and EKC hypothesis is supported by the inverted U-shaped relation-
ship. It is concluded that urbanization increases CO2 emissions. For the period 1980-2013, Destek et al. 
(2018) confirmed EKC hypothesis for the countries of European Union EU countries using data from 
1980 to 2013. There exists U-shaped relationship between the real income and ecological footprint, hence 
EKC hypothesis is supported. Also, the findings revealed that the non-renewable energy consumption 
increases the ecological footprint while renewable energy consumption and trade openness affected it 
negatively in EU. Imamoglu (2018) considered formal and informal economic activities separately and 
found that formal income, informal income and energy consumption increase the ecological footprint 
in Turkey. Using the panel data of twenty countries, Solarin and Al-Mulali (2018) found that the real 
GDP and energy consumption have an increasing effect on ecological footprint, intensifying the envi-
ronmental degradation. At the country level analyses, with a few exceptions, the same results persist. It 
is also observed that the urbanization scales up carbon footprint, ecological footprint and CO2 emissions 
by using the panel data, while individual country level results differ. Udemba (2020) found a positive 
relationship between ecological footprint and GDP per capita in Turkey, supporting EKC hypothesis.
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Al-Mulali, Tang, and Ozturk (2015) studied 129 countries and found that while the urbanization 
increases CO2 emissions in the long run in lower-middle, upper-middle, and high-income countries, it 
does not affect low-income countries significantly. According to the findings, GDP growth also increases 
CO2 emissions in upper-middle and high-income countries, but no significant effect is witnessed in 
lower-middle-income countries. It is also found that the financial development has a significant negative 
impact on CO2 emissions, meaning that financial development may develop the environment. Apergis 
and Ozturk (2015) used data from 14 Asian countries and the analyses conducted show that there exists 
an inverted U-shaped linkage between emissions and income, confirming EKC hypothesis. The find-
ing of Charfeddine (2017) confirmed the U-shaped curve for ecological footprint. It is found that trade 
openness and urbanization increase ecological footprint. Ulucak and Bilgili (2018) studied the effect 
of human capital on the ecological footprint by dividing countries into categories of low, middle, and 
high-income countries. According to the results, the human capital index lowers ecological footprint for 
all country groups, confirming the EKC hypothesis. Ahmed and Wang (2019) researched the effect of 
human capital and energy usage on ecological footprint in India and show that human capital decreases 
environmental deterioration by lowering ecological footprint, while energy consumption increases eco-
logical footprint. Baloch et al. (2019) evaluated data from 59 Belt and Road Initiative (BRI) countries and 
found that financial development, economic growth, energy consumption, FDI inflows, and urbanization 
increase ecological footprint, intensifying the environmental degradation. Ulucak and Khan (2020) found 
an inverted U-shaped relationship between income and ecological footprint for all BRICS countries.

Caviglia-Harris et al. (2009) investigated the linkage between ecological footprint and economic 
growth for 146 countries for the period of 1961-2000 and the findings pointed out that there was a re-
lationship between the ecological footprint and economic development supporting the EKC hypothesis. 
Salahuddin et al. (2015) explained that economic growth and electricity consumption caused a rise in 
CO2 emissions in the Gulf Cooperation Council (GCC) countries, while for financial development no 
significant impact was found. Mrabet et al. (2017) found that as the long run influence of income on 
the ecological footprint is higher than its short run effect, there exists a monotonic relationship between 
income and the ecological footprint. Hence, the EKC hypothesis is not valid in Qatar. Additionally, the 
findings show that the influence of trade openness on the ecological footprint is decreasing in the long 
run. Ozcan et al. (2018) analysed EKC hypothesis for Turkey and the findings show that for some periods 
there were feedback relationships between ecological footprint and economic growth. In addition, it is 
found that the economic growth influenced ecological footprint in the positive way by an effect which is 
slowly increasing. Thus, the EKC hypothesis is not confirmed for Turkey. Zafar et al. (2019) found that, 
in the long run, the natural resources and human capital decrease the ecological footprint, thus improve 
environmental quality. U-shaped relationship is found for OECD countries (Destek and Sinha, 2020).

The mixed nature of the empirical findings in the literature may be attributed to various reasons. 
Researchers prefer different econometric methodologies for the investigations depending on the datasets. 
Sample size and frequency may result in different conclusions. Environmental deterioration indicators 
are various which include CO2, CH4, and NO2 emissions, ecological footprint, water pollution, defor-
estation. Preferring one among these indicators affects the research results. As the ecological footprint 
is the most comprehensive one among all, it is widely used in the current literature as the indicator of 
environmental deterioration. In addition, researchers integrate divergent variables to the models used in 
research. Some researchers tested the basic EKC equation while others used broader models which may 
provide more comprehensive results if the variables are chosen properly. Lastly, sample of countries and 
the period examined have an impact on the findings of the study because of that individual peculiarities 
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and development levels of the countries. Investigating the same country for different periods generate 
different results. If a group of countries are analysed, these should be chosen as homogenous as possible 
(Wang et al., 2016; Charfeddine & Mrabet, 2017; Mrabet et al., 2017).

ENVIRONMENTAL DEGRADATION AND FOREIGN DIRECT INVESTMENT

Exactly like the economic growth, FDI inflows may affect the environmental quality of host countries 
through three channels: the scale effect, composition effect and the technique effect (Grossman & Krueger, 
1991). The scale effect suggests that during the first stages of economic development, the countries 
require additional natural resources and inputs which would affect the environment negatively through 
increased emissions, resource consumption or dangerous by-products. Hence, more FDIs would trigger 
economic growth while deteriorating the environment at the same time. The composition effect points 
out the fact that FDI inflows may affect composition of the industries in the host country, which may 
create differing effects on the ecology depending on the sectors’ composition (Nathaniel et al, 2020). 
Through technique effect FDI inflows channelize the relocation and diffusion of modern technology 
which is accompanied by new environmental regulations. This relocation would lower the environmental 
degradation while creating positive spill overs to local firms (Abdo et al., 2020; Nathaniel et al., 2020).

FDI inflows affect the host country negatively in terms of the environment when technique effect is 
dominated by scale and composition effects. Pollution haven hypothesis (PHH) is the degrading effect 
of FDI inflows on the environment (Asghari, 2013; Udemba, 2020). This hypothesis defends that loose 
environmental regulations, which are usually seen in less developed countries, attract opportunist and 
pollution-intensive multinational companies (MNC) who want to outsource pollution-intensive produc-
tions to benefit from lower costs of adapting to the regulations, lower negative externality costs, abundant 
natural resources and labour force without regarding the negative impacts on the environment in the host 
countries (Grossman & Krueger, 1991; Copeland & Taylor, 1994; Cole & Elliot, 2005; Bakirtas & Ce-
tin, 2017; Sarkodie & Strezov, 2019; Mert & Caglar, 2020). That is why, these less developed countries 
which do not have the resources required for development, may provide legislative incentives in order 
to gain comparative advantage in pollution-intensive industries to attract FDIs by producing pollution-
intensive products (Solarin & Al-Mulali, 2018; Mert & Caglar, 2020). In this chain, dirty industries of 
developed countries migrate to less developed ones and the latter exports these pollution-intensive goods 
while these goods are imported by the former (Destek & Okumus, 2019).

There are some supporting explanations of this hypothesis. Initially, environmental consciousness is 
higher in developed countries thanks to high income level and increased demand for better environmental 
quality, while extra earnings are valued more in less developed countries due to the poverty. In addition, 
as the qualified and trained personnel and the equipment required for environment-friendly production 
are scarce in less developed countries, costs of enforcing environmental regulations are higher in less 
developed countries. Thirdly, the development in developed and less developed countries are accompanied 
by a shift from manufacturing to service sector and a shift from agriculture to industrialization, respec-
tively. The former decreases environmental degradation while the latter intensifies it (Asghari, 2013).

Pollution Halo Hypothesis (P-HH) is the favourable effect of FDI inflows on both the economy and the 
environment. In this case, the scale effect is outweighed by the composition and technique effects. This 
hypothesis defends that if the MNCs perform activities in the host countries in an environment-friendly 
and cleaner manner using innovative production approaches, the environment is not degraded (Alfaro, 
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Chanda, Kalemli-Ozcan, & Sayek, 2010; Al-Mulali & Tang, 2013; Udemba, 2020). As the investments 
in the less developed host countries increases, pollution in these countries decreases because FDI inflows 
promote the use of advanced environment-friendly technologies and management skills by obeying the 
environmental regulations. As the domestic industries adopt these freshly learned methods, environ-
mental degradation in the host countries diminish (Destek & Okumus, 2019; Abdo et al., 2020; Mert & 
Caglar, 2020; Nathaniel et al., 2020). Supporters of this hypothesis posit that as the country attracts more 
FDIs, new training opportunities in the host country provide the workers with opportunity of learning 
new skills and know-how (Alfaro et al., 2010). Secondly, MNCs do not risk their reputation, goodwill, 
and business in the long-term by deteriorating the environment (Nathaniel et al., 2020). Lastly, the less 
developed host countries get latest technology and new inputs with the help of FDIs (Zafar et al., 2019).

The relationship between FDI inflows and environmental indicators is discussed widely in the litera-
ture. In the long run FDI inflows have a small but positive effect on CO2 emissions (Seker et al., 2015). 
PHH is confirmed in BRICs countries (Zakarya et al., 2015) and ASEAN-5 (Baek, 2016) as FDI inflows 
have a positive influence on CO2 emissions. Bakirtas and Cetin (2017) found that with a positive shock 
on FDI inflows, CO2 emissions increase by 0.4% in MIKTA countries, confirming PHH. FDI inflows 
increase CO2 emissions in the top five emitter developing countries as suggested by Sarkodie and Strezov 
(2019). Solarin et al. (2017) validated PHH for Ghana using CO2 emissions as an environmental indica-
tor and concluded that PHH is confirmed for the country. For China, during the period 1980-2012, the 
results revealed the validity of PHH (Sun et al., 2017). Baloch et al. (2019) examined the impact of FDI 
inflows on the ecological footprint for 59 BRI countries and conclusion was an affirmation of PHH for 
these countries.

Shahbaz et al. (2019) researched the linkage between FDI inflows and CO2 emissions for the MENA. 
The N-shaped relationship is found between FDI inflows and CO2 emissions which confirms PHH. Abdo 
et al. (2020) researched the influence of FDIs on ecological footprint in 12 Arab countries and found that 
FDI inflows increase CO2 emissions, supporting PHH. Udemba (2020) investigated the linkage between 
FDIs and ecological footprint and showed that FDI inflows increase ecological footprint. Thus, PHH 
is confirmed. Tamazian and Rao (2010) analysed the effects of various variables on CO2 emissions in 
twenty-four transitional countries. The results pointed out that FDI inflows reduce CO2 emissions per 
capita in these countries so P-HH is valid. Asghari (2013) studied the linkage between FDI inflows 
and the quality of the environment in MENA region and found that FDI inflows support environmental 
quality, confirming P-HH for the region. Mert and Boluk (2016) examined the effect of FDI inflows on 
CO2 emissions in 21 Kyoto countries. Their results confirm the P-HH meaning that FDI inflows improve 
the environment. It is also concluded that the renewable energy consumption reduces CO2 emissions. In 
twenty nine provinces of China Zhang and Zhou (2016) found that FDI inflows help CO2 emissions to 
decrease, hence their findings support the P-HH. For countries of ASEAN, Zhu et al. (2016) reached at 
the conclusion that FDI inflows reduced CO2 emissions except for first quintile, approving the validity 
of the P-HH for high emission countries. Zafar et al. (2019) found that FDI inflows decrease ecological 
footprint in the US. Mert and Caglar (2020) applied hidden co-integration analyses and concluded that 
increase in FDI inflows decrease the emission growth rate in the long run in Turkey as an affirmation of 
P-HH. Kivyiro and Arminen (2014) researched the relationships between CO2 emissions, energy usage, 
and economic development and FDI inflows in six Sub Saharan African countries. The results concluded 
that FDI inflows raise CO2 emissions in Kenya and Zimbabwe, while decrease it in the other ones.

Solarin and Al-Mulali (2018) found that FDI inflows diminish carbon footprint using data of twenty 
countries. Results are mixed at the individual country level. It is also concluded that FDI inflows have no 
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significant impact on the ecological footprint at the panel level while results at individual country level 
are different. As most of the results show that FDI inflows have a negative impact on the environmental 
deterioration in the developed countries in accordance with P-HH, there is an increasing impact on the 
environmental deterioration in the developing countries. Destek and Okumus (2019) rejected both PHH 
and P-HH 10 newly industrialized countries.

Mixed results of the above said studies depend on the contexts and research subjects. Additionally, 
research designs, econometric methods used for analyses, research periods and variables may also affect 
the results (Wang et al., 2016).

EMPIRICAL ANALYSIS

While the relevant literature provides a theoretical base, real data analysis is useful to contribute to the 
existing literature. That is why, theories explained and argued are tested using real-life data of Sweden. 
Sweden is a country in North Europe whose population has reached to 10.38 million as of 2020. It repre-
sents an interesting case as, in 2017, its ecological footprint is 22nd highest one among all countries. Still, 
its bio-capacity deficit has been positive since 1961, which means it has bio-capacity reserve (Global 
Footprint Network, n.d.b). Being a developed country, investigating the influences of the variables (which 
are defined as ecological footprint effectors in the relevant literature) on the environmental degradation 
would result in useful inferences. Following two hypotheses are tested.

Hypothesis One: Ecological footprint and economic growth of the Sweden has a relationship represented 
by an inverted U-shape, as EKC suggests.

Alternative Hypothesis: Hypothesis one does not hold.
Hypothesis Two: Ecological footprint and FDI inflows to the Sweden have a negative relationship, as 

P-HH suggests.
Alternative Hypothesis: Hypothesis Two does not hold.

Data

The relationships between the ecological footprint (production per capita), energy consumption (in per 
capita of kg of oil equivalent), GDP per capita, GDP square and net FDI inflows are analysed using annual 
frequency time series data for the period 1971–2015. Details about the variables are given in Table 1. 
GDP, GDP square, energy consumption and net FDI inflows data are obtained from World Bank online 
database, while ecological footprint data is acquired from Global Footprint Network.

All variables are included in the form of natural logarithm forms to prevent heteroskedasticity. To 
get the natural logarithm of the FDI series, negative values must be fixed. That is why, a constant value 
is added to all values in this series to make them all non-negative. Descriptive statistics of the variables 
are presented in Table 2. The standard deviation values reveal that the instabilities of economic growth, 
ecological footprint and the FDI are greater than that of energy consumption.
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Unit Root Tests

A combination of unit root tests is employed to determine the integration order of the variables. DF-GLS 
unit root test which found by Elliot, Rothenberg, and Stock and KPSS (Kwiatkowski, Phillips, Schmidt, 
& Shin, 1992) test are applied to examine the stationarity of the series. The null hypotheses of DF-GLS 
and KPSS tests show non-stationarity and stationarity, respectively. The results of the KPSS test in 
Table 3 show that the variables are at non-stationary levels because the null hypothesis of stationarity is 
rejected at 1% significance level for all variables. All variables included in the study become stationary 
at the first difference according to KPSS test outcomes.

When DF-GLS test results are considered, null hypothesis of non-stationarity could not be rejected for 
the level variables. However, when the first differences are used for the test, all become stationary and the 
null hypothesis is rejected at 5% and 1% levels for lnFDI and others, respectively. Hence, the test results 
disclose that all the variables employed in the study are non-stationary at the level and stationary at the 
first difference, showing that these are integrated of order one, I(1). Test results are shown in Table 3.

Co-Integration Tests

Next important step is to decide the optimal lag length. Table 4 shows lag order selection criteria results. 
As both Hannah-Quinn (HQIC) and Schwarz Bayesian Information Criterion (SBIC) gave the optimal 
lag length of 1, lag length is determined as 1.

Table 1. Variables and data sources

Variables Description Data Sources

Ecological footprint of production (lnEFP) In global hectares per capita Global Footprint Network

Foreign direct investments net inflow (lnFDI) Measured in net FDI inflows per capita current US $ World Bank online dataset

Economic growth (lnGDP) Measured in GDP per capita current US $ World Bank online dataset

Quadratic term of GDP (lnGDPsq) To check non-linear relations

Energy consumption (lnenergy) Measured in per capita of kg of oil equivalent World Bank online dataset

Table 2. Descriptive statistics

lnEFP lnGDP lnFDI lnEnergy

Mean 22.480 10.097 23.432 8.578

Median 22.839 10.296 23.193 8.588

Maximum 23.003 11.012 25.013 8.679

Minimum 20.533 8.543 21.050 8.401

SD 0.817 0.668 0.648 0.076

Skewness -1.677 -0.325 -0.489 -0.620

Kurtosis 3.859 6.079 2.354 2.472

Obs 45.000 45.000 45.000 45.000
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As the outcomes of the DF-GLS and KPSS tests indicate that the variables analysed in the study are 
integrated of order one, Engle-Granger and Johansen cointegration tests may be employed to investigate 
the existence of any cointegrating relationship.

Table 5 shows the outcomes of both cointegration test results. In the Panel A, results are shown for the 
Engle-Granger test and the null hypothesis has no cointegration. As the null is rejected at 5% significance 
level, it is concluded that there exists a cointegrating relationship between the series. This test is useful 
as it is easy to implement. However, this test is based on the assumption of existence of one cointegrat-
ing factor so one should be careful while using this test in models having more than two variables. The 
Johansen cointegration test is more appropriate is such situations as it can test the existence of multiple 
cointegrating vectors. Ulucak & Bilgili (2018) found that the Johansen procedure outperforms both 
single equation and multivariate methods. So, Johansen cointegration test is applied for double check. 
Panel B of Table 5 shows the results of the Johansen cointegration test for which the null hypothesis is 
no cointegrating relationships. The H0 is rejected at rank 0 and 1, and it cannot be rejected at rank 2. 
Hence, it can be concluded that there are two cointegrating equations.

Table 3. Unit-root test results

DF-GLS KPSS

lnEFP -2.390 0.447***

∆lnEFP -10.730*** 0.021

lnFDI -1.970 0.0313***

∆lnFDI -3.356** 0.021

lnGDP -2.484 0.382***

∆lnGDP -4.127*** 0.066

ln (GDPsq) -0.951 0.805***

∆lnGDPsq -4.316*** 0.037

lnenergy -1.006 0.774***

∆lnenergy -4.778*** 0.018

The models with trend and intercept are used. ** and *** shows significance at 5% and 1% levels, respectively.

Table 4. Lag order selection criteria

Lag LogL LR FPE AIC HQIC SBIC

0 -132.356 NA NA 6.700 6.776 6.909

1 -16.392 231.930 0.001 3.263 2.720* 3.517*

2 1.164 35.113 0.000 2.626 3.463 4.925

3 23.020 43.711 0.000 2.780 3.997 6.123

4 69.793 93.547* 0.000* 1.717* 3.315 6.105

* shows the chosen lag order according to the criteria.
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VECM – Causality Relations

Vector Error Correction Model (VECM) could be constructed to investigate short run and long run causal 
relationships between the variables.
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Δ shows differenced operator and lag length is denoted by k-1. ut is the residual which is assumed to 
be i.i.d. ECTt-1  shows the lagged error correction term whose significance points out the long run link-
ages among the variables. Once the series are known to be cointegrated, the VECM is superior in dif-
ferentiating between short run and long run causal relationships (Shahbaz, Loganathan, Zeshan, & 
Zaman, 2015).

Here, as the optimal lag length is 1, no short run dynamics among the variables is observed. In VECM 
models, one less lag than the optimal lag is employed. The coefficient of the error correction term is 
examined to detect long-term causal linkages. If the term is statistically significant, then there exists a 
causal relationship in the long run (Seker, Ertugrul, & Cetin, 2015).

Long-term relationship outcomes are presented in Table 6. These coefficients must be interpreted 
in their negative forms. Hence, FDI inflows have a decreasing impact on the ecological footprint and 
every increase of 1% in FDI inflows results in a decrease of 0.51% in the ecological footprint at the 
significance level of 10%. This result proves the existence of P-HH for Sweden. Evidence of P-HH is 
confirmed for GCC countries (Tang, 2013), Vietnam (Tang and Tan, 2015), and Turkey Mert and Caglar, 
2020) respectively.

GDP and GDP2 have asymmetric impacts on the ecological footprint, ceteris paribus. Every increase 
of 1% in GDP and GDP2 results in a decrease of 0.63% and an increase of 0.20% on the ecological 
footprint, respectively. The coefficients are significant at 5% and 1% levels. As the GDP decreases 
the ecological footprint until the point at which it starts to increase it, a U-shaped linkage is observed 
between the economic growth and the quality of the environment. Lindmark (2002) applied structural 
time-series approach and found no proof of EKC hypothesis. However, this may be a result of the period 
he examined (1870-1997). U-shaped relation is also found by Charfeddine (2017), Destek et al. (2018), 
and Destek and Sinha (2020) for Qatar, EU countries and 24 OECD countries, respectively.

Table 5. Cointegration test results

A. Engle-Granger Cointegration Test Test Statistic 5% Critical Value Cointegration

z (t) -5.231 -4.741 √

B. Johansen Cointegration Test Trace Test 5% Critical Value Cointegration

R = 0 79.521 68.520 x

R ≤ 1 49.336 47.210 x

R ≤ 2 25.632* 29.680 √

* shows significance at 1% levels.
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Last line of Table 6 shows the relationship between the energy consumption and ecological footprint. 
It is observed that an increase of 1% in the total energy consumption results in an increase of 17.89% 
in the ecological footprint. The impact is significant at 1%. Increasing effect of energy consumption is 
confirmed for the environmental is confirmed for China (Jalil and Mahmud, 2009), 14 MENA countries 
(Omri, 2013) and five countries (Sarkodie and Strezov, 2019).

Diagnostic Tests

Table 7 shows results of the diagnostic tests applied after VECM calculations. First line of the table 
shows the results of the autocorrelation test. Here, the null hypothesis states that the errors are not 
auto-correlated and as the p-value is 0.37, the null hypothesis cannot be rejected. Errors are not serially 
correlated. Second part of the table demonstrates the results of the normality tests. Skewness, kurtosis 
and Jarque-Bera tests are employed to check for normality. For tests, small sample adjustments are done. 
While skewness test affirms the normality, kurtosis test results and Jarque-Bera statistic reject it. Last 
part of the table indicates stability test results confirming stability of the system.

DISCUSSION OF RESULTS

Empirical analysis results show that there exists a U-shaped relationship between the GDP and ecologi-
cal footprint in Sweden. EKC hypothesis defends that especially in developing countries, GDP increases 
the pressure on the environment until the turning point at which the country becomes more developed, 
and the people become more sensitive about environmental issues. Sweden was among the developed 

Table 6. Long run estimations

Coefficient Std. Error t-Stat. Prob.

lnFDI 0.510* 0.276 1.850 0.065

lnGDP 0.627** 0.300 2.090 0.036

lnGDP2 -0.199** 0.080 -2.490 0.013

lnEnergy -17.892*** 3.079 -5.810 0.000

*, **, and *** show the significance levels of 10%, 5% and 1%, respectively.

Table 7. Diagnostic tests

F-Statistics P-Value

Autocorrelation test LM 29.680 0.237

Normality tests Skewness test 5.830 0.323

Kurtosis test 15.574*** 0.008

Jarque-Bera test 21.404** 0.018

Stability test Eigenvalue Modulus

0.288 0.278

*, **, and *** show the significance levels of 10%, 5% and 1%, respectively.
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countries in 1971 where the dataset initiates (UN, 1971), which may be the reason of U-shaped EKC. For 
the developing countries, financial development has the priority over environmental quality especially 
at the early stages of the development, as suggested by the EKC hypothesis. However, as Sweden was 
already a developed country, results must be evaluated accordingly. For Sweden, as the GDP per capita 
rises, environmental degradation decreases until the turning point, after which the ecological footprint 
starts to increase. As Sweden has the 21st place among all countries according to the GDP per capita 
value of 2019 (World Bank, n.d.), highest priority of the nation was not the financial concerns. As the 
GDP per capita of Sweden increases, environmental degradation decreases until the turning point. This 
situation may be explained by the environment being one of the highest priorities of the nation.

Developments and investments to make the environment better and to protect it are probably supported 
in the country. However, after a certain point, decreasing the deterioration of the environment would be 
impossible even if the highest technologies are adopted, due to the limited capacity of environmental 
development and the increasing population, which may explain the U-shaped relationship. In the study, 
Sweden analysis results point out a pattern affirming P-HH. In other words, FDI inflows decrease the 
degradation of the environment. This may result from the well-designed and strictly enforced envi-
ronmental regulations forbidding FDIs’ activities causing harm on the environment. Especially in the 
developed countries in which environmental policies are a priority for the nation and FDIs are expected 
to follow strict environmental regulations, P-HH affirmation would be more probable.

POLICY RECOMMENDATIONS AND CONCLUDING REMARKS

In this study, ecological footprint and the variables affecting it are examined. After the review of the 
relevant literature, most widely analysed effectors of the ecological footprint are found to be the economic 
growth, FDI inflows, and energy consumption. The EKC hypothesis, which supports the existence of 
an inverted U-shaped relationship, is commonly used to explain the relationship between the economic 
growth and ecological footprint. The linkage between FDI inflows and ecological footprint is also ana-
lysed often and clarified by two opposite hypotheses: PHH and P-HH. While the former one defends 
that FDI inflows increase the environmental degradation, the latter one claims the opposite as it defends 
that the environmental deterioration decreases by FDI inflows. The results of various empirical work 
affirm different hypotheses probably because of different econometric techniques, periods of datasets, 
countries/country groups, or the same country in different phases of the development are included in 
the empirical analyses.

For this study, Sweden is considered and dataset comprising from 1971 to 2015 is used. After the 
implementation of KPSS and DF-GLS unit-root tests, Engle-Granger and Johansen cointegration tests 
are applied to check for unit-roots in the series and cointegration among the series, respectively. With 
the help of VECM, short run and long run causal relations between the ecological footprint and other 
variables are checked. Result of empirical analysis indicate that there exists a U-shaped relationship 
between the GDP and ecological footprint in Sweden, rejecting the Hypothesis One. EKC hypothesis 
defends just the opposite that the GDP increases the pressure on the environment until the turning point 
at which the country becomes more developed, and people become more sensitive about environmental 
issues. Sweden was among the developed countries in 1971 where the dataset initiates (UN, 1971), which 
may be the reason of U-shaped EKC. Hence, the linkage between the environmental degradation and 
economic growth must be validated in accordance with the peculiarities of the countries.
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Results of analysis demonstrate that the FDI inflows in Sweden decrease the ecological footprint help-
ing the environmental quality to increase. This result affirms P-HH, and the Hypothesis Two could not be 
rejected. Policymakers may benefit from this result as an insight. This may be a result of well-designed 
and strictly enforced environmental laws that prevent FDIs from creating negative environmental results 
like over-pollution, accumulation of GHG emissions or dangerous waste material. Hence, especially 
the countries in which the environmental quality indicators are in a rising trend, must reconsider their 
regulations and laws about FDI activities and the environment. Policymakers need to enforce stricter 
environmental regulations not only in developing countries but also in the developed ones. Foreign 
investors need to follow regulations preventing them from creating environmental deterioration in the 
host country.

Based on the results of the empirical analysis, the most important recommendation would be to have 
solid and clear environmental laws and regulations. As the investors may try to benefit from the lax en-
vironmental regulations in the prospective host countries, their investments would benefit the financial 
development process while degrading the environmental quality of the host country at the same time. 
That is why, to prevent investment facilities from creating pollution, depleting the sources, and harming 
the nature; laws regulating the FDIs must be designed accordingly. In this way, host countries would 
benefit from FDI inflows while avoiding increased environmental deterioration. EKC curve would be 
useful in showing the linkage between the economic growth and the deterioration of the environment 
for many countries. However, as can be seen in the results of the analysis, the linkage may be in the op-
posite way. That is why, all nations must be careful in designing the policies for balancing the financial 
growth and environmental outcomes.

Policy recommendations may become more target-specific. Energy consumption trends are critical 
for the environmental sustainability in the long run. As the development levels of the countries affect the 
study results significantly, such empirical analyses should be made for countries at different development 
levels. In this way, tailored policies may be created. Additionally, better indicators for the environmental 
degradation are needed in the long-term. Ecological footprint has been used as an environmental indica-
tor for nearly 30 years. A more comprehensive indicator would provide the people with healthier results.
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Greenhouse Gases: A gas whose emission causes the greenhouse effect.
Pollution: All kinds of waste material created after production and consumption activities, which 

deteriorates the environment and must be absorbed.
Renewable Energy: Energy coming from renewable resources that renews in a certain period.





Compilation of References



Abdo,A.B.,Li,B.,Zhang,X.,Lu,J.,&Rasheed,A.(2020).InfluenceofFDIonenvironmentalpollutioninselected
Arabcountries:Aspatialeconometricanalysisperspective.Environmental Science and Pollution Research International,
27(22),28222–28246.doi:10.100711356-020-08810-4PMID:32415446

Abid,M.(2016).Impactofeconomic,financial,andinstitutionalfactorsonCO2emissions:Evidencefromsub-Saharan
Africaeconomies.Utilities Policy,41,85–94.doi:10.1016/j.jup.2016.06.009

ACCA. (2017). Insights into Integrated Reporting. Retrieved from https://www.ACCAglobal.com/pk/en/technical-
activities/technical-resources-search/2017/april/insights-into-integrated-reporting.html

Acharya,R.H.,&Sadath,A.C.(2017).ImplicationsofenergysubsidyreforminIndia.Energy Policy,102,453–462.

Acharya,R.H.,&Sadath,A.C.(2019).Energypovertyandeconomicdevelopment:Household-levelevidencefrom
India.Energy and Building,183,785–791.

Acheampong,A.O.,Adams,S.,&Boateng,E.(2019).Doglobalizationandrenewableenergycontributetocarbon
emissionsmitigationinSub-SaharanAfrica?The Science of the Total Environment,677,436–446.doi:10.1016/j.scito-
tenv.2019.04.353PMID:31059886

Achyuta,A.,Kala,N.,&Nyshadham,A.(2014).Management and shocks to worker productivity: evidence from air 
pollution exposure in an Indian garment factory[Unpublishedworkingpaper].UniversityofMichigan.

Adams,M.(2013).Trials & tribulations: China experiments with carbon trading.TheEconomistIntelligenceUnit.
Retrievedfromhttps://www.eiu.com/public/topical_report.aspx?campaignid=ChinaCarbon

ADB.(2018).North Africa Economic Outlook North Africa Economic Outlook.AfricanDevelopmentBank.

Adekoya,O.(2021).Predictingcarbonallowancepriceswithenergyprices:Anewapproach.Journal of Cleaner Pro-
duction,282,124519.doi:10.1016/j.jclepro.2020.124519

Adesola,S.,Ifelebuegu,A.O.,Ojo,P.,&Brennan,F.(2018).Energy in Africa: Policy, management and sustainability.
PalgraveMacmillan.

Adib,R.,Murdock,H.E.,Appavou,F.,Brown,A.,Epp,B.,Leidreiter,A.&Farrell,T.C.(2015).Renewables 2015 
global status report.Paris:REN21SecretariatPress.

Adusah-Poku,F.,&Takeuchi,K.(2019).HouseholdenergyexpenditureinGhana:Adouble-hurdlemodelapproach.
World Development,117,266–277.

Africa,E.S.I.(2016).Tanzania looks into geothermal energy.Retrievedfromhttps://www.esi-africa.com/tanzania-
looks-into-geothermal-energy/

472

https://www.ACCAglobal.com/pk/en/technical-activities/technical-resources-search/2017/april/insights-into-integrated-reporting.html
https://www.ACCAglobal.com/pk/en/technical-activities/technical-resources-search/2017/april/insights-into-integrated-reporting.html
https://www.eiu.com/public/topical_
https://www.esi-africa.com/tanzania-looks-into-geothermal-energy/
https://www.esi-africa.com/tanzania-looks-into-geothermal-energy/


Compilation of References

AfricanDevelopmentBank.(2015).Renewable Energy in Africa: Tanzania Country Profile.Retrievedfromhttps://
www.afdb.org/fileadmin/uploads/afdb/Documents/Generic-Docu.ments/Renewable_Energy_in_Africa_-_Tanzania.pdf

Agiomirgianakis,G.M.,Asteriou,D.,&Papathoma,K.(2004).Thedeterminantsofforeigndirectinvestment.InC.
Tsoukis,G.M.Agiomirgianakis,&T.Biswas(Eds.),Aspects of Globalisation(pp.83–101).Springer.doi:10.1007/978-
1-4419-8881-2_6

Aguirre,M.,&Ibikunle,G.(2014).Determinantsofrenewableenergygrowth:Aglobalsampleanalysis.Energy Policy,
69,374–384.doi:10.1016/j.enpol.2014.02.036

Ahlheim, M. (2018). Environmental economics, the bioeconomy and the role of government. In Bioeconomy (pp.
317–329).Springer.doi:10.1007/978-3-319-68152-8_10

Ahmad,A.,Zhao,Y.,Shahbaz,M.,Bano,S.,Zhang,Z.,Wang,S.,&Liu,Y.(2016).Carbonemissions,energyconsump-
tionandeconomicgrowth:AnaggregateanddisaggregateanalysisoftheIndianeconomy.Energy Policy,96,131–143.
doi:10.1016/j.enpol.2016.05.032

Ahmed,K.,&Ahmed,S.(2018).ApredictiveanalysisofCO2emissions,environmentalpolicystringency,andeconomic
growthinChina.Environmental Science and Pollution Research International,25(16),16091–16100.doi:10.100711356-
018-1849-xPMID:29594903

Ahmed,Z.,&Wang,Z.(2019).InvestigatingtheimpactofhumancapitalontheecologicalfootprintinIndia:Anem-
piricalanalysis.Environmental Science and Pollution Research International,26(26),26782–26796.doi:10.100711356-
019-05911-7PMID:31300988

Aichele,R.,&Felbermayr,G.(2013).TheEffectoftheKyotoProtocolonCarbonEmissions.Journal of Policy Analysis 
and Management,32(4),731–757.doi:10.1002/pam.21720

Aisbett,E.,Karp,L.,&McAusland,C.(2010).Policepowers,regulatorytakingsandtheefficientcompensationof
domesticandforeigninvestors.The Economic Record,86(274),367–383.doi:10.1111/j.1475-4932.2009.00616.x

Aiyetan,I.R.,&Olomola,P.A.(2017).Environmentaldegradation,energyconsumption,populationgrowth,andeco-
nomicgrowth:DoesenvironmentalKuznetscurvematterforNigeria?Economic Policy Review,16(2),1–14.

Ajmal,M.M.,Rafay,A.,&Ajmal,M.M.(2020).ManagingInternationalCommunication:JITradingcompany.Asian 
Journal of Management Cases,17(1),52–60.doi:10.1177/0972820119892704

Akbari,N.,Jones,D.,&Treloar,R.(2020).ACross-EuropeanEfficiencyAssessmentofOffshoreWindFarms:ADEA
Approach.Renewable Energy,151,1186–1195.doi:10.1016/j.renene.2019.11.130

Akgul,Z. (2008).The Development of International Arbitration on Bilateral Investment Treaties: Disputes between 
States and Investor, ICSID Cases Against Turkey Regarding Energy Sector.UniversalPublishers.

Akram,R.,Chen,F.Z.,Khalid,F.,Ye,Z.W.,&Majeed,M.T.(2020).Heterogeneouseffectsofenergyefficiency
andrenewableenergyoncarbonemissions:Evidencefromdevelopingcountries.Journal of Cleaner Production,247,
119122.doi:10.1016/j.jclepro.2019.119122

Alam,A.,&Shah,S.Z.A.(2013).DeterminantsofforeigndirectinvestmentinOECDmembercountries.Journal of 
Economic Studies (Glasgow, Scotland),40(4),515–527.doi:10.1108/JES-10-2011-0132

Alba,J.D.,Park,D.,&Wang,P.(2010).Determinants of different modes of Japanese foreign direct investment in the 
United States(WorkingPaper,No.197).Manila:AsianDevelopmentBank.doi:10.2139/ssrn.1619162

473

https://www.afdb.org/fileadmin/uploads/afdb/Documents/Generic-Docu.ments/Renewable_Energy_in_Africa_-_Tanzania.pdf
https://www.afdb.org/fileadmin/uploads/afdb/Documents/Generic-Docu.ments/Renewable_Energy_in_Africa_-_Tanzania.pdf


Compilation of References

Alberola,E.,Chevallier,J.,&Cheze,B.(2008).PricedriversandstructuralbreaksinEuropeancarbonprices2005–2007.
Energy Policy,32(2),787–797.doi:10.1016/j.enpol.2007.10.029

Albuquerque,F.,&Neves,J.C.(2021).TaxDisclosuresinFinancialandCSRReportingasaDeterrenceforEvasion.
InA.Rafay (Ed.),Handbook of Research on Theory and Practice of Financial Crimes (pp.397–427). IGIGlobal.
doi:10.4018/978-1-7998-5567-5.ch021

Alfaro,L.,Chanda,A.,Kalemli-Ozcan,S.,&Sayek,S.(2010).Doesforeigndirectinvestmentpromotegrowth?Ex-
ploringtheroleoffinancialmarketsonlinkages.Journal of Development Economics,91(2),242–256.doi:10.1016/j.
jdeveco.2009.09.004

Ali,W.,Abdullah,A.,&Azam,M.(2016).Thedynamiclinkagebetweentechnologicalinnovationandcarbondioxide
emissionsinMalaysia:Anautoregressivedistributedlaggedboundapproach.International Journal of Energy Econom-
ics and Policy,6(3),389–400.

Aliyu,M.A.(2005).Foreign direct investment and the environment: Pollution Haven Hypothesis revisited.InEight
AnnualConferenceonGlobalEconomicAnalysis,Lübeck,Germany.Retrievedfromhttps://www.gtap.agecon.purdue.
edu/resources/download/2131.pdf

Aliyu,A.K.,Modu,B.,&Tan,C.W.(2018).AreviewofrenewableenergydevelopmentinAfrica:AfocusinSouth
Africa,EgyptandNigeria.Renewable & Sustainable Energy Reviews,81,2502–2518.doi:10.1016/j.rser.2017.06.055

Alkhathlan,K.,Alam,M.Q.,&Javid,M.(2012).Carbondioxideemission,energyconsumptionandeconomicgrowth
inSaudiArabia:Amultivariatecointegrationanalysis.Journal of Economics, Management, and Trade,2(4),327–339.

Allard,A.,Takman,J.,Uddin,G.S.,&Ahmed,A.(2018).TheN-shapedenvironmentalKuznetscurve:Anempirical
evaluationusingapanelquantileregressionapproach.Environmental Science and Pollution Research International,
25(6),5848–5861.doi:10.100711356-017-0907-0PMID:29235026

Allet,M.(2014).Whydomicrofinanceinstitutionsgogreen?Anexploratorystudy.Journal of Business Ethics,122(3),
405–424.

Al-Mulali,U.,&Tang,C.F.(2013).Investigatingthevalidityofpollutionhavenhypothesisinthegulfcooperation
council(GCC)countries.Energy Policy,60,813–819.doi:10.1016/j.enpol.2013.05.055

Al-Mulali,U.,Tang,C.F.,&Ozturk,I.(2015).Doesfinancialdevelopmentreduceenvironmentaldegradation?Evidence
fromapanelstudyof129countries.Environmental Science and Pollution Research International,22(19),14891–14900.
doi:10.100711356-015-4726-xPMID:25994273

Al-Mulali,U.,Weng-Wai,C.,Sheau-Ting,L.,&Mohammed,A.H.(2015).InvestigatingtheenvironmentalKuznets
curve(EKC)hypothesisbyutilizingtheecologicalfootprintasanindicatorofenvironmentaldegradation.Ecological 
Indicators,48,315–323.doi:10.1016/j.ecolind.2014.08.029

Al-Mutairi,N.,&Burney,N.A.(2002).FactorsubstitutionandeconomiesofscaleandutilizationinKuwait’scrudeoil
industry.Energy Economics,24(4),337–354.

Alotaibi,S.(2011).EnergyconsumptioninKuwait:Prospectsandfutureapproaches.Energy Policy,39(2),637–643.

Alsaidi,A.(2004,February).Petroleum Arbitration: Applicable Law and Appropriate Arbitral Forum (A Study of Pe-
troleum Disputes in Arab Countries).Retrievedfromhttps://core.ac.uk/download/pdf/30695871.pdf

Al-Saidi,M. (2020). Instrumentsofenergysubsidy reforms inArabcountries—Thecaseof theGulfCooperation
Council(GCC)countries.Energy Reports,6,68–73.

474

https://www.gtap.agecon.purdue.edu/resources/download/2131.pdf
https://www.gtap.agecon.purdue.edu/resources/download/2131.pdf
https://core.ac.uk/download/pdf/30695871.pdf


Compilation of References

Al-Salem,S.M.(2015).Carbondioxide(CO2)emissionsourcesinKuwaitfromthedownstreamindustry,criticalanalysis
withacurrentandfuturisticview.Energy,81,575–587.

AlShehabi,O.H.(2012).Energyandlaborreform,evidencefromIran.Journal of Policy Modeling,34(3),441–459.

Alston,P.(2020).The Committee on Economic, Social and Cultural Rights.NYULawandEconomicsResearchPaper
No.20–24.Retrievedfromhttps://papers.ssrn.com/sol3/papers.cfm?abstract_id=3630580

Alvarez,J.,&Khamsi,K.(2009).TheArgentineCrisisandForeignInvestors:AGlimpseintotheHeartoftheInvest-
mentRegime.Oxford Yearbook of Investment Law and Policy,379-478.

Álvarez-Herránz,A.,Balsalobre,D.,Cantos,J.M.,&Shahbaz,M.(2017).Energyinnovations-GHGemissionsnexus:
FreshempiricalevidencefromOECDcountries.Energy Policy,101,90–100.doi:10.1016/j.enpol.2016.11.030

Alvarez,J.(2011).AreCorporations‘‘Subjects’ofInternationalLaw?Santa Clara Journal of International Law,9(1),
1–36.

Alwadood,Z.,Noor,N.M.,Salehin,N.F.A.,&Mahadhir,N.I.(2019).PerformancemeasureofMalaysianseaports
usingdataenvelopmentanalysis(DEA).Journal of Advanced Research in Computing and Applications,14(1),1–9.

Amann,M.,Kiesewetter,G.,Schöpp,W.,Klimont,Z.,Winiwarter,W.,Cofala, J.,Rafaj,P.,Höglund-Isaksson,L.,
Gomez-Sabriana,A.,Heyes,C.,Purohit,P.,Borken-Kleefeld,J.,Wagner,F.,Sander,R.,Fagerli,H.,Nyiri,A.,Cozzi,L.,
&Pavarini,C.(2020).Reducingglobalairpollution:Thescopeforfurtherpolicyinterventions.Philosophical Transac-
tions of the Royal Society A,378(2183),20190331.doi:10.1098/rsta.2019.0331PMID:32981437

Ambrose,A.R.(2015).Improvingenergyefficiencyinprivaterentedhousing:Whydon’tlandlordsact?Indoor and 
Built Environment,24(7),913–924.

Ameer,B.,&Krarti,M.(2016).Impactofsubsidizationonhigh-energyperformancedesignsforKuwaitiresidential
buildings.Energy and Building,116,249–262.

AmericanSocietyofInternationalLaw.(2020,June).The CJEU and the Future of the Multilateral Investment Court.
Retrievedfromhttps://www.asil.org/events/cjeu-and-future-multilateral-investment-court

AMES.P.(2015,September17).ISDS: The most toxic acronym in Europe.Retrievedfromhttps://www.politico.eu/
article/isds-the-most-toxic-acronym-in-europe/

Amin,A.,Dogan,E.,&Khan,Z.(2020).Theimpactsofdifferentproxiesforfinancializationoncarbonemissionsin
top-ten emitter countries. The Science of the Total Environment, 740, 140127. doi:10.1016/j.scitotenv.2020.140127
PMID:32927547

Amir,M.,&Khan,S.Z.(2021).Assessmentofrenewableenergy:Status,challenges,COVID-19impacts,opportunities,
andsustainableenergysolutionsinAfrica.Energy and Built Environment.

Amjad,M.M.,Arshed,N.,&Anwar,M.A.(2021).MoneyLaunderingandInstitutionalQuality:TheCaseofDeveloping
Countries.InA.Rafay(Ed.),Money Laundering and Terrorism Financing in Global Financial Systems(pp.91–107).
IGIGlobal.doi:10.4018/978-1-7998-8758-4.ch004

An,Y.,Zhou,D.,Yu,J.,Shi,X.,&Wang,Q.(2021).CarbonemissionreductioncharacteristicsforChina’smanufac-
turingfirms:Implicationsforformulatingcarbonpolicies.Journal of Environmental Management, 284,112055.doi:
.2021.112055doi:10.1016/j.jenvman

475

https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3630580
https://www.asil.org/events/cjeu-and-future-multilateral-investment-court
https://www.politico.eu/article/isds-the-most-toxic-acronym-in-europe/
https://www.politico.eu/article/isds-the-most-toxic-acronym-in-europe/


Compilation of References

Anderson,A.,&Gupta,P.P. (2009).Across-country comparisonof corporategovernance and firmperformance:
Dofinancialstructureandthelegalsystemmatter?Journal of Contemporary Accounting & Economics,5(2),61–79.
doi:10.1016/j.jcae.2009.06.002

Andersson,F.N.(2018).Internationaltradeandcarbonemissions:TheroleofChineseinstitutionalandpolicyreforms.
Journal of Environmental Management,205,29–39.doi:10.1016/j.jenvman.2017.09.052PMID:28963876

Ang,J.B.(2009).CO2emissions,researchandtechnologytransferinChina.Ecological Economics,68(10),2658–2665.
doi:10.1016/j.ecolecon.2009.05.002

Ankrah,I.,&Lin,B.(2020).RenewableenergydevelopmentinGhana:Beyondpotentialsandcommitment.Energy,
198,117356.doi:10.1016/j.energy.2020.117356

Ansari,M.A.,Haider,S.,&Khan,N.A.(2020).Doestradeopennessaffectsglobalcarbondioxideemissions.Manage-
ment of Environmental Quality,31(1),32–53.doi:10.1108/MEQ-12-2018-0205

Ansari,M.A.,Khan,N.A.,&Ganaie,A.A.(2019).Doesforeigndirectinvestmentimpedeenvironmentalqualityin
Asiancountries?Apaneldataanalysis.OPEC Energy Review,43(2),109–135.doi:10.1111/opec.12144

Antonakakis,N.,Chatziantoniou,I.,&Filis,G.(2014).Dynamicspilloversofoilpriceshocksandeconomicpolicy
uncertainty.Energy Economics,44,433–447.doi:10.1016/j.eneco.2014.05.007

Apergis,N.,&Ozturk,I.(2015).TestingenvironmentalKuznetscurvehypothesisinAsiancountries.Ecological Indica-
tors,52,16–22.doi:10.1016/j.ecolind.2014.11.026

Appiah,M.O.(2018).InvestigatingthemultivariateGrangercausalitybetweenenergyconsumption,economicgrowth,
andCO2emissioninGhana.Energy Policy,112,198–208.doi:10.1016/j.enpol.2017.10.017

Aragón,F.M.,Miranda,J.J.,&Oliva,P.(2017).Particulatematterandlaborsupply:Theroleofcaregivingandnon-
linearities.Journal of Environmental Economics and Management,86,295–309.doi:10.1016/j.jeem.2017.02.008

Arato,J.(2015).CorporationsasLawmakers.Harvard International Law Journal,229–295.

Armington,P.S.(1969).Thegeographicpatternoftradeandtheeffectsofpricechanges(IMFStaffPapersNo.16).
Washington,DC:InternationalMonetaryFund.

Arora,N.K.(2019).Impactofclimatechangeonagricultureproductionanditssustainablesolutions.Environmental 
Sustainability,2(2),95–96.doi:10.100742398-019-00078-w

Arouri,M.,Shahbaz,M.,Onchang,R.,Islam,F.,&Teulon,F.(2013).EnvironmentalKuznetscurveinThailand:Coin-
tegrationandcausalityanalysis.Journal of the Energy Division,39(1/2),149–170.

Asghari,M.(2013).AtestforthepollutionhaveneffectintheselectedEU-Asiancountries.International Economics 
Studies,41(2),49–66.

Ashenfelter,O.,&Iyengar,R.(2009).Economics of Commercial Arbitration and Dispute Resolution.EdwardElgar.
doi:10.4337/9781785362811

Asiamah,M.,Ofori,D.,&Afful,J.(2018).AnalysisofthedeterminantsofforeigndirectinvestmentinGhana.Journal 
of Asian Business and Economic Studies,26(1),56–75.doi:10.1108/JABES-08-2018-0057

Aslan,G.,Deléchat,C.,Newiak,M.M.,&Yang,M.F.(2017).Inequality in financial inclusion and income inequality.
InternationalMonetaryFund.Retrievedfromhttps://www.imf.org/en/Publications/WP/Issues/2017/11/08/Inequality-
in-Financial-Inclusion-and-Income-Inequality-45344

476

https://www.imf.org/en/Publications/WP/Issues/2017/11/08/Inequality-in-Financial-Inclusion-and-Income-Inequality-45344
https://www.imf.org/en/Publications/WP/Issues/2017/11/08/Inequality-in-Financial-Inclusion-and-Income-Inequality-45344


Compilation of References

Assamoi,G.R.,Wang,S.,Liu,Y.,&Gnangoin,Y.T.B.(2020).InvestigatingthePollutionHavenHypothesisinCote
d’Ivoire:Evidencefromautoregressivedistributedlag(ARDL)approachwithstructuralbreaks.Environmental Science 
and Pollution Research International,27(14),16886–16889.doi:10.100711356-020-08246-wPMID:32144699

Atsu,F.,&Adams,S.(2021).Energyconsumption,finance,andclimatechange:Doespolicyuncertaintymatter?Eco-
nomic Analysis and Policy,70,490–501.doi:10.1016/j.eap.2021.03.013

Attari,M.I.J.,Hussain,M.,&Javid,A.Y.(2016).Carbonemissionsandindustrialgrowth:AnARDLanalysisfor
Pakistan.International Journal of Energy Sector Management,10(4),642–658.doi:10.1108/IJESM-04-2014-0002

Auerbach, A. J., & Gorodnichenko, Y. (2013). Fiscal multipliers in recession and expansion. In A. Alesina & F.
Giavazzi (Eds.),Fiscal Policy after the Financial Crisis (pp.63–98).UniversityofChicagoPress.doi:10.7208/chi-
cago/9780226018584.003.0003

Aust,V.,Morais,A.I.,&Pinto,I.(2020).HowdoesforeigndirectinvestmentcontributetoSustainableDevelopment
Goals?EvidencefromAfricancountries.Journal of Cleaner Production,245,118823.doi:10.1016/j.jclepro.2019.118823

Awan,R.U.,Sher,F.,&Abbas,A.(2013).AninvestigationofmultidimensionalenergypovertyinPakistan:Aprovince
levelanalysis.International Journal of Energy Economics and Policy,4(1),65–75.

Azadi,M.,Jafarian,M.,Saen,R.F.,&Mirhedayatian,S.M.(2015).AnewfuzzyDEAmodelforevaluationofefficiency
andeffectivenessofsuppliersinsustainablesupplychainmanagementcontext.Computers & Operations Research,54,
274–285.doi:10.1016/j.cor.2014.03.002

Azam,M.,Khan,A.Q.,Zaman,K.,&Ahmad,M.(2015).Factorsdeterminingenergyconsumption:EvidencefromIndo-
nesia,MalaysiaandThailand.Renewable & Sustainable Energy Reviews,42,1123–1131.doi:10.1016/j.rser.2014.10.061

Azar,E.,Alaifan,B.,Lin,M.,Trepci,E.,&El-Asmar,M.(2021).DriversofenergyconsumptioninKuwaitibuildings:
Insightsfromahybridstatisticalandbuildingperformancesimulationapproach.Energy Policy,150,112154.

Aziz,O.G.(2015).Foreign direct investment in Arab economies [Unpublisheddoctoraldissertation].Universityof
WesternSydney.

Aziz,O.G.,&Mishra,A.V.(2016).DeterminantsofFDIinflowstoArabeconomies.The Journal of International 
Trade & Economic Development,25(3),325–356.doi:10.1080/09638199.2015.1057610

Aziz,S.,Husin,M.M.,&Ashfaq,M.(2020).HarmonisingMicrofinancewithIslamicBanking.InA.Rafay(Ed.),
Handbook of Research on Theory and Practice of Global Islamic Finance(pp.240–258).IGIGlobal.

Azpitarte,F.,Johnson,V.,&Sullivan,D.(2015).Fuel poverty, household income and energy spending: An empirical 
analysis for Australia using HILDA data.Retrieved fromhttps://library.bsl.org.au/jspui/bitstream/1/7906/1/Azpitart-
eJohnsonSullivan_Fuel_poverty_household_income_energy_spending_2015.pdf

Badiezadeh,T.,Saen,R.F.,&Samavati,T.(2018).Assessingsustainabilityofsupplychainsbydoublefrontiernetwork
DEA:Abigdataapproach.Computers & Operations Research,98,284–290.doi:10.1016/j.cor.2017.06.003

Baek,J.(2016).AnewlookattheFDI–income–energy–environmentnexus:DynamicpaneldataanalysisofASEAN.
Energy Policy,91,22–27.doi:10.1016/j.enpol.2015.12.045

Bajari,P.,Fruehwirth,J.C.,&Timmins,C.(2012).Arationalexpectationsapproachtohedonicpriceregressionswith
time-varyingunobservedproductattributes:Thepriceofpollution.The American Economic Review,102(5),1898–1926.
doi:10.1257/aer.102.5.1898

477

https://library.bsl.org.au/jspui/bitstream/1/7906/1/AzpitarteJohnsonSullivan_Fuel_poverty_household_income_energy_spending_2015.pdf
https://library.bsl.org.au/jspui/bitstream/1/7906/1/AzpitarteJohnsonSullivan_Fuel_poverty_household_income_energy_spending_2015.pdf


Compilation of References

Bakirtas,I.,&Cetin,M.A.(2017).RevisitingtheenvironmentalKuznetscurveandpollutionhavenhypotheses:MIKTA
sample.Environmental Science and Pollution Research International,24(22),18273–18283.doi:10.100711356-017-
9462-yPMID:28639013

Balcilar,M.,Berisha,E.,Çepni,O.,&Gupta,R.(2020).Thepredictivepowerofthetermspreadoninequalityinthe
UnitedKingdom:Anempiricalanalysis.International Journal of Finance & Economics,1–10.

Balcilar,M.,Chang,S.,Gupta,R.,&Miller,S.M.(2018).Therelationshipbetweentheinflationrateandinequality
acrossUSstates:Asemiparametricapproach.Quality & Quantity,52(5),2413–2425.doi:10.100711135-017-0676-3

Baldwin,E.,Carley,S.,Brass,J.N.,&MacLean,L.M.(2017).GlobalRenewableElectricityPolicy:AComparative
PolicyAnalysisofCountriesbyIncomeStatus.Journal of Comparative Policy Analysis,19(3),277–298.doi:10.1080
/13876988.2016.1166866

Baloch,M.A.,Zhang,J.,Iqbal,K.,&Iqbal,Z.(2019).Theeffectoffinancialdevelopmentonecologicalfootprintin
BRIcountries:Evidencefrompaneldataestimation.Environmental Science and Pollution Research International,26(6),
6199–6208.doi:10.100711356-018-3992-9PMID:30617883

Balsalobre-Lorente,D.,Gokmenoglu,K.K.,Taspinar,N.,&Cantos-Cantos,J.M.(2019).Anapproachtothepollution
havenandpollutionhalohypothesesinMINTcountries.Environmental Science and Pollution Research International,
26(22),23010–23026.doi:10.100711356-019-05446-xPMID:31183758

Baltas,N.,Tsionas,M.G.,&Baltas,K.(2018).ForeigndirectinvestmentinOECDcountries:Aspecialfocusinthe
caseofGreece.Applied Economics,50(52),5579–5591.doi:10.1080/00036846.2018.1488054

Bao,X.A.(2021).The amount of carbon neutral bonds issued in the first half of this year was 120.593 billion yuan, ac-
counting for 55.6% of the total.SecuritiesDaily.Retrievedfromhttps://mp.weixin.qq.com/s/3Pd5W8fR3Ikah4h9I27I6Q

Barboza,J.(2010).The Environment, Risk and Liability in International law.MartinusNijhoffPublishers.

Barros,V.,Guedes,M.J.,Santos,J.,&Sarmento,J.M.(2021).Shareholder Activism and Firms’ Performance[Paper
presentation].EuropeanFinancialManagementAssociationAnnualMeetings,Leeds,UK.

Başarir,Ç.,&Çakir,Y.N.(2015).CausalinteractionsbetweenCO2emissions,financialdevelopment,energyandtour-
ism.Asian Economic and Financial Review,5(11),1227–1238.doi:10.18488/journal.aefr/2015.5.11/102.11.1227.1238

Baskurt,B.B.,Celik,S.,Rafay,A.,&Oke,T.(2022).FDIandEnvironmentalDegradation:Evidencefromadeveloped
country.InA.Rafay(Ed.),Handbook of Research on Energy and Environmental Finance 4.0.IGIGlobal.

Batten,J.,Maddox,G.,&Young,M.(2021).Doesweather,orenergyprices,affectcarbonprices?Energy Economics,
96,105016.doi:10.1016/j.eneco.2020.105016

Baumeister,C.,Kilian,L.,&Zhou,X.(2018).Isthediscretionaryincomeeffectofoilpriceshocksahoax?The Energy 
Journal, 39(2),117-137.

Baumeister,C.,Peersman,G.,&VanRobays,I.(2010).Theeconomicconsequencesofoilshocks:differencesacross
countriesandtime.InInflationinanEraofRelativePriceShocks(pp.91–128).ReserveBankofAustralia.

Baumeister,C.,&Hamilton,J.D.(2019).Structuralinterpretationofvectorautoregressionswithincompleteidenti-
fication:Revisitingtheroleofoilsupplyanddemandshocks.The American Economic Review,109(5),1873–1910.
doi:10.1257/aer.20151569

BBCNews.(2016,October24).Belgium Walloons block key EU Ceta trade deal with Canada.Retrievedfromhttps://
www.BBC.co.uk/news/world-europe-37749236

478

https://mp.weixin.qq.com/s/3Pd5W8fR3Ikah4h9I27I6Q
https://www.BBC.co.uk/news/world-europe-37749236
https://www.BBC.co.uk/news/world-europe-37749236


Compilation of References

Beachcroft,D.A.C.(2017,January24).The Republic of Peru is denied recovery of legal costs despite win in Renco Group 
arbitration.Retrievedfromhttps://www.lexology.com/library/detail.aspx?g=630df79e-52c2-4bcf-8824-dd4168f4b019

Beck,N.,&Katz,J.N.(1995).Whattodo(andnottodo)withtime-seriescross-sectiondata.The American Political 
Science Review,89(3),634–647.doi:10.2307/2082979

Beegle, K., Christiaensen, L., Dabalen, A., & Gaddis, I. (2016). Poverty in a Rising Africa. World Bank Group.
doi:10.1596/978-1-4648-0723-7

Bekhet,H.A.,Matar,A.,&Yasmin,T.(2017).CO2emissions,energyconsumption,economicgrowth,andfinancial
developmentinGCCcountries:Dynamicsimultaneousequationmodels.Renewable & Sustainable Energy Reviews,
70,117–132.doi:10.1016/j.rser.2016.11.089

Beladi,H.,Liu,L.,&Oladi,R. (2013).Onpollutionpermitsandabatement.Economics Letters,119(3),302–305.
doi:10.1016/j.econlet.2013.03.016

Bello,M.O.,Solarin,S.A.,&Yen,Y.Y.(2018).TheimpactofelectricityconsumptiononCO2emission,carbonfootprint,
waterfootprintandecologicalfootprint:Theroleofhydropowerinanemergingeconomy.Journal of Environmental 
Management,219,218–230.doi:10.1016/j.jenvman.2018.04.101PMID:29747103

Bento,N.,&Gianfrate,G.(2020).Determinantsofinternalcarbonpricing.Energy Policy,143,111499.doi:10.1016/j.
enpol.2020.111499

Berisha,E.,Gupta,R.,&Meszaros,J.(2020).Theimpactofmacroeconomicfactorsonincomeinequality:Evidence
fromtheBRICS.Economic Modelling,91,559–567.doi:10.1016/j.econmod.2019.12.007

Bernanke,B.S.(1986).Alternative explanations of the money-income correlation(WorkingpaperNo.w1842).NBER.

Bernanke,B.S.(2006,November28).The economic outlook[Speechtranscript].FRASER.Retrievedfromhttps://
fraser.stlouisfed.org/title/453/item/8947

Best,R.,&Zhang,Q.Y.(2020).Whatexplainscarbon-pricingvariationbetweencountries?Energy Policy,143,111541.
doi:10.1016/j.enpol.2020.111541

Bhide,A.,&Monroy,C.R.(2011).Energypoverty:AspecialfocusonenergypovertyinIndiaandrenewableenergy
technologies.Renewable & Sustainable Energy Reviews,15(2),1057–1066.

Birnie,P.W.,&Boyle,A.E.(2002).International Law and the Environment.OxfordUniversityPress.

Bishoge,K.O.,Zhang,L.,&Mushi,G.W.(2018).Thepotential renewableenergyforsustainabledevelopment in
Tanzania:Areview.Cleanroom Technology,1(1),70–88.

Bishoge,O.K.,Kombe,G.G.,&Mvile,B.N.(2020).Renewableenergyforsustainabledevelopmentinsub-Saharan
African countries: Challenges and way forward. Journal of Renewable and Sustainable Energy, 12(5), 052702.
doi:10.1063/5.0009297

Biswas,M.R.(1981).TheUnitedNationsConferenceonNewandRenewableSourcesofEnergy:Areview.Mazingira,
5(3),11–16.

Blagojevic,A.,Stevic,Z.,Marinkovic,D.,Kasalica,S.,&Rajilic,S.(2020b).ANovelEntropy-FuzzyPIPRECIA-DEA
ModelforSafetyEvaluationofRailwayTraffic.Symmetry,12(9),1479.doi:10.3390ym12091479

Blagojević,A.,Vesković,S.,Kasalica,S.,Gojić,A.,&Allamani,A.(2020a).TheapplicationoftheFuzzyAHPand
DEAformeasuringtheefficiencyoffreighttransportrailwayundertakings.Operational Research in Engineering Sci-
ences: Theory and Applications,3(2),1–23.doi:10.31181/oresta2003001b

479

https://www.lexology.com/library/detail.aspx?g=630df79e-52c2-4bcf-8824-dd4168f4b019
https://fraser.stlouisfed.org/title/453/item/8947
https://fraser.stlouisfed.org/title/453/item/8947


Compilation of References

Boardman,B.(2009).Fixing fuel poverty: Challenges and solutions.Routledge.

Boda,E.,Rigamonti,A.E.,&Bollati,V.(2020).Understandingtheeffectsofairpollutiononneurogenesisandglio-
genesisinthegrowingandadultbrain.Current Opinion in Pharmacology,50,61–66.doi:10.1016/j.coph.2019.12.003
PMID:31896533

Boiral,O.,Henri,J.F.,&Talbot,D.(2012).Modelingtheimpactsofcorporatecommitmentonclimatechange.Business 
Strategy and the Environment,21(8),495–516.doi:10.1002/bse.723

Bonilla,D.,Bishop,J.D.,Axon,C.J.,&Banister,D.(2014).Innovation,thedieselengineandvehiclemarkets:Evidence
fromOECDenginepatents.Transportation Research Part D, Transport and Environment,27,51–58.doi:10.1016/j.
trd.2013.12.012

Bonjour,S.,Adair-Rohani,H.,Wolf,J.,Bruce,N.G.,Mehta,S.,&Prüss-Ustün,A.(2013).Solidfueluseforhouse-
holdcooking:Countryandregionalestimatesfor1980–2010.Environmental Health Perspectives,121(7),784–790.
PMID:23674502

Bonnitcha,J.(2014).Substantive Protection under Investment Treaties: A Legal and Economic Analysis.Cambridge
UniversityPress.doi:10.1017/CBO9781107326361

Bonnitcha,J.,&Brewin,S. (2020).Compensation under Investment Treaties. International InstituteforSustainable
Development.

Borio,C.(2011).Rediscoveringthemacroeconomicrootsoffinancialstabilitypolicy:Journey,challenges,andaway
forward.Annual Review of Financial Economics,3(1),87–117.doi:10.1146/annurev-financial-102710-144819

Borowy,I.(2013).Defining sustainable development for our common future. A history of the world commission on 
environment and development.RoutledgePress.doi:10.4324/9780203383797

Botta,E.,&Koźluk,T.(2014).Measuring environmental policy stringency in OECD countries(WorkingPapers,No.
1177).Paris:OECDEconomicsDepartment.doi:10.1787/18151973

Boulatoff,C.,&Jenkins,M.(2010).Long-termnexusbetweenopenness,income,andenvironmentalquality.Interna-
tional Advances in Economic Research,16(4),410–418.doi:10.100711294-010-9283-y

Bourgeois,C.,Giraudet,L.G.,&Quirion,P.(2021).Lump-sumvs.energy-efficiencysubsidyrecyclingofcarbontax
revenueintheresidentialsector:AFrenchassessment.Ecological Economics,184,107006.

Boutabba,A.M.,Diaw,D.,Laré,A.,&Lessoua,A.(2020).Theimpactofmicrofinanceonenergyaccess:Acasestudy
fromperipheraldistrictsofLomé,Togo.Applied Economics,52(45),4927–4951.

Boutti,R.,ElAmri,A.,&Rodhain,F.(2019).MultivariateanalysisofatimeseriesEUETS:Methodsandapplications
incarbonfinance.Financial Markets.Institutions and Risks,3(1),18–29.doi:10.21272/fmir.3(1).18-29.2019

BP.(2001).Statistical Review of World Energy.BritishPetroleum.

Bradbrook,A.(2008).The development of renewable energy technologies and energy efficiency measures through public 
international law.OxfordUniversityPress.doi:10.1093/acprof:oso/9780199532698.003.0006

Bradbrook,A.J.(1996).Energylawasanacademicdiscipline.Journal of Energy & Natural Resources Law,14(2),
193–217.doi:10.1080/02646811.1996.11433062

Bradbrook,A.J.(2013).International Law and Renewable Energy: Filling the Void.Duncker&HumblotPress.

480



Compilation of References

Bradlow,A.(2018).HumanRightsImpactLitigationinISDS:AProposalforEnablingPrivatePartiestoBringHuman
RightsClaimsThroughInvestor-StateDisputeSettlementMechanisms.The Yale Journal of International Law,43(2),
335–390.

Breisinger,C.,Mukashov,A.,Raouf,M.,&Wiebelt,M.(2019).EnergysubsidyreformforgrowthandequityinEgypt:
Theapproachmatters.Energy Policy,129,661–671.

Bresnahan,T.F.,&Ramey,V.A.(1993).SegmentshiftsandcapacityutilizationintheUSautomobileindustry.The 
American Economic Review,83(2),213–218.

Breton,M.,&Mirzapour,H.(2016).Welfareimplicationofreformingenergyconsumptionsubsidies.Energy Policy,
98,232–240.

Brown,C.,Ortino,F.,&Arato,J.(2019,April5).Lack of Consistency and Coherence in the Interpretation of Legal 
Issues.Retrievedfromhttps://www.ejiltalk.org/lack-of-consistency-and-coherence-in-the-interpretation-of-legal-issues/

Brownlie,I.(2008).Principles of Public International Law.OxfordUniversityPress.

Bruce,S.(2013).Internationallawandrenewableenergy:Facilitatingsustainableenergyforall.Melbourne Journal of 
International Law,14(1),18–53.

Brueckner,K.(2020).Arbitration in the energy sector.Retrievedfromhttps://www.lexisnexis.com/uk/lexispsl/energy/
document/407801/5JX0-B201-DXSN-63JN-00000-00/Arbitration-in-the-energy-sector

Bruhn,M.,&Love,I.(2014).Therealimpactofimprovedaccesstofinance:EvidencefromMexico.The Journal of 
Finance,69(3),1347–1376.

Bulak,M.E.,&Turkyilmaz,A.(2014).PerformanceassessmentofmanufacturingSMEs:Afrontierapproach.Industrial 
Management & Data Systems,114(5),797–816.doi:10.1108/IMDS-11-2013-0475

Bunn,D.,&Fezzi,C.(2007).Interaction of European carbon trading and energy prices(Workingpaper,No.123).
FondazioneEniEnricoMattei.Retrievedfromhttps://www.feem.it/en/publications/feem-working-papers-note-di-lavoro-
series/interaction-of-european-carbon-trading-and-energy-prices/

Burgess,R.,&Pande,R.(2005).Doruralbanksmatter?EvidencefromtheIndiansocialbankingexperiment.The 
American Economic Review,95(3),780–795.

Burney,N.A.,&Al-Matrouk,F.T.(1996).Energyconservationinelectricitygeneration:Acasestudyoftheelectricity
andwaterindustryinKuwait.Energy Economics,18(1–2),69–79.

BuShehri,M.A.M.,&Wohlgenant,M.K.(2012).Measuringthewelfareeffectsofreducingasubsidyonacommodity
usingmicro-models:AnapplicationtoKuwait’sresidentialdemandforelectricity.Energy Economics,34(2),419–425.

Butu,H.M.,Nsafon,B.E.K.,Park,S.W.,&Huh,J.S.(2021).Leveragingcommunitybasedorganizationsandfin-
techtoimprovesmall-scalerenewableenergyfinancinginsub-SaharanAfrica.Energy Research & Social Science,73,
101949.doi:10.1016/j.erss.2021.101949

Calvert,A.,Gilbert,J.,&Meade,R.(2021).Arbitration in the energy sector—an introduction.Retrievedfromhttps://www.
lexisnexis.com/uk/lexispsl/energy/document/407801/5JX0-B201-DXSN-63JN-00000-00/Arbitration-in-the-energy-sector

Campiglio,E.(2016).Beyondcarbonpricing:Theroleofbankingandmonetarypolicyinfinancingthetransitiontoa
low-carboneconomy.Ecological Economics,121,220–230.doi:10.1016/j.ecolecon.2015.03.020

481

https://www.ejiltalk.org/lack-of-consistency-and-coherence-in-the-interpretation-of-legal-issues/
https://www.lexisnexis.com/uk/lexispsl/energy/document/407801/5JX0-B201-DXSN-63JN-00000-00/Arbitration-in-the-energy-sector
https://www.lexisnexis.com/uk/lexispsl/energy/document/407801/5JX0-B201-DXSN-63JN-00000-00/Arbitration-in-the-energy-sector
https://www.feem.it/en/publications/feem-working-papers-note-di-lavoro-series/interaction-of-european-carbon-trading-and-energy-prices/
https://www.feem.it/en/publications/feem-working-papers-note-di-lavoro-series/interaction-of-european-carbon-trading-and-energy-prices/
https://www.lexisnexis.com/uk/lexispsl/energy/document/407801/5JX0-B201-DXSN-63JN-00000-00/Arbitration-in-the-energy-sector
https://www.lexisnexis.com/uk/lexispsl/energy/document/407801/5JX0-B201-DXSN-63JN-00000-00/Arbitration-in-the-energy-sector


Compilation of References

Cansino,J.M.,Carril-Cacia,F.,Molina-Parrado,J.C.,&Román-Collado,R.(2021).Doenvironmentalregulationsmatter
onSpanishforeigninvestment?Amultisectoralapproach.Environmental Science and Pollution Research International,
28(41),1–17.doi:10.100711356-021-14635-6PMID:34100206

Cao,X.,Jin,C.,&Ma,W.J.(2021).MotivationofChinesecommercialbankstoissuegreenbonds:Financingcostsor
regulatoryarbitrage?China Economic Review, 66,101582.doi:.2020.101582doi:10.1016/J.Chieco

Cao,K.Y.,Xu,X.P.,Wu,Q.,&Zhang,Q.P.(2017).Optimalproductionandcarbonemissionreductionlevelundercap-
and-tradeandlowcarbonsubsidypolicies.Journal of Cleaner Production,167,505–513.doi:10.1016/j.jclepro.2017.07.251

Capelle-Blancard,G.,&Laguna,M.A.(2010).Howdoesthestockmarketrespondtochemicaldisasters?Journal of 
Environmental Economics and Management,59(2),192–205.doi:10.1016/j.jeem.2009.11.002

CarbonNeutralityCommittee.(2021).China’s CCER market development process and project revenue measurement.
CarbonNeutralityCommittee.Retrievedfromhttps://mp.weixin.qq.com/s/jsUjHrG7FSvLvVG5J_1glQ

Carroll,A.B.,&Buchholtz,A.K.(2003).Business and Society: Ethics and Stakeholder Management.Thomson/South-
Western.Retrievedfromhttps://books.google.hr/books/about/Business_Society.html?id=ep9ZAAAAYAAJ&redir_esc=y

Caruso,G.,Colantonio,E.,&Gattone,S.A.(2020).RelationshipsbetweenRenewableEnergyConsumption,Social
Factors,andHealth:APanelVectorAutoRegressionAnalysisofaClusterof12EUCountries.Sustainability,12(7),
2915.doi:10.3390u12072915

Cavallaro,F.,Zavadskas,E.K.,&Raslanas,S.(2016).EvaluationofCombinedHeatandPower(CHP)SystemsUsing
FuzzyShannonEntropyandFuzzyTOPSIS.Sustainability,8(6),556.doi:10.3390u8060556

Caviglia-Harris,J.L.,Chambers,D.,&Kahn,J.R.(2009).Takingthe“U”outofKuznets:Acomprehensiveanalysisof
theEKCandenvironmentaldegradation.Ecological Economics,68(4),1149–1159.doi:10.1016/j.ecolecon.2008.08.006

Center forChinaandGlobalization. (2021).Green and low-carbon development requires a large amount of social 
capital.CenterforChinaandGlobalization.Retrievedfromhttps://mp.weixin.qq.com/s/106_GOV6EXtwLPsbtkidvQ?

Çepni,O.,Gupta,R.,&Lv,Z.(2020).ThresholdeffectsofinequalityoneconomicgrowthintheUSstates:TheRole
ofHumanCapitaltoPhysicalCapitalRatio.Applied Economics Letters,27(19),1546–1551.doi:10.1080/13504851.2
019.1696449

Chaisse,J.G.(2009).ExpansionofTradeandFDIinAsia:StrategicandPolicyChallenges.Routledge.

Chang,X.S.,Fu,K.,Li,T.,Tam,L.,&Wong,G.(2021).Corporate environmental liabilities and capital structure.
Retrievedfromhttps://papers.ssrn.com/sol3/papers.cfm?abstract_id=3200991

Chang,C.L.,Mai,T.K.,&McAleer,M.(2019).EstablishingnationalcarbonemissionpricesforChina.Renewable & 
Sustainable Energy Reviews,106,1–16.doi:10.1016/j.rser.2019.01.063

Chang,S.C.(2015).Effectsoffinancialdevelopmentsandincomeonenergyconsumption.International Review of 
Economics & Finance,35,28–44.doi:10.1016/j.iref.2014.08.011

Chang,T.,GraffZivin,J.,Gross,T.,&Neidell,M.(2016).Particulatepollutionandtheproductivityofpearpackers.
American Economic Journal. Economic Policy,8(3),141–169.doi:10.1257/pol.20150085

Chan,Y.T.(2020).Carbonpoliciesandproductivityuncertainty:Anintertemporalanalysis.Technological Forecasting 
and Social Change,158,120165.doi:10.1016/j.techfore.2020.120165

482

https://mp.weixin.qq.com/s/jsUjHrG7FSvLvVG5J_1glQ
https://books.google.hr/books/about/Business_Society.html?id=ep9ZAAAAYAAJ&redir_esc=y
https://mp.weixin.qq.com/s/106_GOV6EXtwLPsbtkidvQ
https://papers.ssrn.com/sol3/papers.cfm?abstract


Compilation of References

Charfeddine,L. (2017).The impactofenergyconsumptionandeconomicdevelopmentonecological footprintand
CO2emissions:EvidencefromaMarkovswitchingequilibriumcorrectionmodel.Energy Economics,65,355–374.
doi:10.1016/j.eneco.2017.05.009

Charfeddine,L.,&Kahia,M.(2019).ImpactofrenewableenergyconsumptionandfinancialdevelopmentonCO2emis-
sionsandeconomicgrowthintheMENAregion:Apanelvectorautoregressive(PVAR)analysis.Renewable Energy,
139,198–213.doi:10.1016/j.renene.2019.01.010

Charfeddine,L.,&Khediri,K.B.(2016).FinancialdevelopmentandenvironmentalqualityinUAE:Cointegrationwith
structuralbreaks.Renewable & Sustainable Energy Reviews,55,1322–1335.doi:10.1016/j.rser.2015.07.059

Charfeddine,L.,&Mrabet,Z.(2017).Theimpactofeconomicdevelopmentandsocial-politicalfactorsonecologi-
calfootprint:Apaneldataanalysisfor15MENAcountries.Renewable & Sustainable Energy Reviews,76,138–154.
doi:10.1016/j.rser.2017.03.031

Chen,J.,Li,S.,Li,T.,Li,Y.A.,Song,J.,Wu,Y.,&Zhu,C.(2021).Investing in Zero-Carbon China.RMI.Retrieved
fromhttps://rmi.org/insight/zero-carbon-investing/

Chen,S.Q.,&Zhu,F.Y.(2019).Unveilingkeydriversofurbanembodiedandcontrolledcarbonfootprints.Applied 
Energy, 235,835-845.doi:.2018.11.018doi:10.1016/j.apenergy

Chen,S.,Sun,Z.,Tang,S.,&Wu,D.(2011).Governmentinterventionandinvestmentefficiency:EvidencefromChina.
Journal of Corporate Finance, 17(2),259-271.doi:.2010.08.004doi:10.1016/j.jcorpfin

Cheng,C.,Ren,X.,Dong,K.,Dong,X.,&Wang,Z.(2021).HowdoestechnologicalinnovationmitigateCO2emissions
inOECDcountries?Heterogeneousanalysisusingpanelquantileregression.Journal of Environmental Management,
280,111818.doi:10.1016/j.jenvman.2020.111818PMID:33360390

Chen,J.,Hao,Q.,&Yoon,C.(2018).MeasuringthewelfarecostofairpollutioninShanghai:Evidencefromthehousing
market.Journal of Environmental Planning and Management,61(10),1744–1757.doi:10.1080/09640568.2017.1371581

Chen,N.(2011).Securitieslaws,controlofcorruption,andcorporateliquidity:Internationalevidence.Corporate Gov-
ernance,19(1),3–24.doi:10.1111/j.1467-8683.2010.00823.x

Chen,N.,&Huang,S.H.(2021).AnalysisonthemeasurementoftheimpactofChina’scommercialbank’scarbon
financebusinessonprofitability.Quest,2021(3),85–92.doi:10.13996/j.cnki.taqu.2021.03.010

Chen,N.,&Wang,W.T.(2012).KyotoProtocolandcapitalstructure:Acomparativestudyofdevelopedanddeveloping
countries.Applied Financial Economics,22(21),1771–1786.doi:10.1080/09603107.2012.676732

Chen,N.,&Yang,T.C.(2017).Democracy,ruleoflaw,andcorporategovernance—Aliquidityperspective.Economics 
of Governance,18(1),35–70.doi:10.100710101-016-0182-4

Chen,S.Q.,Chen,B.,Feng,K.S.,Liu,Z.,Fromer,N.,Tan,X.C.,Alsaedi,A.,Hayat,T.,Weisz,H.,Schellnhuber,H.
J.,&Hubacek,K.(2020).Physicalandvirtualcarbonmetabolismofglobalcities.Nature Communications,11(1),182.
doi:10.103841467-019-13757-3PMID:31924775

Chen,S.,Saud,S.,Saleem,N.,&Bari,M.W.(2019).Nexusbetweenfinancialdevelopment,energyconsumption,income
level,andecologicalfootprintinCEEcountries:Dohumancapitalandbiocapacitymatter?Environmental Science and 
Pollution Research International,26(31),31856–31872.doi:10.100711356-019-06343-zPMID:31489549

Chen,X.,Gao,Z.,&McFadden,B.R.(2020).Revealpreferencereversalinconsumerpreferenceforsustainablefood
products.Food Quality and Preference,79,103754.doi:10.1016/j.foodqual.2019.103754

483

https://rmi.org/insight/zero-carbon-investing/


Compilation of References

Chen,Y.,&Lee,C.C.(2020).DoestechnologicalinnovationreduceCO2emissions?Cross-countryevidence.Journal 
of Cleaner Production,263,121550.doi:10.1016/j.jclepro.2020.121550

Cherp,A.,Jewell,J.,&Goldthau,A.(2011).Governingglobalenergy:Systems,transitions,complexity.Global Policy,
2(1),75–88.doi:10.1111/j.1758-5899.2010.00059.x

Cheshmehzangi,A.,Xie,L.J.,&Tan-Mullins,M.(2018).Theroleofinternationalactorsinlow-carbontransitionsof
Shenzhen’sInternationalLowCarbonCityinChina.Cities, 74,64-74.doi:.2017.11.004doi:10.1016/j.cities

Chevallier,J.(2012).Econometric analysis of carbon markets: the European Union emissions trading scheme and the 
clean development mechanism.Springer.Retrievedfromhttps://www.Springer.com/gp/book/9789400724112

Chibba,M.(2009).Financialinclusion,povertyreductionandthemillenniumdevelopmentgoal.European Journal of 
Development Research,21(2),213–230.

Chiesa,M.A.,McEwen,B.,&Barua,S.(2021).Doesacompany’senvironmentalperformanceinfluenceitspriceof
debtcapital?Evidencefromthebondmarket.The Journal of Impact and ESG Investing,1(3),75–99.doi:10.3905/
jesg.2021.1.015

China-SingaporeTianjin. (2021).Smart City White Paper 2020.Retrieved fromhttps://www.eco-city.gov.cn/u/cms/
www/202105/181917109l5u.pdf

Chirambo,D.(2016).AddressingtherenewableenergyfinancinggapinAfricatopromoteuniversalenergyaccess:
IntegratedrenewableenergyfinancinginMalawi.Renewable & Sustainable Energy Reviews,62,793–803.doi:10.1016/j.
rser.2016.05.046

Chisadza,C.,Dlamini,J.,Gupta,R.,&Modise,M.P.(2016).TheimpactofoilshocksontheSouthAfricaneconomy.
Energy Sources. Part B, Economics, Planning, and Policy,11(8),739–745.doi:10.1080/15567249.2013.781248

Christiansen,A.C.,Arvanitakis,A.,Tangen,K.,&Hasselknippe,H.(2005).PricedeterminantsintheEUemissions
tradingscheme.Climate Policy,5(1),15–30.doi:10.1080/14693062.2005.9685538

Chuang,S.P.,&Huang,S.J. (2018).Theeffectofenvironmentalcorporatesocialresponsibilityonenvironmental
performanceandbusinesscompetitiveness:Themediationofgreeninformationtechnologycapital.Journal of Business 
Ethics,150(4),991–1009.doi:10.100710551-016-3167-x

Churchill,S.A.,Inekwe,J.,Smyth,R.,&Zhang,X.(2019).R&DintensityandcarbonemissionsintheG7:1870–2014.
Energy Economics,80,30–37.doi:10.1016/j.eneco.2018.12.020

Churchill,S.A.,&Marisetty,V.B.(2019).Financialinclusionandpoverty:Ataleofforty-fivethousandhouseholds.
Applied Economics,52(16),1–12.

Churchill,S.A.,Nuhu,A.S.,&Smyth,R.(2020b).Financial inclusion and poverty: Micro-level evidence from Nigeria.
PalgraveMacmillan.

Churchill,S.A.,&Smyth,R.(2020).Ethnicdiversity,energypovertyandthemediatingroleoftrust:Evidencefrom
householdpaneldataforAustralia.Energy Economics,86,104663.

Churchill,S.A.,Smyth,R.,&Farrell,L.(2020a).Fuelpovertyandsubjectivewellbeing.Energy Economics,86,104650.

Claessens,S.,Feijen,E.,&Laeven,L.(2008).Politicalconnectionsandpreferentialaccesstofinance:Theroleofcam-
paigncontributions.Journal of Financial Economics, 88(3),554-580.doi:.jfineco.2006.11.003doi:10.1016/j

Coase,R.(1960).Theproblemofsocialcost.The Journal of Law & Economics,3,1–44.doi:10.1086/466560

484

https://www.Springer.com/gp/book/
https://www.eco-city.gov.cn/u/cms/www/202105/181917109l5u.pdf
https://www.eco-city.gov.cn/u/cms/www/202105/181917109l5u.pdf


Compilation of References

Coase,R.H.(1960).Theproblemofsocialcost.InClassic papers in natural resource economics(pp.87–137).Palgrave
Macmillan.doi:10.1057/9780230523210_6

Çoban,S.,&Topcu,M.(2013).ThenexusbetweenfinancialdevelopmentandenergyconsumptionintheEU:Adynamic
paneldataanalysis.Energy Economics,39,81–88.doi:10.1016/j.eneco.2013.04.001

Cobb,C.W.,&Douglas,P.H.(1928).Atheoryofproduction.The American Economic Review,18(1),139–165.

Coibion,O.,Gorodnichenko,Y.,Kueng,L.,&Silvia,J.(2017).InnocentBystanders?Monetarypolicyandinequality.
Journal of Monetary Economics,88,70–89.doi:10.1016/j.jmoneco.2017.05.005

Cole,M.A.(2004).Trade,thepollutionhavenhypothesisandtheenvironmentalKuznetscurve:Examiningthelinkages.
Ecological Economics,48(1),71–81.doi:10.1016/j.ecolecon.2003.09.007

Cole,M.A.,&Elliott,R.J.(2005).FDIandthecapitalintensityof“dirty”sectors:Amissingpieceofthepollution
havenpuzzle.Review of Development Economics,9(4),530–548.doi:10.1111/j.1467-9361.2005.00292.x

Cole,M.A.,Rayner,A.J.,&Bates,J.M.(1997).TheenvironmentalKuznetscurve:Anempiricalanalysis.Environment 
and Development Economics,2(4),401–416.doi:10.1017/S1355770X97000211

Compton,M.,Willis,S.,Rezaie,B.,&Humes,K.(2018).Foodprocessingindustryenergyandwaterconsumptionin
thePacificNorthwest.Innovative Food Science & Emerging Technologies,47,371–383.doi:10.1016/j.ifset.2018.04.001

Copeland,B.R.(2010).Thepollutionhavenhypothesis.InK.Gallagher(Ed.),Handbook on Trade and the Environment
(pp.60–70).EdwardElgarPublishing.

Copeland,B.R.,&Taylor,M.S.(1994).North-Southtradeandtheenvironment.The Quarterly Journal of Economics,
109(3),755–787.doi:10.2307/2118421

CorporateEuropeObservatory.(2019).Blocking Climate Change Laws with ISDS Threats: Vermilion vs France.Retrieved
fromhttps://10isdsstories.org/cases/case5/

CorteConstitucional.(2014,June17).Sentencia T-384A/14.Retrievedfromhttps://www.corteconstitucional.gov.co/
relatoria/2014/t-384a-14.htm

Cottier,T.,Malumfashi,G.,Matteotti-Berkutova,S.,Nartova,O.,DeSepibus,J.,&Bigdeli,S.Z.(2011).Energy in WTO 
law and policy: The prospects of international trade regulation from fragmentation to coherence.WTO.doi:10.1017/
CBO9780511792496

Couldridge,D.(2014).Investors and Integrated Reporting in South Africa.GAAAccounting.Retrievedfromhttp://
www.gaaaccounting.com/investors-and-integrated-reporting-in-south-africa/

Crentsil,A.O.,Asuman,D.,&Fenny,A.P.(2019).Assessingthedeterminantsanddriversofmultidimensionalenergy
povertyinGhana.Energy Policy,133,110884.

Creti,A.,Jouvet,P.A.,&Mignon,V.(2012).Carbonpricedrivers:PhaseIversusPhaseIIequilibrium?Energy Eco-
nomics,34(1),327–334.doi:10.1016/j.eneco.2011.11.001

Darby,M.(2020,May21).Coal generator uses investment treaty to fight Netherland’s coal phaseout.Retrievedfrom
https://www.climatechangenews.com/2020/05/21/uniper-uses-investment-treaty-fight-netherlands-coal-phaseout/

Dar,J.A.,&Asif,M.(2018).DoesfinancialdevelopmentimproveenvironmentalqualityinTurkey?Anapplicationof
endogenousstructuralbreaksbasedcointegrationapproach.Management of Environmental Quality,29(2),368–384.
doi:10.1108/MEQ-02-2017-0021

485

https://10isdsstories.org/cases/case5/
https://www.corteconstitucional.gov.co/relatoria/2014/t-384a-14.htm
https://www.corteconstitucional.gov.co/relatoria/2014/t-384a-14.htm
http://www.gaaaccounting.com/investors-and-integrated-reporting-in-south-africa/
http://www.gaaaccounting.com/investors-and-integrated-reporting-in-south-africa/
https://www.climatechangenews.com/2020/05/21/uniper-uses-investment-treaty-fight-netherlands-coal-phaseout/


Compilation of References

Darwish,A.M.,&Darwish,M.A.(2008).EnergyandwaterinKuwait:AsustainabilityviewpointpartII.Desalina-
tion,230(1–3),140–152.

Dauda,L.,Long,X.,Mensah,C.N.,&Salman,M.(2019).TheeffectsofeconomicgrowthandinnovationonCO2
emissions indifferent regions.Environmental Science and Pollution Research International,26(15), 15028–15038.
doi:10.100711356-019-04891-yPMID:30919181

Davidson,S.,Baratz,M.,BruderFox,M.,&Schachter,C. (2020,June2).Supreme Court Update: Denies Cert in 
Crystallex v. Venezuela; Compels Non-Sigs in a NY Convention Case.Retrievedfromhttps://www.steptoe.com/en/news-
publications/supreme-court-update-denies-cert-in-crystallex-v-venezuela-compels-non-sigs-in-a-ny-convention-case.html

Davis,M.(1998).Ruralhouseholdenergyconsumption:Theeffectsofaccesstoelectricity–evidencefromSouthAfrica.
Energy Policy,26(3),207–217.

Davis,S.J.,&Haltiwanger,J.(2001).Sectoraljobcreationanddestructionresponsestooilpricechanges.Journal of 
Monetary Economics,48(3),465–512.doi:10.1016/S0304-3932(01)00086-1

deBruyn,S.,&deVries,J.(2020).Health costs of air pollution in European cities and the linkage with transport.

DeMichelis,A.,Ferreira,T.,&Iacoviello,M.(2020).OilpricesandconsumptionacrosscountriesandUSstates.In-
ternational Journal of Central Banking,16(2),3–43.

Deacon,R.T.,&Mueller,B.(2006).Politicaleconomyandnaturalresourceuse.InR.L’opez&M.A.Toman(Eds.),
Economic Development & Environmental Sustainability(pp.122–153).OxfordUniversityPress.

Dechezleprêtre,A.,Rivers,N.,&Stadler,B.(2019).The economic cost of air pollution: Evidence from Europe.OECD.

De,D.,Chowdhury,S.,Dey,P.K.,&Ghosh,S.K.(2020).ImpactofLeanandSustainabilityOrientedInnovationon
SustainabilityPerformanceofSmallandMediumSizedEnterprises:ADataEnvelopmentAnalysis-basedframework.
International Journal of Production Economics,219,416–430.doi:10.1016/j.ijpe.2018.07.003

Dellis,K.,Sondermann,D.,&Vansteenkiste,I.(2017).Determinants of FDI inflows in advanced economies: Does the 
quality of economic structures matter?(WorkingPaperSeries,No.2066).Frankfurt:EuropeanCentralBank.Retrieved
fromhttps://www.ecb.europa.eu/pub/pdf/scpwps/ecb.wp2066.en.pdf

Demirgüç-Kunt,A.,&Levine,R.(1999).Bank-based and market-based financial systems: Cross-country comparisons
(WorkingPaperNo.2143).TheWorldBank.

Demirgüç-Kunt,A.,Klapper,L.,Singer,D.,Ansar,S.,&Hess,J.(2018).The global index database 2017: Measuring 
financial inclusion and the Fintech revolution.TheWorldBank.Retrievedfromhttps://documents.worldbank.org/curated/
en/332881525873182837/pdf/126033-PUB-PUBLIC-pubdate-4-19-2018.pdf

Deng,Z.,Li,D.Y.,Pang,T.,&Duan,M.S.(2018).EffectivenessofpilotcarbonemissionstradingsystemsinChina.
Climate Policy,18(8),992–1011.doi:10.1080/14693062.2018.1438245

Denisova,V.(2020).Financialdevelopmentandenergyconsumption:EvidencefromGermany.International Journal 
of Energy Economics and Policy,10(2),35–39.doi:10.32479/ijeep.8603

Destek,M.A.,&Aslan,A.(2020).Disaggregatedrenewableenergyconsumptionandenvironmentalpollutionnexus
inG-7countries.Renewable Energy,151,1298–1306.doi:10.1016/j.renene.2019.11.138

Destek,M.A.,&Manga,M.(2021).Technologicalinnovation,financialization,andecologicalfootprint:Evidencefrom
BEMeconomies.Environmental Science and Pollution Research International,28(17),21991–22001.doi:10.100711356-
020-11845-2PMID:33411309

486

https://www.steptoe.com/en/news-publications/supreme-court-update-denies-cert-in-crystallex-v-venezuela-compels-non-sigs-in-a-ny-convention-case.html
https://www.steptoe.com/en/news-publications/supreme-court-update-denies-cert-in-crystallex-v-venezuela-compels-non-sigs-in-a-ny-convention-case.html
https://www.ecb.europa.eu/pub/pdf/scpwps/ecb.wp2066.en.pdf
https://documents.worldbank.org/curated/en/332881525873182837/pdf/126033-PUB-PUBLIC-pubdate-4-19-2018.pdf
https://documents.worldbank.org/curated/en/332881525873182837/pdf/126033-PUB-PUBLIC-pubdate-4-19-2018.pdf


Compilation of References

Destek,M.A.,&Okumus, I. (2019).Doespollutionhavenhypothesishold innewly industrializedcountries?Evi-
dencefromecologicalfootprint.Environmental Science and Pollution Research International,26(23),23689–23695.
doi:10.100711356-019-05614-zPMID:31203539

Destek,M.A.,&Sarkodie,S.A.(2019).InvestigationofenvironmentalKuznetscurveforecologicalfootprint:The
roleofenergyandfinancialdevelopment.The Science of the Total Environment,650,2483–2489.doi:10.1016/j.scito-
tenv.2018.10.017PMID:30293003

Destek,M.A.,&Sinha,A.(2020).Renewable,non-renewableenergyconsumption,economicgrowth,tradeopenness
andecologicalfootprint:Evidencefromorganizationforeconomicco-operationanddevelopmentcountries.Journal of 
Cleaner Production,242,118537.doi:10.1016/j.jclepro.2019.118537

Destek,M.A.,Ulucak,R.,&Dogan,E. (2018).Analyzing theenvironmentalKuznetscurvefor theEUcountries:
Theroleofecologicalfootprint.Environmental Science and Pollution Research International,25(29),29387–29396.
doi:10.100711356-018-2911-4PMID:30128968

Deyshappriya,N.R.(2019).ImpactofmacroeconomicfactorsonincomeinequalityandincomedistributioninAsian
countries.InB.Huang,P.J.Morgan,&N.Yoshino(Eds.),Demystifying Rising Inequality in Asia(pp.111–131).Asian
DevelopmentBank.

Dietz,T.,&Rosa,E.A.(1997).Environmentalimpactsofpopulationandconsumption.Environmentally significant 
consumption: Research directions, 5,92–99.

Dietz,T.,&Rosa,E.A.(1994).Rethinkingtheenvironmentalimpactsofpopulation,affluenceandtechnology.Human 
Ecology Review,1(2),277–300.

Dietz,T.,&Rosa,E.A.(1997).EffectsofpopulationandaffluenceonCO2emissions.Proceedings of the National 
Academy of Sciences of the United States of America,94(January),l75–l179.doi:10.1073/pnas.94.1.175PMID:8990181

Dinda,S.(2004).EnvironmentalKuznetscurvehypothesis:ASurvey.Ecological Economics,49(4),431–455.doi:10.1016/j.
ecolecon.2004.02.011

Ding,S.T.,Zhang,M.,&Song,Y.(2019).ExploringChina’scarbonemissionspeakfordifferentcarbontaxscenarios.
Energy Policy,129,1245–1252.doi:10.1016/j.enpol.2019.03.037

Dobler,M.,Lajili,K.,&Zéghal,D.(2014).Environmentalperformance,environmental riskandriskmanagement.
Business Strategy and the Environment,23(1),1–17.doi:10.1002/bse.1754

Doepke,M.,&Schneider,M.(2006).Inflationandtheredistributionofnominalwealth.Journal of Political Economy,
114(6),1069–1097.doi:10.1086/508379

Dogan,E.,&Turkekul,B.(2016).CO2emissions,realoutput,energyconsumption,trade,urbanizationandfinancial
development:TestingtheEKChypothesisfortheUSA.Environmental Science and Pollution Research International,
23(2),1203–1213.doi:10.100711356-015-5323-8PMID:26351068

Dögl,C.,&Holtbrügge,D.(2014).Corporateenvironmentalresponsibility,employerreputationandemployeecommit-
ment:Anempiricalstudyindevelopedandemergingeconomies.International Journal of Human Resource Management,
25(12),1739–1762.doi:10.1080/09585192.2013.859164

Doidge,C.,Karolyi,G.A.,&Stulz,R.M.(2007).Whydocountriesmattersomuchforcorporategovernance?Journal 
of Financial Economics,86(1),1–39.doi:10.1016/j.jfineco.2006.09.002

487



Compilation of References

Domke,M.,&Glossner,O.(1973).ThePresentStateoftheLawRegardingInternationalCommercialArbitration.In
M.Bos(Ed.),The Present State of International Law and Other Essays(pp.307–330).Springer.doi:10.1007/978-94-
017-4497-3_17

Dong,F.,Wang,Y.,Su,B.,Hua,Y.,&Zhang,Y.(2019).TheprocessofpeakCO2emissionsindevelopedeconomies:
Aperspectiveofindustrializationandurbanization.Resources, Conservation and Recycling,141,61–75.doi:10.1016/j.
resconrec.2018.10.010

Dong,L.,Miao,G.,&Wen,W.(2021).China’sCarbonNeutralityPolicyObjectives,ImpactsandPaths.East Asian 
Policy,13(01),5–18.doi:10.1142/S1793930521000015

Doytch,N.,&Narayan,S.(2016).DoesFDIinfluencerenewableenergyconsumption?AnanalysisofsectoralFDI
impactonrenewableandnon-renewableindustrialenergyconsumption.Energy Economics,54,291–301.doi:10.1016/j.
eneco.2015.12.010

Drake,L.(2016).Internationallawandtherenewableenergysector.InK.R.Gray,R.Tarasofsky,&C.Carlarne(Eds.),
The Oxford Handbook of International Climate Change Law.OxfordUniversityPress.

Dreher,A.(2006).Doesglobalizationaffectgrowth?Evidencefromanewindexofglobalization.Applied Economics,
38(10),1091–1110.doi:10.1080/00036840500392078

Dritsaki,C.,&Dritsaki,M.(2014).CausalRelationshipbetweenEnergyConsumption,EconomicGrowthandCO2
Emissions:ADynamicPanelDataApproach.International Journal of Energy Economics and Policy,4(2),125–136.

duCan,S.D.L.R.,Pudleiner,D.,&Pielli,K.(2018).Energyefficiencyasameanstoexpandenergyaccess:AUganda
roadmap.Energy Policy,120,354–364.

Duan,K.,Ren,X.,Shi,Y.,Mishra,T.,&Yan,C.(2021).Themarginalimpactsofenergypricesoncarbonpricevaria-
tions:Evidencefromaquantile-on-quantileapproach.Energy Economics,95,105131.doi:10.1016/j.eneco.2021.105131

Duarte, M., Nagarajan, S., & Brixiova, Z. (2010). Financing of Sustainable Energy Solutions (Working Paper No.
3/2010).AfricanDevelopmentBank.

Dudley,B.(2019).BP Statistical Review of World Energy 2019.BP.Retrievedfromhttps://www.bp.com/content/dam/
bp/business-sites/en/global/corporate/pdfs/energyeconomics/statistical-review/bp-stats-review-2019-full-report.pdf

Duho,K.C.T.(2020).Intellectualcapitalandtechnicalefficiencyofbanksinanemergingmarket:Aslack-basedmea-
sure.Journal of Economic Studies (Glasgow, Scotland),47(7),1711–1732.doi:10.1108/JES-06-2019-0295

Dunning,J.H.(1977).Trade,locationofeconomicactivityandMNE:Asearchforaneclecticapproach.InB.Ohlin,P.
Hesselborn,&P.Wijkman(Eds.),The International Allocation of Economic Activity(pp.395–418).PalgraveMacmil-
lan.doi:10.1007/978-1-349-03196-2_38

Dunning,J.H.(1981).International Production and the Multinational Enterprise.GeorgeAllenandUnwin.

Dunning,J.H.(2001).TheEclectic(OLI)paradigmofinternationalproduction:Past,presentandFuture.International 
Journal of the Economics of Business,8(2),173–190.doi:10.1080/13571510110051441

Du,X.,Weng,J.,Zeng,Q.,Chang,Y.,&Pei,H.(2017).Dolendersapplaudcorporateenvironmentalperformance?
EvidencefromChineseprivate-ownedfirms.Journal of Business Ethics,143(1),179–207.doi:10.100710551-015-2758-2

Ebenstein,A.,Lavy,V.,&Roth,S.(2016).Thelong-runeconomicconsequencesofhigh-stakesexaminations:Evidence
from transitory variation in pollution. American Economic Journal. Applied Economics, 8(4), 36–65. doi:10.1257/
app.20150213

488

http://https://www.bp.com/content/dam/bp/business-sites/en/global/corporate/pdfs/energyeconomics/statistical-review/bp-stats-review-2019-full-report.pdf
http://https://www.bp.com/content/dam/bp/business-sites/en/global/corporate/pdfs/energyeconomics/statistical-review/bp-stats-review-2019-full-report.pdf


Compilation of References

EC.(2008).Internalization of external transport costs.EuropeanCommission.Retrievedfromhttps://eur-lex.europa.
eu/summary/ES/tr0007

EC.(2016).Sustainable development.Paris:EuropeanCommission.Retrievedfromhttps://ec.europa.eu/environment/
archives/eussd/index.htm

EC.(2018).Science for Environment Policy. Future Brief: What is the health cost of environmental pollution?(Future
Brief Issue21).Luxemburg:EuropeanUnion.Retrievedfromhttps://ec.europa.eu/environment/integration/research/
newsalert/pdf/health_costs_environmental_pollution_FB21_en.pdf

Echandi,R.,&Newson,M.(2014).TheInfluenceofInternationalInvestmentPatternsinInternationalEconomicLaw
Rulemaking:APreliminarySketch.Journal of International Economic Law,17(4),847–866.doi:10.1093/jiel/jgu046

Economou,F.,Hassapis,C.,Philippas,N.,&Tsionas,M.(2017).ForeigndirectinvestmentdeterminantsinOECDand
developingcountries.Review of Development Economics,21(3),527–542.doi:10.1111/rode.12269

ECP.(2021).Top 10: Africa’s leading oil producers.Energy,Capital&Power.Retrievedfromhttps://energycapitalpower.
com/top-10-africas-leading-oil-producers-in-2021

Edelstein,P.,&Kilian,L.(2009).Howsensitiveareconsumerexpenditurestoretailenergyprices?Journal of Monetary 
Economics,56(6),766–779.doi:10.1016/j.jmoneco.2009.06.001

Edirisinghe,N.C.P.,&Zhang,X.(2010).Input/outputselectioninDEAunderexpertinformation,withapplication
tofinancialmarkets.European Journal of Operational Research,207(3),1669–1678.doi:10.1016/j.ejor.2010.06.027

EEA.(2020).Air quality in Europe - 2020 report.Copenhagen:EuropeanEnvironmentalAgency.Retrievedfromhttps://
www.eea.europa.eu/publications/air-quality-in-europe-2020-report

Ehrlich, P. R., & Holdren, J. P. (1971). Impact of population growth. Science, 171(3977), 1212–1217.
doi:10.1126cience.171.3977.1212PMID:5545198

EIA.(2019).International Energy Statistics.EnergyInformationAdministration.Retrievedfromhttp://www.eia.gov

Eichholtz,P.,Holtermans,R.,Kok,N.,&Yönder,E.(2019).Environmentalperformanceandthecostofdebt:Evidencefrom
commercialmortgagesandREITbonds.Journal of Banking & Finance,102,19–32.doi:10.1016/j.jbankfin.2019.02.015

Ekouevi,K.,&Tuntivate,V.(2012).Household energy access for cooking and heating: Lessons learned and the way 
forward.WorldBank.Retrievedfromhttps://openknowledge.worldbank.org/handle/10986/9372

ElAmri,A.,Boutti,R.,Oulfarsi,S.,Rodhain,F.,&Bouzahir,B.(2020).Carbonfinancialmarketsunderlyingclimate
riskmanagement,pricingandforecasting:Fundamentalanalysis.Financial Markets.Institutions and Risks,4(4),31–44.

ElAmri,A.,Boutti,R.,&Rodhain,F.(2020).SustainableFinanceatthetimeofinstitutions:Performativitythroughthe
lensofresponsiblemanagementinMorocco.Financial Markets.Institutions and Risks,4(2),52–64.

ElAmri,A.,Oulfarsi,S.,Boutti,R.,SahibEddine,A.,&Hmioui,A. (2021).Carbonfinancialmarketsunderlying
climatechangemitigation,pricingandchallenges:Technicalanalysis.Financial Markets.Institutions and Risks,5(1),
5–17.doi:10.21272/fmir.5(1).5-17.2021

ElKosheri,A. (2007). International arbitration andpetroleumcontracts. InEncyclopedia of Hydrocarbons.Roma:
Marchesi Grafiche Editoriali. Retrieved from https://www.international-arbitration-attorney.com/wp-content/up-
loads/879-900_x13.3x_ing.pdf

Elie,L.,Granier,C.,&Rigot,S.(2021).Thedifferenttypesofrenewableenergyfinance:ABibliometricanalysis.Energy 
Economics,93,104997.doi:10.1016/j.eneco.2020.104997

489

https://eur-lex.europa.eu/summary/ES/tr0007
https://eur-lex.europa.eu/summary/ES/tr0007
https://ec.europa.eu/environment/archives/eussd/index.htm
https://ec.europa.eu/environment/archives/eussd/index.htm
https://ec.europa.eu/environment/integration/research/newsalert/pdf/health_costs_environmental_pollution_FB21_en.pdf
https://ec.europa.eu/environment/integration/research/newsalert/pdf/health_costs_environmental_pollution_FB21_en.pdf
https://energycapitalpower.com/top-10-africas-leading-oil-producers-in-2021
https://energycapitalpower.com/top-10-africas-leading-oil-producers-in-2021
https://www.eea.europa.eu/publications/air-quality-in-europe-2020-report
https://www.eea.europa.eu/publications/air-quality-in-europe-2020-report
http://www.eia.gov
http://https://openknowledge.worldbank.org/handle/10986/9372
https://www.international-arbitration-attorney.com/wp-content/uploads/879-900_x13.3x_ing.pdf
https://www.international-arbitration-attorney.com/wp-content/uploads/879-900_x13.3x_ing.pdf


Compilation of References

Elkington, J. (2006). Governance for Sustainability. Corporate Governance, 14(6), 522–529. doi:10.1111/j.1467-
8683.2006.00527.x

Elliott,R.J.,&Zhou,Y.(2013).Environmentalregulationinducedforeigndirectinvestment.Environmental and Re-
source Economics,55(1),141–158.doi:10.100710640-012-9620-0

Emirmahmutoglu,F.,&Kose,N.(2011).TestingforGrangercausalityinheterogeneousmixedpanels.Economic Mod-
elling,28(3),870–876.doi:10.1016/j.econmod.2010.10.018

Emrouznejad,A.,Osman,I.H.,&Anouze,L.A.(2011).PerformanceManagementandMeasurementwithDataEnvel-
opmentAnalysis.InProceedings of the 8th International Conference of DEA.AmericanUniversityofBeirut.

EnvironmentalDevelopmentFund.(2020,November02).Measures for the Administration of Carbon Emissions Trading 
(Trial) (Draft for comments).MinistryofEcologyandEnvironmentofthePeople’sRepublicofChina.Retrievedfrom
http://www.cet.net.cn/uploads/soft/202011/1_17092916.pdf

Esso,L. J.,&Keho,Y. (2016).EnergyConsumption,EconomicGrowth,andCarbonEmission:Cointegrationand
CausalityEvidencefromSelectedAfricanCountries.Energy,114,492–497.doi:10.1016/j.energy.2016.08.010

EU.(2020).Climate Action.EuropeanUnion.Retrievedfromhttps://ec.europa.eu/clima/index_en

EuropeanFederationforInvestmentLawandArbitration.(2015,May17).A response to the criticism against ISDS.Re-
trievedfromhttps://efila.org/wp-content/uploads/2015/05/EFILA_in_response_to_the-criticism_of_ISDS_final_draft.pdf

EuropeanParliament.(2020,December1).Environment policy: General principles and basic framework.Retrievedfrom
https://www.europarl.europa.eu/factsheets/en/sheet/71/vides-politika-visparigi-principi-un-pamatsistema

Eyraud,L.,Clements,B.,&Wane,A.(2013).Greeninvestment:Trendsanddeterminants.Energy Policy,60,852–865.
doi:10.1016/j.enpol.2013.04.039

Faeth,I.(2009).Determinantsofforeigndirectinvestment-Ataleofninetheoreticalmodels.Journal of Economic 
Surveys,23(1),165–196.doi:10.1111/j.1467-6419.2008.00560.x

Fahey,D.W.(2013).TheMontrealProtocolprotectionofozoneandclimate.Theoretical Inquiries in Law,14(21),
21–42.doi:10.1515/til-2013-004

Faiyetole,A.A.(2015).A Study of the Potential Applications of Space Technology for Climate Change Management in 
Africa(Ph.D.Dissertation).ObafemiAwolowoUniversity,Ile-Ife,Nigeria.

Faiyetole,A.A.(2018).Potentialitiesofspace-basedsystemsformonitoringclimatepoliciesandmitigationofClimate
ProcessDrivers.Astropolitics – The International Journal of Space Politics and Policy, 16(1),28–48.

Faiyetole,A.A.(2019).Outside-inperspectivesonthesocio-econo-technologicaleffectsofclimatechangeinAfrica.
International Sociology,34(6),762–785.doi:10.1177/0268580919867837

Faiyetole,A.A.,&Adesina,F.A.(2017).Regionalresponsetoclimatechangeandmanagement:AnanalysisofAf-
rica’s capacity. International Journal of Climate Change Strategies and Management, 9(6), 730–748. doi:10.1108/
IJCCSM-02-2017-0033

Falk,M.(2016).Agravitymodelofforeigndirectinvestmentinthehospitalityindustry.Tourism Management,55,
225–237.doi:10.1016/j.tourman.2016.02.012

Fan,Y.(2020).Air pollution, avoidance behaviors, and neglected social costs: Evidence from outdoor leisure and com-
muting behaviors[Unpublisheddoctoraldissertation].MassachusettsInstituteofTechnology.

490

http://www.cet.net.cn/uploads/soft/202011/1_17092916.pdf
https://ec.europa.eu/clima/index_en
https://efila.org/wp-content/uploads/2015/05/EFILA_in_response_to_the-criticism_of_ISDS_final_draft.pdf
http://https://www.europarl.europa.eu/factsheets/en/sheet/71/vides-politika-visparigi-principi-un-pamatsistema


Compilation of References

Fang,Z.,&Chang,Y.(2016).Energy,humancapitalandeconomicgrowthinAsiaPacificcountries—Evidencefroma
panelcointegrationandcausalityanalysis.Energy Economics,56,177–184.doi:10.1016/j.eneco.2016.03.020

Fan,H.,&Hossain,M.I.(2018).Technologicalinnovation,tradeopenness,CO2emissionandeconomicgrowth:Com-
parativeanalysisbetweenChinaandIndia.International Journal of Energy Economics and Policy,8(6),240.

Farajzadeh,Z.,&Bakhshoodeh,M.(2015).EconomicandenvironmentalanalysesofIranianenergysubsidyreform
usingcomputablegeneralequilibrium(CGE)model.Energy for Sustainable Development,27,147–154.

Fard,A.,Javadi,S.,&Kim,I.(2020).Environmentalregulationandthecostofbankloans:Internationalevidence.
Journal of Financial Stability,51,100797.doi:10.1016/j.jfs.2020.100797

Farhani,S.,&Ozturk,I.(2015).CausalrelationshipbetweenCO2emissions,realGDP,energyconsumption,financial
development,tradeopenness,andurbanizationinTunisia.Environmental Science and Pollution Research International,
22(20),15663–15676.doi:10.100711356-015-4767-1PMID:26018289

Fei,Q.,Rasiah,R.,&Shen,L.J.(2014).Thecleanenergy-growthnexuswithCO2emissionsandtechnologicalin-
novationinNorwayandNewZealand.Energy & Environment,25(8),1323–1344.doi:10.1260/0958-305X.25.8.1323

Feng,G.,McLaren,K.,Yang,O.,Zhang,X.,&Zhao,X.(2019).The impact of environmental policy stringency on 
industrial productivity growth: A semi-parametric study of OECD countries(WorkingPaper,No.16/19).Melbourne:
AppliedEconomic&SocialResearchInstitute.

Feng,Z.,&Kobayashi,K.(2009).Assessingtheimpactsofcurrentandfutureconcentrationsofsurfaceozoneoncrop
yieldwithmeta-analysis.Atmospheric Environment,43(8),1510–1519.doi:10.1016/j.atmosenv.2008.11.033

Fernández-Cuesta,C.,Castro,P.,Tascón,M.T.,&Castaño,F.J.(2019).Theeffectofenvironmentalperformanceon
financialdebt.Europeanevidence.Journal of Cleaner Production,207,379–390.doi:10.1016/j.jclepro.2018.09.239

Figueres,C.(2015).Goal 13—Taking Urgent Action to Combat Climate Change—SDGs and the Paris Climate Agreement. 
United Nations.Retrievedfromhttps://www.un.org/en/chronicle/article/goal-13-taking-urgent-action-combat-climate-
change-sdgs-and-paris-climate-agreement

Finra.(n.d.).About Finra.Retrievedfromhttp://www.Finra.org/AboutFINRA/

FINRA.(n.d.).FINRA’s Arbitrators.RetrievedfromFINRA:Retrievedfromhttp://www.Finra.org/ArbitrationAndMe-
diation/Arbitrators/BecomeanArbitrator/FINRAArbitrators/index.htm

Firmin v. Garber,353So.2d975,977(La.1977);National Tea Co. v. Richmond,548So.2d930,933(La.1989).

Fischer,M.M.,Huber,F.,&Pfarrhofer,M.(2021).Theregionaltransmissionofuncertaintyshocksonincomeinequality
intheUnitedStates.Journal of Economic Behavior & Organization,183(C),887–900.doi:10.1016/j.jebo.2019.03.004

Forouzanfar,M.H.,Afshin,A.,Alexander,L.T.,Anderson,H.R.,Bhutta,Z.A.,Biryukov,S.,...Carrero,J.J.(2016).
Global, regional,andnationalcomparative riskassessmentof79behavioural,environmentalandoccupational,and
metabolicrisksorclustersofrisks,1990–2015:AsystematicanalysisfortheGlobalBurdenofDiseaseStudy2015.
Lancet,388(10053),1659–1724.doi:10.1016/S0140-6736(16)31679-8PMID:27733284

Fouchard,C.,&Krestin,M.(2018,March7).The Judgment of the CJEU in Slovak Republic v. Achmea – A Loud Clap of 
Thunder on the Intra-EU BIT Sky!Retrievedfromhttp://arbitrationblog.kluwerarbitration.com/2018/03/07/the-judgment-
of-the-cjeu-in-slovak-republic-v-achmea/

Franco,C.,&Marin,G.(2017).Theeffectofwithin-sector,upstreamanddownstreamenvironmentaltaxesoninnovation
andproductivity.Environmental and Resource Economics,66(2),261–291.doi:10.100710640-015-9948-3PMID:32025099

491

https://www.un.org/en/chronicle/article/goal-13-taking-urgent-action-combat-climate-change-sdgs-and-paris-climate-agreement
https://www.un.org/en/chronicle/article/goal-13-taking-urgent-action-combat-climate-change-sdgs-and-paris-climate-agreement
http://www.Finra.org/AboutFINRA/
http://www.Finra.org/ArbitrationAndMediation/Arbitrators/BecomeanArbitrator/FINRAArbitrators/index.htm
http://www.Finra.org/ArbitrationAndMediation/Arbitrators/BecomeanArbitrator/FINRAArbitrators/index.htm
http://arbitrationblog.kluwerarbitration.com/2018/03/07/the-judgment-of-the-cjeu-in-slovak-republic-v-achmea/
http://arbitrationblog.kluwerarbitration.com/2018/03/07/the-judgment-of-the-cjeu-in-slovak-republic-v-achmea/


Compilation of References

Fredriksson,P.G.,&Svensson,J.(2003).Politicalinstability,corruptionandpolicyformation:Thecaseofenvironmental
policy.Journal of Public Economics,87(7-8),1383–1405.doi:10.1016/S0047-2727(02)00036-1

Freeman,R.,Liang,W.,Song,R.,&Timmins,C.(2019).WillingnesstopayforcleanairinChina.Journal of Environ-
mental Economics and Management,94,188–216.doi:10.1016/j.jeem.2019.01.005

Fry,J.,&Bret,L.-A.(2019).The Guide to Mining Arbitrations.GlobalArbitrationReview.

Fung,M.K.(2009).Financialdevelopmentandeconomicgrowth:Convergenceordivergence?Journal of International 
Money and Finance,28(1),56–67.doi:10.1016/j.jimonfin.2008.08.001

Gain,D.,&Watanabe,T.(2017).Unsustainabilityriskcausalityinaprivateindustrialforest:Aninstitutionalanalysis
offactorsaffectingstandecosystemservicesinKochiPrefecture,Japan.Forests,8(4),126.

Gaitis,J.,BurrittMcArthur,J.,McGowan,G.,&Soussan,S.(2017).Oil and Gas Arbitration.Retrievedfromhttps://
www.ccarbitrators.org/wp-content/uploads/Oil-Gas-Arbitration.pdf

Galeano,E.(1973).The Open Veins of Latin America: Five Centuries of the Pillage of a Continent.MonthlyReview
Press.doi:10.14452/MR-025-04-1973-08_3

Ganda,F.(2019).TheenvironmentalimpactsoffinancialdevelopmentinOECDcountries:ApanelGMMapproach.
Environmental Science and Pollution Research International, 26(7), 6758–6772. doi:10.100711356-019-04143-z
PMID:30632043

Gao,H.K.(2021).What are the differences between carbon neutral corporate bonds and carbon neutral debt financing 
instruments? How should it be distributed?CSCIPengyuanCreditRatingCo.,Ltd.

Gao,L.S.,&Connors,E.(2011).Corporateenvironmentalperformance,disclosureandleverage:Anintegratedap-
proach.International Review of Accounting,Banking and Finance,3(3),1–26.

Garaffa,R.,Cunha,B.,Cruz,T.,Bezerra,P.,Lucena,A.,&Gurgel,A.(2021).Distributionaleffectsofcarbonpricing
inBrazilundertheParisAgreement.Energy Economics,101,105396.doi:10.1016/j.eneco.2021.105396

Garcia,F.,Ciko,L.,Gaurav,A.,&Hough,K.(2015).ReformingtheInternationalInvestmentRegime:Lessonsfrom
InternationalTradeLaw.Journal of International Economic Law,18(4),861–892.doi:10.1093/jiel/jgv042

Gast,M.,&Herrmann,R.(2008).DeterminantsofforeigndirectinvestmentofOECDcountries1991–2001.Interna-
tional Economic Journal,22(4),509–524.doi:10.1080/10168730802497601

Gelan,A.,Al-Awadhi,A.,Al-Fulaij,S.,Al-Musallam,N.,Abdulmalek,N.,Al-Musallam,M.,&Behbehani,M.(2018).
Designingandconstructingasocialaccountingmatrix(SAM)forthestateofKuwait(ProjectFinalReportNo.KISR
ReportNo.KISR15132).KuwaitInstituteforScientificResearch(KISR).

Gelan,A.(2014).SimulatingimpactsofreducingsubsidiestoKuwait’selectricitysector.Oxford Energy Forum, 95,32–35.

Gelan,A.(2018a).EconomicandenvironmentalimpactsofelectricitysubsidyreforminKuwait:Ageneralequilibrium
analysis.Energy Policy,112,381–398.

Gelan,A.(2018b).Kuwait’senergysubsidyreduction:ExaminingeconomicandCO2emissioneffectswithorwithout
compensation.Energy Economics,71,186–200.

Gerstetter,C.,&Meyer-Ohlendorf,N.(2013).Investor-State Dispute Settlement under TTIP - A Risk for Environmental 
Regulation?EcologicalInstitute.

492

https://www.ccarbitrators.org/wp-content/uploads/Oil-Gas-Arbitration.pdf
https://www.ccarbitrators.org/wp-content/uploads/Oil-Gas-Arbitration.pdf


Compilation of References

Geweke,J.(1992).Evaluatingtheaccuracyofsampling-basedapproachestothecalculationofposteriormoments.InJ.
M.Bernardo,J.O.Berger,A.P.Dawid,&A.F.M.Smith(Eds.),Bayesian Statistics.OxfordUniversityPress.

Geweke,J.(2005).Contemporary Bayesian Econometrics and Statistics.Wiley.doi:10.1002/0471744735

Ge,Y.,Hu,Y.,&Ren,S.(2020).Environmentalregulationandforeigndirectinvestment:EvidencefromChina’seleventh
andtwelfthfive-yearplans.Sustainability,12(6),2528.Advanceonlinepublication.doi:10.3390u12062528

Ghaffour,N.,Bundschuh,J.,Mahmoudi,H.,&Goosen,M.F.A.(2015).Renewableenergy-drivendesalinationtechnolo-
gies:Acomprehensivereviewonchallengesandpotentialapplicationsofintegratedsystems.Desalination,356,94–114.

Ghanatabadi,F.(2005).Internationalization of Small and Medium-Sized Enterprises in Iran[PhDThesis].LuleaUni-
versityofTechnology,Sweden.

Gielen,D.,Boshell,F.,Saygin,D.,Bazilian,M.D.,Wagner,N.,&Gorini,R.(2019).Theroleofrenewableenergyin
theglobalenergytransformation.Energy Strategy Reviews,24,38–50.doi:10.1016/j.esr.2019.01.006

Giuliano,F.,Lugo,M.A.,Masut,A.,&Puig,J.(2020).Distributionaleffectsofreducingenergysubsidies:Evidence
fromrecentpolicyreforminArgentina.Energy Economics,92,104980.

Giurco,D.,Prior,J.,&Boydell,S.(2014).Industrialecologyandcarbonpropertyrights.Journal of Cleaner Production,
80,211–223.doi:10.1016/j.jclepro.2014.05.079

Global Footprint Network. (2020). Strategies for one-planet prosperity: How to build lasting success on our fi-
nite planet. Retrieved from https://download.schneider-electric.com/files?p_enDocType=White+Paper&p_File_
Name=Earth+Overshoot+Day+-+Final.pdf&p_Doc_Ref=earth_overshoot_day

GlobalFootprintNetwork.(n.d.a)Country trends[Dataset].Retrievedfromhttps://data.footprintnetwork.org/#/countr
yTrends?cn=210&type=BCpc,EFCpc

Global Footprint Network. (n.d.b). Sustainable Development. Retrieved from https://www.footprintnetwork.org/our-
work/sustainable-development/

GoB.(2008).Renewable Energy Policy of Bangladesh, Power Cell.MinistryofPower,EnergyandMineralResources,
GovernmentofBangladesh.Retrievedfromhttp://www.powercell.gov.bd/

Godfrey,P.C.(2005).Therelationshipbetweencorporatephilanthropyandshareholderwealth:Ariskmanagement
perspective.Academy of Management Review,30(4),777–798.doi:10.5465/amr.2005.18378878

GoI.(2021).Pradhan Mantri Ujjwala Yojana.MinistryofPetroleumandNaturalGas,GovernmentofIndia.Retrieved
fromhttps://mopng.gov.in

Gorus,M.S.,&Aslan,M.(2019).Impactsofeconomicindicatorsonenvironmentaldegradation:EvidencefromMENA
countries.Renewable & Sustainable Energy Reviews,103,259–268.doi:10.1016/j.rser.2018.12.042

Gorus,M.S.,&Aydin,M.(2018).TheRelationshipbetweenEnergyConsumption,EconomicGrowth,andCO2Emission
inMENACountries:CausalityAnalysisintheFrequencyDomain.Energy,168,815–855.doi:10.1016/j.energy.2018.11.139

Graff-Zivin,J.,&Neidel,M.(2012).Theimpactofpollutiononworkerproductivity.The American Economic Review,
102(7),3652–3673.doi:10.1257/aer.102.7.3652PMID:26401055

Greene,W.H.(2003).Econometric Analysis(5thed.).PrenticeHall.

GRI.(2016).Annual Report 2016/2017.Retrievedfromhttps://www.globalreporting.org/media/zddkrqvz/gri-annual-
report-2016-2017.pdf

493

https://download.schneider-electric.com/files?p_enDocType=White+Paper&p_File_Name=Earth+Overshoot+Day+-+Final.pdf&p_Doc_Ref=earth_overshoot_day
https://download.schneider-electric.com/files?p_enDocType=White+Paper&p_File_Name=Earth+Overshoot+Day+-+Final.pdf&p_Doc_Ref=earth_overshoot_day
https://data.footprintnetwork.org/#/countryTrends?cn=210&type=BCpc,EFCpc
https://data.footprintnetwork.org/#/countryTrends?cn=210&type=BCpc,EFCpc
https://www.footprintnetwork.org/our-work/sustainable-development/
https://www.footprintnetwork.org/our-work/sustainable-development/
http://www.powercell.gov.bd/
https://mopng.gov.in
http://https://www.globalreporting.org/media/zddkrqvz/gri-annual-report-2016-2017.pdf
http://https://www.globalreporting.org/media/zddkrqvz/gri-annual-report-2016-2017.pdf


Compilation of References

GRI.(2020a).GRI Standards.Retrievedfromhttps://www.globalreporting.org/standards/gri-standards-download-center/

Grimes,P.E.,&Roberts,J.T.(1995).CO2emissionsefficiencyandeconomicdevelopment.Annual Meeting of the 
American Sociological Association.

Grimes,P.,&Kentor,J.(2003).Exportingthegreenhouse:ForeigncapitalpenetrationandCO2emissions1980-1996.
Journal of World-systems Research,9(2),261–275.doi:10.5195/jwsr.2003.244

Groh,S.,&Taylor,H.(2015).Theroleofmicrofinanceinenergyaccess:Changingroles,changingparadigms,and
futurepotential.Enterprise Development & Microfinance,26(4),307–324.

Grossman,G.M.,&Krueger,A.B.(1991).Environmental impacts of a North American free trade agreement.(Working
PaperNo.3914).NationalBureauofEconomicResearch.

Grossman,G.M.,&Kruger,A.B.(1995).Economicgrowthandtheenvironment.The Quarterly Journal of Economics,
110(2),353–377.doi:10.2307/2118443

Guillot,J.D.(2019).What is carbon neutrality and how can it be achieved by 2050? News European Parliament.Re-
trievedfromhttps://www.europarl.europa.eu/news/en/headlines/society/20190926STO62270/what-is-carbon-neutrality-
and-how-can-it-be-achieved-by-2050

Gunningham,N. (2012).Confronting thechallengeof energygovernance.Transnational Environmental Law,1(1),
119–135.doi:10.1017/S2047102511000124

Guo,L.Q.,Chen,Y.,Mi,B.B.,Dang,S.N.,Zhao,D.D.,Liu,R.,Wang,H.-L.,&Yan,H.(2019).Ambientairpollution
andadversebirthoutcomes:Asystematicreviewandmeta-analysis.Journal of Zhejiang University. Science. B.,20(3),
238–252.doi:10.1631/jzus.B1800122PMID:30829011

Gupta,R.,Shahzad,S.,Sheng,X.,&Subramaniam,S.(2021).Theroleofoilandriskshocksinthehigh-frequency
movementsofthetermstructureofinterestrates:EvidencefromtheUnitedStatestreasurymarket.International Journal 
of Finance & Economics,ijfe.2511.doi:10.1002/ijfe.2511

Gupta,R.,Sheng,X.,VanEyden,R.,&Wohar,M.(2020).Theimpactofdisaggregatedoilshocksonstate-levelcon-
sumptionoftheUnitedStates.Applied Economics Letters,28(21),1818–1824.doi:10.1080/13504851.2020.1854439

Gygli,S.,Haelg,F.,Potrafke,N.,&Sturm,J.E.(2019).TheKOFglobalisationindex–revisited.The Review of Inter-
national Organizations,14(3),543–574.doi:10.100711558-019-09344-2

Haans,R.F.,Pieters,C.,&He,Z.L.(2016).ThinkingaboutU:TheorizingandtestingU‐andinvertedU‐shapedrela-
tionshipsinstrategyresearch.Strategic Management Journal,37(7),1177–1195.doi:10.1002mj.2399

Hafner, M., Tagliapietra, S., & Strasser, L. D. (2018). Energy in Africa Challenges and opportunities. Springer.
doi:10.1007/978-3-319-92219-5

Hair,J.F.,Risher,J.J.,Sarstedt,M.,&Ringle,C.M.(2019).WhentouseandHowtoReporttheResultsofPLS-SEM.
European Business Review,31(1),2–24.

Hamilton,J.D.(1988).Aneoclassicalmodelofunemploymentandthebusinesscycle.Journal of Political Economy,
96(3),593–617.doi:10.1086/261553

Hanefah,M.B.M.,Kamaruddin,M.I.H.,Masruki,R.,&Ismail,M.M.(2020).CorporateGovernanceandPerformance
ofShariah-CompliantCompanies.InA.Rafay(Ed.),Handbook of Research on Theory and Practice of Global Islamic 
Finance(pp.547–566).IGIGlobal.doi:10.4018/978-1-7998-0218-1.ch029

494

https://www.globalreporting.org/standards/gri-standards-download-center/
https://www.europarl.europa.eu/news/en/headlines/society/20190926STO62270/what-is-carbon-neutrality-and-how-can-it-be-achieved-by-2050
https://www.europarl.europa.eu/news/en/headlines/society/20190926STO62270/what-is-carbon-neutrality-and-how-can-it-be-achieved-by-2050


Compilation of References

Hang,G.,&Yuan-Sheng,J.(2011).TherelationshipbetweenCO2emissions,economicscale,technology,incomeand
populationinChina.Procedia Environmental Sciences,11,1183–1188.doi:10.1016/j.proenv.2011.12.178

Hanif,I.,Raza,S.M.F.,Gago-de-Santos,P.,&Abbas,Q.(2019).Fossilfuels,foreigndirectinvestment,andeconomic
growthhavetriggeredCO2emissionsinemergingAsianeconomies:Someempiricalevidence.Energy,171,493–501.
doi:10.1016/j.energy.2019.01.011

Hanna,R.,&Oliva,P.(2015).Theeffectofpollutiononlaborsupply:EvidencefromanaturalexperimentinMexico
City.Journal of Public Economics,122,68–79.doi:10.1016/j.jpubeco.2014.10.004

Hansen,U.E.,Pedersen,M.B.,&Nygaard,I.(2014).Review of solar PV market development in East Africa.UNEP
Risø Centre. Retrieved from https://pubdocs.worldbank.org/en/600611475093991341/Solar-PVmarket-East-Africa-
UNEP-2014.pdf

Hao,Y.,Tian,C.,&Wu,C.(2020).Modellingofcarbonpriceintworealcarbontradingmarkets.Journal of Cleaner 
Production,244,118556.doi:10.1016/j.jclepro.2019.118556

Harris,M.,&Raviv,A.(1991).Thetheoryofcapitalstructure.The Journal of Finance, 46(1),297-355.

Harris,M.,&Raviv,A.(1988).Corporatecontrolcontestsandcapitalstructure.Journal of Financial Economics,20(1-
2),55–86.doi:10.1016/0304-405X(88)90040-2

Harrison,D.Jr,&Rubinfeld,D.(1978).Hedonichousingpricesandthedemandforcleanair.Journal of Environmental 
Economics and Management,5(1),81–102.doi:10.1016/0095-0696(78)90006-2

Hassaballa,H.(2014).TestingforGrangercausalitybetweenenergyuseandforeigndirectinvestmentInflowsindevel-
opingcountries.Renewable & Sustainable Energy Reviews,31,417–426.doi:10.1016/j.rser.2013.12.011

Hassanpour,M.(2018).HierarchicalclusterclassificationofIranianFoodmanufacturingandprocessingindustries.
Journal of Food Safety and Hygiene,4(1/2),27–40.

Hassanpour,M.(2020).EvaluationofIraniansmallandmedium-sizedindustriesusingtheDEAbasedonadditiveratio
model–areview.Facta Universitatis, Series.Mechanical Engineering,18(3),491–511.

Heffron,R.J.,&Talus,K.(2016).Theevolutionofenergylawandenergyjurisprudence:Insightsforenergyanalysts
andresearchers.Energy Research & Social Science,19,1–10.doi:10.1016/j.erss.2016.05.004

He,J.(2006).Pollutionhavenhypothesisandenvironmentalimpactsofforeigndirectinvestment:Thecaseofindustrial
emissionofsulfurdioxide(SO2) inChineseprovinces.Ecological Economics,60(1),228–245.doi:10.1016/j.ecole-
con.2005.12.008

Herrera,A.M.,Karaki,M.B.,&Rangaraju,S.K.(2019).OilpriceshocksandUSeconomicactivity.Energy Policy,
129,89–99.doi:10.1016/j.enpol.2019.02.011

Hills,J.(2011).Fuel poverty: the problem and its measurement.LondonSchoolofEconomicsandPoliticalScience.
Retrievedfromhttp://eprints.lse.ac.uk/39270/

Hladika, M., & Valenta, I. (2017). Usklađenost GRI standarda i zahtjeva Direktive 2014/95/EU za nefinancijskim
izvještavanjem.Računovodstvo i financije, 10,41-48.Retrievedfromhttps://www.rif.hr/racunovodstvo-i-financije-casopis/

Hofmann,P.(2013).The impact of international trade and FDI on economic growth and technological change.Springer
Science&BusinessMedia.doi:10.1007/978-3-642-34581-4

Holden,E.,Linnerud,K.,&Banister,D.(2014).Sustainabledevelopment:Ourcommonfuturerevisited.Global Envi-
ronmental Change,26,130–139.doi:10.1016/j.gloenvcha.2014.04.006

495

https://pubdocs.worldbank.org/en/600611475093991341/Solar-PVmarket-East-Africa-UNEP-2014.pdf
https://pubdocs.worldbank.org/en/600611475093991341/Solar-PVmarket-East-Africa-UNEP-2014.pdf
http://eprints.lse.ac.uk/39270/
https://www.rif.hr/racunovodstvo-i-financije-casopis/


Compilation of References

Hopkins,M.(2006).What isCorporateSocialResponsibilityallabout.Journal of Public Affairs,6(3-4),298–306.
doi:10.1002/pa.238

Huang,L.Z.,Krigsvoll,G.,Johansen,F.,Liu,Y.P.,&Zhang,X.L.(2018).Carbonemissionofglobalconstruction
sector.Renewable & Sustainable Energy Reviews,81,1906–1916.doi:10.1016/j.rser.2017.06.001

Huang,Y.,Dai,X.,Wang,Q.,&Zhou,D.(2021).AhybridmodelforcarbonpriceforecastingusingGARCHandlong-
shorttermmemorynetwork.Applied Energy,285,116485.doi:10.1016/j.apenergy.2021.116485

Hübler,M.,&Keller,A.(2010).EnergysavingsviaFDI?Empiricalevidencefromdevelopingcountries.Environment 
and Development Economics,15(1),59–80.doi:10.1017/S1355770X09990088

Hult,A.(2015).TheCirculationofSwedishUrbanSustainabilityPractices:ToChinaandBack.Environment and Plan-
ning A.Economy and Space,47(3),537–553.doi:10.1068/a130320p

Hunjra,A.I.,Tayachi,T.,Chani,M.I.,Verhoeven,P.,&Mehmood,A.(2020).Themoderatingeffectofinstitutional
qualityonthefinancialdevelopmentandenvironmentalqualitynexus.Sustainability,12(9),3805.doi:10.3390u12093805

Husaini,D.H.,Puah,C.,&Lean,H.H.(2019).Energysubsidyandoilpricefluctuation,andpricebehaviorinMalaysia:
Atimeseriesanalyses.Energy,171,1000–1008.

Husin,M.M.,&Haron,R.(2020).FinancialSustainabilityofSMEsthroughIslamicCrowdfunding.InA.Rafay(Ed.),
Handbook of Research on Theory and Practice of Global Islamic Finance(pp.321–337).IGIGlobal.doi:10.4018/978-
1-7998-0218-1.ch018

Hussain,S.(n.d.).VariationinGeneralPriceLevelinPakistan:ARecentEvidencebyUsingARDLApproach.Inter-
national Journal of Management, Accounting and Economics, 7(3),165–182.

Huynh,C.M.,&Hoang,H.H.(2019).ForeigndirectinvestmentandairpollutioninAsiancountries:Doesinstitutional
qualitymatter?Applied Economics Letters,26(17),1388–1392.doi:10.1080/13504851.2018.1563668

Ibrahiem,D.M. (2020).Do technological innovationsand financialdevelopment improveenvironmentalquality in
Egypt?Environmental Science and Pollution Research International,27(10),10869–10881.doi:10.100711356-019-
07585-7PMID:31953757

Ibrahim,M.H.,&Law,S.H.(2016).InstitutionalQualityandCO2Emission–TradeRelations:EvidencefromSub‐Sa-
haranAfrica.International Review of Economics & Finance,35,28–44.

Ibrahim,M.,&Vo,X.V. (2021).Exploring the relationships among innovation, financial sector development and
environmental pollution in selected industrialized countries. Journal of Environmental Management, 284, 112057.
doi:10.1016/j.jenvman.2021.112057PMID:33581497

Ibrahim,S.S.,Ozdeser,H.,&Cavusoglu,B.(2018).Financialinclusionasapathwaytowelfareenhancementandincome
equality:Micro-levelevidencefromNigeria.Development Southern Africa,36(3),390–407.

ICAP.(2020).Allowance Price Explorer.Berlin:InternationalCarbonActionPartnership.Retrievedfromhttps://icap-
carbonaction.com/en/ets-prices

ICAP. (2021).Emissions Trading Worldwide: Status Report 2021.Berlin: InternationalCarbonActionPartnership.
Retrievedfromhttps://icapcarbonaction.com/en/icap-status-report-2021

ICSID.(2021,February2).RWE AG and RWE Eemshaven Holding II BV v. Kingdom of the Netherlands (ICSID Case 
No. ARB/21/4).Retrievedfromhttps://ICSID.worldbank.org/cases/case-database/case-detail?CaseNo=ARB/21/4

496

https://icapcarbonaction.com/en/ets-prices
https://icapcarbonaction.com/en/ets-prices
https://icapcarbonaction.com/en/icap-status-report-2021
https://ICSID.worldbank.org/cases/case-database/case-detail?CaseNo=ARB/21/4


Compilation of References

IDOP.(2020).Global reporting Initiative (GRI) konferencija - GRI Standardi.Retrievedfromhttps://www.IDOP.hr/hr/
izvjestavanje/izvjestavanje/gri-izvjestavanje/standardi-nefinancijskog-izvjestavanja-novi-alat-konkurentnog-poslovanja/

IEA.(2009).World Energy Outlook: Analysis and key findings, A report.Paris:InternationalEnergyAgency.Retrieved
fromhttps://www.iea.org/reports/world-energy-outlook-2009

IEA. (2013). World energy outlook 2013. Paris: International Energy Agency. Retrieved from https://www.iea.org/
reports/world-energy-outlook-2013

IEA.(2014).World energy outlook 2014: Executive summary.Paris:InternationalEnergyAgency.Retrievedfromhttps://
www.iea.org/reports/world-energy-outlook-2014

IEA.(2015).Energy and climate change: World energy outlook special report.Paris: InternationalEnergyAgency.
Retrievedfromhttps://www.iea.org/reports/energy-and-climate-change

IEA.(2016).Energy and Air Pollution, World Energy Outlook 2016 Special Report.InternationalEnergyAgency.

IEA.(2017).Energy Access Outlook 2017: From Poverty to Prosperity.Paris:InternationalEnergyAgency.Retrieved
fromhttps://www.iea.org/publications/freepublications/publication/WEO2017SpecialReport_EnergyAccessOutlook.pdf

IEA.(2017).World Energy Outlook 2017.InternationalEnergyAgency.

IEA.(2018).World Energy Outlook 2018.InternationalEnergyAgency.

IEA.(2019).Africa Energy Outlook 2019.InternationalEnergyAgency.

IEA.(2019).World Energy Outlook 2019.InternationalEnergyAgency.

IEA.(2020).Energy subsidies tracking the impact of fossil-fuel subsidies.Retrievedfromhttps://www.iea.org/topics/
energy-subsidies

IEA.(2020).Global Energy Review 2020: The impacts of the Covid-19 crisis onglobal energy demand and CO2 emis-
sions.InternationalEnergyAgency.

IEA.(2020).SDG7: Data and Projections.Paris:InternationalEnergyAgency.Retrievedfromhttps://www.iea.org/
reports/sdg7-data-and-projections

IEA.(2020).World Energy Outlook 2020.InternationalEnergyAgency.

Iglesias,E.(2021).El efecto de la calidad del aire sobre la salud en la Unión Europea.UniversityofBasqueCountry.

IIRC.(2012).Integrated Reporting.TheInternationalIntegratedReportingCouncil.Retrievedfromhttps://integratedre-
porting.org/wp-content/uploads/2013/11/IIRC-Pilot-Programme-Business-Network-backgrounder-October-2013.pdf

Imamoglu,H.(2018).Istheinformaleconomicactivityadeterminantofenvironmentalquality?Environmental Science 
and Pollution Research International,25(29),29078–29088.doi:10.100711356-018-2925-yPMID:30109694

IMEP.(2021).External costs of air emissions from all sources in Israel.Retrievedfromhttps://www.gov.il/BlobFolder/
news/special_moep_report_calculating_external _costs_air_emissions_inventory_in_israel/ar/air_quality_air_emis-
sions_external_costs_2021.docx

IMF.(2010).FDI Flows to Low-Income Countries: Global Drivers and Growth Implications.InternationalMonetaryFund.

IMF.(2021).World economic outlook: managing divergent recoveries.InternationalMonetaryFund.

497

https://www.IDOP.hr/hr/izvjestavanje/izvjestavanje/gri-izvjestavanje/standardi-nefinancijskog-izvjestavanja-novi-alat-konkurentnog-poslovanja/
https://www.IDOP.hr/hr/izvjestavanje/izvjestavanje/gri-izvjestavanje/standardi-nefinancijskog-izvjestavanja-novi-alat-konkurentnog-poslovanja/
https://www.iea.org/reports/world-energy-outlook-2009
https://www.iea.org/reports/world-energy-outlook-2013
https://www.iea.org/reports/world-energy-outlook-2013
https://www.iea.org/reports/world-energy-outlook-2014
https://www.iea.org/reports/world-energy-outlook-2014
https://www.iea.org/reports/energy-and-climate-change
http://https://www.iea.org/publications/freepublications/publication/WEO2017SpecialReport_EnergyAccessOutlook.pdf
https://www.iea.org/topics/energy-subsidies
https://www.iea.org/topics/energy-subsidies
https://www.iea.org/reports/sdg7-data-and-projections
https://www.iea.org/reports/sdg7-data-and-projections
https://integratedreporting.org/wp-content/uploads/2013/11/IIRC-Pilot-Programme-Business-Network-backgrounder-October-2013.pdf
https://integratedreporting.org/wp-content/uploads/2013/11/IIRC-Pilot-Programme-Business-Network-backgrounder-October-2013.pdf
http://https://www.gov.il/BlobFolder/news/special_moep_report_calculating_external_costs_air_emissions_inventory_in_israel/ar/air_quality_air_emissions_external_costs_2021.docx
http://https://www.gov.il/BlobFolder/news/special_moep_report_calculating_external_costs_air_emissions_inventory_in_israel/ar/air_quality_air_emissions_external_costs_2021.docx
http://https://www.gov.il/BlobFolder/news/special_moep_report_calculating_external_costs_air_emissions_inventory_in_israel/ar/air_quality_air_emissions_external_costs_2021.docx


Compilation of References

InternationalHydropowerAssociation.(2017).Hydropower status report.Retrievedfromhttps://www.hydropower.org/
sites/default/files/publicationsdocs/2017HydropowerStatusReport.pdf

IOM.(1981).Cost of Environmental-Related Health Effects: A Plan for Continuing Study.InstituteofMedicine.

IPCC. (2007).AR4 Climate change 2007: the physical science basis.Geneva: IntergovernmentalPanelonClimate
Change.Retrievedfromhttps://www.ipcc.ch/report/ar4/wg1/

Irandoust,M.(2016).Therenewableenergy-growthnexuswithcarbonemissionsandtechnologicalinnovation:Evidence
fromtheNordiccountries.Ecological Indicators,69,118–125.doi:10.1016/j.ecolind.2016.03.051

IRENA.(2017).Renewable Energy Highlights.AbuDhabi:InternationalRenewableEnergyAgency.Retrievedfrom
https://www.irena.org/publicationsearch?keywords=Renewable%20Energy%20Highlights%202017

IRENA.(2019).Renewables Readiness Assessment: United Republic of Tanzania.AbuDhabi:InternationalRenewable
EnergyAgency.Retrievedfromhttps://www.IRENA.org/publications/2019/Mar/Renewable-Capacity-Statistics-2019

Işık,C.,Ongan,S.,&Özdemir,D.(2019).TestingtheEKChypothesisfortenUSstates:Anapplicationofheteroge-
neouspanelestimationmethod.Environmental Science and Pollution Research International,26(11),10846–10853.
doi:10.100711356-019-04514-6PMID:30778930

Islam,F.,Shahbaz,M.,Ahmed,A.U.,&Alam,M.M.(2013).Financialdevelopmentandenergyconsumptionnexusin
Malaysia:Amultivariatetimeseriesanalysis.Economic Modelling,30,435–441.doi:10.1016/j.econmod.2012.09.033

Islam,M.,Salim,M.,Choudhury,T.T.,&AlBashir,M.(2013).Thedevelopmentofcorporatesocialresponsibility
(CSR)andchallengesofenvironmentalandsocialreportinginBangladesh.European Journal of Business and Manage-
ment,5(23),170–182.

Iyer,K.C.,&Nanyam,V.P.S.N.(2021).TechnicalefficiencyanalysisofcontainerterminalsinIndia.The Asian Journal 
of Shipping and Logistics,37(1),61–72.doi:10.1016/j.ajsl.2020.07.002

Izadikhah,M.,Saen,R.F.,&Ahmadi,K.(2017).Howtoassesssustainabilityofsuppliersinvolumediscountcontext?
Anewdataenvelopmentanalysisapproach.Transportation Research Part D, Transport and Environment,51,102–121.
doi:10.1016/j.trd.2016.11.030

Jabbour,A.B.L.D.,Ndubisi,N.O.,&Seles,B.M.R.P.(2020).SustainabledevelopmentinAsianmanufacturingSMEs:
Progressanddirections.International Journal of Production Economics,225,107567.doi:10.1016/j.ijpe.2019.107567

Jalil,A.,&Feridun,M.(2011).Theimpactofgrowth,energyandfinancialdevelopmentontheenvironmentinChina:
Acointegrationanalysis.Energy Economics,33(2),284–291.doi:10.1016/j.eneco.2010.10.003

Jalil,A.,&Mahmud,S.F.(2009).EnvironmentKuznetscurveforCO2emissions:AcointegrationanalysisforChina.
Energy Policy,37(12),5167–5172.doi:10.1016/j.enpol.2009.07.044

Jebli,M.B.,Youssef,S.B.,&Apergis,N.(2019).Thedynamiclinkagebetweenrenewableenergy,tourism,CO2emis-
sions,economicgrowth,foreigndirectinvestment,andtrade.Latin American Economic Review,28(1),1–19.

Jiang,L.,Folmer,H.,&Ji,M.(2014).ThedriversofenergyintensityinChina:Aspatialpaneldataapproach.China 
Economic Review,31,351–360.doi:10.1016/j.chieco.2014.10.003

Jianwei,E.,Ye,J.,He,L.,&Jin,H.(2021).Adenoisingcarbonpriceforecastingmethodbasedontheintegrationof
kernel independent component analysis and least squares support vector regression. Neurocomputing, 434, 67–79.
doi:10.1016/j.neucom.2020.12.086

498

https://www.hydropower.org/sites/default/files/publicationsdocs/2017HydropowerStatusReport.pdf
https://www.hydropower.org/sites/default/files/publicationsdocs/2017HydropowerStatusReport.pdf
https://www.ipcc.ch/report/ar4/wg1/
https://www.irena.org/publicationsearch?keywords=Renewable%20
http://https://www.IRENA.org/publications/2019/Mar/Renewable-Capacity-Statistics-2019


Compilation of References

Ji,C.J.,Hu,Y.J.,Tang,B.J.,&Qu,S.(2021).Pricedriversinthecarbonemissionstradingscheme:Evidencefrom
Chineseemissionstradingschemepilots.Journal of Cleaner Production,278,123469.doi:10.1016/j.jclepro.2020.123469

Ji,L.,Zou,Y.,He,K.,&Zhu,B.(2019).CarbonfuturespriceforecastingbasedwithARIMA-CNN-LSTMmodel.
Procedia Computer Science,162,33–38.doi:10.1016/j.procs.2019.11.254

Ji,Q.,Shahzad,S.J.H.,Bouri,E.,&Suleman,M.T.(2020).Dynamicstructuralimpactsofoilshocksonexchange
rates:Lessonstolearn.Journal of Economic Structures,9(1),1–19.doi:10.118640008-020-00194-5

Joffe,M.(2021).Equilibrium,instability,growthandfeedbackineconomics.InFeedback Economics(pp.43–68).Springer.

Johnson,L.,&Sachs,L.(2018,November).Inconsistency’s Many Forms in Investor-State Dispute Settlement and Im-
plications for Reform.Retrievedfromhttps://ccsi.columbia.edu/sites/default/files/content/docs/Inconsistencies_ISDS_
Briefing-Note_11.28.18.pdf

Jones,D.(2013).Investor-StateArbitrationinTimesofCrisis.National Law School of India Review,25(1),27–61.

Jordà,Ò.(2005).Estimationandinferenceofimpulseresponsesbylocalprojections.The American Economic Review,
95(1),161–182.doi:10.1257/0002828053828518

Jordà,Ò.,Schularick,M.,&Taylor,A.M.(2020).Theeffectsofquasi-randommonetaryexperiments.Journal of Mon-
etary Economics,112,22–40.doi:10.1016/j.jmoneco.2019.01.021

Jung,J.,Herbohn,K.,&Clarkson,P.(2018).CarbonRisk,CarbonRiskAwarenessandtheCostofDebtFinancing.
Journal of Business Ethics,150(4),1151–1171.doi:10.100710551-016-3207-6

Kaffash,S.,Azizi,R.,Huang,Y.,&Zhu,J.(2020).Asurveyofdataenvelopmentanalysisapplicationsintheinsurance
industry1993–2018.European Journal of Operational Research,284(3),801–813.doi:10.1016/j.ejor.2019.07.034

Kahi,V.S.,Yousefi,S.,Shabanpour,H.,&Saen,R.F.(2017).Howtoevaluatesustainabilityofsupplychains?Adynamic
networkDEAapproach.Industrial Management & Data Systems,117(9),1866–1889.doi:10.1108/IMDS-09-2016-0389

Kahouli, B. (2017). The short and long run causality relationship among economic growth, energy consumption
and financialdevelopment:Evidence fromSouthMediterraneanCountries (SMCs).Energy Economics,68,19–30.
doi:10.1016/j.eneco.2017.09.013

Kaika,D.,&Zervas,E.(2013).TheenvironmentalKuznetscurve(EKC)Theory-PartA:Concept,CausesandtheCO2
EmissionsCase.Energy Policy,62,1392–1402.doi:10.1016/j.enpol.2013.07.131

Kalamova,M.,&Johnstone,N.(2011).Environmental policy stringency and foreign direct investment(WorkingPaper
No.33).Paris:OECD.doi:10.1787/19970900

Kalash,I.(2021).Theimpactofenvironmentalperformanceoncapitalstructureandfirmperformance:Thecaseof
Turkey.Society and Business Review,16(2),255–277.doi:10.1108/SBR-11-2020-0138

Kang,W.,&Ratti,R.A.(2015).Oilshocks,policyuncertaintyandstockreturnsinChina.Economics of Transition,
23(4),657–676.doi:10.1111/ecot.12062

Kang,W.,Ratti,R.A.,&Vespignani,J.L.(2017).Oilpriceshocksandpolicyuncertainty:Newevidenceontheeffects
ofUSandnon-USoilproduction.Energy Economics,66,536–546.doi:10.1016/j.eneco.2017.01.027

Karami,S.,YaghinGhasemy,R.,&Mousazadegan,F.(2021).Supplierselectionandevaluationinthegarmentsupply
chain:AnintegratedDEA–PCA–VIKORapproach.Journal of the Textile Institute,112(4),1–19.doi:10.1080/004050
00.2020.1768771

499

https://ccsi.columbia.edu/sites/default/files/content/docs/Inconsistencies_ISDS_Briefing-Note_11.28.18.pdf
https://ccsi.columbia.edu/sites/default/files/content/docs/Inconsistencies_ISDS_Briefing-Note_11.28.18.pdf


Compilation of References

Karsenty,A.,Vogel,A.,&Castell,F.(2014).“Carbonrights”,REDD+andpaymentsforenvironmentalservices.En-
vironmental Science & Policy,35,20–29.doi:10.1016/j.envsci.2012.08.013

Kasasi,A.,&Kainkwa,R.(2002).AssessmentofwindenergypotentialforelectricitygenerationinSetchet,Hanang,
Tanzania.Tanzania Journal of Science,28(2),1–7.

Kasoga,P.S.(2020).Microfinanceinstitutionsandwomen’sempowerment:EmpiricalevidenceinTanzania.Interna-
tional Journal of Financial Services Management,10(3),190–216.

Kasoga,P.S.,&Tegambwage,A.G.(2021).Anassessmentofover-indebtednessamongmicrofinanceinstitutions’
borrowers:TheTanzanianperspective.Cogent Business & Management,8(1),1–19.

Kassoti,E.,&Odermatt,J.(2020).Theprincipleofautonomyandinternationalinvestmentarbitration:Reflectionson
Opinion1/17.QIL,73,5–20.

Kathuria,V.,Ray,P.,&Bhangaonkar,R.(2015).FDI(foreigndirectinvestment)inwindenergysectorinIndia:Testing
theeffectivenessofstatepoliciesusingpaneldata.Energy,80,190–202.doi:10.1016/j.energy.2014.11.062

Kaygusuz,K.(2011).Energyservicesandenergypovertyforsustainableruraldevelopment.Renewable & Sustainable 
Energy Reviews,15(2),936–947.

KcBlueNewEnergy.(2018,May26).Kc Blue and Gaoshi Group signed a strategic cooperation framework agreement.
Retrievedfromhttp://www.kclxny.com/news/gsdetail/1157

Keeley,A.R.,&Ikeda,Y.(2017).Determinantsofforeigndirectinvestmentinwindenergyindevelopingcountries.
Journal of Cleaner Production,161,1451–1458.doi:10.1016/j.jclepro.2017.05.106

Keeley,A.R.,&Matsumoto,K.(2018).Investors’perspectiveondeterminantsofforeigndirectinvestmentinwindand
solarenergyindevelopingeconomies–Reviewandexpertopinions.Journal of Cleaner Production,179,132–142.
doi:10.1016/j.jclepro.2017.12.154

Keleş,R.,Hamamcı,C.,&Çoban,A.(2015).Çevre politikası[Environmentalpolicy].İmgeKitapevi.

Khairollahi,F.,Shahveisi,F.,Vafaei,A.,&Alipour,M.(2016).FromIran:Doesimprovementincorporateenvironmental
performanceaffectcorporaterisktaking?Environmental Quality Management,25(4),17–33.doi:10.1002/tqem.21471

Khan,A.T.,Khan,A.F.,Violinda,Q.,Aasir,I.,&Jian,S.(2020).Microfinancefacilityforruralwomenentrepreneurs
inPakistan:Anempiricalanalysis.Agriculture,10(54),1–17.

Khan,A.,Chenggang,Y.,Hussain,J.,&Kui,Z.(2021).Impactoftechnologicalinnovation,financialdevelopmentand
foreigndirectinvestmentonrenewableenergy,non-renewableenergyandtheenvironmentinbelt&RoadInitiative
countries.Renewable Energy,171,479–491.doi:10.1016/j.renene.2021.02.075

Khan, D., & Ulucak, R. (2020). How do environmental technologies affect green growth? Evidence from BRICS
economies.The Science of the Total Environment,712,136504.doi:10.1016/j.scitotenv.2020.136504PMID:31931216

Khandker,L.L.,Amin,S.B.,&Khan,F.(2018).Renewableenergyconsumptionandforeigndirectinvestment:Reports
fromBangladesh.Journal of Accountancy,8(3),72–87.

Khan,M.K.,Khan,M.I.,&Rehan,M.(2020).Therelationshipbetweenenergyconsumption,economicgrowthand
carbondioxideemissioninPakistan.Financial Innovation,6(1),1–13.doi:10.118640854-019-0162-0

Khan,M.K.,Teng,J.Z.,&Khan,M.I.(2019).Effectofenergyconsumptionandeconomicgrowthoncarbondioxide
emissionsinPakistanwithdynamicARDLsimulationsapproach.Environmental Science and Pollution Research In-
ternational,26(23),23480–23490.doi:10.100711356-019-05640-xPMID:31201697

500

http://http://www.kclxny.com/news/gsdetail/1157


Compilation of References

Khan,M.T.I.,Yaseen,M.R.,&Ali,Q.(2019).Nexusbetweenfinancialdevelopment,tourism,renewableenergy,
andgreenhousegasemissioninhigh-incomecountries:Acontinent-wiseanalysis.Energy Economics,83,293–310.
doi:10.1016/j.eneco.2019.07.018

Khan,S.I.,Hoque,M.H.,&Dey,H.S.(2009).Sustainablefinancingsystemforthesuccessofruralelectrification
bysolarhomesysteminBangladesh.Proceedings of Symposium on Small PV-Applications Rural Electrification and 
Commercial Use,202-207.

Kilian,L.(2009).Notalloilpriceshocksarealike:Disentanglingdemandandsupplyshocksinthecrudeoilmarket.
The American Economic Review,99(3),1053–1069.doi:10.1257/aer.99.3.1053

Kilian,L.,&Murphy,D.P.(2012).Whyagnosticsignrestrictionsarenotenough:Understandingthedynamicsofoilmarket
VARmodels.Journal of the European Economic Association,10(5),1166–1188.doi:10.1111/j.1542-4774.2012.01080.x

Kilian,L.,&Murphy,D.P.(2014).Theroleofinventoriesandspeculativetradingintheglobalmarketforcrudeoil.
Journal of Applied Econometrics,29(3),454–478.doi:10.1002/jae.2322

Kim,C.J.,&Nelson,C.R.(1999).State- Space Models with Regime Switching.MITPress.

Kim,D.H.,Wu,Y.C.,&Lin,S.C.(2020).Carbondioxideemissionsandthefinancecurse.Energy Economics,88,
104788.doi:10.1016/j.eneco.2020.104788

Kim,J.H.(2016).Astudyontheeffectoffinancialinclusionontherelationshipbetweenincomeinequalityandeco-
nomicgrowth.Emerging Markets Finance & Trade,52(2),498–512.

Kim,S.(2019).CO2emissions,foreigndirectinvestments,energyconsumption,andGDPindevelopingcountries:A
morecomprehensivestudyusingpanelvectorerrorcorrectionmodel.Korean Economic Review,35(1),5–24.

Kim,Y.,&Rhee,D.E.(2019).Dostringentenvironmentalregulationsattractforeigndirectinvestmentindeveloping
countries?Evidenceonthe“RacetotheTop”fromcross-countrypaneldata.Emerging Markets Finance & Trade,55(12),
2796–2808.doi:10.1080/1540496X.2018.1531240

Kiranmai,J.,Mishra,R.K.,Goud,M.M.,Rafay,A.,&Nakitende,M.G.(2022).EnvironmentalFinanceforaSus-
tainableSociety:AnOverview. InA.Rafay (Ed.),Finance for Sustainability in a Turbulent Economy. IGIGlobal.
doi:10.4018/978-1-6684-5580-7

Kirkulak,B.,Qiu,B.,&Yin,W.(2011).TheimpactofFDIonairquality:EvidencefromChina.Journal of Chinese 
Economic and Foreign Trade Studies,4(2),81–98.doi:10.1108/17544401111143436

Kivyiro,P.,&Arminen,H. (2014).Carbondioxideemissions, energyconsumption,economicgrowth,and foreign
directinvestment:CausalityanalysisforSub-SaharanAfrica.Energy,74,595–606.doi:10.1016/j.energy.2014.07.025

Klagge,B.,&Nweke-Eze,C.(2020).Financinglarge-scalerenewable-energyprojectsinKenya:Investortypes,inter-
nationalconnections,andfinancialization.Geografiska Annaler. Series B, Human Geography,102(1),61–83.doi:10.1
080/04353684.2020.1729662

Koçak,E.,&Şarkgüneşi,A.(2018).TheimpactofforeigndirectinvestmentonCO2emissionsinTurkey:Newevidence
fromcointegrationandbootstrapcausalityanalysis.Environmental Science and Pollution Research International,25(1),
790–804.doi:10.100711356-017-0468-2PMID:29063405

Koch,N.,Fuss,S.,Grosjean,G.,&Edenhofer,O.(2014).CausesoftheEUETSpricedrop:Recession,CDM,renew-
ablepoliciesorabitofeverything?—Newevidence.Energy Policy,73,676–685.doi:10.1016/j.enpol.2014.06.024

501



Compilation of References

Koengkan,M.,Santiago,R.,Fuinhas,J.A.,&Marques,A.C.(2019).Doesfinancialopennesscausetheintensification
ofenvironmentaldegradation?NewevidencefromLatinAmericanandCaribbeancountries.Environmental Economics 
and Policy Studies,21(4),507–532.doi:10.100710018-019-00240-y

Koesler,S.,&Schymura,M.(2015).SubstitutionelasticitiesinaCESframework-empiricalestimatesusingnon-linear
leastsquares.Economic Systems Research,27(1),101–121.

Kohler,M.(2013).CO2emissions,energyconsumption,incomeandforeigntrade:ASouthAfricanperspective.Energy 
Policy,63,1042–1050.doi:10.1016/j.enpol.2013.09.022

Komendantova,N.,Pfenninger,S.,&Patt,A.(2014).GovernanceBarrierstoRenewableEnergyinNorthAfrica.The 
International Spectator,49(2),50–65.doi:10.1080/03932729.2014.907627

Kong,L.,Sial,M.S.,Ahmad,N.,Sehleanu,M.,Li,Z.,Zia-Ud-Din,M.,&Badulescu,D.(2021).CSRasapotential
motivatortoshapeemployees’viewtowardsnatureforasustainableworkplaceenvironment.Sustainability,13(3),1499.
doi:10.3390u13031499

Koomson,I.,&Danquahb,M.(2021).Financialinclusionandenergypoverty:EmpiricalevidencefromGhana.Energy 
Economics,94,1–26.

Koomson,I.,&Ibrahim,M.(2018).Financialinclusionandgrowthofnon-farmenterprisesinGhana.InU.R.Efobi&
S.Asongu(Eds.),Financing sustainable development in Africa(pp.369–396).Springer.

Koomson,I.,Villano,R.A.,&Hadley,D.(2020a).Effectoffinancialinclusiononpovertyandvulnerabilitytopoverty:
Evidenceusingamultidimensionalmeasureoffinancialinclusion.Social Indicators Research,25(4),375–387.

Koop,G.(2003).Bayesian Econometrics.Wiley.

KPMG.(2015).Currents of change – The KPMG Survey of Corporate Responsibility Reporting 2015.Retrievedfrom
https://home.KPMG.com/content/dam/KPMG/pdf/2015/12/KPMG-survey-of-CR-reporting-2015.pdf

Kuamoah,C.(2020).RenewableEnergyDeploymentinGhana:TheHype,HopeandReality.Insight on Africa,12(1),
45–64.doi:10.1177/0975087819898581

Küçükönder,H.,Demirarslan,P.C.,Burgut,A.,&Boğa,M.(2019).AHybridApproachofDataEnvelopmentAnalysis
BasedGreyRelationalAnalysis:AStudyonEggYield.Pakistan Journal of Zoology,51(3),903–912.doi:10.17582/
journal.pjz/2019.51.3.903.912

Kukenova,M.,&Monteiro,J.A.(2008).Does lax environmental regulation attract FDI When accounting for “Third-
Country” effects?(WorkingpaperNo.1292705).SSRN.doi:10.2139/ssrn.1292705

Kumail,T.,Ali,W.,Sadiq,F.,Wu,D.,&Aburumman,A.(2020).Dynamiclinkagesbetweentourism,technologyand
CO2emissionsinPakistan.Anatolia,31(3),436–448.doi:10.1080/13032917.2020.1742169

Kumar,A.,Singh,G.,&Vaidya,O.S. (2020).AComparativeEvaluationofPublicRoadTransportationSystems
in India Using Multicriteria Decision-Making Techniques. Journal of Advanced Transportation, 2020, 8827186.
doi:10.1155/2020/8827186

Kumar,M.(2020).Non-universalnatureofenergypoverty:Energyservices,assessmentofneedsandconsumption
evidencefromruralHimachalPradesh.Energy Policy,138,1–16.

Kuznets,S.(1955).Economicgrowthandincomeinequality.The American Economic Review,45(1),1–28.

502

http://https://home.KPMG.com/content/dam/KPMG/pdf/2015/12/KPMG-survey-of-CR-reporting-2015.pdf


Compilation of References

Kwiatkowski,D.,Phillips,P.C.,Schmidt,P.,&Shin,Y.(1992).Testingthenullhypothesisofstationarityagainstthe
alternativeofaunitroot:Howsurearewethateconomictimeserieshaveaunitroot?Journal of Econometrics,54(1-3),
159–178.doi:10.1016/0304-4076(92)90104-Y

LaPorta,R.,Lopez-de-Silanes,F.,Shleifer,A.,&Vishny,R.(2000).Investorprotectionandcorporategovernance.
Journal of Financial Economics,58(1-2),3–27.doi:10.1016/S0304-405X(00)00065-9

LaPorta,R.,Lopez-de-Silanes,F.,Shleifer,A.,&Vishny,R.W.(1998).Lawandfinance.Journal of Political Economy,
106(6),1113–1155.doi:10.1086/250042

Labandeira,X.,León,C.,&Vázquez,M.X.(2006).Economía Ambiental.PearsonEducación.

Lahiani,A.(2020).Isfinancialdevelopmentgoodfortheenvironment?AnasymmetricanalysiswithCO2emissionsin
China.Environmental Science and Pollution Research International,27(8),7901–7909.doi:10.100711356-019-07467-y
PMID:31889273

Landrigan,P.J.,Fuller,R.,Acosta,N.J.,Adeyi,O.,Arnold,R.,Baldé,A.B.,...Zhong,M.(2018).TheLancetCom-
missiononpollutionandhealth.Lancet,391(10119),462–512.doi:10.1016/S0140-6736(17)32345-0PMID:29056410

Lanzi,E.,Dellink,R.,&Chateau,J.(2018).Thesectoralandregionaleconomicconsequencesofoutdoorairpollution
to2060.Energy Economics,71,89–113.doi:10.1016/j.eneco.2018.01.014

LCIA.(2019).2019 Annual Casework Report.Retrievedfromhttps://www.LCIA.org/LCIA/reports.aspx

Leal-Arcas,R.,&Minas,S.(2016).Themicrolevel:Insightsfromspecificpolicyareas:Mappingtheinternational
andEuropeangovernanceofrenewableenergy.Yearbook of European Law,35(1),621–666.doi:10.1093/yel/yew022

Leal,P.H.,&Marques,A.C.(2020).RediscoveringtheEKChypothesisforthe20highestCO2emittersamongOECD
countriesbylevelofglobalization.Inter Economics,164,36–47.doi:10.1016/j.inteco.2020.07.001

Lebatt,S.,&White,R.(2007).Carbon finance: The financial implications of climate change.JohnWiley&Sons.

Lee,H.,Oliveira-Martins,J.,&Mensbrugghe,D.d.(1994).The OECD Green Model: An updated overview(Working
PaperNo.97).Paris:OECDDevelopmentCentre.

Lee,J.W.(2013).Thecontributionofforeigndirectinvestmenttocleanenergyuse,carbonemissionsandeconomic
growth.Energy Policy,55,483–489.doi:10.1016/j.enpol.2012.12.039

Lee,Y.G.,&Garza-Gomez,X.(2012).Totalcostofthe2010deepwaterhorizonoilspillreflectedinUSstockmarket.
Journal of Accounting and Finance,12(1),73–83.

Le,H.P.,&Sarkodie,S.A.(2020).Dynamiclinkagebetweenrenewableandconventionalenergyuse,environmental
qualityandeconomicgrowth:EvidencefromEmergingMarketandDevelopingEconomies.Energy Reports,6,965–973.
doi:10.1016/j.egyr.2020.04.020

Lekavičius,V.,Bobinaitė,V.,Galinis,A.,&Pažėraitė,A.(2020).Distributionalimpactsofinvestmentsubsidiesfor
residentialenergytechnologies.Renewable & Sustainable Energy Reviews,130,109961.

Lelieveld,J.,Pozzer,A.,Pöschl,U.,Fnais,M.,Haines,A.,&Münzel,T.(2020).Lossoflifeexpectancyfromairpollution
comparedtootherriskfactors:Aworldwideperspective.Cardiovascular Research,116(11),1910–1917.doi:10.1093/
cvr/cvaa025PMID:32123898

Lepard,B.D.(2010).Customary International Law: A New Theory with Practical Applications.CambridgeUniversity
Press.doi:10.1017/CBO9780511804717

503

https://www.LCIA.org/LCIA/reports.aspx


Compilation of References

Lepchak,A.,&Voese,B.S.(2020).EvaluationoftheefficiencyoflogisticsactivitiesusingDataEnvelopmentAnalysis
(DEA).Gestão & Produção,27(1),1–20.doi:10.1590/0104-530x3371-20

Le,T.H.(2016).Dynamicsbetweenenergy,output,opennessandfinancialdevelopmentinsub-SaharanAfricancoun-
tries.Applied Economics,48(10),914–933.doi:10.1080/00036846.2015.1090550

Levaï,D.,Rippey,P.,&Rhyne,E.(2011).Microfinance and Energy Poverty: Findings from the energy links project.
CenterforFinancialInclusionatACCIONInternational.Retrievedfromhttps://mangotree.org/files/galleries/698_Mi-
crofinance_and_Energy_Poverty_Findings_from_the_Energy_Links_Project.pdf

Levinson,A.,&Taylor,M.S.(2008).Unmaskingthepollutionhaveneffect.International Economic Review,49(1),
223–254.doi:10.1111/j.1468-2354.2008.00478.x

Lewis,M.K.(2020).WhyChinaShouldUnsigntheInternationalCovenantonCivilandPoliticalRights.Vanderbilt 
Journal of Transnational Law,53,131.

Li,H.,&Zhang,J.(2015).CorruptionandFirmInnovation:AGreaseorStumblingBlockRelationship.Nankai Eco-
nomic Studies, 2015(2),24-58.doi:.2015.02.002doi:10.14116/j.nkes

Li,K.Q.(2021).Report on the work of the government.CentralPeople’sGovernmentofthePeople’sRepublicofChina.
Retrievedfromhttp://www.xinhuanet.com/english/download/2021-3-12/report2021.pdf

Li,Y.,Liu,T.,Song,Y.,Li,Z.,&Guo,X.(2021).Couldcarbonemissioncontrolfirmsachieveaneffectivefinancing
inthecarbonmarket?AcasestudyofChina’semissiontradingscheme.Journal of Cleaner Production, 314,128004.
doi:.2021.128004doi:10.1016/j.jclepro

Li,F.,Emrouznejad,A.,Yang,G.L.,&Li,Y.(2020b).CarbonemissionabatementquotaallocationinChinesemanufac-
turingindustries:Anintegratedcooperativegamedataenvelopmentanalysisapproach.The Journal of the Operational 
Research Society,71(8),1259–1288.doi:10.1080/01605682.2019.1609892

Li,F.,Wu,L.,Zhu,Q.,Yu,Y.,Kou,G.,&Liao,Y.(2020a).AnEco-InefficiencyDominanceProbabilityApproachfor
ChineseBankingOperationsBasedonDataEnvelopmentAnalysis.Complexity,2020,3780232.doi:10.1155/2020/3780232

Li,F.,Xu,X.,Li,Z.,Du,P.,&Ye,J.(2021).Canlow-carbontechnologicalinnovationtrulyimproveenterpriseperfor-
mance?ThecaseofChinesemanufacturingcompanies.Journal of Cleaner Production,293,125949.doi:10.1016/j.
jclepro.2021.125949

Li,G.,&Masui,T.(2019).AssessingtheimpactsofChina’senvironmentaltaxusingadynamiccomputablegeneral
equilibriummodel.Journal of Cleaner Production,208,316–324.doi:10.1016/j.jclepro.2018.10.016

Li,J.J.,Zhang,Y.L.,Tian,Y.J.,Cheng,W.J.,Yang,J.D.,Xu,D.P.,Wang,Y.G.,Xie,K.C.,&Ku,A.Y.(2020).
ReductionofcarbonemissionsfromChina’scoal-firedpowerindustry:Insightsfromtheprovince-leveldata.Journal 
of Cleaner Production,242,118518.doi:10.1016/j.jclepro.2019.118518

Li,J.,Liu,F.,Liang,F.,Huang,K.,Yang,X.,Xiao,Q.,Chen,J.,Liu,X.,Cao,J.,Chen,S.,Shen,C.,Yu,L.,Lu,F.,
Wu,X.,Zhao,L.,Wu,X.,Li,Y.,Hu,D.,Huang,J.,...Gu,D.(2020).Long-termeffectsofhighexposuretoambient
fineparticulatematteroncoronaryheartdiseaseincidence:Apopulation-basedChinesecohortstudy.Environmental 
Science & Technology,54(11),6812–6821.doi:10.1021/acs.est.9b06663PMID:32384243

Li,L.,Liu,Q.Q.,Tang,D.L.,&Xiong,J.C.(2017).Mediareporting,carboninformationdisclosure,andthecostof
equityfinancing:EvidencefromChina.Environmental Science and Pollution Research International,24(10),9447–9459.
doi:10.100711356-017-8614-4PMID:28236198

504

https://mangotree.org/files/galleries/698_Microfinance_and_Energy_Poverty_Findings_from_the_Energy_Links_Project.pdf
https://mangotree.org/files/galleries/698_Microfinance_and_Energy_Poverty_Findings_from_the_Energy_Links_Project.pdf
http://http://www.xinhuanet.com/english/download/2021-3-12/report2021.pdf


Compilation of References

Li,L.,Liu,Q.Q.,Wang,J.,&Hong,X.F.(2019).CarbonInformationDisclosure,Marketization,andCostofEquity
Financing.International Journal of Environmental Research and Public Health,16(1),150.doi:10.3390/ijerph16010150
PMID:30626003

Lillich,R.,&Brower,C.(1994).International Arbitration in the 21st Century: Towards “Judicialization” and Unifor-
mity? Twelfth Sokol Colloquium.MartinusNijhoff.

Lin,B.,&Jia,Z.(2019).WhatarethemainfactorsaffectingcarbonpriceinEmissionTradingScheme?Acasestudy
inChina.The Science of the Total Environment,654,535–534.doi:10.1016/j.scitotenv.2018.11.106PMID:30447591

Lin,B.,&Kuang,Y.(2020).HouseholdheterogeneityimpactofremovingenergysubsidiesinChina:Directandindirect
effect.Energy Policy,147,111811.

Lin,B.,&Ouyang,X.(2014).Arevisitoffossil-fuelsubsidiesinchina:Challengesandopportunitiesforenergyprice
reform.Energy Conversion and Management,82,124–134.

Lindmark,M.(2002).AnEKC-patterninhistoricalperspective:Carbondioxideemissions,technology,fuelpricesand
growthinSweden1870–1997.Ecological Economics,42(1-2),333–347.doi:10.1016/S0921-8009(02)00108-8

Lin,F.,Lin,S.W.,&Lu,W.M.(2018).SustainabilityAssessmentofTaiwan’sSemiconductorIndustry:ANewHybrid
ModelUsingCombinedAnalyticHierarchyProcessandTwo-StageAdditiveNetworkDataEnvelopmentAnalysis.
Sustainability,10(11),1–16.doi:10.3390u10114070

Lin,W.-C.,Liu,C.F.,&Chu,C.W.(2005).PerformanceefficiencyevaluationoftheTaiwan’sshippingindustry:Anap-
plicationofdataenvelopmentanalysis.Proceedings of the Eastern Asia Society for Transportation Studies,5(1),467–476.

Liu,M.(2021,February16).12 policy recommendations to achieve carbon neutrality in China.ChinaAtmosphere.
Retrievedfromhttps://mp.weixin.qq.com/s/4bn8wdBenr2vYxt8S3gkKw

Liu,X.W.,Wahab,S.,Hussain,M.,Sun,Y.,&Kirikkaleli,D.(2021).Chinacarbonneutralitytarget:RevisitingFDI-
trade-innovation nexus with carbon emissions. Journal of Environmental Management, 294, 113043. doi: .113043
doi:10.1016/j.jenvman.2021

Liu,H.,&Song,Y.(2020).FinancialdevelopmentandcarbonemissionsinChinasincetherecentworldfinancialcri-
sis:Evidencefromaspatial-temporalanalysisandaspatialDurbinmodel.The Science of the Total Environment,715,
136771.doi:10.1016/j.scitotenv.2020.136771PMID:32040990

Liu,L.,Zhou,C.,Huang,J.,&Hao,Y.(2018).Theimpactoffinancialdevelopmentonenergydemand:Evidencefrom
China.Emerging Markets Finance & Trade,54(2),269–287.doi:10.1080/1540496X.2017.1358609

Liu,Q.G.,Tang,J.H.,&Tian,G.G.(2013).DoespoliticalcapitalcreatevalueintheIPOmarket?EvidencefromChina.
Journal of Corporate Finance,23,395–413.doi:10.1016/j.jcorpfin.2013.10.002

Liu,Q.,Wang,Y.,&Lin,Y.W.(2017).Research on the Carbon Finance Mechanism in Support of the Low Carbon 
Development of China.DongbeiUniversityofFinance&EconomicsPress.

Liu,X.F.,Zhou,X.X.,Zhu,B.Z.,He,K.J.,&Wang,P.(2019).MeasuringthematurityofcarbonmarketinChina:
Anentropy-basedTOPSISapproach.Journal of Cleaner Production,229,94–103.doi:10.1016/j.jclepro.2019.04.380

Liu,X.,&Bae,J.(2018).UrbanizationandindustrializationimpactofCO2emissionsinChina.Journal of Cleaner 
Production,172,178–186.doi:10.1016/j.jclepro.2017.10.156

505

https://mp.weixin.qq.com/s/


Compilation of References

Liu,Y.Q.,Zhu,J.L.,Li,E.Y.,Meng,Z.Y.,&Song,Y.(2020).Environmentalregulation,greentechnologicalinnovation,
andeco-efficiency:ThecaseofYangtzerivereconomicbeltinChina.Technological Forecasting and Social Change,
155,119993.doi:10.1016/j.techfore.2020.119993

Liu,Z.,&Yu,L.(2020).Stayorleave?Theroleofairpollutioninurbanmigrationchoices.Ecological Economics,177,
106780.doi:10.1016/j.ecolecon.2020.106780

Liyuan,Z.,Xiaoxiao,Y.,Binyu,B.,Wenrui,G.,Yachen,F.,&Min,Z.(2019).Impactsofairpollutionandmeteorologi-
calconditionsonthegenerationefficiencyofphotovoltaicsysteminXi’an,China.[).IOPPublishing.].IOP Conference 
Series. Earth and Environmental Science,332(2),022018.doi:10.1088/1755-1315/332/2/022018

Li,Z.,Yang,L.,Zhoud,Y.,Zhao,K.,&Yuan,X.(2020).ScenariosimulationoftheEUcarbonpriceanditsenlighten-
menttoChina.The Science of the Total Environment,723,137982.doi:10.1016/j.scitotenv.2020.137982PMID:32222500

Ljungwall,C.,&Linde-Rahr,M.(2005).Environmental policy and the location of foreign direct investment in China
(GovernanceWorkingpaperNo.22020).EastAsianBureauofEconomicResearch.Retrievedfromhttps://eaber.org/
document/environmental-policy-and-the-location-of-foreign-direct-investment-in-china/

Lluch,C.(1973).Theextendedlinearexpendituresystem.European Economic Review,4(1),21–32.

Lofgren,H.,Harris,R.L.,&Robinson,S.(2002).Astandardcomputablegeneralequilibrium(CGE)modelinGAMS
(MicrocomputersinPolicyResearchNo.5).Washington,DC:InternationalFoodPolicyResearchInstitute.

Lohani,B.N.,Evans,J.W.,Everitt,R.R.,Ludwig,H.,Carpenter,R.A.,Richard,A.C.,&Tu,S.(1997).Environmental
ImpactAssessmentforDevelopingCountriesinAsia.:Vol.1.Overview.AsianDevelopmentBank.

LonggangDistrictPeople’sGovernment.(2021,February22).Longgang District’s Government Work Report 2021.Long-
gangDistrictPeople’sGovernmentOffice.Retrievedfromhttp://www.lg.gov.cn/gkmlpt/content/8/8561/post_8561260.
html#11

Longgang,S.(2021).Shenzhen International Low-carbon City: A sample of green and low-carbon development.Retrieved
fromhttps://mp.weixin.qq.com/s/N8VktqGrcNV_iDAiurjcgQ?

Lorente,D.B.,&Álvarez-Herranz,A.(2016).EconomicgrowthandenergyregulationintheenvironmentalKuznets
curve. Environmental Science and Pollution Research International, 23(16), 16478–16494. doi:10.100711356-016-
6773-3PMID:27164892

LSG.(2020).Lagos Climate Action Plan: Second Five Year Plan.MinistryofEnvironmentandWaterResources,Lagos
StateGovernment.

Lu,H.,Ma,X.,Huang,K.,&Azimi,M.(2020).CarbontradingvolumeandpriceforecastinginChinausingmultiple
machinelearningmodels.Journal of Cleaner Production,249,119386.doi:10.1016/j.jclepro.2019.119386

Lundh,M.(2017).Environmental policy stringency and foreign direct investment - Testing the pollution haven hypothesis 
with a new composite index[Unpublishedmaster’sthesis].SwedishUniversity,Uppsala,Sweden.

Lund,H. (2007).Renewable energy strategies for sustainabledevelopment.Energy,32(6), 912–919.doi:10.1016/j.
energy.2006.10.017

Lu,W.-M.,Wang,W.-K.,&Kweh,Q.L.(2014).IntellectualcapitalandperformanceintheChineselife insurance
industry.Omega,42(1),65–74.doi:10.1016/j.omega.2013.03.002

Lv,P.,&Spigarelli,F.(2016).Thedeterminantsoflocationchoice:ChineseforeigndirectinvestmentsintheEuropean
renewableenergysector.International Journal of Emerging Markets,11(3),333–356.doi:10.1108/IJOEM-09-2014-0137

506

https://eaber.org/document/environmental-policy-and-the-location-of-foreign-direct-investment-in-china/
https://eaber.org/document/environmental-policy-and-the-location-of-foreign-direct-investment-in-china/
http://www.lg.gov.cn/gkmlpt/content/8/8561/post_8561260.html#11
http://www.lg.gov.cn/gkmlpt/content/8/8561/post_8561260.html#11
https://mp.weixin.qq.com/s/


Compilation of References

Lyster, R., & Bradbrook, A. (2006). Energy Law and the Environment. Cambridge University Press. doi:10.1017/
CBO9781139168762

Maestri,V.,&Roventini,A.(2012).Inequalityandmacroeconomicfactors:Atime-seriesanalysisforasetofOECD
countries(LEMPapersSeries2012/21).Pisa:LaboratoryofEconomicsandManagement(LEM),Sant’AnnaSchool
ofAdvancedStudies.

Magallanes,A.,&Barradas,R.(2020).The next wave of ISDS cases could be ‘powered’ by recent policy changes in 
the renewable energy sector in Mexico.Retrievedfromhttps://www.ibanet.org/article/A3E8ABFB-D9FC-40AD-9E35-
F970430E3E47

Mahbub,T.,&Jongwanich,J.(2019).Determinantsofforeigndirectinvestment(FDI)inthepowersector:Acasestudy
ofBangladesh.Energy Strategy Reviews,24(2),178–192.doi:10.1016/j.esr.2019.03.001

Majeed,M.T.,&Mazhar,M.(2019).Financialdevelopmentandecologicalfootprint:Aglobalpaneldataanalysis.
Pakistan Journal of Commerce and Social Sciences,13(2),487–514.

Malzi,M.J.,Sohag,K.,Vasbieva,D.G.,&Ettahir,A.(2020).Environmentalpolicyeffectivenessonresidentialnatural
gasuseinOECDcountries.Resources Policy,66,101651.doi:10.1016/j.resourpol.2020.101651

Manisalidis,I.,Stavropoulou,E.,Stavropoulos,A.,&Bezirtzoglou,E.(2020).Environmentalandhealthimpactsofair
pollution:Areview.Frontiers in Public Health,8,14.doi:10.3389/fpubh.2020.00014PMID:32154200

Ma,Q.,Murshed,M.,&Khan,Z.(2021).Thenexusesbetweenenergyinvestments,technologicalinnovations,emission
taxes,andcarbonemissionsinChina.Energy Policy,155,112345.doi:10.1016/j.enpol.2021.112345

Markets,F.D.I.(2020).ForeigndirectinvestmentcompaniesinvestinginAfricabetween2003and2019.The Financial 
Times.

Marshall,F.,Ashmore,M.,&Hinchcliffe,F.(1997).Ahiddenthreattofoodproduction:Airpollutionandagriculture
inthedevelopingworld(GatekeeperSeriesNo.73).InternationalInstituteforEnvironmentandDevelopment.

Marshall,A.(1890).Principles of Economics.Macmillan.

Martínez-Zarzoso, I.,Bengochea-Morancho,A.,&Morales-Lage,R. (2019).Doesenvironmentalpolicystringency
fosterinnovationandproductivityinOECDcountries?Energy Policy,134,110982.doi:10.1016/j.enpol.2019.110982

Martin,M.,Mwakaje,A.G.,&Eklund,M.(2009).BiofueldevelopmentinitiativesinTanzania:Developmentactivities,
scalesofproductionandconditionsforimplementationandutilization.Journal of Cleaner Production,17,S69–S76.

Marufu,L.,Ludwig,J.,Andreae,M.O.,Meixner,F.,&Helas,G.(1997).Domesticbiomassburninginruralandurban
Zimbabwe–PartA.Biomass and Bioenergy,12(1),53–68.

Masoudi,N.,DahmardehGhaleno,N.,&Esfandiari,M.(2020).Investigatingtheimpactsoftechnologicalinnovation
andrenewableenergyonenvironmentalpollutionincountriesselectedbytheInternationalRenewableEnergyAgency:
Aquantileregressionapproach.Caspian Journal of Environmental Sciences,18(2),97–107.

Ma,X.J.,Wang,C.X.,Dong,B.Y.,Gu,G.C.,Chen,R.M.,Li,Y.F.,Zou,H.F.,Zhang,W.F.,&Li,Q.N.(2019).
CarbonemissionsfromenergyconsumptioninChina:Itsmeasurementanddrivingfactors.The Science of the Total 
Environment,648,1411–1420.doi:10.1016/j.scitotenv.2018.08.183PMID:30340286

McCollum,D.,GomezEcheverri,L.,Riahi,K.,&Parkinson,S.(2017).Sdg7: Ensure access to affordable, reliable, 
sustainable and modern energy for all.Retrieved fromhttp://pure.iiasa.ac.at/id/eprint/14621/1/SDGs-interactions-7-
clean-energy.pdf

507

https://www.ibanet.org/article/A3E8ABFB-D9FC-40AD-9E35-F970430E3E47
https://www.ibanet.org/article/A3E8ABFB-D9FC-40AD-9E35-F970430E3E47
http://pure.iiasa.ac.at/id/eprint/14621/1/SDGs-interactions-7-clean-energy.pdf
http://pure.iiasa.ac.at/id/eprint/14621/1/SDGs-interactions-7-clean-energy.pdf


Compilation of References

McGlade,C.,&Ekins,P.(2015).Thegeographicaldistributionoffossilfuelsunusedwhenlimitingglobalwarmingto
2C.Nature,517(7533),187–190.doi:10.1038/nature14016PMID:25567285

Mehrara,M.,Rezaei,S.,&Razi,D.H.(2015).DeterminantsofrenewableenergyconsumptionamongECOcountries;
basedonBayesianmodelaveragingandweighted-averageleastsquare.International Letters of Social and Humanistic 
Sciences,54,96–109.doi:10.18052/www.scipress.com/ILSHS.54.96

Mei,Y.,Gao,L.,Zhang,J.,&Wang,J.(2020).Valuingurbanairquality:AhedonicpriceanalysisinBeijing,China.
Environmental Science and Pollution Research International, 27(2), 1373–1385. doi:10.100711356-019-06874-5
PMID:31745810

Menakeration,A.(2010).PiercingtheVeilofConfidentiality:TheRecentTrendTowardsGreaterPublicParticipation
andTransparencyinInvestor-StateArbitration.InArbitration under International Investment Agreements, A guide to 
key Issues(pp.129–160).OxfordUniversityPress.

Meng,F.X.,Liu,G.Y.,Liang,S.,Su,M.R.,&Yang,Z.F.(2019).Criticalreviewoftheenergy-water-carbonnexusin
cities.Energy, 171,1017-1032.doi:.2019.01.048doi:10.1016/j.energy

Meng,H.,Ding,L.,Zhao,X.,&Kang,W.(2019).ForecastingcarbonpricesintheShenzhenmarket,China:Therole
ofmixed-frequencyfactors.Energy,171,69–76.doi:10.1016/j.energy.2019.01.009

Mensah,C.N.,Long,X.,Boamah,K.B.,Bediako,I.A.,Dauda,L.,&Salman,M.(2018).Theeffectofinnovationon
CO2emissionsofOCEDcountriesfrom1990to2014.Environmental Science and Pollution Research International,
25(29),29678–29698.doi:10.100711356-018-2968-0PMID:30144011

Mert,M.,&Boluk,G.(2016).DoforeigndirectinvestmentandrenewableenergyconsumptionaffecttheCO2emissions?
NewevidencefromapanelARDLapproachtoKyotoAnnexcountries.Environmental Science and Pollution Research 
International,23(21),21669–21681.doi:10.100711356-016-7413-7PMID:27522202

Mert,M.,&Caglar,A.E.(2020).TestingpollutionhavenandpollutionhalohypothesesforTurkey:Anewperspective.
Environmental Science and Pollution Research International,27(26),32933–32943.doi:10.100711356-020-09469-7
PMID:32524397

Mihci,H.,Cagatay,S.,&Koska,O.(2005).Theimpactofenvironmentalstringencyontheforeigndirectinvestments
oftheOECDcountries.Journal of Environmental Assessment Policy and Management,7(4),679–704.doi:10.1142/
S1464333205002237

MinistryofEcologyandEnvironment.(2021).Regulations for Carbon Emission Trading (Trial)(MinistryOrderNo.
19).StateCouncilofthePeople’sRepublicofChina.Retrievedfromhttp://www.gov.cn/zhengce/zhengceku/2021-01/06/
content_5577360.htm

Mirza,F.M.,&Kanwal,A.(2017).Energyconsumption,carbonemissionsandeconomicgrowthinPakistan:Dynamic
causalityanalysis.Renewable & Sustainable Energy Reviews,72,1233–1240.doi:10.1016/j.rser.2016.10.081

MitrovićSimić,J.,Stević,Ž.,Zavadskas,E.K.,Bogdanović,V.,Subotić,M.,&Mardani,A.(2020).ANovelCRITIC-
FuzzyFUCOM-DEA-FuzzyMARCOSModelforSafetyEvaluationofRoadSectionsBasedonGeometricParameters
ofRoad.Symmetry,12(12),1–28.doi:10.3390ym12122006

Mizutori,M.,&Guha-Sapir,D.(2020).Human cost of disasters: An overview of the last 20 years 2000-2019.United
Nations.

Moehlecke,C.(2017).InformationandRisk:HowInvestor-StateDisputesAffectGlobalPolicyDiffusion[MAReport].
TheUniversityofTexasatAustin.

508

http://http://www.gov.cn/zhengce/zhengceku/2021-01/06/content_5577360.htm
http://http://www.gov.cn/zhengce/zhengceku/2021-01/06/content_5577360.htm


Compilation of References

Mohamed,K.M.,&Mamat,M.N.(2016).ExaminingtherelationshipbetweenFDI,economicgrowth,energyconsump-
tionandexportsinYemen.Journal of Advanced Social Research,6(6),1–22.

Mohiuddin,O.,Sarkodie,S.A.,&Obaidullah,M.(2016).Therelationshipbetweencarbondioxideemission,energy
consumption,andGDP:ArecentevidencefromPakistan.Cogent Engineering,3(1),1210491.doi:10.1080/23311916
.2016.1210491

Mohiuddin,S.(2006).Expandingtheroleofmicrofinanceinpromotingrenewableenergyaccessindevelopingcountries.
The Georgetown Public Policy Review,11(1),119–124.

Mohseni,R.,&Shokri,M.(2013).InvestigationEmissionsCarbonDioxideinIranaFuzzyApproach.Iranian Journal 
of Energy,16(1),1–16.

Moomaw,W.R.,&Unruh,G.C.(1997).AreenvironmentalKuznetscurvesmisleadingus?ThecaseofCO2emissions.
Environment and Development Economics,2(4),451–463.doi:10.1017/S1355770X97000247

Moore,J.,&PerezRocha,M.(2019,April).Extraction Casino: Mining Companies gambling with Latin American lives 
and sovereignty through supranational arbitration.Retrievedfromhttps://ips-dc.org/wp-content/uploads/2019/07/ISDS-
Mining-Latin-America-Report-Formatted-ENGLISH.pdf

Moore,R.(2012).Definitionsoffuelpoverty:Implicationsforpolicy.Energy Policy,49,19–26.

Moradi,A.,&Aminian,M.(2009).Iran’sgreenhousegasemissionsin2009.Nesha Alam Magazine,13,55–59.

Moradi,Z.S.,Mirzaeenejad,M.,&Geraeenejad,G.(2016).Effectofbank-basedormarket-basedfinancialsystems
on income distribution in selected countries. Procedia Economics and Finance, 36, 510–521. doi:10.1016/S2212-
5671(16)30067-3

Morris,E.,Winiecki,J.S.C.,&Cortiglia,K.(2007).Using microfinance to expand access to energy services.Wash-
ington,DC:SEEPNetwork.Retrievedfromhttps://seepnetwork.org/files/galleries/597_Energy_LatAm_FINAL.pdf

Moses,M.(2012).The Principles and Practice of International Commercial Arbitration.CambridgeUniversityPress.
doi:10.1017/CBO9780511920073

MotevalliDarvish,M.H.(2020).DevelopmentofaNon-RadialNetworkModeltoEvaluatethePerformanceofaMulti-
StageSustainableSupplyChain.Journal of Industrial Strategic Management,5(1),1–12.

Motta,V.(2019).EstimatingPoissonpseudo-maximum-likelihoodratherthanlog-linearmodelofalog-transformed
dependentvariable.RAUSP Management Journal,54(4),508–518.doi:10.1108/RAUSP-05-2019-0110

Mrabet,Z.,AlSamara,M.,&Jarallah,S.H.(2017).Theimpactofeconomicdevelopmentonenvironmentaldegradation
inQatar.Environmental and Ecological Statistics,24(1),7–38.doi:10.100710651-016-0359-6

Msuya,N.,Masanja,E.,&Temu,A.K.(2011).EnvironmentalburdenofcharcoalproductionanduseinDaresSalaam,
Tanzania.Journal of Environmental Protection,2(10),1364–1369.

Mugableh, M. I. (2015). Economic growth, CO2 emissions, and financial development in Jordan: Equilibrium and
dynamiccausalityanalysis.International Journal of Economics and Finance,7(7),98–105.doi:10.5539/ijef.v7n7p98

Muhammad,J.,&GhulamFatima,S.(2013).Energyconsumption,financialdevelopmentandCO2emissionsinPaki-
stan.MPRA,48287.

Muhammad,N.,Scrimgeour,F.,Reddy,K.,&Abidin,S.(2015).Theimpactofcorporateenvironmentalperformanceon
marketrisk:TheAustralianindustrycase.Journal of Business Ethics,132(2),347–362.doi:10.100710551-014-2324-3

509

https://ips-dc.org/wp-content/uploads/2019/07/ISDS-Mining-Latin-America-Report-Formatted-ENGLISH.pdf
https://ips-dc.org/wp-content/uploads/2019/07/ISDS-Mining-Latin-America-Report-Formatted-ENGLISH.pdf
https://seepnetwork.org/files/galleries/597_Energy_LatAm_FINAL.pdf


Compilation of References

Muhumuza,M.,&Balkwill,K.(2013).FactorsaffectingthesuccessofconservingbiodiversityinNationalParks:A
reviewofcasestudiesfromAfrica.International Journal of Biodiversity,10,1–20.

Mulyana,I.(2016).TheDevelopmentofInternationalLawintheFieldofRenewableEnergy.Hasanuddin Law Review,
1(1),38–60.doi:10.20956/halrev.v1i1.213

Mumtaz,H.,&Theodoridis,K.(2018).ThechangingtransmissionofuncertaintyshocksintheUS.Journal of Business 
& Economic Statistics,36(2),239–252.doi:10.1080/07350015.2016.1147357

Mundaca,G.(2017).Energysubsidies,publicinvestmentandendogenousgrowth.Energy Policy,110,693–709.

Mustafa,F.S.,Khan,R.U.,&Mustafa,T.(2021).TechnicalefficiencycomparisonofcontainerportsinAsianand
MiddleEastregionusingDEA.The Asian Journal of Shipping and Logistics,37(1),12–19.doi:10.1016/j.ajsl.2020.04.004

Myers,S.C.(1984).Thecapitalstructurepuzzle.The Journal of Finance,39(3),574–592.doi:10.1111/j.1540-6261.1984.
tb03646.x

Myllyvirta,L.(2020).Quantifying the economic costs of air pollution from fossil fuels.CentreforResearchonEnergy
andCleanAir.

Najafifard,M.,&Mashhadi,A.(2014).Green Economy Based on Sustainable Development in the Light of the Rio+20 
Declaration.International Conference and Online Green Economy,Tehran,Iran.

Nakajima,J.(2011).Time-varyingparameterVARmodelwithstochasticvolatility:Anoverviewofmethodologyand
empiricalapplications.Monetary and Economic Studies,29,107–142.

Nanziri,E.L. (2016).Financial inclusionandwelfare inSouthAfrica:Are thereagendergap?Journal of African 
Development,18(2),109–134.

Narassimhan,E.,Gallagher,K.S.,Koester,S.,&Alejo,J.R.(2018).CarbonPricinginPractice:AReviewofExisting
EmissionsTradingSystems.Climate Policy,18(8),967–991.doi:10.1080/14693062.2018.1467827

Nasir,N.M.,Ali,N.,&Khokhar,I.(2014).Economicgrowth,financialdepthandlendingratenexus:Acaseofoil
dependenteconomy.International Journal of Financial Research,5(2),59.doi:10.5430/ijfr.v5n2p59

Nasreen,S.,&Anwar,S.(2014).Causalrelationshipbetweentradeopenness,economicgrowthandenergyconsumption:
ApaneldataanalysisofAsiancountries.Energy Policy,69,82–91.doi:10.1016/j.enpol.2014.02.009

Nathaniel,S.,Aguegboh,E.,Iheonu,C.,Sharma,G.,&Shah,M.(2020).Energyconsumption,FDI,andurbanization
linkageincoastalMediterraneancountries:Re-assessingthepollutionhavenhypothesis.Environmental Science and 
Pollution Research International,27(28),35474–35487.doi:10.100711356-020-09521-6PMID:32594434

NationalAssociationofFinancialMarketInstitutionalInvestors.(2021a).Innovatively launched carbon neutral bonds 
to help achieve the 30·60 target.NationalAssociationofFinancialMarketInstitutionalInvestors.Retrievedfromhttp://
www.nafmii.org.cn/xhdt/202102/t20210209_84483.html

NationalAssociationofFinancialMarketInstitutionalInvestors.(2021b).Notice on clarifying relevant mechanisms for 
carbon neutral debt.NationalAssociationofFinancialMarketInstitutionalInvestors.Retrievedfromhttp://www.nafmii.
org.cn/ggtz/tz/202103/t20210318_84911.html

NationalDevelopmentandReformCommission.(2011).Notice on carrying out the pilot work in carbon emission trad-
ing(FagaibanClimate[2011]No.2601).NationalDevelopmentandReformCommissionofthePeople’sRepublicof
China.Retrievedfromhttps://zfxxgk.ndrc.gov.cn/web/iteminfo.jsp?id=1349

510

http://http://www.nafmii.org.cn/xhdt/202102/t20210209_84483.html
http://http://www.nafmii.org.cn/xhdt/202102/t20210209_84483.html
http://http://www.nafmii.org.cn/ggtz/tz/202103/t20210318_84911.html
http://http://www.nafmii.org.cn/ggtz/tz/202103/t20210318_84911.html
https://zfxxgk.ndrc.gov.cn/web/iteminfo.jsp?id=1349


Compilation of References

NationalDevelopmentandReformCommission.(2012).Interim Measures for the Administration of Voluntary Green-
house Gas Emission Reduction Transactions.NationalDevelopmentandReformCommissionofthePeople’sRepublic
ofChina.Retrievedfromhttp://www.ccchina.org.cn/Detail.aspx?newsId=73519

NationalDevelopmentandReformCommission.(2014).Interim measures for the administration of carbon emissions 
trading.NationalDevelopmentandReformCommissionofthePeople’sRepublicofChina.Retrievedfromhttp://www.
gov.cn/gongbao/content/2015/content_2818456.htm

NationalDevelopmentandReformCommission. (2015).Chart of Registered Approved CDM projects by region in 
China.NationalDevelopmentandReformsCommissionofthePeople’sRepublicofChina.Retrievedfromhttp://cdm-
en.ccchina.org.cn/NewItemTable3.aspx

NationalHealthCommission.(2013).The Opinions on Further Regulating party and Government Leading Cadres’ 
Part-time Jobs (Posts) (Document No.18).OrganizationDepartmentof theCPCCentralCommitteeof thePeople’s
Republic of China. Retrieved from http://www.nhc.gov.cn/cms-search/xxgk/getManuscriptXxgk.htm?id=124c1eea3
b0d463588d49073152092e3

Naughton,H.T.(2014).Toshutdownortoshift:Multinationalsandenvironmentalregulation.Ecological Economics,
102,113–117.doi:10.1016/j.ecolecon.2014.03.013

NBS.(2014).Measuring Better: Preliminary Results of the Rebased Nominal Gross Domestic Product (GDP) Estimates 
for Nigeria 2010 to 2013.NigerianBureauofStatistics.Retrievedfromhttps://www.nigerianstat.gov.ng/pdfuploads/
Speech%20by%20Statistician%20General %20on%20Measuring%20Better%20-%20Result%20of%20NIgeria%20
GDP%20Rebasing%20Exercise_old.pdf

Nidhaleddine,B.C.,Younes,B.Z.,&Chevallier,J.(2021).OnthenonlinearrelationshipbetweenenergyuseandCO2
emissionswithinanEKCframework:EvidencefrompanelsmoothtransitionregressionintheMENAregion.Research 
in International Business and Finance, 55,101331.doi:.2020.101331doi:10.1016/J.Ribaf

Nikolov,N.(2021).ConflictofInterestforCorruptionandAbuseofPublicPower:TheCaseofEuropeanLegislation.
InA.Rafay (Ed.),Handbook of Research on Theory and Practice of Financial Crimes (pp.105–131). IGIGlobal.
doi:10.4018/978-1-7998-5567-5.ch007

Nilsson,A.,&Englesson,O.(2013).InconsistentAwardsinInvestmentTreatyArbitration:IsanAppealsCourtNeeded.
Journal of International Arbitration,30(5),561–580.

Nizam,H.A.,Zaman,K.,Khan,K.B.,Batool,R.,Khurshid,M.A.,Shoukry,A.M.,Sharkawy,M.A.,Aldeek,F.,
Khader,J.,&Gani,S.(2020).Achievingenvironmentalsustainabilitythroughinformationtechnology:“DigitalPakistan”
initiativeforgreendevelopment.Environmental Science and Pollution Research International,27(9),10011–10026.
doi:10.100711356-020-07683-xPMID:31933090

Nordhaus,W.D.(1991).Toslowornottoslow:Theeconomicsofthegreenhouseeffect.Economic Journal (London),
101(407),920–937.doi:10.2307/2233864

Norton,P.(2018).TheRoleofPrecedentintheDevelopmentofInternationalInvestmentLaw.ICSID Review,33(1),
279–301.doi:10.1093/icsidreviewix027

Nosheen,S.,Sadiq,R.,&Rafay,A.(2016).ThePrimacyofInnovationinStrategicFinancialManagement-Understanding
theImpactofInnovationandPerformanceonCapitalStructure.Proceedings of the 2016 IEEE International Conference 
on Management of Innovation and Technology (ICMIT).10.1109/ICMIT.2016.7605048

511

http://www.ccchina.org.cn/Detail.aspx?newsId=73519
http://www.gov.cn/gongbao/content/2015/content_2818456.htm
http://www.gov.cn/gongbao/content/2015/content_2818456.htm
http://cdm-en.ccchina.org.cn/NewItem
http://cdm-en.ccchina.org.cn/NewItem
http://www.nhc.gov.cn/cms-search/xxgk/getManuscriptXxgk.htm?id=


Compilation of References

NPCC.(2013).A Policy Document Developed by the Federal Ministry of Environment.NationalPolicyonClimateChange.
Retrieved from chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/viewer.html?pdfurl=https%3A%2F%2Fwww.
all-on.com%2Fmedia%2Fpublications%2Fsimplified-guides-to-nigerias-energy-access-policies-and-regulations%2F_
jcr_content%2Fpar%2Ftextimage.stream%2F1595008849973%2Fdc8fea0b5aef03ead699def51ac37ec5be56b8e1%2Fn
ational-policy-on-climate-change-npcc.pdf&clen=1121526

Ntow-Gyamfi,M.,Bokpin,G.A.,Aboagye,A.Q.,&Ackah,C.G.(2020).Environmentalsustainabilityandfinancial
developmentinAfrica;doesinstitutionalqualityplayanyrole?Development Studies Research,7(1),93–118.doi:10.1
080/21665095.2020.1798261

Nyeadi, J.D.,&Adjasi,C. (2020).Foreigndirect investmentand firm innovation in selected sub-SaharanAfrican
Countries.Cogent Business & Management,7(1),1763650.doi:10.1080/23311975.2020.1763650

OECD.(2020).Health at a Glance: Europe 2020. State of Health in the EU Cycle.OECD.

Olayungbo,D.O.,Faiyetole,A.A.,&Olayungbo,A.A.(2022).EconomicGrowth,EnergyConsumptionandCarbon
Emissions:TheCaseofNigeria.InA.Rafay(Ed.),HandbookofResearchonEnergyandEnvironmentalFinance.IGI
Global.doi:10.4018/978-1-7998-8210-7

Olayungbo,D.O.,&Akinlo,A.E.(2016).InsurancepenetrationandeconomicgrowthinAfrica:Dynamiceffectsanalysis
usingBayesianTVP-VARapproach.Cogent Economics & Finance,4(1),1150390.doi:10.1080/23322039.2016.1150390

Olayungbo,D.O.,Faiyetole,A.A.,&Olayungbo,A.A.(2022).EconomicGrowth,EnergyConsumptionandCarbon
Emissions:TheCaseofNigeria.InA.Rafay(Ed.),Handbook of Research on Energy and Environmental Finance.IGI
Global.

Olivet,C.,&Eberhardt,P.(2014).Profiting from Crisis: How corporations and lawyers are scavenging profits from 
Europe’s crisis countries.CEO.

Omar,M.A.,&Inaba,K.(2020).Doesfinancialinclusionreducepovertyandincomeinequalityindevelopingcountries?
Apaneldataanalysis.Journal of Economic Structures,9(1),1–25.

Omorogbe,Y.O.(2008).Promoting sustainable development through the use of renewable energy: The role of the law.
OxfordUniversityPress.doi:10.1093/acprof:oso/9780199532698.003.0003

Omri,A.(2013).CO2emissions,energyconsumptionandeconomicgrowthnexusinMENAcountries:Evidencefrom
simultaneousequationsmodels.Energy Economics,40,657–664.doi:10.1016/j.eneco.2013.09.003

Omri,A.,Daly,S.,Rault,C.,&Chaibi,A.(2015).Financialdevelopment,environmentalquality,tradeandeconomic
growth:WhatcauseswhatinMENAcountries.Energy Economics,48,242–252.doi:10.1016/j.eneco.2015.01.008

Opinion1/17EU:C:2019:341.(2019,April30).Retrievedfromhttps://curia.europa.eu/juris/documents.jsf?num=C-1/17

Opoku,E.E.O.,&Boachie,M.K.(2020).Theenvironmentalimpactofindustrializationandforeigndirectinvestment.
Energy Policy,137,111178.doi:10.1016/j.enpol.2019.111178

Otsuki,T.(2017).Costsandbenefitsoflarge-scaledeploymentofwindturbinesandsolarPVinMongoliaforinterna-
tionalpowerexports.Renewable Energy,108,321–335.

Ottinger,R.L.,Robinson,N.,&Tafur,V.(2005).Compendium of sustainable energy laws.CambridgeUniversityPress.
doi:10.1017/CBO9780511664885

Ouyang,X.L.,Fang,X.M.,Cao,Y.,&Sun,C.W.(2020).FactorsbehindCO2emissionreductioninChineseheavy
industries:Doenvironmentalregulationsmatter?Energy Policy,145,111765.doi:10.1016/j.enpol.2020.111765

512

https://curia.europa.eu/juris/documents.jsf?num=C-1/17


Compilation of References

Ouyang,Y.,&Li,P.(2018).Onthenexusoffinancialdevelopment,economicgrowth,andenergyconsumptioninChina:
NewperspectivefromaGMMpanelVARapproach.Energy Economics,71,238–252.doi:10.1016/j.eneco.2018.02.015

Ozcan,B.,Apergis,N.,&Shahbaz,M.(2018).ArevisitoftheenvironmentalKuznetscurvehypothesisforTurkey:
Newevidencefrombootstraprollingwindowcausality.Environmental Science and Pollution Research International,
25(32),32381–32394.doi:10.100711356-018-3165-xPMID:30229495

Ozturk,I.,&Al-Mulali,U.(2015).InvestigatingthevalidityoftheenvironmentalKuznetscurvehypothesisinCambodia.
Ecological Indicators,57,324–330.doi:10.1016/j.ecolind.2015.05.018

Pachauri,S.,&Spreng,D.(2004).Energyuseandenergyaccessinrelationtopoverty.Economic and Political Weekly,
39(3),271–278.

Paez-Salgado,D.(2021,February18).A Battle on Two Fronts: Vattenfall v. Federal Republic of Germany.Retrievedfrom
http://arbitrationblog.kluwerarbitration.com/2021/02/18/a-battle-on-two-fronts-vattenfall-v-federal-republic-of-germany/

Paldi,C.(2020).DisputeResolutionintheIslamicFinanceIndustry.InA.Rafay(Ed.),Handbook of Research on Theory 
and Practice of Global Islamic Finance(pp.804–833).IGIGlobal.doi:10.4018/978-1-7998-0218-1.ch041

PAMIGA.(2020).Energy microfinance and pay-as-you-go.Paris:CentreInternationaldeDevelopmentetdeRecherche
(CIDR). Retrieved from https://www.findevgateway.org/sites/default/files/publications/submissions/67216/CIDR%20
PAMIGA_PAYG%20%26%20MF%20case%20stu

Panayotou,T.(1993).Empirical tests and policy analysis of environmental degradation at different stages of economic 
development(WorkingPaperNo.992927783402676).Geneva:InternationalLabourOrganization.

Panayotou, T. (2003). Economic Growth and the Environment. Presented at the Spring Seminar of United Nations
EconomicCommissionforEurope,Geneva.Retrievedfromhttps://www.unece.org/fileadmin/DAM/ead/sem/sem2003/
papers/Panayotou.pdf

Panayotou,T.(1997).DemystifyingtheenvironmentalKuznetscurve:Turningablackboxintoapolicytool.Environ-
ment and Development Economics,2(4),465–484.doi:10.1017/S1355770X97000259

Pan,H.(2005).ThecostefficiencyofKyotoflexiblemechanisms:Atop-downstudywiththeGEM-E3worldmodel.
Environmental Modelling & Software,20(11),1401–1411.

Papouskova,K.,Telecky,M.,&Cejka,J.(2020).ProcessefficiencyanalysisofselectedautomotivecompaniesinEurope.
Communications-Scientific letters of the University of Zilina, 22(4),20-27.

Pappis,I.,Howells,M.,Sridharan,V.,Gardumi,A.,&Ramos,F.(2019).EnergyprojectionsforAfricancountries(EUR
29904EN).Luxembourg:TheEuropeanUnion.

Park,C.Y.,&Mercado,R.V.Jr.(2018).Financialinclusion,poverty,andincomeinequalityindevelopingAsia.The 
Singapore Economic Review,63(1),185–206.

PenadesFons,M.(2020).TheEffectivenessofEULawandPrivateArbitration.Common Market Law Review,57(4),
1069–1106.

Perman,R.,&Stern,D.I.(2003).EvidencefrompanelunitrootandcointegrationteststhattheenvironmentalKuznets
curvedoesnotexist.The Australian Journal of Agricultural and Resource Economics,47(3),325–347.doi:10.1111/1467-
8489.00216

Pesaran,M.H.,Shin,Y.,&Smith,R.P.(1999).Pooledmeangroupestimationofdynamicheterogeneouspanels.Journal 
of the American Statistical Association,94(446),621–634.doi:10.1080/01621459.1999.10474156

513

http://arbitrationblog.kluwerarbitration.com/2021/02/18/a-battle-on-two-fronts-vattenfall-v-federal-republic-of-germany/
https://www.findevgateway.org/sites/default/files/publications/submissions/67216/CIDR%20PAMIGA_PAYG%20%26%20MF%20case%20stu
https://www.findevgateway.org/sites/default/files/publications/submissions/67216/CIDR%20PAMIGA_PAYG%20%26%20MF%20case%20stu


Compilation of References

Pesaran,M.H.,Ullah,A.,&Yamagata,T.(2008).Abias‐adjustedLMtestoferrorcross‐sectionindependence.The 
Econometrics Journal,11(1),105–127.doi:10.1111/j.1368-423X.2007.00227.x

Pestre,D.(2019).Environmentandsocialinnovation:Whytechnologyneverwasthesolution.InS.Lechevalier(Ed.),
Innovation beyond Technology(pp.175–194).Springer.doi:10.1007/978-981-13-9053-1_8

PhelpsGay,E.(2018,March15).Arbitration of Oil and Gas Disputes.http://pattersonresolution.com/app/uploads/2013/01/
Arbitration-of-Oil-and-Gas-Disputes.pdf

Pigou,A.C.(1920).The Economics of Welfare.Macmillan.

Pillot,B.,Muselli,M.,Poggi,P.,&Batista,J.(2019).Historicaltrendsinglobalenergypolicyandrenewablepower
systemissuesinSub-SaharanAfrica:ThecaseofsolarPV.Energy Policy,127,113–124.doi:10.1016/j.enpol.2018.11.049

Polat,B.(2018).TheinfluenceofFDIonenergyconsumptionindevelopinganddevelopedcountries:Dynamicpanel
approach.Journal of Yasar University,13(49),33–42.

Polzin,F.,Egli,F.,Steffen,B.,&Schmidt,T.S.(2019).Howdopoliciesmobilizeprivatefinanceforrenewableenergy?—
Asystematicreviewwithaninvestorperspective.Applied Energy,236,1249–1268.doi:10.1016/j.apenergy.2018.11.098

Primiceri,G.E.(2005).Time-varyingstructuralvectorautoregressionandmonetarypolicy.The Review of Economic 
Studies,72(3),821–852.doi:10.1111/j.1467-937X.2005.00353.x

Pu,S.,Shao,Z.,Yang,L.,Liu,R.,Bi,J.,&Ma,Z.(2019).HowmuchwilltheChinesepublicpayforairpollutionmiti-
gation?Anationwideempiricalstudybasedonawillingness-to-payscenarioandairpurifiercosts.Journal of Cleaner 
Production,218,51–60.doi:10.1016/j.jclepro.2019.01.270

Qin,C.B.,Wang, J.N.,Ge,C.Z.,Duan,Y.T.,&Tian,C.Y. (2016).Assessing theeconomic impactofChina’s
carbon tax policy through a static computable general equilibrium analysis. Sustainable Development, 624–643.
doi:10.1142/9789814749916_0065

Qin,X.T.,&Zhang,X.Y.(2019).De-politicizationandinnovation:EvidencefromChina.Journal of Accounting and 
Public Policy,38(4),106668.doi:10.1016/j.jaccpubpol.2019.05.005

Qi,S.Z.,Zhou,C.B.,Li,K.,&Tang,S.Y.(2021).Theimpactofacarbontradingpilotpolicyonthelow-carbon
internationalcompetitivenessofindustryinChina:AnempiricalanalysisbasedonaDDDmodel.Journal of Cleaner 
Production,281,125361.doi:10.1016/j.jclepro.2020.125361

Rafay,A.(Ed.).(2019).FinTech as a Disruptive Technology for Financial Institutions.IGIGlobal.,doi:10.4018/978-
1-5225-7805-5

Rafay,A.(Ed.).(2021).Handbook of Research on Theory and Practice of Financial Crimes.IGIGlobal.doi:10.4018/978-
1-7998-5567-5

Rafay,A.,&Farid,S.(2015).AnAnalysisofOilPriceVolatilityusingVAR:EvidencefromPakistan.Lahore Journal 
of Business,4(1),23–36.doi:10.35536/ljb.2015.v4.i1.a2

Rafay,A.,&Farid,S.(2018).ShariahSupervisoryBoardReport(SSBR)inIslamicBanks:Anexperimentalstudyof
Investors’perceptionandbehaviour.International Journal of Islamic and Middle Eastern Finance and Management,
11(2),274–296.doi:10.1108/IMEFM-07-2017-0180

Rafay,A.,&Farid,S.(2019).IslamicBankingSystem:ACreditChannelofMonetaryPolicy–EvidencefromanEmerg-
ingEconomy.Economic Research Journal,32(1),742–754.doi:10.1080/1331677X.2019.1579662

514

http://pattersonresolution.com/app/uploads/2013/01/Arbitration-of-Oil-and-Gas-Disputes.pdf
http://pattersonresolution.com/app/uploads/2013/01/Arbitration-of-Oil-and-Gas-Disputes.pdf


Compilation of References

Rafay,A.,Farid,S.,Yasser,F.,&Safdar,S. (2020).SocialCollateralandRepaymentPerformance:Evidencefrom
IslamicMicroFinance.Iranian Economic Review,24(1),41–74.

Rafay,A.,Gilani,U.J.,&Ijaz,F.(2014).ManagingtheGapbetweenActualandTargetCapitalStructure:AnEvidence
fromPakistan.Journal of Management Research,1(2),18–25.

Rafay,A.,Gilani,U.J.,Naeem,M.A.B.,&Ejaz,M.(2015).VolatilityModelingforSpotandFuturesofCrudeOil–
EvidencefromPakistan.Abasyn Journal of Social Sciences,8(2),298–309.

Rafay,A.,Yasser,F.,&Khalid,Z.(2019).RevaluationofNon-CurrentAssetsunderIAS-16:PossibilityofanyMana-
gerialinducement-EvidencefromaSouthAsianEconomy.DLSU Business and Economics Review,29(1),93–105.

Rafiei,N.,&Asadzadeh,S.(2020).Designingarisk-adjustedCUSUMcontrolchartbasedonDEAandNSGA-IIapproaches
(acasestudyinhealthcare:Cardiovascularpatients).Scientia Iranica,27(6),1–28.doi:10.24200ci.2020.54743.3895

Ragosa,G.,&Warren,P.(2019).Unpackingthedeterminantsofcross-borderprivateinvestmentinrenewableenergyin
developingcountries.Journal of Cleaner Production,235,854–865.doi:10.1016/j.jclepro.2019.06.166

Raheem,I.D.,&Ogebe,J.O.(2017).CO2emissions,urbanizationandindustrialization:Evidencefromadirectandindirect
heterogeneouspanelanalysis.Management of Environmental Quality,28(6),851–867.doi:10.1108/MEQ-09-2015-0177

Rahmani,M.(2017).AproductivityanalysisofIranianindustriesusinganadditivedataenvelopmentanalysis.Manage-
ment Science Letters,7(4),197–204.doi:10.5267/j.msl.2016.12.007

Rahul,R.,&Viswanathan,P.K.(2018).ImpactofenvironmentalpolicystringencyonFDI:Aglobalperspective.In-
ternational Journal of Pure and Applied Mathematics,118(5),623–629.

Randhawa,B.,&Gallardo,J.(2003).Microfinance regulation in Tanzania: Implications for development and perfor-
mance of the Industry.WorldBank.Retrievedfromhttps://documents1.worldbank.org/curated/en/521691468782105272/
pdf/266560AFR0wp51.pdf

Ranjan,V.,&Agrawal,G.(2011).FDIinflowdeterminantsinBRICcountries:Apaneldataanalysis.International 
Business Research,4(4),255–263.doi:10.5539/ibr.v4n4p255

Rao,P.S.C.,Miller,J.B.,Wang,Y.D.,&Byrne,J.B.(2009).Energy-microfinanceInterventionforbelowpovertyline
householdsinIndia.Energy Policy,37(5),1694–1712.

Rasiah,R.,Guptan,V.,&Habibullah,M.S.(2018).Evaluatingtheimpactoffinancialandeconomicfactorsonenviron-
mentaldegradation:ApanelestimationstudyofselectedAseancountries.International Journal of Energy Economics 
and Policy,8(6),209–216.

Ray,D.(2002).Economía del desarrollo.AntoniBosch.

Ray,D.,&Esteban,J.(2017).Conflictanddevelopment.Annual Review of Economics,9(1),263–293.doi:10.1146/
annurev-economics-061109-080205PMID:28202148

Raza,S.A.,&Shah,N.(2018).TestingenvironmentalKuznetscurvehypothesisinG7countries:Theroleofrenewable
energyconsumptionand trade.Environmental Science and Pollution Research International,25(27),26965–26977.
doi:10.100711356-018-2673-zPMID:30008164

RedCarpetCourts.(2019).Dirty Oil Attacks Action on Fossil Fuels: Rockhopper vs Italy.Retrievedfromhttps://10isdsstories.
org/cases/case9/

515

https://documents1.worldbank.org/curated/en/521691468782105272/pdf/266560AFR0wp51.pdf
https://documents1.worldbank.org/curated/en/521691468782105272/pdf/266560AFR0wp51.pdf
https://10isdsstories.org/cases/case9/
https://10isdsstories.org/cases/case9/


Compilation of References

Reddy,A.K.,Annecke,W.,Blok,K.,Bloom,D.,Boardman,B.,Eberhard,A.,&Ramakrishna,J.(2000).Energyand
SocialIssues.InWorld Energy Assessment.UNDP.Retrievedfromhttps://www.undp.org/publications/world-energy-
assessment-energy-and-challenge-sustainability

Reed, W. R., & Ye, H. (2011). Which panel data estimator should I use? Applied Economics, 43(8), 985–1000.
doi:10.1080/00036840802600087

Rees,W.E.(1996).Revisitingcarryingcapacity:Area-basedindicatorsofsustainability.Population and Environment,
17(3),195–215.doi:10.1007/BF02208489

Reisman,W.M.,&Richardson,B.(2012).TribunalsandCourts:AnInterpretationoftheArchitectureofInternational
CommercialArbitration.InArbitration - The Next Fifty Years(pp.17-65).ICCACongressSeriesN°16:KluwerLaw
International.

Rentschler,J.(2016).Incidenceandimpact:Theregionalvariationofpovertyeffectsduetofossilfuelsubsidyreform.
Energy Policy,96,491–503.

Ren,X.,Zhang,D.,Zhu,L.,&Han,L.(2020).HowdocarbonpricesreacttoregulatoryannouncementsinChina?A
geneticalgorithmwithoverlappingevents.Journal of Cleaner Production,277,122644.doi:10.1016/j.jclepro.2020.122644

Rezaee,M.J.,&Ghanbarpour,T.(2016).EnergyresourcesconsumptionperformanceinIranianmanufacturingindustries
usingcost/revenueefficiencymodel.IJE Transactions C: Aspects, 29(9),1282-1291.

Rezagholizadeh,M.,Aghaei,M.,&Dehghan,O.(2020).Foreigndirect investment,stockmarketdevelopment,and
renewableenergyconsumption:CasestudyofIran.Journal of Renewable Energy and Environment,7(2),8–18.

Rezai,A.,Foley,D.K.,&Taylor,L.(2012).Globalwarmingandeconomicexternalities.Economic Theory,49(2),
329–351.doi:10.100700199-010-0592-4

Richter,B.(2010).Beyond Smoke and Mirrors: Climate Change and Energy in the 21st century.CambridgeUniversity
Press.doi:10.1017/CBO9780511802638

Ridzuan,S.,Sarmidi,T.,&Nor,A.H.S.M.(2014).Environmentalregulatorystringency,corruption,andFDI:New
evidencefromapanelofcountries.Journal of Techno Social,6(2),1–14.

Riti,J.S.,Shu,Y.,Song,D.,&Kamah,M.(2017).Thecontributionofenergyuseandfinancialdevelopmentbysource
inclimatechangemitigationprocess:Aglobalempiricalperspective.Journal of Cleaner Production,148,882–894.
doi:10.1016/j.jclepro.2017.02.037

Roberts,A.,&Bouraoui,Z.(2018,June6).UNCITRAL and ISDS Reforms: Concerns about Costs, Transparency, Third 
Party Funding and Counterclaims.Retrievedfromhttps://www.ejiltalk.org/uncitral-and-isds-reforms-concerns-about-
costs-transparency-third-party-funding-and-counterclaims/

Roberts, J.,Bromund,T.,&Dasgupta,R. (2015, July15).The Proposed Investor–State Dispute Settlement (ISDS) 
Mechanism: U.S. Should Oppose EU Demand to Abandon It. Retrieved from https://www.heritage.org/report/the-
proposed-investor-state-dispute-settlement-isds-mechanism-us-should-oppose-eu-demand

Roberts,J.T.,&Grimes,P.E.(1999).Extendingtheworld-systemontheentiresystem:Towardapoliticaleconomyofthe
biosphere.InF.W.Gold,D.Goodman,&A.Szasz(Eds.),Ecology and the World-System(pp.59–86).GreenwoodPress.

Romano,A.A.,Scandurra,G.,Carfora,A.,&Fodor,M.(2017).Renewableinvestments:Theimpactofgreenpoliciesin
developinganddevelopedcountries.Renewable & Sustainable Energy Reviews,68,738–747.doi:10.1016/j.rser.2016.10.024

516

https://www.undp.org/publications/world-energy-assessment-energy-and-challenge-sustainability
https://www.undp.org/publications/world-energy-assessment-energy-and-challenge-sustainability
https://www.ejiltalk.org/uncitral-and-isds-reforms-concerns-about-costs-transparency-third-party-funding-and-counterclaims/
https://www.ejiltalk.org/uncitral-and-isds-reforms-concerns-about-costs-transparency-third-party-funding-and-counterclaims/
https://www.heritage.org/report/the-proposed-investor-state-dispute-settlement-isds-mechanism-us-should-oppose-eu-demand
https://www.heritage.org/report/the-proposed-investor-state-dispute-settlement-isds-mechanism-us-should-oppose-eu-demand


Compilation of References

Romer, P. M. (1990). Endogenous technological change. Journal of Political Economy, 98(5, Part 2), S71–S102.
doi:10.1086/261725

Rowley,J.(2020).The Guide to Energy Arbitrations.GlobalArbitrationReview.

RuggeroDiBella,D.(2018,January27).Rockhopper vs Italy: Weighing Legitimate Expectations Up Against Investor’s 
Due Diligence in M&A Deals.Retrievedfromhttp://arbitrationblog.kluwerarbitration.com/2018/01/27/rockhopper-vs-
italy-weighing-legitimate-expectations-investors-due-diligence-ma-deals/

Ruta,M.,&Venables,A.J.(2012).Internationaltradeinnaturalresources:Practiceandpolicy.Annual Review of Re-
source Economics,4(1),331–352.doi:10.1146/annurev-resource-110811-114526

Ryall,J.(2015).Japanoverhaulshowcompaniescommunicatetheirprogress.AB Magazine.Retrievedfromhttp://www.
ACCAglobal.com/uk/en/member/member/accounting-business/corporate/japan-ir.html

Sabahi,B.,Rubins,N.,&Wallace,D.(2019).Investor-State Arbitration.OxfordUniversityPress.

Saboori,B.,Al-Mulali,U.,BinBaba,M.,&Mohammed,A.H.(2016).Oil-inducedenvironmentalKuznetscurvein
organizationofpetroleumexportingcountries(OPEC).International Journal of Green Energy,13(4),408–416.doi:1
0.1080/15435075.2014.961468

Saboori,B.,Sulaiman,J.,&Mohd,S.(2012).EconomicgrowthandCO2emissionsinMalaysia:Acointegrationanalysis
oftheenvironmentalKuznetscurve.Energy Policy,51,184–191.doi:10.1016/j.enpol.2012.08.065

Sachs,J.,Panatoyou,T.,&Peterson,A.(1999).Developing Countries and the Control of Climate Change: A Theoretical 
Perspective and Policy Implications(DiscussionPaperNo.45).CAER.

Sadorsky,P.(2010).Theimpactoffinancialdevelopmentonenergyconsumptioninemergingeconomies.Energy Policy,
38(5),2528–2535.doi:10.1016/j.enpol.2009.12.048

Sadorsky,P.(2011).FinancialdevelopmentandenergyconsumptioninCentralandEasternEuropeanfrontiereconomies.
Energy Policy,39(2),999–1006.doi:10.1016/j.enpol.2010.11.034

Sadorsky,P.(2012).Correlationsandvolatilityspilloversbetweenoilpricesandthestockpricesofcleanenergyand
technologycompanies.Energy Economics,34(1),248–255.doi:10.1016/j.eneco.2011.03.006

Saini,S.,&Neog,Y.(2018,February).Examiningthelinkagesbetweenfinancialdevelopmentandenergyconsumption
inIndia.InInternational Conference on Economics and Finance(pp.119-130).Springer.10.1007/978-3-319-99555-7_8

Salacuse,J.(2015).The Law of Investment Treaties.TheOxfordInternationalLawLibrary.

Salahodjaev,R.(2018).Istherealinkbetweencognitiveabilitiesandenvironmentalawareness?Cross-nationalevidence.
Environmental Research,166,86–90.doi:10.1016/j.envres.2018.05.031PMID:29883904

Salahuddin,M.,Gow,J.,&Ozturk,I.(2015).Isthelong-runrelationshipbetweeneconomicgrowth,electricityconsump-
tion,carbondioxideemissionsandfinancialdevelopmentinGulfCooperationCouncilCountriesrobust?Renewable & 
Sustainable Energy Reviews,51,317–326.doi:10.1016/j.rser.2015.06.005

Samuelson,P.,&Nordhaus,W.(2009).Economics.McGrawHill.

Sánchez-García, M., Zouaghi, F., Lera-López, F., & Faulin, J. (2021). An extended behavior model for explaining
thewillingnesstopaytoreducetheairpollutioninroadtransportation.Journal of Cleaner Production,314,128134.
doi:10.1016/j.jclepro.2021.128134

517

http://arbitrationblog.kluwerarbitration.com/2018/01/27/rockhopper-vs-italy-weighing-legitimate-expectations-investors-due-diligence-ma-deals/
http://arbitrationblog.kluwerarbitration.com/2018/01/27/rockhopper-vs-italy-weighing-legitimate-expectations-investors-due-diligence-ma-deals/
http://www.ACCAglobal.com/uk/en/member/member/accounting-business/corporate/japan-ir.html
http://www.ACCAglobal.com/uk/en/member/member/accounting-business/corporate/japan-ir.html


Compilation of References

Sanderson,C.(2021,March5).Germany settles with Vattenfall.Retrievedfromhttps://globalarbitrationreview.com/
germany-agrees-settle-vattenfall-case

Sapkota,P.,&Bastola,U.(2017).Foreigndirectinvestment,income,andenvironmentalpollutionindevelopingcountries:
PaneldataanalysisofLatinAmerica.Energy Economics,64,206–212.doi:10.1016/j.eneco.2017.04.001

Sarakikya,H.,Ibrahim,I.,&Kiplagat,J.(2015).RenewableenergypoliciesandpracticeinTanzania:Theircontribution
toTanzaniaeconomyandpovertyalleviation.International Journal of Energy and Power Engineering,4(6),333–341.

Sarkodie,S.A.(2018).TheinvisiblehandandEKChypothesis:Whatarethedriversofenvironmentaldegradationand
pollutioninAfrica?Environmental Science and Pollution Research International,25(22),21993–22022.doi:10.100711356-
018-2347-xPMID:29797200

Sarkodie,S.A.,Adams,S.,Owusu,P.A.,Leirvik,T.,&Ozturk,I.(2020).Mitigatingdegradationandemissionsin
China:Theroleofenvironmentalsustainability,humancapitalandrenewableenergy.The Science of the Total Environ-
ment,719,137530.doi:10.1016/j.scitotenv.2020.137530PMID:32143100

Sarkodie,S.A.,&Strezov,V.(2019).Effectofforeigndirectinvestments,economicdevelopmentandenergyconsumption
ongreenhousegasemissionsindevelopingcountries.The Science of the Total Environment,646,862–871.doi:10.1016/j.
scitotenv.2018.07.365PMID:30064112

Saud,S.,Baloch,M.A.,&Lodhi,R.N.(2018).Thenexusbetweenenergyconsumptionandfinancialdevelopment:
EstimatingtheroleofglobalizationinNext-11countries.Environmental Science and Pollution Research International,
25(19),18651–18661.doi:10.100711356-018-2069-0PMID:29705897

Schaffitzel,F.,Jakob,M.,Soria,R.,Vogt-Schilb,A.,&Ward,H.(2020).Cangovernmenttransfersmakeenergysubsidy
reformsociallyacceptable?AcasestudyonEcuador.Energy Policy,137,111120.

Schill,S.(2017).ReformingInvestor–StateDisputeSettlement:A(ComparativeandInternational)ConstitutionalLaw
Framework.Journal of International Economic Law,20(3),649–672.doi:10.1093/jiel/jgx023

Schmidt,A.,Ivanova,A.,&Schafer,M.S.(2013).Mediaattentionforclimatechangearoundtheworld:Acompara-
tiveanalysisofnewspapercoveragein27countries.Global Environmental Change,23(5),1233–1248.doi:10.1016/j.
gloenvcha.2013.07.020

Schrijver,N.(1997).Sovereignty Over Natural Resources: Balancing Rights and Duties.CambridgeUniversityPress.
doi:10.1017/CBO9780511560118

Schwerhoff,G.,&Sy,M.(2017).FinancingrenewableenergyinAfrica–Keychallengeofthesustainabledevelopment
goals.Renewable & Sustainable Energy Reviews,75,393–401.doi:10.1016/j.rser.2016.11.004

Seker,F.,Ertugrul,H.M.,&Cetin,M.(2015).Theimpactofforeigndirectinvestmentonenvironmentalquality:A
boundtestingandcausalityanalysisforTurkey.Renewable & Sustainable Energy Reviews,52,347–356.doi:10.1016/j.
rser.2015.07.118

Sergi,S.B.,D’Aleo,V.,Arbolino,R.,Carlucci,F.,Barilla,D.,&Ioppolo,G.(2020).EvaluationoftheItaliantransport
infrastructures:A technicalandeconomicefficiencyanalysis.Land Use Policy,99,104961.doi:10.1016/j.landuse-
pol.2020.104961PMID:32834329

Shaari,M.S.,Karim,Z.A.,&Abidin,N.Z.(2020).TheeffectsofenergyconsumptionandnationaloutputonCO2emis-
sion:NewevidencefromOICCountriesusingpanelARDLanalysis.Sustainability,12(8),1–12.doi:10.3390u12083312

518

https://globalarbitrationreview.com/germany-agrees-settle-vattenfall-case
https://globalarbitrationreview.com/germany-agrees-settle-vattenfall-case


Compilation of References

Shahbaz,M.,Balsalobre-Lorente,D.,&Sinha,A.(2019).ForeigndirectInvestment–CO2emissionsnexusinMiddle
EastandNorthAfricancountries:Importanceofbiomassenergyconsumption.Journal of Cleaner Production,217,
603–614.doi:10.1016/j.jclepro.2019.01.282

Shahbaz,M.,Destek,M.A.,&Polemis,M.L.(2018).Doforeigncapitalandfinancialdevelopmentaffectcleanenergy
consumptionandcarbonemissions?EvidencefromBRICSandNext-11countries.SPOUDAI-Journal of Economics 
and Business,68(4),20–50.

Shahbaz,M.,Farhani,S.,&Ozturk,I.(2015).Docoalconsumptionandindustrialdevelopmentincreaseenvironmen-
taldegradationinChinaandIndia?Environmental Science and Pollution Research International,22(5),3895–3907.
doi:10.100711356-014-3613-1PMID:25277709

Shahbaz,M.,Haouas,I.,Sohag,K.,&Ozturk,I.(2020).Thefinancialdevelopment-environmentaldegradationnexus
intheUnitedArabEmirates:Theimportanceofgrowth,globalizationandstructuralbreaks.Environmental Science and 
Pollution Research International,47(10),1–15.doi:10.100711356-019-07085-8PMID:31950417

Shahbaz,M.,Islam,F.,&MuhammadSabihuddin,B.(2011).Financial development, energy consumption and CO2 
emissions: evidence from ARDL approach for Pakistan.UniversityLibraryofMunich.

Shahbaz,M.,Khan,S.,&Tahir,M.I.(2013b).Thedynamiclinksbetweenenergyconsumption,economicgrowth,
financialdevelopmentandtradeinChina:Freshevidencefrommultivariateframeworkanalysis.Energy Economics,
40,8–21.doi:10.1016/j.eneco.2013.06.006

Shahbaz,M.,&Lean,H.H.(2012).Doesfinancialdevelopmentincreaseenergyconsumption?Theroleofindustrializa-
tionandurbanizationinTunisia.Energy Policy,40,473–479.doi:10.1016/j.enpol.2011.10.050

Shahbaz,M.,Loganathan,N.,Zeshan,M.,&Zaman,K.(2015).Doesrenewableenergyconsumptionaddineconomic
growth?Anapplicationofauto-regressivedistributedlagmodelinPakistan.Renewable & Sustainable Energy Reviews,
44,576–585.doi:10.1016/j.rser.2015.01.017

Shahbaz,M.,Tiwari,A.K.,&Nasir,M.(2013).Theeffectsoffinancialdevelopment,economicgrowth,coalconsumption
andtradeopennessonCO2emissionsinSouthAfrica.Energy Policy,61,1452–1459.doi:10.1016/j.enpol.2013.07.006

Shahbaz,M.,VanHoang,T.H.,Mahalik,M.K.,&Roubaud,D.(2017).Energyconsumption,financialdevelopmentand
economicgrowthinIndia:Newevidencefromanonlinearandasymmetricanalysis.Energy Economics,63,199–212.
doi:10.1016/j.eneco.2017.01.023

Shah,S.Z.,Chughtai,S.,&Simonetti,B.(2020).Renewableenergy,institutionalstability,environmentandeconomic
growthnexusofD-8countries.Energy Strategy Reviews,29,100484.doi:10.1016/j.esr.2020.100484

Shahzad,S.J.H.,Bouri,E.,Raza,N.,&Roubaud,D.(2019).Asymmetricimpactsofdisaggregatedoilpriceshockson
uncertaintiesandinvestorsentiment.Review of Quantitative Finance and Accounting,52(3),901–921.doi:10.100711156-
018-0730-9

Shamsaii,M.(2006).InternationalLawandSustainableDevelopment.Law and Politics Research,19,7–24.

ShanghaiEnvironmentandEnergyExchange.(2021).National Carbon Market Daily Transaction Data.ShanghaiEn-
vironmentandEnergyExchange.Retrievedfromhttps://www.cneeex.com/qgtpfqjy/mrgk/

Shapiro,M.D.,&Watson,M.W.(1988).Sourcesofbusinesscyclefluctuations.NBER Macroeconomics Annual,3,
111–148.doi:10.1086/654078

Sharfman,M.P.,&Fernando,C.S.(2008).Environmentalriskmanagementandthecostofcapital.Strategic Manage-
ment Journal,29(6),569–592.doi:10.1002mj.678

519

https://www.cneeex.com/qgtpfqjy/mrgk/


Compilation of References

Sharma, D. (2016). Nexus between financial inclusion and economic growth: Evidence from the emerging Indian
economy.Journal of Financial Economic Policy,8(1),13–36.

Sharma,R.,Sinha,A.,&Kautish,P.(2021).Doesfinancialdevelopmentreinforceenvironmentalfootprints?Evidence
from emerging Asian countries. Environmental Science and Pollution Research International, 28(8), 9067–9083.
doi:10.100711356-020-11295-wPMID:33125680

Shehabi,M.(2020).Diversificationeffectsofenergysubsidyreforminoilexporters:IllustrationsfromKuwait.Energy 
Policy,138,110966.

Shekhar,S.(2016).Regulatory Chill: Taking Right to Regulate For a Spin.CenterforWTOStudies.

Sheng,X.,Gupta,R.,&Ji,Q.(2020).Theimpactsofstructuraloilshocksonmacroeconomicuncertainty:Evidence
fromalargepanelof45countries.Energy Economics,91,104940.doi:10.1016/j.eneco.2020.104940

Sheng,X.,Marfatia,H.A.,Gupta,R.,&Ji,Q.(2021).HousepricesynchronizationacrosstheUSStates:Theroleof
structuraloilshocks.The North American Journal of Economics and Finance,56,101372.doi:10.1016/j.najef.2021.101372

ShenzhenInternationalForumLowCarbonCity.(2021).Brief introduction of Shenzhen International Low-carbon City.
Retrievedfromhttps://www.silccforum.com/list/index/id/8.html?l=zh-cn

Shieh,H.S.,Hu,J.L.,&Ang,Y.Z.(2020).Efficiencyoflifeinsurancecompanies:Anempiricalstudyinmainland
ChinaandTaiwan.SAGE Open,10(1).doi:10.1177/2158244020902060

Shin,Y.,Yu,B.,&Greenwood-Nimmo,M.(2014).Modellingasymmetriccointegrationanddynamicmultipliersin
anonlinearARDLframework.InFestschrift in honor of Peter Schmidt(pp.281–314).Springer.doi:10.1007/978-1-
4899-8008-3_9

Silva, J. S., & Tenreyro, S. (2006). The log of gravity. The Review of Economics and Statistics, 88(4), 641–658.
doi:10.1162/rest.88.4.641

Simpson,P.(2021).CDP 2020 China Listed Companies Report. CDP Disclosure Insight Action.Retrievedfromhttps://
cdn.cdp.net/cdp-production/cms/reports/ documents/000/005/807/original/%E5%BA%94%E5%AF%B9%E7%8E%AF
%E5%A2%83%E4%BF%A1%E6%81%AF%E6%8A%AB%E9%9C%B2%E8%B6%8B%E5%8A%BF__%E5%8A%A0
%E9%80%9F%E4%BC%81%E4%B8%9A%E4%BD%8E%E7%A2%B3%E8%BD%AC%E5%9E%8B.pdf?1625134950

Sims,C.A.(1980).MacroeconomicsandReality.Econometrica,48(1),1–48.doi:10.2307/1912017

Sims,C.A.(1986).Areforecastingmodelsusableforpolicyanalysis?Federal Reserve Bank of Minneapolis Quarterly 
Review,10(1),2–16.doi:10.21034/qr.1011

Singh,K.,&Ilge,B.(2016).Introduction.InRethinkingBilateralInvestmentTreaties:CriticalIssuesandPolicyChoices
(pp.1-16).BothEnds;Somo.

Singh,S.,Olugu,E.U.,&Musa,S.N.(2016).Developmentofsustainablemanufacturingperformanceevaluationexpert
systemforsmallandmediumenterprises.Procedia CIRP,40,608–613.doi:10.1016/j.procir.2016.01.142

Sinha,A.,Sengupta,T.,&Alvarado,R.(2020).Interplaybetweentechnologicalinnovationandenvironmentalqual-
ity:FormulatingtheSDGpoliciesfornext11economies.Journal of Cleaner Production,242,118549.doi:10.1016/j.
jclepro.2019.118549

Sinha,R.P.(2015).ADynamicDEAModelforIndianLifeInsuranceCompanies.Global Business Review,16(2),
258–269.doi:10.1177/0972150914564418

520

http://https://www.silccforum.com/list/index/id/8.html?l=zh-cn
https://cdn.cdp.net/cdp-production/cms/reports/documents/000/005/807/original/%E5%BA%94%E5%AF%B9%E7%8E%AF%E5%A2%83%E4%BF%A1%E6%81%AF%E6%8A%AB%E9%9C%B2%E8%B6%8B%E5%8A%BF__%E5%8A%A0%E9%80%9F%E4%BC%81%E4%B8%9A%E4%BD%8E%E7%A2%B3%E8%BD%AC%E5%9E%8B.pdf?1625134950
https://cdn.cdp.net/cdp-production/cms/reports/documents/000/005/807/original/%E5%BA%94%E5%AF%B9%E7%8E%AF%E5%A2%83%E4%BF%A1%E6%81%AF%E6%8A%AB%E9%9C%B2%E8%B6%8B%E5%8A%BF__%E5%8A%A0%E9%80%9F%E4%BC%81%E4%B8%9A%E4%BD%8E%E7%A2%B3%E8%BD%AC%E5%9E%8B.pdf?1625134950
https://cdn.cdp.net/cdp-production/cms/reports/documents/000/005/807/original/%E5%BA%94%E5%AF%B9%E7%8E%AF%E5%A2%83%E4%BF%A1%E6%81%AF%E6%8A%AB%E9%9C%B2%E8%B6%8B%E5%8A%BF__%E5%8A%A0%E9%80%9F%E4%BC%81%E4%B8%9A%E4%BD%8E%E7%A2%B3%E8%BD%AC%E5%9E%8B.pdf?1625134950
https://cdn.cdp.net/cdp-production/cms/reports/documents/000/005/807/original/%E5%BA%94%E5%AF%B9%E7%8E%AF%E5%A2%83%E4%BF%A1%E6%81%AF%E6%8A%AB%E9%9C%B2%E8%B6%8B%E5%8A%BF__%E5%8A%A0%E9%80%9F%E4%BC%81%E4%B8%9A%E4%BD%8E%E7%A2%B3%E8%BD%AC%E5%9E%8B.pdf?1625134950


Compilation of References

Sirin,S.M.(2017).Foreigndirectinvestments(FDIs)inTurkishpowersector:Adiscussiononinvestments,opportuni-
tiesandrisks.Renewable & Sustainable Energy Reviews,78(9),1367–1377.doi:10.1016/j.rser.2017.05.160

Sirotenko,O.D.,Abashina,H.V.,&Pavlova,V.N.(1997).SensitivityoftheRussianagriculturetochangesinclimate,CO2
andtroposphericozoneconcentrationsandsoilfertility.Climatic Change,36(1),217–232.doi:10.1023/A:1005320521321

Slater,H.,deBoer,D.,Qian,G.,&Wang,S.(2020,December).2020 China Carbon Pricing Survey.ChinaCarbon
Forum.Retrievedfromhttp://www.chinacarbon.info/wp-content/uploads/2020/12/2020-CCPS-EN.pdf

Smith,D.(2015,January14).Tanzania:Illegalloggingthreatenstreespecieswithextinction.Globaldevelopment.The 
Guardian.Retrievedfromhttps://www.theguardian.com/global-development/2015/jan/14/tanzania-illegal-logging-tree-
species-extinction

Smith,Z.A.,&Taylor,D.K.D.(2008).RenewableandAlternativeEnergyResources:AReferenceHandbook.ABC-
CLIOPress.

Sohrabi,S.,Zietsman,J.,&Khreis,H.(2020).Burdenofdiseaseassessmentofambientairpollutionandpremature
mortalityinurbanareas:Theroleofsocioeconomicstatusandtransportation.International Journal of Environmental 
Research and Public Health,17(4),1166.doi:10.3390/ijerph17041166PMID:32059598

Solarin,S.A.,&Al-Mulali,U.(2018).Influenceofforeigndirectinvestmentonindicatorsofenvironmentaldegrada-
tion.Environmental Science and Pollution Research International,25(25),24845–24859.doi:10.100711356-018-2562-5
PMID:29931634

Solarin,S.A.,Al-Mulali,U.,Musah,I.,&Ozturk,I.(2017).InvestigatingthepollutionhavenhypothesisinGhana:An
empiricalinvestigation.Energy,124,706–719.doi:10.1016/j.energy.2017.02.089

Solarin,S.A.,Al-Mulali,U.,&Sahu,P.K. (2017).Globalizationand itseffectonpollution inMalaysia:Therole
ofTrans-PacificPartnership(TPP)agreement.Environmental Science and Pollution Research International,24(29),
23096–23113.doi:10.100711356-017-9950-0PMID:28828733

Song,M.,Jia,G.,&Zhang,P.(2020).AnevaluationofairtransportsectoroperationalefficiencyinChinabasedona
three-stageDEAanalysis.Sustainability,12(10),4220.doi:10.3390u12104220

Song,Y.Z.,Liu,T.S.,Ye,B.,Zhu,Y.,Li,Y.,&Song,X.Q.(2019).ImprovingtheliquidityofChina’scarbonmarket:
Insightfromtheeffectofcarbonpricetransmissionunderthepolicyrelease.Journal of Cleaner Production,239,118049.
doi:10.1016/j.jclepro.2019.118049

Song,Y.,Liu,T.,Liang,D.,Li,Y.,&Song,X.(2019).Afuzzystochasticmodelforcarbonpricepredictionunderthe
effectofdemand-relatedpolicyinChina’scarbonmarket.Ecological Economics,157,253–265.doi:10.1016/j.ecole-
con.2018.10.001

Sovacool,B.J.(2012).Thepoliticaleconomyofenergypoverty:Areviewofkeychallenges.Energy for Sustainable 
Development,16(3),272–282.

Spataru, C. (2017). Whole energy system dynamics: Theory, modelling and policy. Taylor & Francis.
doi:10.4324/9781315755809

Springer,U.(2003).ThemarketfortradableGHGpermitsundertheKyotoProtocol:Asurveyofmodelstudies.Energy 
Economics,25(5),527–551.doi:10.1016/S0140-9883(02)00103-2

SSTEC.(2021,July5).Sino-SingaporeTianjinEco-Citybuildsabeautifulcoastalcitywithinternationalcooperation
thatislivable,industrialandtourism.People’s Daily.Retrievedfromhttp://paper.people.com.cn/rmrb/html/2021-07/05/
nw.D110000renmrb_20210705_1-08.htm#

521

http://http://www.chinacarbon.info/wp-content/uploads/2020/12/2020-CCPS-EN.pdf
https://www.theguardian.com/global-development/2015/jan/14/tanzania-illegal-logging-tree-species-extinction
https://www.theguardian.com/global-development/2015/jan/14/tanzania-illegal-logging-tree-species-extinction
http://paper.people.com.cn/rmrb/html/2021-07/05/nw.D110000renmrb_20210705_1-08.htm#
http://paper.people.com.cn/rmrb/html/2021-07/05/nw.D110000renmrb_20210705_1-08.htm#


Compilation of References

Stankovic,M.,Gladovic,P.,&Popovic,V.(2019).Determiningtheimportanceofthecriteriaoftrafficaccessibilityus-
ingfuzzyAHPandroughAHPmethod.Decision Making: Applications in Management and Engineering,2(1),86–104.
doi:10.31181/dmame1901086s

StateCouncilofthePeople’sRepublicofChina.(2021,February22).Guiding Opinions of the State Council on Ac-
celerating the Establishment and Improvement of a Green and Low-Carbon Circular Development Economic System
(StateDevelopment(2021)No.4).Retrievedfromhttp://www.gov.cn/zhengce/content/2021-02/22/content_5588274.htm

Stavropoulos,S.,Wall,R.,&Xu,Y.(2018).Environmentalregulationsandindustrialcompetitiveness:Evidencefrom
China.Applied Economics,50(12),1378–1394.doi:10.1080/00036846.2017.1363858

Stent,W.,&Dowler,T.(2015).Earlyassessmentsofthegapbetweenintegratedreportingandcurrentcorporatereport-
ing.Meditari Accountancy Research,23(1),92–117.doi:10.1108/MEDAR-02-2014-0026

Stern,D.I.(1998).ProgressontheenvironmentalKuznetscurve?Environment and Development Economics,3(2),
173–196.doi:10.1017/S1355770X98000102

Stern,D.I.(2004).TheRiseandFalloftheEnvironmentalKuznetsCurve.World Development,32(8),1419–1439.
doi:10.1016/j.worlddev.2004.03.004

Stewart,F.(2021).Allforsun,sunforall:Cancommunityenergyhelptoovercomesocioeconomicinequalitiesinlow-
carbontechnologysubsidies?Energy Policy,157,112512.

Stiglitz,J.E.(2012).Macroeconomicfluctuations,inequality,andhumandevelopment.Journal of Human Development 
and Capabilities,13(1),31–58.doi:10.1080/19452829.2011.643098

Stiglitz,J.E.,&Rosengard,J.K.(2015).Economics of the public sector(4thed.).WWNorton&Company.

Stipić,V.V. (2018).EnvironmentalAccountingasaSustainableDevelopmentStrategy inCroatiancompanies.BH 
Economic forum, 9,161-176.

Stipić,V.V.(2019).CorporatesocialresponsibilityofSMEsintheRepublicofCroatia.BH Economic forum, 11(2),75-90.

Storto,C.L.(2016).EcologicalEfficiencyBasedRankingofCities:ACombinedDEACross-EfficiencyandShannon’s
EntropyMethod.Sustainability, 8(2),1–29.

Studenmund,A.H.(2017).Using econometrics: A practical guide(7thed.).PearsonPublishing.

Stulz,R.M.(2005).Thelimitsoffinancialglobalization.The Journal of Finance,60(4),1595–1638.doi:10.1111/j.1540-
6261.2005.00775.x

Su,C.W.,Xie,Y.,Shahab,S.,Faisal,C.,Nadeem,M.,Hafeez,M.,&Qamri,G.M.(2021).Towardsachievingsustainable
development:Roleoftechnologyinnovation,technologyadoptionandCO2emissionforBRICS.International Journal 
of Environmental Research and Public Health,18(1),277.doi:10.3390/ijerph18010277PMID:33401479

Sun,C.,Zhang,F.,&Xu,M.(2017).InvestigationofpollutionhavenhypothesisforChina:AnARDLapproachwith
breakpointunitroottests.Journal of Cleaner Production,161,153–164.doi:10.1016/j.jclepro.2017.05.119

Sun,F.,Yun,D.A.I.,&Yu,X.(2017).Airpollution,foodproductionandfoodsecurity:Areviewfromtheperspective
offoodsystem.Journal of Integrative Agriculture,16(12),2945–2962.doi:10.1016/S2095-3119(17)61814-8

Sun,W.,&Huang,C.(2020).Acarbonpricepredictionmodelbasedonsecondarydecompositionalgorithmandopti-
mizedbackpropagationneuralnetwork.Journal of Cleaner Production,243,118671.doi:10.1016/j.jclepro.2019.118671

522

http://www.gov.cn/zhengce/content/2021-02/22/content_5588274.htm


Compilation of References

Suto,M.,&Takehara,H.(2017).CSRandcostofcapital:EvidencefromJapan.Social Responsibility Journal,13(4),
798–816.doi:10.1108/SRJ-10-2016-0170

Su,Z.,Lu,M.,&Yin,L.(2018).Oilpricesandnews-baseduncertainty:Novelevidence.Energy Economics,72,331–340.
doi:10.1016/j.eneco.2018.04.021

Sy,A.,&Copley,A.(2017).Closing the financing gap for African energy infrastructure: trends, challeneges, and op-
pertunities.BrookingsInstitution.

Tahir,T.,Majeed,T.A.,&Zafar,A.(2021).Theimpactoffinancialdevelopmentandglobalizationonenvironmental
quality:EvidencefromSouthAsianeconomies.Environmental Science and Pollution Research International,28(7),
8088–8101.doi:10.100711356-020-11198-wPMID:33051849

Takagi,S.,&Shi,Z.(2011).Exchangeratemovementsandforeigndirectinvestment(FDI):JapaneseinvestmentinAsia,
1987–2008.Japan and the World Economy,23(4),265–272.doi:10.1016/j.japwor.2011.08.001

Tamazian,A.,Chousa,J.P.,&Vadlamannati,K.C.(2009).Doeshighereconomicandfinancialdevelopmentleadtoenvi-
ronmentaldegradation:EvidencefromBRICcountries.Energy Policy,37(1),246–253.doi:10.1016/j.enpol.2008.08.025

Tamazian,A.,&Rao,B.B.(2010).Doeconomic,financialandinstitutionaldevelopmentsmatterforenvironmental
degradation?Evidencefromtransitionaleconomies.Energy Economics,32(1),137–145.doi:10.1016/j.eneco.2009.04.004

Tampakoudis,L.A.,Subeniotis,D.N.,Kroustalis,L.G.,&Skouloudakis,M.I.(2017).DeterminantsofForeignDirect
InvestmentinMiddle-IncomeCountries:NewMiddle-IncomeTrapEvidence.Mediterranean Journal of Social Sciences,
8(1),58–70.doi:10.5901/mjss.2017.v8n1p58

Tang,C.F.,&Tan,B.W.(2015).Theimpactofenergyconsumption,incomeandforeigndirectinvestmentoncarbon
dioxideemissionsinVietnam.Energy,79,447–454.doi:10.1016/j.energy.2014.11.033

Tan,X.,Sirichand,K.,Vivian,A.,&Wang,X.(2020).Howconnectedisthecarbonmarkettoenergyandfinancialmar-
kets?Asystematicanalysisofspilloversanddynamics.Energy Economics,90,104870.doi:10.1016/j.eneco.2020.104870

TanzaniaBureauofStatistics. (2017).Tanzanians have access to electricity.Retrievedfromhttps://www.thecitizen.
co.tz/tanzania/news

TanzaniaInvest.(2015).Tanzania has high potential for renewable energy projects.Retrievedfromhttps://www.tan-
zaniainvest.com/energy

Taylor,M.S.(2004).Unbundlingthepollutionhavenhypothesis.Advances in Economic Analysis & Policy,4(2),1–26.

Telesetsky,A.(1999).KyotoProtocol.Ecology Law Quarterly,26,797–813.

Terrapon-Pfaff, J.C.,Fischedick,M.,&Monheim,H. (2012).Energypotentialsandsustainability-thecaseofsisal
residuesinTanzania.Energy for Sustainable Development,16(3),312–319.

Teske,S.,Morris,T.,&Nagrath,K.(2017).100% Renewable energy for Tanzania – Access to renewable and affordable 
energy for all within one generation.Retrievedfromhttps://www.worldfuturecouncil.org/wp-content/uploads/2017/11/
Tanzania-Report-8_Oct-2017-BfdW_FINAL.pdf

Thakur,T.(2021).Reformingtheinvestor-statedisputesettlementmechanismandthehoststate’srighttoregulate:A
criticalassessment.Indian Journal of International Law,59(1-4),173–208.doi:10.100740901-020-00111-2

The Economist. (2017, February 25). A world turned upside down. Retrieved from https://www.economist.com/
briefing/2017/02/25/a-world-turned-upside-down

523

https://www.thecitizen.co.tz/tanzania/news
https://www.thecitizen.co.tz/tanzania/news
https://www.tanzaniainvest.com/energy
https://www.tanzaniainvest.com/energy
https://www.worldfuturecouncil.org/wp-content/uploads/2017/11/Tanzania-Report-8_Oct-2017-BfdW_FINAL.pdf
https://www.worldfuturecouncil.org/wp-content/uploads/2017/11/Tanzania-Report-8_Oct-2017-BfdW_FINAL.pdf
https://www.economist.com/briefing/2017/02/25/a-world-turned-upside-down
https://www.economist.com/briefing/2017/02/25/a-world-turned-upside-down


Compilation of References

ThePVInvestorsvSpain,No2012-14(PCAFebruary28,2020).

ThePVInvestorsvSpain,PCACaseNo2012-14(February2020).Retrievedfromhttps://www.italaw.com/cases/2119

TheWorldBank.(2021).World Development Indicators: Trends in greenhouse gas emissions.TheWorldBank.Retrieved
fromhttp://wdi.worldbank.org/table/3.9

Theophilopoulou,A.(2021).Theimpactofmacroeconomicuncertaintyoninequality:AnempiricalstudyfortheUnited
Kingdom.Journal of Money, Credit and Banking,jmcb.12852.doi:10.1111/jmcb.12852

Tian,C.,&Hao,Y.(2020).Pointandintervalforecastingforcarbonpricebasedonanimprovedanalysis-forecastsystem.
Applied Mathematical Modelling,79,126–144.doi:10.1016/j.apm.2019.10.022

Tienhaara,K.(2015,November28).Does the Green Economy Need Investor–State Dispute Settlement?Retrievedfrom
https://www.iisd.org/itn/en/2015/11/28/does-the-green-economy-need-investor-state-dispute-settlement/

Tienhaara,K. (2011).RegulatoryChilland theThreatofArbitration:AViewfromPoliticalScience. InC.Brown
&K.Miles(Eds.),Evolution in Investment Treaty Law and Arbitration(pp.606–628).CambridgeUniversityPress.
doi:10.1017/CBO9781139043809.034

Tienhaara,K.(2018).RegulatoryChillinaWarmingWorld:TheThreattoClimatePolicyPosedbyInvestor-StateDispute
Settlement.Transnational Environmental Law,7(2),229–250.doi:10.1017/S2047102517000309

Tienhaara,K.,&Cotula,L.(2020).Raising the cost of climate action? Investor-state dispute settlement and compensa-
tion for stranded fossil fuel assets.IIED.

Tinch,R.,Beaumont,N.,Sunderland,T.,Ozdemiroglu,E.,Barton,D.,Bowe,C.,Börger,T.,Burgess,P.,Cooper,C.N.,
Faccioli,M.,Failler,P.,Gkolemi,I.,Kumar,R.,Longo,A.,McVittie,A.,Morris,J.,Park,J.,Ravenscroft,N.,Schaafsma,
M.,...Ziv,G.(2019).Economicvaluationofecosystemgoodsandservices:Areviewfordecisionmakers.Journal of 
Environmental Economics and Policy,8(4),359–378.doi:10.1080/21606544.2019.1623083

Ting,Y.U.E.,Yin,L.R.,&Ying,Z.Y.(2011).AnalysisoftheFDIeffectonenergyconsumptionintensityinJiangsu
province.Energy Procedia,5,100–104.doi:10.1016/j.egypro.2011.03.019

Torgal,L.,&SaavedraPinto,C.(2019,July24).The Multilateral Investment Court Project: The ‘Judicialisation’ of 
Arbitration?Retrievedfromhttps://www.lexology.com/library/detail.aspx?g=318efe3f-e1db-473e-b21b-de423d8109d8

Torras,M.,&Boyce,J.K.(1998).Income,inequality,andpollution:AreassessmentoftheenvironmentalKuznets
curve.Ecological Economics,25(2),147–160.doi:10.1016/S0921-8009(97)00177-8

Toth, F. L. (1995). Discounting in integrated assessments of climate change. Energy Policy, 23(4-5), 403–409.
doi:10.1016/0301-4215(95)90165-4

Truong,T.P.,Kemfert,C.,&Burniaunx,J.M.(2007).GTAP-E: An energy-environmental version of the GTAP model 
with emissions trading(DiscussionPaperNo.668).Retrievedfromhttps://www.diw.de/documents/publikationen/73/
diw_01.c.55787.de/dp668.pdf

Tsaurai,K.,&Ndou,A.(2019).Infrastructure,humancapitaldevelopmentandeconomicgrowthintransitionalcountries.
Comparative Economic Research.Central and Eastern Europe,22(1),33–52.

Uddin,G.A.,Salahuddin,M.,Alam,K.,&Gow,J.(2017).Ecologicalfootprintandrealincome:Paneldataevidence
fromthe27highestemittingcountries.Ecological Indicators,77,166–175.doi:10.1016/j.ecolind.2017.01.003

524

https://www.italaw.com/cases/2119
http://wdi.worldbank.org/table/3.9
https://www.iisd.org/itn/en/2015/11/28/does-the-green-economy-need-investor-state-dispute-settlement/
https://www.lexology.com/library/detail.aspx?g=318efe3f-e1db-473e-b21b-de423d8109d8
https://www.diw.de/documents/publikationen/73/diw_01.c.55787.de/dp668.pdf
https://www.diw.de/documents/publikationen/73/diw_01.c.55787.de/dp668.pdf


Compilation of References

Udemba,E.N.(2020).EcologicalimplicationofoffshoredeconomicactivitiesinTurkey:Foreigndirectinvestment
perspective.Environmental Science and Pollution Research International,27(30),38015–38028.doi:10.100711356-
020-09629-9PMID:32617824

UKG.(2021a).Guidance: Air quality appraisal: damage cost guidance.DepartmentforEnvironmentFood&Rural
Affairs,UK.Retrievedfromhttps://www.gov.uk/government/publications/assess-the-impact-of-air-quality/air-quality-
appraisal-damage-cost-guidance

UKG.(2021b).Guidance: Air quality appraisal: impact pathways approach.DepartmentforEnvironmentFood&Rural
Affairs,UK.Retrievedfromhttps://www.gov.uk/government/publications/assess-the-impact-of-air-quality/air-quality-
appraisal-impact-pathways-approach

Ulucak,R.,&Bilgili,F.(2018).AreinvestigationofEKCmodelbyecologicalfootprintmeasurementforhigh-,middle-
andlow-incomecountries.Journal of Cleaner Production,188,144–157.doi:10.1016/j.jclepro.2018.03.191

Ulucak,R.,&Khan,S.U.D.(2020).Determinantsoftheecologicalfootprint:Roleofrenewableenergy,naturalre-
sources,andurbanization.Sustainable Cities and Society,54,101996.doi:10.1016/j.scs.2019.101996

UN.(1971).UN World Economic Survey, 1971 Current Economic Developments.Retrievedfromhttps://www.un.org/
en/development/desa/policy/wess/wess_archive/1971wes.pdf

UN.(1972).United Nations Conference on the Human Environment.UnitedNations.Retrievedfromhttps://www.un.org/
en/conferences/environment/stockholm1972

UN.(1988).Protection of global climate for present and future generations of mankind.UnitedNations.Retrievedfrom
https://digitallibrary.un.org/record/54234?ln=en

UN.(1997).Kyoto protocol to the United Nations framework convention on climate change.Retrievedfromhttps://
unfccc.int/documents/2409

UN.(2012).United Nations General Assembly Declares 2014–2024 decade of Sustainable Energy for All.UnitedNa-
tions.Retrievedfromhttps://www.un.org/press/en/2012/ga11333.doc.htm

UN.(2015).Transforming Our World: The 2030 agenda for sustainable development.Retrievedfromhttps://sustain-
abledevelopment.un.org/content/documents/21252030%20Agenda%20for%-20Sustainable%20Development%20web.pdf

UN.(2015a).Takeurgentactiontocombatclimatechangeanditsimpacts(SustainableDevelopmentGoalNo.13).
UnitedNations.

UN.(2015a).Take urgent action to combat climate change and its impacts(SustainableDevelopmentGoalNo.13).
UnitedNations.Retrievedfromhttps://www.un.org/sustainabledevelopment/climate-change/

UN.(2015a).Transforming our world: The 2030 agenda for sustainable development.UnitedNations.Retrievedfrom
https://sdgs.un.org/2030agenda

UN.(2015b).The Paris Agreement.UnitedNationsFrameworkConventiononClimateChange.Retrievedfromhttps://
unfccc.int/process-and-meetings/the-paris-agreement/the-paris-agreement

UN.(2015b).Transforming our world: The 2023 agenda for sustainable development.UnitedNations.

UN.(2016).Sustainable development goals report 2016.UnitedNations.Retrievedfromhttps://unstats.un.org/sdgs/
report/2016/the%20sustainable%20development%20goals%20report%202016.pdf

UN.(2020).The Sustainable Developments Goal Report.Retrievedfromhttps://unstats.un.org/sdgs/report/2020/

525

https://www.gov.uk/government/publications/assess-the-impact-of-air-quality/air-quality-appraisal-damage-cost-guidance
https://www.gov.uk/government/publications/assess-the-impact-of-air-quality/air-quality-appraisal-damage-cost-guidance
https://www.gov.uk/government/publications/assess-the-impact-of-air-quality/air-quality-appraisal-impact-pathways-approach
https://www.gov.uk/government/publications/assess-the-impact-of-air-quality/air-quality-appraisal-impact-pathways-approach
https://www.un.org/en/development/desa/policy/wess/wess_archive/1971wes.pdf
https://www.un.org/en/development/desa/policy/wess/wess_archive/1971wes.pdf
https://www.un.org/en/conferences/environment/stockholm1972
https://www.un.org/en/conferences/environment/stockholm1972
https://digitallibrary.un.org/record/54234?ln=en
https://unfccc.int/documents/2409
https://unfccc.int/documents/2409
https://www.un.org/press/en/2012/ga11333.doc.htm
https://sustainabledevelopment.un.org/content/documents/21252030%20Agenda%20for
https://sustainabledevelopment.un.org/content/documents/21252030%20Agenda%20for
http://https://www.un.org/sustainabledevelopment/climate-change/
https://sdgs.un.org/2030agenda
https://unfccc.int/process-and-meetings/the-paris-agreement/
https://unfccc.int/process-and-meetings/the-paris-agreement/
https://unstats.un.org/sdgs/report/2016/the%20sustainable%20development%20goals%20report%202016.pdf
https://unstats.un.org/sdgs/report/2016/the%20sustainable%20development%20goals%20report%202016.pdf
https://unstats.un.org/sdgs/report/2020/


Compilation of References

UNCTAD.(2017).Trade and development report 2017–Beyond austerity: Towards a new global deal.Geneva:United
Nations.Retrievedfromhttps://UNCTAD.org/system/files/official-document/tdr2017_en.pdf

UNCTAD.(2019).World Investment Report (2019): Special Economic Zones.Retrievedfromhttps://UNCTAD.org/en/
PublicationsLibrary/wir2019_en.pdf

UNCTAD.(2019).World investment report 2019. Special economic zones.Retrievedfromhttps://UNCTAD.org/en/
PublicationsLibrary/wir2019_overview_en.pdf

UNCTAD.(2020,July).Investor-State Dispute Settlement Cases Pass the 1,000 Mark: Cases and Outcomes in2019.
Retrievedfromhttps://UNCTAD.org/system/files/official-document/diaepcbinf2020d6.pdf

UNDP.(2016).UNDP support to the implementation of the sustainable development goals.UnitedNationsDevelop-
mentProgram.Retrievedfromhttp://www.undp.org/content/undp/en/home/librarypage/sustainabledevelopment-goals/
undpsupport-to-the-implementationof-the-2030-agenda.html

UNFCCC.(1997).The Kyoto Protocol.Retrievedfromwww.unfccc.org

UNFCCC.(2018).NDC Registry (Interim).Retrievedfromwww4.unfccc.int/sites/NDCStaging/Pages/All.aspx

UNFPA.(2014).State of the World Population 2014.UnitedNationsPopulationFund.

UnitedNationsConferenceonTradeandDevelopment.(2019).World Investment Report 2019; Special economic zones.
UnitedNations.

UnitedNationsConferenceonTradeandDevelopment.(2020).World Investment 2020; International productionbeyond 
the pandemic.UnitedNations.

URT.(2015).Tanzanian Energy Sector under the Universal Principles of the Energy Charter, Energy Charter Secretariat, 
Tanzania.Retrievedfromhttps://energycharter.org

URT.(2017).The Speech of the Ministry of Energy and Minerals on the estimates of the revenue and expenditure for 
Financial Year 2017/2018.PwC.Retrievedfromhttps://www.pwc.co.tz/assets/pdf/budget-speech-2017-english.pdf

URT.(2018).The Speech of the Ministry of Energy and Minerals on the estimates of the revenue and expenditure for Finan-
cial Year 2018/2019.Retrievedfromhttps://www.nishati.go.tz/hotubaya-bajeti-ya-wizara-ya-nishati-kwa-mwaka-2018-19/

USAID.(2018).Power Africa in Tanzania: Power Africa fact sheet.U.S.AgencyforInternationalDevelopment.Retrieved
fromhttps://www.usaid.gov/powerafrica/tanzania

USEPA.(2018).Sustainability and sustainable development.Retrievedfromhttps://cfpub.epa.gov/si/si_public_record_re-
port.cfm?Lab=NRMRL&dirEntryId=341844

Uzar,U.(2020).Politicaleconomyofrenewableenergy:Doesinstitutionalqualitymakeadifferenceinrenewableenergy
consumption?Renewable Energy,155,591–603.doi:10.1016/j.renene.2020.03.172

VanderEerden,L.J.,Tonneijck,A.E.,&Wijnands,J.H.(1988).CroplossduetoairpollutionintheNetherlands.
Environmental Pollution,53(1-4),365–376.doi:10.1016/0269-7491(88)90046-2PMID:15092562

VanEssen,H.,vanWijngaarden,L.,Schroten,A.,Sutter,D.,Bieler,C.,Maffii,S.,&ElBeyrouty,K.(2019).Handbook 
on the External Costs of Transport.EuropeanUnion.

VanHarten,G.,&Malysheuski,P.(2016).Who has benefited financially from investment treaty arbitration? An evalu-
ation of the size and wealth of claimants.OsgoodeHallLawSchool:LegalStudiesResearchPaperSeries.

526

https://UNCTAD.org/system/files/official-document/tdr2017_en.pdf
https://UNCTAD.org/en/PublicationsLibrary/wir2019_en.pdf
https://UNCTAD.org/en/PublicationsLibrary/wir2019_en.pdf
https://UNCTAD.org/en/PublicationsLibrary/wir2019_overview_en.pdf
https://UNCTAD.org/en/PublicationsLibrary/wir2019_overview_en.pdf
https://UNCTAD.org/system/files/official-document/diaepcbinf2020d6.pdf
http://www.undp.org/content/undp/en/home/librarypage/sustainabledevelopment-goals/undpsupport-to-the-implementationof-the-2030-agenda.html
http://www.undp.org/content/undp/en/home/librarypage/sustainabledevelopment-goals/undpsupport-to-the-implementationof-the-2030-agenda.html
http://www.unfccc.org
http://www4.unfccc.int/sites/NDCStaging/Pages/All.aspx
https://energycharter.org
https://www.pwc.co.tz/assets/pdf/budget-speech-2017-english.pdf
https://www.nishati.go.tz/hotubaya-bajeti-ya-wizara-ya-nishati-kwa-mwaka-2018-19/
https://www.usaid.gov/powerafrica/tanzania
https://cfpub.epa.gov/si/si_public_record_report.cfm?Lab=NRMRL&dirEntryId=341844
https://cfpub.epa.gov/si/si_public_record_report.cfm?Lab=NRMRL&dirEntryId=341844


Compilation of References

VanHarten,G.(2007).ThePublic-PrivateDistinctionintheInternationalArbitrationofIndividualClaimsagainstthe
State.The International and Comparative Law Quarterly,56(2),371–394.doi:10.1093/iclq/lei168

VanHarten,G.(2012).ArbitratorBehaviourinAsymmetricalAdjudication:AnEmpiricalStudyofInvestmentTreaty
Arbitration.Osgoode Hall Law Journal,50(1),211–268.

VanHarten,G.,&Loughlin,M. (2006). InvestmentTreatyArbitrationasaSpeciesofGlobalAdministrativeLaw.
European Journal of International Law,17(1),121–150.doi:10.1093/ejil/chi159

VanTreeck,T.(2014).DidinequalitycausetheUSfinancialcrisis?Journal of Economic Surveys,28(3),421–448.
doi:10.1111/joes.12028

Vandyck,T.,Keramidas,K.,Kitous,A.,Spadaro,J.V.,VanDingenen,R.,Holland,M.,&Saveyn,B.(2018).Airquality
co-benefitsforhumanhealthandagriculturecounterbalancecoststomeetParisAgreementpledges.Nature Communica-
tions,9(1),1–11.doi:10.103841467-018-06885-9PMID:30467311

Velders,G.J.M.,Andersen,S.O.,Daniel,J.S.,Fahey,D.W.,&McFarland,M.(2007).TheimportanceoftheMon-
trealProtocolinprotectingclimate.Proceedings of the National Academy of Sciences of the United States of America,
104(12),4814–4819.doi:10.1073/pnas.0610328104PMID:17360370

Velte,P.,&Stawinoga,M.(2016).Integratedreporting:Thecurrentstateofempiricalresearch,limitationsandfuture
researchimplications.Journal of Management Control,28(3),275–320.doi:10.100700187-016-0235-4

Verhofstadt,E.,VanOotegem,L.,Defloor,B.,&Bleys,B.(2016).Linkingindividuals’ecologicalfootprinttotheir
subjectivewell-being.Ecological Economics,127,80–89.doi:10.1016/j.ecolecon.2016.03.021

Vidigal,G.,&Stevens,B.(2018).Brazil’sNewModelofDisputeSettlementforInvestment:Return to thePastor
AlternativefortheFuture?Journal of World Investment and Trade,19(3),475–512.doi:10.1163/22119000-12340100

Vujičić,M.D.,Papić,M.Z.,&Blagojević,M.D.(2017).Comparativeanalysisofobjectivetechniquesforcriteria
weighingintwoMCDMmethodsonexampleofanairconditionerselection.Tehnika,72(3),422–429.doi:10.5937/
tehnika1703422V

Vukina,T.,Beghin,J.C.,&Solakoglu,E.G.(1999).Transitiontomarketsandtheenvironment:Effectsofthechange
inthecompositionofmanufacturingoutput.Environment and Development Economics,4(4),582–598.doi:10.1017/
S1355770X99000340

Wackernagel,M.,Onisto,L.,Bello,P.,Linares,A.C.,Falfán,I.S.L.,García,J.M.,Guerrero,A.I.S.,&Guerrero,M.
G.S.(1999).Nationalnaturalcapitalaccountingwiththeecologicalfootprintconcept.Ecological Economics,29(3),
375–390.doi:10.1016/S0921-8009(98)90063-5

Waibel,M.,Kaushal,A.,Chung,K.-H.,&Balchin,C.(2010).The Backlash against Investment Arbitration. Perceptions 
and Reality.WoltersKluwer.

Wall,R.,Grafakos,S.,Gianoli,A.,&Stavropoulos,S.(2019).Whichpolicyinstrumentsattractforeigndirectinvest-
mentsinrenewableenergy?Climate Policy,19(1),59–72.doi:10.1080/14693062.2018.1467826

Walter,I.,&Ugelow,J.L.(1979).Environmentalpoliciesindevelopingcountries.Ambio,8(2),102–109.

Wang,C.,Cai,W.,Liao,H.,&Lin,J.(2014).China’scarbonmitigationstrategies:Enough?Energy Policy,73,47–56.
doi:10.1016/j.enpol.2014.05.041

Wang,F.,&Zhang,B.(2016).DistributionalincidenceofgreenelectricitypricesubsidiesinChina.Energy Policy,88,
27–38.

527



Compilation of References

Wang,M.X.,Zhao,R.D.,&Li,B.(2021).Impactoffinancingmodelsandcarbonallowanceallocationrulesinasupply
chain.Journal of Cleaner Production,302,126794.doi:10.1016/j.jclepro.2021.126794

Wang,P.,Deng,X.,Zhou,H.,&Yu,S.(2019).Estimatesofthesocialcostofcarbon:Areviewbasedonmeta-analysis.
Journal of Cleaner Production,209,1494–1507.doi:10.1016/j.jclepro.2018.11.058

Wang,P.,Liu,L.,Tan,X.C.,&Liu,Z.(2019).KeychallengesforChina’scarbonemissionstradingprogram.Wiley 
Interdisciplinary Reviews: Climate Change,10(5),e599.doi:10.1002/wcc.599

Wang,R.,Hao,J.-X.,Wang,C.,Tang,X.,&Yuan,X.(2020).EmbodiedCO2emissionsandefficiencyoftheservice
sector:EvidencefromChina.Journal of Cleaner Production,247,119116.doi:10.1016/j.jclepro.2019.119116

Wang,S.,Li,Q.,Fang,C.,&Zhou,C.(2016).Therelationshipbetweeneconomicgrowth,energyconsumption,and
CO2emissions:EmpiricalevidencefromChina.The Science of the Total Environment,542,360–371.doi:10.1016/j.
scitotenv.2015.10.027PMID:26520261

Wang,X.G.(2021).Determinantsofecologicalandcarbonfootprintstoassesstheframeworkofenvironmentalsus-
tainabilityinBRICScountries:ApanelARDLandcausalityestimationmodel.Environmental Research,197,111111.
doi:10.1016/j.envres.2021.111111PMID:33839118

Wang,X.G.,&Xiao,H.J.(2020).Research Report on Environmental Social and Governance of Chinese Listed Com-
panies(J.Song,Ed.).SocialSciencesAcademicPress.

Wang,X.P.,&Wang,X.P.(2021).ResearchonthedependencestructureandriskspillovereffectbetweenEUand
domesticcarbontradingmarket.Journal of Industrial Technological Economics,40(07),72–81.

Wang,X.,&Luo,Y.(2020).Hastechnologicalinnovationcapabilityaddressedenvironmentalpollutionfromthedual
perspectiveofFDIquantityandquality?EvidencefromChina.Journal of Cleaner Production,258,120941.doi:10.1016/j.
jclepro.2020.120941

Wang,Z.,Rasool,Y.,Zhang,B.,Ahmed,Z.,&Wang,B.(2020).Dynamiclinkageamongindustrialization,urbanization,
andCO2emissionsinAPECrealms:EvidencebasedonDSURestimation.Structural Change and Economic Dynamics,
52,382–389.doi:10.1016/j.strueco.2019.12.001

Wang,Z.,Wei,W.,&Zheng,F.(2020).Effectsofindustrialairpollutiononthetechnicalefficiencyofagriculturalpro-
duction:EvidencefromChina.Environmental Impact Assessment Review,83,106407.doi:10.1016/j.eiar.2020.106407

Wanke,P.,Azad,M.A.K.,Emrouznejad,A.,&Antunes,J.(2019).AdynamicnetworkDEAmodelforaccountingand
financialindicators:AcaseofefficiencyinMENAbanking.International Review of Economics & Finance,61,52–68.
doi:10.1016/j.iref.2019.01.004

Waqih,M.A.U.,Bhutto,N.A.,Ghumro,N.H.,Kumar,S.,&Salam,M.A.(2019).Risingenvironmentaldegradation
andimpactofforeigndirectinvestment:AnempiricalevidencefromSAARCregion.Journal of Environmental Manage-
ment,243,472–480.doi:10.1016/j.jenvman.2019.05.001PMID:31125893

Warschauer,M.,&Liaw,M.L.(2010).Emerging Technologies in Adult Literacy and Language Education.National
InstituteforLiteracyPress.doi:10.1037/e529982011-001

Watkins,K.(2007).Human Development Report 2007/2008 - Fighting Climate Change: Human solidarity in a divided 
world.UnitedNations.

WB&IHME.(2016).The Cost of Air Pollution: Strengthening the Economic Case for Action.WorldBank&Institute
forHealthMetricsandEvaluation.

528



Compilation of References

WB.(2020).State and trends of carbon pricing 2020.WorldBank.Retrievedfromhttps://openknowledge.worldbank.
org/handle/10986/33809

WB.(2021).State and trends of carbon pricing 2021.WorldBank.Retrievedfromhttps://openknowledge.worldbank.
org/handle/10986/35620

WC.(2006).Investment framework for clean energy and development.TheWorldBank.

WC. (2010).The economics of adaptation to climate change.TheWorldBank.Retrieved fromhttp://siteresources.
worldbank.org/EXTCC/Resources/EACC_FinalSynthesisReport0803_2010.pdf

WebbYackee,J.(2010).DoBilateralInvestmentTreatiesPromoteForeignDirectInvestment?SomeHintsfromAlter-
nativeEvidence.Virginia Journal of International Law,51,397–442.

WECD.(1987).From One Earth to One World: An Overview.WorldCommissionofEnvironmentandDevelopment.
OxfordUniversityPress.Retrievedfromwww.wsu.edu/~susdev/WCED87.html

Wei,J.,Guo,X.,Marinova,D.,&Fan,J.(2014).IndustrialSO2pollutionandagriculturallossesinChina:Evidence
fromheavyairpolluters.Journal of Cleaner Production,64,404–413.doi:10.1016/j.jclepro.2013.10.027

Welfens,P.,&Baier,F. (2018).BREXITandForeignDirect Investment:KeyIssuesandNewEmpiricalFindings.
International Journal of Financial Studies,6(2),46.doi:10.3390/ijfs6020046

Wendling,Z.A.,Emerson,J.W.,deSherbinin,A.,&Esty,D.C.(2020).2020 Environmental Performance Index.Yale
CenterforEnvironmentalLaw&Policy.Retrievedfromepi.yale.edu

Wen,F.H.,Wu,N.,&Gong,X.(2020).China’scarbonemissionstradingandstockreturns.Energy Economics,86,
104627.doi:10.1016/j.eneco.2019.104627

WEO.(2017).Special report: energy poverty in developed economies.WorldEnergyOutlook.Retrievedfromhttps://
www.iea.org/reports/energy-access-outlook-2017

Westerlund,J.(2008).PanelcointegrationtestsoftheFishereffect.Journal of Applied Econometrics,23(2),193–233.
doi:10.1002/jae.967

WHO&OECD.(2015).Economic cost of the health impact of air pollution in Europe: Clean air, health and wealth.
WHORegionalOfficeforEurope.

WHO.(2014).WHOExpertMeeting:Methods and tools for assessing the health risks of air pollution at local, national 
and international level(Meetingreport).Copenhagen:WHORegionalOfficeforEurope.

WHO.(2018).Household air pollution and health: Key facts.WorldHealthOrganization.Retrievedfromhttps://www.
who.int/news-room/fact-sheets/detail/household-air-pollutionand-health

Wilkins,G.(2010).Technology transfer for renewable energy.Taylor&Francis.doi:10.4324/9781849776288

Wisniewski,T.P.,&Pathan,S.K.(2014).Politicalenvironmentandforeigndirectinvestment:EvidencefromOECD
countries.European Journal of Political Economy,36,13–23.doi:10.1016/j.ejpoleco.2014.07.004

WorldBank.(2016).World development indicators data base.Retrievedfromhttps://www.worldbank.org/en/country/
tanzania

WorldBank.(2019).The Tanzania mainland poverty assessment.Retrievedfromhttps://openknowledge.worldbank.
org/handle/10986/33031

529

https://openknowledge.worldbank.org/handle/10986/33809
https://openknowledge.worldbank.org/handle/10986/33809
https://openknowledge.worldbank.org/handle/10986/35620
https://openknowledge.worldbank.org/handle/10986/35620
http://http://siteresources.worldbank.org/EXTCC/Resources/EACC_FinalSynthesisReport0803_2010.pdf
http://http://siteresources.worldbank.org/EXTCC/Resources/EACC_FinalSynthesisReport0803_2010.pdf
http://www.wsu.edu/~susdev/WCED87.html
http://epi.yale.edu
https://www.iea.org/reports/energy-access-outlook-2017
https://www.iea.org/reports/energy-access-outlook-2017
https://www.who.int/news-room/fact-sheets/detail/household-air-pollutionand-health
https://www.who.int/news-room/fact-sheets/detail/household-air-pollutionand-health
https://www.worldbank.org/en/country/tanzania
https://www.worldbank.org/en/country/tanzania
https://openknowledge.worldbank.org/handle/10986/33031
https://openknowledge.worldbank.org/handle/10986/33031


Compilation of References

World Bank. (2020). Data catalog. Retrieved from https://datacatalog.worldbank.org/foreign-direct-investment-net-
inflows-bop-current-us-2

WorldBank.(2020).World development indicators.Washington,DC:TheWorldBank.Retrievedfromhttps://data.
worldbank.org/data-catalog/world-development-indicators

World Bank. (n.d.). GDP per capita (current US$) [Data set]. Retrieved from https://data.worldbank.org/indicator/
NY.GDP.PCAP.CD

WorldEconomicForum.(2010).Global agenda council reports- Summaries of global agenda council discussions from 
the summit on the global agenda 2009.Retrievedfromhttps://members.weforum.org/pdf/globalagenda2010.pdf

WTO.(2012).A Practical Guide to Trade Policy Analysis.WorldTradeOrganization.

Wu,Y.Y.,Wang,P.,Liu,X.,Chen,J.D.,&Song,M.L.(2020).Analysisofregionalcarbonallocationandcarbontrad-
ingbasedonnetprimaryproductivityinChina.China Economic Review,60,101401.doi:10.1016/j.chieco.2019.101401

Xavier,J.M.,Moutinho,V.F.,&Moreira,A.C.(2015).Anempiricalexaminationofperformanceintheclothingretailing
industry:Acasestudy.Journal of Retailing and Consumer Services,25,96–105.doi:10.1016/j.jretconser.2015.04.002

Xing,T.,Jiang,Q.,&Ma,X.(2017).Tofacilitateorcurb?TheroleoffinancialdevelopmentinChina’scarbonemis-
sionsreductionprocess:Anovelapproach.International Journal of Environmental Research and Public Health,14(10),
1222.doi:10.3390/ijerph14101222PMID:29027983

XinhuaNewsAgency.(2020,December12).Remarks by Chinese President Xi Jinping at Climate Ambition Summit.
Retrievedfromhttp://www.xinhuanet.com/english/2020-12/12/c_139584803.htm

XinhuaNewsAgency.(2021a,August8).China will use monetary policy tools such as reserve requirement ratio cuts 
at an appropriate time to increase financial support for the real economy.StateCouncilofthePeople’sRepublicof
China.Retrievedfromhttp://www.gov.cn/guowuyuan/2021-07/08/content_5623230.htm

Xinhua News Agency. (2021b, October 10). National Standardization Development Program. State Council of the
People’sRepublicofChina.Retrievedfromhttp://www.gov.cn/zhengce/2021-10/10/content_5641727.htm

Xue,L.,Cai,X.,He,G.,&Qin,F.(2012).Econometricanalysisoftherelationshipbetweencarbondioxideemission
andeconomicgrowth. International conference on environmental Engineering Technology Advances in Biomedical 
Engineering,8,112-118.

Xu,H.,Wang,M.,Jiang,S.,&Yang,W.(2020).Carbonpriceforecastingwithcomplexnetworkandextremelearning
machine.Physica A,545,122830.doi:10.1016/j.physa.2019.122830

Xu,H.,Wang,Y.,Liu,H.,&Yang,R.(2020).EnvironmentalEfficiencyMeasurementandConvergenceAnalysisof
InterprovincialRoadTransportinChina.Sustainability,12(11),4613.doi:10.3390u12114613

Xu,N.,Xu,X.,&Yuan,Q.(2013).PoliticalConnections,FinancingFriction,andCorporateInvestment:Evidencefrom
ChineseListedFamilyFirms.European Financial Management,19(4),675–702.doi:10.1111/j.1468-036X.2011.00591.x

Xu,Y.X.(2018).Anticorruptionregulationandfirmvalue:Evidencefromashockofmandatedresignationofdirectors
inChina.Journal of Banking & Finance,92,67–80.doi:10.1016/j.jbankfin.2018.05.008

Xu,Y.,&Salem,S.(2021).ExplosivebehaviorsinChinesecarbonmarkets:Aretherepricebubblesineightpilots?
Renewable & Sustainable Energy Reviews,145,111089.doi:10.1016/j.rser.2021.111089

530

https://datacatalog.worldbank.org/foreign-direct-investment-net-inflows-bop-current-us-2
https://datacatalog.worldbank.org/foreign-direct-investment-net-inflows-bop-current-us-2
https://data.worldbank.org/data-catalog/world-development-indicators
https://data.worldbank.org/data-catalog/world-development-indicators
https://data.worldbank.org/indicator/NY.GDP.PCAP.CD
https://data.worldbank.org/indicator/NY.GDP.PCAP.CD
https://members.weforum.org/pdf/globalagenda2010.pdf
http://www.xinhuanet.com/english/2020-12/12/c_139584803.htm
http://www.gov.cn/guowuyuan/2021-07/08/content_5623230.htm
http://www.gov.cn/zhengce/2021-10/10/content_5641727.htm


Compilation of References

Yanfang,L.,&Wei,C.(2011).FrameworkofLawsandPoliciesonRenewableEnergyandRelevantSystemsinChina
undertheBackgroundofClimateChange.Vermont Journal of Environmental Law,13(4),823–865.doi:10.2307/ver-
mjenvilaw.13.4.823

Yang,F.(2021).A key step towards carbon neutrality: the launch of a national carbon market.CITICSecurities.Re-
trievedfromhttp://www.tanjiaoyi.com/article-33864-1.html

Yang,F.,Yu,X.,Liu,C.T.,&Wang,X.M.(2021).A key step toward carbon neutrality: the launch of the national 
carbon market.CITICSecuritiesResearch.Retrievedfromhttps://mp.weixin.qq.com/s/OE4dYUrWR-i_Ecun7Pnweg

Yang,B.,Jahanger,A.,Usman,M.,&Khan,M.A.(2021).Thedynamiclinkagebetweenglobalization,financialde-
velopment,energyutilization,andenvironmentalsustainabilityinGCCcountries.Environmental Science and Pollution 
Research International,28(13),16568–16588.doi:10.100711356-020-11576-4PMID:33387307

Yang,D.,Wang,G.J.,&Lu,M.K.(2020).Marketizationlevel,governmentinterventionandfirmM&As:Evidence
fromthelocalSOEsinChina.Applied Economics Letters,27(5),378–382.doi:10.1080/13504851.2019.1616059

Yang,L.,Li,F.,&Zhang,X.(2016).Chinesecompanies’awarenessandperceptionsoftheEmissionsTradingScheme
(ETS):EvidencefromanationalsurveyinChina.Energy Policy,98,254–265.doi:10.1016/j.enpol.2016.08.039

Yang,W.J.,Zhao,R.Q.,Chuai,X.W.,Xiao,L.G.,Cao,L.H.,Zhang,Z.P.,Yang,Q.L.,&Yao,L.G.(2019).China’s
pathway to a low carbon economy. Carbon Balance and Management, 14(1), 1–12. doi:10.118613021-019-0130-z
PMID:31754840

Yang,X.Z.,Zhang,C.,Yang,Y.,Wang,W.J.,&Wagan,Z.A.(2020).AnewriskmeasurementmethodforChina’s
carbonmarket.International Journal of Finance & Economics,2020,1–11.doi:10.1002/ijfe.2214

Yavuz,N.C.(2013).CO2emission,energyconsumptionandeconomicgrowthforTurkey:Evidencefromacointegra-
tiontestwithastructuralbreak.Energy Sources. Part B, Economics, Planning, and Policy,9(3),229–235.doi:10.108
0/15567249.2011.567222

Yi,F.,Jiang,F.,Zhong,F.,Zhou,X.,&Ding,A.(2016).Theimpactsofsurfaceozonepollutiononwinterwheatpro-
ductivityinChina–Aneconometricapproach.Environmental Pollution,208,326–335.doi:10.1016/j.envpol.2015.09.052
PMID:26552518

Yii,K.J.,&Geetha,C.(2017).ThenexusbetweentechnologyinnovationandCO2emissionsinMalaysia:Evidence
fromgrangercausalitytest.Energy Procedia,105,3118–3124.doi:10.1016/j.egypro.2017.03.654

Yilanci,V.,Bozoklu,S.,&Gorus,M.S.(2020).AreBRICScountriespollutionhavens?EvidencefromaBootstrap
ARDLBoundstestingapproachwithaFourierfunction.Sustainable Cities and Society,55,102035.doi:10.1016/j.
scs.2020.102035

Yong,C.C.,Yew,S.Y.,Huang,X.,&Chin,M.Y.(2016).ThedeterminantsofforeigndirectinvestmentinChina:A
spatialpanelanalysis.International Journal of Management Studies,23(1),13–31.doi:10.32890/ijms.23.1.2016.10464

Yoon,H.,&Heshmati,A.(2017).Do environmental regulations effect FDI decisions? The Pollution Haven Hypothesis 
revisited (DiscussionPaperSeries,No.10897). IZAInstituteofLaborEconomics.Retrievedfromhttps://www.iza.
org/publications/dp/10897/do-environmental-regulations-effect-fdi-decisions-the-pollution-haven-hypothesis-revisited

Yotov,Y.V.,Piermartini,R.,Monteiro,J.-A.,&Larch,M.(2016).An Advanced Guide to Trade Policy Analysis: The 
Structural Gravity Model.WorldTradeOrganization.doi:10.30875/abc0167e-en

Young,D.,&Aidun,S.(1993).OzoneandWheatFarminginAlberta:AMicro‐studyoftheEffectsofEnvironmental
Change.Canadian Journal of Agricultural Economics,41(1),27–43.doi:10.1111/j.1744-7976.1993.tb03730.x

531

http://www.tanjiaoyi.com/article-33864-1.html
https://mp.weixin.qq.com/s/OE4dYUrWR-i_Ecun7Pnweg
https://www.iza.org/publications/dp/10897/do-environmental-regulations-effect-fdi-decisions-the-pollution-haven-hypothesis-revisited
https://www.iza.org/publications/dp/10897/do-environmental-regulations-effect-fdi-decisions-the-pollution-haven-hypothesis-revisited


Compilation of References

Youssef,A.B.,Hammoudeh,S.,&Omri,A.(2016).SimultaneitymodelinganalysisoftheenvironmentalKuznetscurve
hypothesis.Energy Economics,60,266–274.doi:10.1016/j.eneco.2016.10.005

Yue,S.,Lu,R.,Shen,Y.,&Chen,H.(2019).Howdoesfinancialdevelopmentaffectenergyconsumption?Evidence
from21transitionalcountries.Energy Policy,130,253–262.doi:10.1016/j.enpol.2019.03.029

Yunus,M.(1999).Banker to the poor: Micro-lending and the battle against world poverty.NewYork:PublicAffairs.
Retrievedfromhttps://www.amazon.com/Banker-Poor-Micro-Lending-AGainst-Poverty/dp/1586481983

Yuxiang,K.,&Chen,Z.(2011).Financialdevelopmentandenvironmentalperformance:EvidencefromChina.Environ-
ment and Development Economics,16(1),93–111.doi:10.1017/S1355770X10000422

Zafar,M.W.,Shahbaz,M.,Sinha,A.,Sengupta,T.,&Qin,Q.(2020).Howrenewableenergyconsumptioncontribute
to environmentalquality?The roleof education inOECDcountries.Journal of Cleaner Production,268, 122149.
doi:10.1016/j.jclepro.2020.122149

Zafar,M.W.,Zaidi,S.A.H.,Khan,N.R.,Mirza,F.M.,Hou,F.,&Kirmani,S.A.A.(2019).Theimpactofnatural
resources,humancapital,andforeigndirectinvestmentontheecologicalfootprint:ThecaseoftheUnitedStates.Re-
sources Policy,63,101428.doi:10.1016/j.resourpol.2019.101428

Zafar,M.W.,Zaidi,S.A.H.,Sinha,A.,Gedikli,A.,&Hou,F.(2019).Theroleofstockmarketandbankingsector
development,andrenewableenergyconsumptionincarbonemissions:InsightsfromG-7andN-11countries.Research 
Policy,62,427–436.doi:10.1016/j.resourpol.2019.05.003

Zakaria,M.,&Bibi,S.(2019).FinancialsectordevelopmentandenvironmentinSouthAsia:Theroleofinstitutional
quality.Environmental Science and Pollution Research International,26(8),7926–7937.doi:10.100711356-019-04284-1
PMID:30684185

Zakarya,G.Y.,Mostefa,B.,Abbes,S.M.,&Seghir,G.M.(2015).FactorsaffectingCO2emissionsin theBRICS
countries:Apaneldataanalysis.Procedia Economics and Finance,26,114–125.doi:10.1016/S2212-5671(15)00890-4

Zameer,H.,Yasmeen,H.,Zafar,M.W.,Waheed,A.,&Sinha,A.(2020).Analyzingtheassociationbetweeninnova-
tion,economicgrowth,andenvironment:DivulgingtheimportanceofFDIandtradeopennessinIndia.Environmental 
Science and Pollution Research International,27(23),29539–29553.doi:10.100711356-020-09112-5PMID:32440879

Zarsky,L.(1999).Havens,halosandspaghetti:untanglingtheevidenceaboutforeigndirectinvestmentandtheenviron-
ment.Foreign Direct Investment and the Environment, 13(8),47-74.

Zarsky,L.(1999).Havens, halos and spaghetti: Untangling the evidence about the relationship between foreign invest-
ment and the environment.InConference on Foreign Direct Investment and the Environment,Hague,Netherlands.

Zen,G.,&Wu,Y.X.(2021).Carbon neutral debt gradually heating up, and green bond market ushered in a new vent.
Retrievedfromhttp://www.21jingji.com/2021/7-30/2NMDEzODBfMTYyNjI2NA.html

Zeng,S.,Liu,Y.,Ding,J.,&Xu,D.(2020).Anempiricalanalysisofenergyconsumption,FDIandhigh-qualitydevel-
opmentbasedontimeseriesdataofZhejiangprovince.International Journal of Environmental Research and Public 
Health,17(9),3321.doi:10.3390/ijerph17093321PMID:32397629

Zeng,S.,Liu,Y.,Liu,C.,&Nan,X.(2017).AreviewofrenewableenergyinvestmentintheBRICScountries:History,
models,problemsandsolutions.Renewable & Sustainable Energy Reviews,74,860–872.doi:10.1016/j.rser.2017.03.016

Zhan,J.(2016).InternationalInvestmentRule-making:Trends,ChallengesandWayForward.InRethinkingBilateral
InvestmentTreatiesCriticalIssuesandPolicyChoices(pp.17-27).BothEnds,MadhyamandSOMO.

532

https://www.amazon.com/Banker-Poor-Micro-Lending-AGainst-Poverty/dp/1586481983
http://www.21jingji.com/2021/7-30/2NMDEzODBfMTYyNjI2NA.html


Compilation of References

Zhan,C.J.,&DeJong,M.(2017).FinancingSino-SingaporeTianjinEco-City:WhatLessonsCanBeDrawnforOther
Large-ScaleSustainableCity-Projects?Sustainability,9(2),201.doi:10.3390u9020201

Zhan,C.J.,DeJong,M.,&DeBruijn,H.(2017).PathDependenceinFinancingUrbanInfrastructureDevelopmentin
China:1949–2016.Journal of Urban Technology,24(4),73–93.doi:10.1080/10630732.2017.1334862

Zhang,C.H.,&Zadek,S.(2015).Green finance in China: Experience, Path and International reference.ChinaDe-
velopmentPress.

Zhang,C.,&Zhou,X.(2016).DoesforeigndirectinvestmentleadtolowerCO2emissions?Evidencefromaregional
analysisinChina.Renewable & Sustainable Energy Reviews,58,943–951.doi:10.1016/j.rser.2015.12.226

Zhang,H.N.,Zhang,X.P.,&Yuan,J.H.(2021).DrivingforcesofcarbonemissionsinChina:Aprovincialanalysis.
Environmental Science and Pollution Research International,28(17),21455–21470.doi:10.100711356-020-11789-7
PMID:33415624

Zhang,J.,&Fu,X.(2008).FDIandenvironmentalregulationsinChina.Journal of the Asia Pacific Economy,13(3),
332–353.doi:10.1080/13547860802131326

Zhang,W.,Li,J.,Li,G.X.,&Guo,S.C.(2020).Emissionreductioneffectandcarbonmarketefficiencyofcarbon
emissionstradingpolicyinChina.Energy,196,117117.doi:10.1016/j.energy.2020.117117

Zhang,X.P.,&Cheng,X.M.(2009).Energyconsumption,carbonemissions,andeconomicgrowthinChina.Ecologi-
cal Economics,68(10),2706–2712.doi:10.1016/j.ecolecon.2009.05.011

Zhang,Y.J. (2011). Interpreting thedynamicnexusbetweenenergyconsumptionandeconomicgrowth:Empirical
evidencefromRussia.Energy Policy,39(5),2265–2272.doi:10.1016/j.enpol.2011.01.024

Zhang,Y.J.(2011).Theimpactoffinancialdevelopmentoncarbonemissions:AnempiricalanalysisinChina.Energy 
Policy,39(4),2197–2203.doi:10.1016/j.enpol.2011.02.026

Zhang,Y.J.,&Da,Y.B.(2015).Thedecompositionofenergy-relatedcarbonemissionanditsdecouplingwitheconomic
growthinChina.Renewable & Sustainable Energy Reviews,41,1255–1266.doi:10.1016/j.rser.2014.09.021

Zhang,Y.J.,Liang,T.,Jin,Y.L.,&Shen,B.(2020).Theimpactofcarbontradingoneconomicoutputandcarbon
emissionsreductioninChina’sindustrialsectors.Applied Energy,260,114290.doi:10.1016/j.apenergy.2019.114290

Zhang,Y.J.,Wang,A.D.,&Tan,W.P.(2015).TheimpactofChina’scarbonallowanceallocationrulesontheprod-
uctpricesandemissionreductionbehaviorsofETS-coveredenterprises.Energy Policy,86,176–185.doi:10.1016/j.
enpol.2015.07.004

Zhang,Y.,&Zhang,S.(2018).TheimpactsofGDP,tradestructure,exchangerateandFDIinflowsonChina’scarbon
emissions.Energy Policy,120,347–353.doi:10.1016/j.enpol.2018.05.056

Zhao,J.,Jiang,Q.,Dong,X.,&Dong,K.(2020).Wouldenvironmentalregulationimprovethegreenhousegasbenefits
ofnaturalgasuse?AChinesecasestudy.Energy Economics,87,104712.doi:10.1016/j.eneco.2020.104712

Zhao,X.Z.,Yin,J.,&Fan,X.(2017).Cointegrationrelationshipbetweencarbonpriceanditsfactors:Evidencefrom
structuralbreaksanalysis.Energy Procedia,142,2503–2510.doi:10.1016/j.egypro.2017.12.190

Zheng,J.,Ismail,M.N.,Idris,A.,&Nurliana,K.(2019).ASEAN Post-50 Emerging Issues and Challenges.Palgrave
Macmillan.

Zhou,L.,Chen,X.,&Tian,X.(2018).Theimpactoffineparticulatematter(PM2.5)onChina’sagriculturalproduction
from2001to2010.Journal of Cleaner Production,178,133–141.doi:10.1016/j.jclepro.2017.12.204

533



Compilation of References

Zhu,B.Z.,Ye,S.X.,Han,D.,Wang,P.,He,K.J.,Wei,Y.M.,&Xie,R.(2019).Amultiscaleanalysisforcarbonprice
drivers.Energy Economics,78,202–216.doi:10.1016/j.eneco.2018.11.007

Zhu,F.,Ding,R.,Lei,R.,Cheng,H.,Liu,J.,Shen,C.,Zhang,C.,Xu,Y.,Xiao,C.,Li,X.,Zhang,J.,&Cao,J.(2019).
Theshort-termeffectsofairpollutiononrespiratorydiseasesandlungcancermortalityinHefei:Atime-seriesanalysis.
Respiratory Medicine,146,57–65.doi:10.1016/j.rmed.2018.11.019PMID:30665519

Zhu,H.,Duan,L.,Guo,Y.,&Yu,K.(2016).TheeffectsofFDI,economicgrowthandenergyconsumptiononcarbon
emissionsinASEAN-5:Evidencefrompanelquantileregression.Economic Modelling,58,237–248.doi:10.1016/j.
econmod.2016.05.003

Ziolo,M.,Filipiak,B.Z.,Bąk,I.,Cheba,K.,Tîrca,D.M.,&Novo-Corti,I.(2019).Finance,sustainabilityandnegative
externalities.AnoverviewoftheEuropeancontext.Sustainability,11(15),4249.doi:10.3390u11154249

Zoundi,Z.(2017).CO2emissions,renewableenergyandtheenvironmentalKuznetscurve:Apanelcointegrationap-
proach.Renewable & Sustainable Energy Reviews,72,1067–1075.doi:10.1016/j.rser.2016.10.018

Zurano-Cervelló,P.,Pozo,C.,Mateo-Sanz,J.M.,Jiménez,L.,&Guillén-Gosálbez,G.(2018).Eco-efficiencyassess-
mentofEUmanufacturingsectorscombining input-output tablesanddataenvelopmentanalysis followingproduc-
tionandconsumption-basedaccountingapproaches.Journal of Cleaner Production,174,1161–1189.doi:10.1016/j.
jclepro.2017.10.178

534





About the Contributors



Abdul Rafayisapractitionercumacademician.Formorethan25years,Mr.Rafayhasbeenwork-
ingasafreelanceadvisor,consultant&trainertoawidevarietyofpublic&privatesectornationaland
multinationalcompaniesintheareasofCorporateFinance,FinancialPolicy&Implementation,Audit-
ing&Assurance,Accountancy,CorporateTaxManagement,FinancialTechnology,andSystemCon-
sultancy.HehasbeenprovidingconsultancytovariousindustriesincludingTextile,AutoAssembling,
Footwear,Industrial/AgroChemicals,IceCream/Dairies,Glass/Ceramics,Healthcare,Mining/Natural
Resources, Packaging/Paper Sacking, Steel/Pipe Casting, Rice Processing, Brokerage/Co-operative
Financing,SoftwareDevelopment,RealEstate,Printing/Publishing,andConstruction/CivilEngineer-
ing,etc.Mr.RafayisaFellowmemberoftheInstituteofCharteredAccountantsofPakistan.Heisalso
amemberofvariousnationalandinternationalprofessionalbodiesincludingtheInstituteofInternal
Auditors(IIA),USA;AssociationofCertifiedFraudExaminers(ACFE),USA.Since2001,hehasbeen
alifetimememberoftheLahoreTaxBarAssociation.HehasservedasCo-regionalDirector(Found-
ing)ofLahore-IslamabadChapterofProfessionalRiskManagersInternationalAssociation(PRMIA),
Washington,USA(2011-2013).In2012,hewasnominatedasMember:Education&TrainingCom-
mittee(ETCOM)ofTheInstituteofCharteredAccountantsofPakistan(ICAP).Heisalsoamember
ofICAP’s“IslamicFinanceworkinggroup”whichiscloselyinliaisonwiththeStateBankofPakistan
andotherstakeholdersforIslamicFinanceAccountingandAuditingStandards.HeisanAlumnusof
RausingExecutiveDevelopmentCenter(REDC),LahoreUniversityofManagementSciences(LUMS),
Pakistan.In2014,InternationalFinanceCorporation(WorldBankGroup)selectedhimforTraining
ofTrainers(ToT)forCorporateGovernanceActionPlanningforSMEs.Heisalsoanapprovedtrainer
fortheInstituteofFinancialMarketsofPakistan(IFMP)establishedbytheSecuritiesandExchange
CommissionofPakistan(SECP),thecorporateregulator.In2013,hisnamegotincludedinthelistof
“CertifiedDirectors”asperClause(xi)ofTheCodeofCorporateGovernance2012issuedbySECP.
Currently,heisontheboardofaListedCompanyasanIndependentDirector.Forthelast27years,Mr.
RafayhasalsobeenassociatedwithteachinginsomeofthetopbusinessschoolsofPakistan.Hisspecial-
izedsubjectsofinterestincludeStrategicCorporateFinance,FinancialCrimes,FinancialDerivatives,
Investments/PortfolioAnalysis,InternationalFinancialReportingStandards,CorporateRestructuring
(Mergers&Acquisitions),FinancialStatementAnalysis&CorporateTaxation.Healsoservedasan
instructorinCivilServicesAcademy,PakistantotraintheCSSOfficersselectedbytheFederalPublic
ServiceCommissionofPakistan(FPSC).Currently,heisaProfessorofFinance&Accountingatthe
UniversityofManagement&Technology,Pakistan.Hehaspublishedmorethantwodozenresearch
papersinSSCI,ESCIandScopusindexedjournalspublishedbyreputedglobalpublishersincluding
Emerald,Sage,Taylor&Francis,RoutledgeandIGIGlobal.HecontributedmultiplechaptersinBooks

535



About the Contributors

editedbyInternationalEditors.HealsoeditedinternationalbooksonFinTech,IslamicFinance,Finan-
cialCrimes,MoneyLaundering,TerrorismFinancing,EnergyFinance,EnvironmentalFinanceand
Technological/FinancialFraudspublishedbyIGIGlobal,USA.

***

Aashrika Ahuja isanexperiencedcorporateandintellectualpropertyrightslawyer,advisor,re-
searcher,writerandauthor.Withanexperienceof8yearsinthefieldoflaw,sheisnowwellconversant
withvariousaspectsoftheprofession.ShehashandledlegalmattersindiversefieldsincludingCivil,
Criminal,IntellectualPropertyRights,SexualHarassmentagainstWomenandChildren,Cyberlaws,isa
licensedAttorneyandiseligibletoappearandpracticebeforevariouscourtsinIndia.Sheiswellversed
withcorporategovernanceandwithstrongentrepreneurshipskills,hassuccessfullyadvisedaswellas
workedwithvariouscorporates,organizationsandinstitutions.Shehasanexperienceofworkingand
handlingclientsallacrosstheglobe.Shehasakeeninterestinresearchandwritingandhasauthored
researchpaperintheprestigiousInternationalJournalforScientificandEngineeringResearch.While
handlingdrafting,reviewofvariouskindsoflegalAgreements,Contractsandotherlegaldocuments,
shealsoprovideslegalopinionondiversemattersrelatingtoIntellectualPropertyRights.Sheispas-
sionateaboutrealizingandworkingtowardsUnitedNations2030AgendaforSustainableDevelopment
Goalsandwithherstrongadvocacyskillshasbeenactivelyworkinginthedevelopmentfieldtoleave
noonebehind.

Abdelouahad Alaoui Mdaghriisaprofessorinmanagementsciences,DirectorofFinance,banking
andriskmanagementlaboratoryandDirectoroftheFSJESAC-UniversityHassanIIdoctoralstudiescenter.

Ahmad Shareef AlAwahiholdsaPhDinEconomicsfromtheUniversityofSouthampton,UK.
Currently,heisanassociateresearchScientistatKuwaitInstituteforScientificResearch.

Burcu Bahçeci Başkurtisaresearchassistantoffinanceatthedepartmentofbusinessadministration,
KatipÇelebiUniversity,İzmir,Turkey.Herprimaryresearchinterestsarepublicfinance,sustainable
finance,sociallyresponsibleinvestments,andstockmarketsingeneral.

Kannyiri Thadious BanyenholdsaPhDfromtheUniversityofCapeTown,SouthAfrica.Currently,
heisaLecturerofFinanceattheSchoolofBusinessandLaw,SDDomboUniversityofBusinessand
IntegratedDevelopmentStudies(SDD-UBIDS).

Rachid BouttiistheholderoftheUNESCOChairinSustainableDevelopment.HewasDirectorof
FinancialAdministrationandManagementControl(CFO)ofseveralmultinationals(ELF,AKZO…).
Inaddition,heobtainedtheGeneralManagement(CFO)ofseveralleadingMoroccanindustrialgroups
(Richbond,Polymaille…).HeisPresidentoftheMoroccanFoundationofManagementControllers.
HedirectsaninternationaljournaloftheCenterforResearchinAfricanEconomicsandManagement
(CREMA).Finally,heistheauthoroftheFirstMOOCFinance-AuditandManagementControlin
collaborationwiththeUniversityAgencyforLaFrancophonie(AUF).

Matias CardomingoholdsMAinEconomicsfromtheUniversityofSaoPaulo,Brazil.

536



About the Contributors

Şaban ÇelikholdsaPhDfromDokuzEylulUniversity,Turkey.Currently,heisanassociateprofes-
soroffinanceatthedepartmentofbusinessadministration,KatipÇelebiUniversity,İzmir,Turkey.His
primaryresearchinterestsarecorporatefinance,projectfinance,investmentanalysis,portfoliomanage-
ment,publicfinance,corporategovernance,assetpricing,bankruptcyprediction,intellectualcapital,
andcorporatesocialresponsibilityinparticular.

Naiwei ChenholdsaPhDinEconomicsfromTexasA&MUniversity,USA.Currentlyhe isan
Associate Professor of Banking and Finance at National Chiayi University, Taiwan. Earlier he was
aProfessorofAccountingatChangzhouUniversity,China.Hisresearch interests includecorporate
governance,corporatesocialresponsibility,economicgrowth,emergingmarkets,Islamicbankingand
finance,politicaleconomy,trade,andwelfare.

Luciano da SilvaholdsaPhDinEnergy.Currently,heisaresearcherattheUniversityofSãoPaulo
-USP,Brazil.

Delphine DefossezholdsaPhDinAviationLawfromtheUniversityofBrasilia,Brazil.Currently,
sheisaLecturerinLawatNorthumbriaUniversity,UK.Herresearchinterestsincludeinternational
disputeresolution.

Adil El AmriisaProfessorattheNationalSchoolofBusinessandManagement,ChouaibDoukkali
University,Morocco.Forthelast12years,hasbeenassociatedwithteaching/academicaffairsinsome
ofthereputedbusinessschoolsandprofessionalinstitutesofMorocco.Specializedsubjectsofinterest
areSustainabledevelopment,EuropeanUnionEmissionsTradingScheme,DeterminantsofCO2prices
(EUA),Climatechangemitigation,climateriskmanagement,CleanDevelopmentMechanism(CDM),
AdvancedStrategicFinancialManagement,Financial Initiatives forClimatePolicy,Regulations for
EnvironmentalFinance,PriceMechanismforEnergy,FinancialStatementAnalysis&Environmental
basedFinancialReporting.HeisanAssociateEditoroftheNorthAfricanReviewofEconomics&
Management.

Abdelbari El KhamlichiisaProfessorofFinanceinLERSEM,NationalSchoolofBusinessand
Management(ENCG)ElJadida,ChouaibDoukkaliUniversity.

Ayodele Adekunle FaiyetoleholdsaPhDwithadissertationonspacetechnologyapplicationsand
climatepolicies,andheisthefounderofEarthSpace;www.theearthspace.com.Currently,heresearches
and lecturessustainableand intelligent transportation toundergraduateandgraduatestudentsat the
FederalUniversityofTechnologyAkureandhaspublishedwidelyinreputablejournals.

Ayele Ulfata GelanholdsaPhDinEconomicsandMScinScience&TechnologyPolicy,bothfrom
theUniversityofStrathclyde,Glasgow,UK,CurrentlyheisaResearchEconomistwiththeTechno-
economicDivision(TED)ofKISR.Heleadsmacroeconomicmodeling-relatedresearchactivitiesinthe
EconomicPublicPolicy(EPP)program.Hisresearchandteachingexperiencesencompassdeveloped
anddevelopingcountrycontexts.Heisskilledinconstructingsocialaccountingmatrices(SAMs)and
GeneralAlgebraicModelingSystem(GAMS).HeworkedpreviouslyasaResearchScientistwiththe
InternationalLivestockResearchInstitute(ILRI),Kenya(2008-2012);ResearchfellowattheHutton

537



About the Contributors

InstituteinAberdeen,UK(2000-2008);DirectorofTaysideEconomicResearchCentreatUniversityof
AbertayDundee,UK(1997-2000);EconomistattheMinistryofPlanningandEconomicDevelopment
inEthiopia(1986-1991).Dr.Gelanhaspublishedininternationaljournalsonawiderangeoffields
includingtradepolicy,urbanandregionalpolicy,agriculture,tourism,andenvironmentalpolicy.

Muhammed Sehid GorusholdsaPhDineconomicsfromAnkaraYıldırımBeyazıtUniversity,
Turkey.Currently,hegiveslecturesasaresearchassistantinthedepartmentofeconomicsatAnkara
YildirimBeyazitUniversity,Turkey.Hisresearchinterestsincludeenergyeconomics,environmental
economics,andappliedmacroeconomics.Hepublishedmorethan30papers/bookchapters/books.

Rangan GuptaholdsaPhDinEconomicsfromtheUniversityofConnecticut,USA.Currently,he
isaProfessorofEconomicsUniversityofPretoria,SouthAfrica.HisresearchinterestsincludeMon-
etaryTheoryandPolicyandTimeSeriesEconometrics.Hehaspublishedmorethan600papers/book
chapters/books.

Malek HassanpourholdsaPh.D.inEnvironmentalSciencefromtheUniversityofOsmania,India.
Currently,heisaPh.D.attheUniversityCollegeofScience,India.HisresearchinterestsincludeEIA,
Engineering economics, Plasma technology, and waste management, etc. He possesses 10 years of
experienceasanadvisor/consultanttoGovernment,multinationalcompaniesofIran.Hehaspublished
morethan8papers/bookchapters/books.

Dolores HidalgoholdsaPhDinChemicalEngineeringfromtheUniversityofValladolid,Spain.
Currently,sheisDirectoroftheCircularEconomyAreaattheCARTIFTechnologyCenter.Shepossesses
25yearsofexperienceasaresearcherandconsultant.Sheistheauthorofover80articles,morethan
100papersatinternationalconferences,organizerofanumberofworkshops,andinventorof4patents.

Yassine HilmiisaProfessorofManagementControlinLERSEM,NationalSchoolofBusinessand
Management(ENCG)ElJadida,ChouaibDoukkaliUniversity.

Abdelmajid IbenrissoulisaDirectorofISOLaboratoryintheNationalSchoolofBusinessand
Management(ENCG)Casablanca,HassanIIUniversity.

Erdal Tanas KaragolholdsaPhDineconomicsfromtheUniversityofYork,UK.Currently,he
isservinginGermanyasaBerlineducationattacheofTurkey.Hisresearchinterestsincludeenergy
economics,defenseeconomics,andappliedmacroeconomics.Hepublishedmorethan50international
papers/bookchapters/books.

Pendo Shukrani KasogaholdsaPhDinBusinessAdministration(Finance)fromtheUniversityof
Dodoma,Tanzania.Currently,sheisaSeniorLecturerintheDepartmentofAccountingandFinance
attheUniversityofDodoma,Tanzania.Herresearchinterestsincludemicrofinance,corporatefinance,
andcorporategovernance.Shepossessesfourteenyearsofexperienceasanacademician,researcher,
andconsultant.Dr.Kasogahaspublishedmorethansixteenpapersinpeer-reviewedjournals.

538



About the Contributors

Solange KileberholdsaPhDinEnergyfromtheUniversityofSãoPaulo,Brazil.Shehasbeen
workingonissuesintheenergysectorfor16years.Shepublishedmanypapers/bookchapters/books.

S. Jithender Kumar NaikholdsaPhDinZoologyfromOsmaniaUniversity,India.Currently,he
isaprofessoratthesameuniversity.HissubjectsofInterestareEnvironmentalBiology,Toxicology,
Genetics,ReproductiveBiology,OccupationalHealthHazards,Fisheries,andLimnology.He/shepub-
lishedmanypapers/bookchapters/books.

Simon Akumbo Eugene Mbilla is a Lecturer at the Department of Accounting, University of
Education,Winneba,Ghana.Mr.MbillaiscurrentlypursuingaPh.DinAccountinginUniversityof
Kwazulu-Natal,SouthAfrica.

Márcio Issao NakaneholdsaDoctorate(D.Phil.)inEconomicsfromtheUniversityofOxford,a
MasterinEconomicsfromtheUniversityofSãoPauloandaBachelor’sDegreeinEconomicsfrom
theUniversityofSãoPaulo.HeisaProfessorattheEconomicsDepartmentfromtheUniversityofSão
Paulo(since1990).HehasacademicpublicationsinjournalsandbookchaptersbothinBrazilandabroad
intheareasofMacroeconomics,MonetaryEconomics,BankingEconomics,IndustrialOrganization
andSportsEconomics.Hismainthemesofacademicinterestincludebankcompetition,bankinterest
spreads,creditmarkets,monetarypolicy,financialregulation,financialinclusion,newtechnologiesin
thefinancialindustry,andcompetitivebalance(insports).HeworkedattheResearchDepartmentof
theCentralBankofBrazil(from2000to2007)wherehewasinchargeoftheteamconductingstudies
inbankingissues.HehasalsoworkedasaconsultantatTendênciasConsultoriaIntegrada(from2008
to2014)andastheCoordinatoroftheConsumerPriceIndexofFIPE(FundaçãoInstitutodePesquisas
Econômicas)(from2007to2008).

Samia NasreenholdsaPhDinEconomicsfromGCUniversityFaisalabad,Pakistan.Currently,she
isanAssociateProfessorattheLCWUniversity,Lahore.HerresearchinterestsincludeEnvironmental
Economics,EnergyEconomics,FinancialEconomics,andSustainability.Shepossesses15yearsof
experienceandpublishedmanyresearchpapers.

Nima Norouziisoneoftheyoungestresearchersinthefieldofenergylegalandtechnicalaspects.
HeisthetheoreticianoftheFallofoilagetheorypublishedin2019andisanexpertonenergyand
globalizationpolicy.Alsohewasoneofthefirstresearcherswhodevelopedamodelforanalyzingthe
Covid-19impactsontheglobalenergyindustry.

Joseph Dery NyeadiholdsaPhDinDevelopmentFinancefromtheUniversityofStellenbosch,
SouthAfrica,andanMScinFinancefromtheUniversityofSt.Andrews,UK.HeisamemberofICAG
&CIMA-UK.Currently,heisaSeniorLecturerwiththeDepartmentofBankingandFinanceatSDD-
UBIDS,Ghana.

Tayo OkeholdsaPhDandisaprincipalpartneratthefinancialandeconomiclawfirm;ASIKO
Chambers.Currently,heisalsoasenioracademicianatAfeBabalolaUniversity,Ado-Ekiti,Nigeria.

539



About the Contributors

Adenike Anike OlayungboholdsaPhDinGeography.fromObafemiAwolowoUniversity,Ni-
geria.Currently,sheisaResearchFellowIattheAGLeventis,MuseumofNaturalHistory,Obafemi
AwolowoUniversity.HerresearchinterestincludesBio-Geography,ClimateProtectionandEcosystem
Management.Shepossesses10yearsofexperienceasaresearcher.Shehaspublishedmorethan10
papers/bookchapters.

David Oluseun OlayungboholdsaPhDineconomics.Currently,heisanassociateprofessorinthe
DepartmentofEconomics,ObafemiAwolowoUniversity,Nigeria.Hehaspublishedmanypapersin
reputablejournalsandhastaughtmicroeconomics,macroeconomics,andeconometricsatbothunder-
graduateandgraduatelevels.

Salah OulfarsiholdsaPhDinManagementSciencesfromtheUniversityofPerpignanViaDomittia,
France.Currently,heisProfessor&DeputyDirectorattheNationalSchoolofBusinessandManage-
ment,ChouaibDoukkaliUniversity.Morocco.HeisanEditor-in-ChiefoftheInternationalJournalof
Performance&Organization(IJPO).

Virginia ParenteholdsaPhDinFinanceandEconomics.Currently,sheisaProfessorattheInstitute
ofEnergyandEnvironment(IEE/USP),UniversityofSãoPaulo,Brazil.

Ahmed Rashed isadoctoralresearcherattheDepartmentofEconomicsandAppliedStatistics,
FacultyofBusinessandEconomics,UniversitiMalaya.HeisaresearchassistantattheHelwanUni-
versityinEgypt,DepartmentofEconomicsandForeignTrade.Hisresearchinterestsareinthefield
ofinternationaleconomics,renewableenergies,andAfricanEconomicStudies.Further,heintendsto
expandhisresearchinterests’areastoincludepovertyeconomicsandChineseandIranianeconomic
studies.Heholdsamaster’sdegreeinForeignTradeEconomicsfromtheHelwanUniversity,Egypt.

Abdelhak Sahib EddineisaDirectorofLERSEMLaboratory,andtheNationalSchoolofBusiness
andManagement(ENCG)ElJadida,ChouaibDoukkaliUniversity.

Sergio Sanz BedateholdsanMScinChemicalEngineeringfromtheUniversityofValladolid,Spain.
Currently,heisaresearcherattheCircularEconomyAreaofCARTIFTechnologyCenter.Hisresearch
interestsincludeenvironmentalmonitoring,membranecontactorstechnology,andnutrientrecycling.
Hepossesses5yearsofexperienceasautilitiesconsultantandresearcher.Hepublished5papers/book
chaptersinthelast3years.

Xin ShengholdsPhDinAccountancyandFinancefromHeriot-WattUniversity,UK.Currently,he
isaSeniorLectureratLordAshcroftInternationalBusinessSchool,AngliaRuskinUniversity,UK.His
researchinterestsincludeAppliedEconomics,EnergyEconomics,RealEstateEconomics,Financeand
Investment,andAssetPricing.Hehaspublishedmorethan30papers/bookchapters/books.

Siew-Voon SoonholdsaPhDinEconomicsfromUniversitiPutraMalaysia.Currently,sheisaSenior
LecturerattheDepartmentofEconomicsandAppliedStatistics,FacultyofBusinessandEconomics,
UniversitMalaya.Her fieldsof interest includeappliedeconometrics, timeseries,and international
finance.Shehaspublished22researchpapers.

540



About the Contributors

Amani Gration TegambwageholdsaPhDinBusinessAdministration(Marketing)fromtheUniver-
sityofDodoma,Tanzania.Currently,heisaSeniorLecturerintheDepartmentofBusinessAdministra-
tionandManagementattheUniversityofDodoma,Tanzania.Hisresearchinterestsincludeservices
marketingandmanagement,relationshipmarketingandmanagement,andstrategicmanagement.He
possessessixteenyearsofexperienceasanacademician,researcher,andconsultant.Dr.Tegambwage
haspublishedmorethanfourteenpapersinpeer-reviewedjournals.

Javier ToroholdsaPhDinEnergyfromtheUniversityofSaoPaulo,Brazil.

Valentina Vinsalek StipicholdsaPhDfromtheFacultyofEconomicStudiesattheUniversityof
ModernSciences-CKMinMostar,Bosnia,andHerzegovina.Currently,sheisaProfessoratthePoly-
technic“NikolaTesla”inGospic,Croatia.HerresearchinterestsincludeCorporateSocialResponsibil-
ityandFinancialmanagement,OrganizationalManagement,andSME.Shepossessessixteenyearsof
experienceasaCFOinmultinationalcompanies.Shehaspublishedmorethanfiftypapers,tenteaching
materials,andtwobooks.

Yuewen Wengisanindependentresearcher.HerresearchinterestsincludeCarbonFinance,FinTech,
Chinesebusinessandeconomy.

Chen Chen YongholdsaPhDinInternationalEconomicsfromUniversitiPutraMalaysia.Cur-
rently,sheisanAssociateProfessorattheFacultyofBusinessandEconomics,UniversitiMalaya.Her
researchinterestsincludeinternationaltradeandhumancapital.Shehaspublishedseveralpapersin
internationaljournals.ShehasundertakenseveralconsultanciesforPricewaterhouseCoopers(PwC),PE
Research,TalentCorpMalaysia,ConstructionIndustryDevelopmentBoard(CIDB),InstituteofLabour
MarketInformationandAnalysis(ILMIA)andMalaysianScienceandInformationTechnologyCentre
(MASTIC).Shealsohasservedinseveralinternationaljournalsasareviewer,memberoftheeditorial
boardsandtechnicalcommittees.

Min-Teh YuholdsaPhDinEconomicsfromOhioStateUniversity,USA.HeiscurrentlyaChair
ProfessorofFinanceatProvidenceUniversity,HonoraryChairProfessoratNationalTsingHuaUniver-
sity,andLifetimeChairProfessoratNationalYangMingChiaoTungUniversity,Taiwan.

Poshan (Sam) YuisaLecturerinAccountingandFinanceintheInternationalCooperativeEduca-
tionProgramofSoochowUniversity(China).HeisalsoanExternalProfessorofFinTechandFinance
atSKEMABusinessSchool(China),aVisitingProfessoratKrirkUniversity(Thailand)andaVisiting
ResearcherattheAustralianStudiesCentreofShanghaiUniversity(China).SamleadsFasterCapital
(Dubai,UAE)asaRegionalPartner(China)andservesasaStartupMentorforAICRAISE(Coim-
batore,India).Hisresearchinterestsincludefinancialtechnology,regulatorytechnology,public-private
partnerships,mergersandacquisitions,privateequity,venturecapital,start-ups,intellectualproperty,
artfinance,andChina’s“OneBeltOneRoad”policy.

541



 

Index

 

A
activities carried out jointly 443
Annex B (Kyoto Protocol ([PK]) 443
ARCH 354, 356, 364-365, 367-369, 371, 376

B
bio-capacity 447-448, 453, 457, 471
Brent 361, 364-365, 368, 372, 424, 430, 435, 437-440

C
Calibrate 133
carbon dioxide (CO2) 130, 301, 380, 444, 448
Carbon Disclosure Project 320, 331, 363
carbon emission allowances 354, 371
carbon emissions 185, 188, 228, 252, 259-262, 267, 

272, 297, 301-304, 306, 309-310, 319, 323-324, 
326-327, 329-332, 346-349, 352, 354, 360, 368, 
374, 377, 404, 416, 419-420, 464, 467, 470

carbon exchange 308, 310
carbon market 301, 304-314, 318-319, 321-322, 326, 

328, 330-332, 356, 359-362, 364, 370-371, 375, 
428, 432-433, 439-441

carbon policy 301, 306
carbon pricing 310, 323, 328, 354-355, 363-365, 

373-376
carbon products 301, 307
causality 43, 185, 254, 262, 272-273, 329, 338, 350, 

352, 397, 399, 404, 407, 411-415, 418-419, 422, 
449-450, 460, 464, 466-468

China Certified Emission Reductions 332
Chinese Emission Allowance 304, 332
Clean Dark Spread (CDS) 444
Clean Development Mechanism 222, 307, 332, 428, 442
clean energy 28, 31, 160, 169, 185-186, 214-215, 

236-238, 250-251, 257, 317, 345, 362, 419-420, 
443, 447

clean power 234-236, 238-239, 241, 243, 250, 257

Clean Power Financing Gap 257
Clean Sark Spread (CSS) 444
Climatic Change (CC) 9, 16, 18, 30, 186, 208, 215-218, 

220-221, 225, 229-231, 235, 238, 240-242, 260, 
263, 265, 270, 272-275, 278, 280, 288-289, 291, 
294, 301-303, 305, 311, 319, 323, 325, 328-329, 
332, 353, 355-356, 363-364, 372, 376-379, 393, 
401, 424-429, 438-441, 443, 447

CO2 82, 103-106, 127-128, 130-131, 137, 167, 169, 
183-185, 187-188, 242, 248, 254, 259-260, 262-
263, 268-270, 272-275, 284, 298, 301-302, 304, 
306-307, 321, 325-326, 328-329, 333, 336, 338, 
344, 346-353, 357, 376, 380, 398, 404, 409, 
416-419, 421, 424-426, 428-433, 436, 438-441, 
444-445, 448, 452-454, 456, 465-470

CO2 emissions 103, 105-106, 127-128, 183-185, 187-
188, 248, 254, 259-260, 262, 268, 270, 272-275, 
302, 304, 306, 321, 326, 328-329, 338, 344, 346-
353, 398, 404, 416-419, 421, 425, 428, 430-433, 
439-440, 452-454, 456, 465-470

coal 14, 19, 25, 31, 187, 214-215, 217, 260, 291-292, 
303, 310, 318, 357-358, 361-363, 371, 424, 429-
431, 435-440, 444, 450, 468

cointegration 184, 262, 272, 274-275, 342, 344-345, 
351, 361-362, 365, 376, 397, 399, 403, 407-409, 
412, 415, 418-419, 421-422, 459-460, 462, 464-
466, 468

Commercial Arbitration 1, 3, 10, 18-21
compensation 2, 6-7, 9-11, 13-14, 17-18, 22, 102-103, 

106, 118-120, 122-129, 131, 225
Computable General Equilibrium Model (CGE) 102-

103, 130, 132-133, 325, 328, 363
contemporary energy sources 25-26, 28, 32-41, 49
corporate social responsibility 189-194, 196-197, 200-

206, 212-213, 320, 332, 348, 393
COVID-19 252, 254, 280, 293, 424-426, 429, 433, 

435-437, 439-440
CSR 159, 183, 189, 192-193, 196, 200-201, 211, 320, 

348-349, 380, 395

542



Index

D
DEA 50-56, 58, 61-62, 66-68, 70-80
Decision Making 50, 79
Decision Science 80
demand shocks 144-145, 150-151, 153-154, 157
distributional effects 102-103, 119, 126, 128, 131, 

133, 363, 374

E
Ecological Deficit/Surplus 449, 471
ecological footprint 346-347, 349, 353, 404-405, 446-

450, 453-454, 456-457, 460-467, 469-471
economic activity shocks 144-145, 150, 153, 157
economic efficiency 79, 102, 437
economic globalization 397, 399, 406, 409-410, 412-

413, 415, 422
economic growth 44, 46, 144, 147-148, 151, 155, 159, 

183-187, 240, 259-263, 265, 268-275, 281-282, 
297, 313, 331, 335-336, 338, 341, 344-345, 347-
353, 398-399, 402, 411, 416, 418-420, 422-423, 
446-455, 457, 460, 462-464, 466-470

ECX 360-361, 376, 429
EIA 9, 50-52, 56, 59, 61, 75, 80, 158, 260, 272
EKC 259-263, 268-270, 273, 325, 328, 347, 417, 446-

447, 449-454, 457, 460-465, 468-469
Emission Trading Systems 354
Emissions Trading Scheme 306, 330, 332, 359-360, 

374, 425-426, 428-429, 432-433, 442
Energy Charter Conference 221, 232
Energy Charter Treaty 2, 9, 13, 220-221, 232-233
Energy Community 232
Energy Demand in Industrial Projects 80
energy efficiency 28, 42-43, 105, 225, 228, 232, 319, 

323, 333, 336, 440, 453
energy stream 50, 52, 56, 59, 80
Environment, Social, and Corporate Governance 

(ESG) 332
environmental degradation 169, 187, 260, 272, 298, 

319, 333-342, 344-345, 349-351, 401-405, 417-
418, 421, 446-457, 462-465, 467-469

environmental impacts 51, 105, 131, 215, 278, 282, 
347-348, 353, 418-419, 447, 466

environmental Kuznets curve 186, 259-262, 272-275, 
347, 350-352, 417, 446-447, 464-468

Environmental Performance Index 377, 383, 386-389, 
391, 395

environmental policy stringency index 397-399, 406, 
409, 412, 415, 422

EU 1, 13-16, 18, 20-21, 24, 80, 104, 184, 191, 193-194, 

212, 221, 227, 232-233, 253, 287, 293, 295, 297, 
309, 325, 329, 347, 356-359, 361-362, 364, 372, 
374-376, 380, 412, 417-418, 424-426, 428-429, 
432-435, 437-442, 444, 453, 460, 466

EU ETS 356, 359, 361-362, 364, 374, 376, 425-426, 
428-429, 432-435, 437-442

EUA 356-359, 361-362, 364, 368, 370, 372, 376, 425-
426, 429-430, 432-434, 438-440, 445

EurObserv’ER 233
European emission allowances 354, 376, 429
European integrated Hydrogen Project 233
externality 260, 282, 284, 290-291, 300, 355, 455

F
factor income 102, 121, 123-124, 126, 128-129, 136
Feedback Effects 106, 133
Financial Deficit 257
financial development 159, 168-169, 183-188, 236, 

253, 306, 320, 331, 335-336, 338, 341, 346-353, 
374, 404, 417-418, 420-421, 425, 442, 452-454, 
462-470

financial sector 159-160, 162-164, 166-172, 174, 177-
178, 181-182, 187, 335, 348

financial system 167, 334-335, 377-378, 382-384, 
386-392, 396

foreign direct investment 4, 23, 159, 166, 168, 170, 
175, 185-188, 234-235, 250, 252-256, 306, 323, 
335, 349, 353, 397-400, 402, 405, 409, 415-422, 
428, 447, 455, 464, 466-471

foreign direct investment inflows 168, 254, 399, 405, 
422

foreign investment 15, 220, 241, 316, 397, 417, 421
fossil fuels 21, 215, 217-219, 223, 230, 260, 263, 292, 

297, 302, 307, 334, 362, 404, 418, 444-445, 447
fuel 22, 27-28, 42-45, 52-53, 55, 58-60, 64, 70-71, 80, 

105, 107, 132, 136, 146, 214-215, 235, 240, 249, 
260, 262-263, 270, 292, 345, 368, 372, 424-425, 
430-431, 433, 435-436, 438, 440, 444, 467

G
GARCH 354, 356, 359, 361, 364, 367-372, 374, 376
GHG 241-242, 247, 293, 355-357, 372, 376, 425, 427, 

438, 441, 443, 447, 450-452, 463
globalization 186, 192, 243, 247, 252, 320, 323, 325, 

350-352, 363, 395, 397, 399, 406, 409-410, 412-
413, 415, 417, 422

gravity model 234, 241, 244, 254, 256, 405-406
Green Economy 22, 214, 230
Green Energy 214, 216, 253, 374, 442, 468

543



Index

green investment 247-248, 253, 257
greenhouse 186, 216-218, 221-225, 227, 230, 240-241, 

259-260, 263, 270, 304, 307, 309-310, 327, 329, 
331-332, 334, 349, 354-355, 357, 371, 376, 379, 
418, 424-425, 428, 443-447, 468, 471

greenhouse gases 218, 224-225, 227, 259-260, 332, 
334, 354, 357, 371, 376, 428, 446-447, 471

gross capital formation 397-398, 406-407, 410, 413, 
415, 422

gross domestic product (GDP) 103, 235, 274, 300, 450

H
Hedonic Pricing 300
household 25-29, 31-32, 34-37, 40-43, 47, 59, 81-82, 

84, 102-103, 105-106, 108, 110, 117, 119-122, 
124, 126-129, 131, 136, 144-148, 153, 160, 166, 
175, 178, 257, 278

I
impulse responses 144, 146, 152-153, 156-157, 263, 

269, 271
industries 50-56, 58-61, 64-65, 74-81, 83-87, 90-91, 

93-95, 102, 107, 110, 118, 120, 122-124, 126, 
135, 160, 166-167, 175, 191, 238, 242, 247, 293, 
304-305, 316-317, 320, 328, 332, 335, 345, 357, 
363, 378, 402, 449, 451-452, 455-456

information disclosure 301, 306, 313, 315, 317, 320-
321, 326, 429

International Energy Charter 233
investment 1-2, 4-5, 7, 9, 11-24, 105, 108, 127, 131-

132, 137, 147, 159-160, 166-170, 175, 182, 
185-188, 190, 194, 196, 200, 215, 218, 220-221, 
225-227, 234-237, 239-242, 247-250, 252-257, 
292, 304-306, 311, 314-319, 321, 323-324, 330, 
332, 334-336, 345, 349, 353, 355, 382, 397-400, 
402, 405-406, 409-410, 415-422, 428, 443, 447, 
455, 463-464, 466-471

investment agreements 1, 5, 9, 20
IPCC 216, 218, 229, 358, 376

J
jus cogens 220, 233

K
Kyoto Protocol (PK) 444

L
Latin America 1, 10, 19, 29, 161, 163, 356, 420
legal system 11, 305, 377, 381, 383-384, 386-392, 395
leverage 377-384, 387-392, 394-395
linear and nonlinear impulse responses 144, 146, 157
local projections 144, 146, 153, 156-157

M
MAC 376
marginal cost 300, 310, 379, 436
marital status 25-26, 32, 36, 40
MCMC 259, 263, 266-268, 270, 276
micro-borrowers 25-26, 28, 30, 32-35, 37-40
monetize 279, 282, 300
MSR 356-359, 364, 368-369, 376

N
NARDL 333, 335, 337, 340-344
Nominal Capacity 52, 76, 80

O
oil consumption demand shocks 144-145, 151, 153, 157
oil dependence 144, 146, 149, 151-153, 157
oil inventory demand shocks 144, 150, 153, 157
oil supply shocks 144-145, 150, 153, 157

P
Panel causality 262, 397, 399, 411, 413-414
panel cointegration 275, 397, 399, 407, 415, 418, 421
panel data 43, 45, 144, 146, 153, 171, 184-186, 234, 

244, 249, 254, 257, 272, 323, 349-350, 384, 399, 
404, 406-407, 415, 417, 419-420, 452-453, 464-
465, 467, 469-470

panel data analysis 45, 184, 234, 244, 257, 323, 349-
350, 417, 420, 464-465, 467, 470

Paris Agreement 9, 14, 215-217, 235-236, 241-242, 
247, 260, 263, 269, 289, 291, 299, 306, 310, 329, 
332, 334, 364, 372, 374, 401

Partial Equilibrium 103, 106, 133
PM2.5 279-280, 283, 287, 292, 300
Policy Synergy 129, 133
pollution 47, 160, 167, 170, 175, 181-183, 185-187, 

192, 224, 227, 260-262, 268, 273, 278-299, 310, 
313, 326, 329, 331, 334-336, 338, 344-353, 355, 
402-405, 416-421, 446-447, 449, 451, 454-456, 
463-471

544



Index

Pollution Haven Hypothesis 160, 167, 170, 175, 182, 
402-404, 416-417, 419-421, 446, 455, 464-465, 
467-469

price of carbon 310, 426, 429, 438, 441, 444
Program Reduction Unit (ERU) 445
Public Goods 281, 300
Public Law 214
Public Policy 45, 128, 278, 328

R
real effective exchange rate 397-398, 406, 409, 412, 

415, 422
renewable energy 13, 20, 29, 31, 39, 42-48, 76, 160, 

169, 184-187, 214-232, 234-235, 243, 248, 250-
257, 260, 262, 270, 275, 309, 315, 318, 323, 334, 
347, 349-350, 352, 452-453, 456, 467-469, 471

Renewable Energy Law 217-218, 225, 231-232
Renewable Energy Measures 257
Renewable Energy Public Awareness 257
renewable energy resources 257

S
sensitivity analysis 50, 52, 54-56, 80, 249, 251
social accounting matrix (SAM) 102, 106, 131, 133
Socio Economic Effects 189

Socio Environmental Effects Financial Performance 
189

state sovereignty 1-3, 5, 7-8, 11, 14, 16, 216, 219-220
Subprime 424, 429, 432, 438, 440
supply shocks 144-145, 150, 153, 156-157
Sustainable goals 214

T
traditional energy sources 25-26, 28, 30
Transfer of Programs of Carbon 445

U
Unit of Discount Certified by Programs (URE) 445

V
valuation 7, 133, 278, 282-284, 298, 441, 444
Value of Statistical Life (VSL) 285, 300
Voluntary Emission Reduction 307, 309, 332

W
welfare 32, 44-45, 102-103, 105-106, 117-124, 126-

130, 189, 280, 282-283, 285-287, 294, 297, 355

545


	Title Page
	Copyright Page
	Book Series
	Dedication
	Editorial Advisory Board
	List of Contributors
	Table of Contents
	Detailed Table of Contents
	Preface
	Section 1: Energy Finance
	Chapter 1: Investor-State Dispute Settlement (ISDS) in the Energy Sector
	Chapter 2: Microfinance, Energy Poverty, and Sustainability
	Chapter 3: Financial Assessment Model for Energy Streams
	Chapter 4: Distributional Effects of Reduction in Energy Subsidy
	Chapter 5: Oil Price Shocks and Income Inequality
	Chapter 6: FDI, Energy Consumption, and Institutional Quality
	Chapter 7: Corporate Integrated Reporting
	Chapter 8: Renewable Energy
	Chapter 9: FDI and the Gap of Clean Power Finance
	Chapter 10: Economic Growth, Energy Consumption, and Carbon Emissions

	Section 2: Environmental Finance
	Chapter 11: Economic Valuation and Cost of Air Pollution
	Chapter 12: Carbon Financing and the Sustainable Development Mechanism
	Chapter 13: Technological Innovation and Financialization for the Environment
	Chapter 14: Determinants of Carbon Emission Prices
	Chapter 15: Environmental Performance and Capital Structure
	Chapter 16: Environmental Policy and FDI Inflows
	Chapter 17: Carbon Financial Market
	Chapter 18: FDI and Environmental Degradation

	Compilation of References
	About the Contributors
	Index

