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Abstract

In the current situation of global warming, the availability of fresh water is a
blessing. Due to uncontrolled extraction of groundwater, water table is decreasing
with a rapid pace. This reduction and water scarcity dilemma could be resolved
through better management of available water resources. Rainwater harvesting is
the most applicable and demanding way for conservation of water, which includes
localized storage of rainwater for different future use. In this thesis, a case study
of Capital University of Science and Technology (CUST) Islamabad Pakistan has
been taken to assess the potential of rainwater harvesting. Google Earth Pro
(GEP) was used for marking out boundaries of the study area. Digitization of
the campus was worked out by using ArcGIS. Overall demand for water in the
campus was calculated by considering the total population. Selection of suitable
sites for the storage of rainwater harvesting (RWH) was identified. Quantity of
rainwater was calculated by using Gold and Nissen. Storage tank size and location
was suggested on three different places on the basis of natural ground slope. The
result of this study shows that 100% of the water can be saved by rainwater
harvesting. The saved water can be used in effective way like land scape irrigation

by reducing the usage of groundwater resources.
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Chapter 1

Introduction

1.1 Overview

Sustainability is becoming a critical problem in growth of campuses. Sustainabil-
ity is a general concept derived from the word “sustainable” meaning “capable
of sustaining at a certain level.” [1]. Campus sustainability has become a global
concern and the 1972 Stockhom Declaration was the first to refer to sustainability
in higher education, acknowledging the interdependence between humanity and
the environment.A variety of ways are proposed to achieve environmental sustain-
ability [2]. Universities can now be perceived as ’small cities’ that occupy a wide
area of land, growing populations and traffic, and various complex activities that
are not confined to purely educational and research activities. These actions can

directly or indirectly effects the environment and sustainability.

Sustainable development on this earth has become an important guiding concept
for human life. Sustainable linked to the standard of life in a society, how the
cultural, social, and environmental structures that make up the community of en-
suring for present and future need with stable, significant and successful existence.
The universities are therefore one of the instruments which can be particularly use-

ful for sustainable growth [3].

Green Infrastructure (GI) have the ability to minimize electricity consumption,

water use and storm water runoff, and to provide other advantages, such as better

1



Introduction 2

indoor air quality and the use of local resources. The green infrastructure & build-
ings focuses on initiatives that can reduce the environmental impacts associated
with building and infrastructure construction and operations. This encourages
more energy and water usage [4]. The term ’sustainable campus’ refers to the
strategy or initiative that has been selected to achieve the ideal future. This is a
means one of for improving sustainable achievement within a university campus

and raising visibility among university workers and students [5].

If the current request is met without compromising the potential of future gener-
ations to meet their needs, sustainability can be achieved. Based on these state-
ments, it can be deduced that sustainable campus architecture involves the con-
struction of a campus that meets present needs and increase quality of life with a
focus on environmental, social and economic equilibrium without diminishing the

needs of current and future [6].

In the last 30 years, imperiosity has remained the most important indicator of
urban planning, with many studies suggesting a clear connection between imper-

ceptible areas and waterway safety [7].

GI concept usually covers open field, gardens, green roofs, biological preservation,
manufactured wetlands and localized water storage (e.g. rain water collection),

river conservation and multiple peripheral surface combinations [8].

(GI) is a general definition and strategy that originated from other terms including
“ecosystem infrastructure”, “ecological infrastructure”, “natural infrastructure”
and “sustainable infrastructure.” The term is often used interchangeably in plan-
ning and engineering research with Low Impact Construction (LID), but “sustain-
able development” has developed to include LID and is now with the dominance

concept used in North American and European policy [9].

With new students enrolled each year, campuses are growing; more rooms are
required for hostels, road signs for traffic flows management, more classrooms and

parking space are required [10].

Gl is a solution, where people have the option to protect safe wetlands, have certain

conservation advantages and promote community sustainability. In contrast to
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an ecosystem of single-use grey storm water that utilizes rainwater drains, green
infrastructure uses plants and grounds for management of the rainwater in which
it falls. Green infrastructure offers not only rain water management but also
water treatment, air quality assurance and much more by incorporating natural

procedures are the constructed environment [11].

As centers of knowledge, universities have an important and strategic role in ex-
ploiting the social and economic benefits of revolutionary ideas. The aims of this
analysis is to analyze the green campus core sustainability technologies and adopt
recommendations for the introduction of sustainability techniques in the capital

University Science and Technology, Islamabad.

1.2 Research Motivation

e Sustainability of the university is a major concern today. Sustainable campus
calls on the university to encourage green buildings that reduce energy and
water use while maintaining a low carbon footprint. Now a days, 5000
students are enrolled in the Capital University of Science and Technology
(CUST). Thus, CUST wants to follow green building strategies for smart

campus architecture.

o Water scarcity for Pakistan is a major and rising problem. Pakistan is now
faced with relative (per person) water shortages, and both population and

water demands are expected to increase for several decades [12].

e Water shortages limit agricultural production. As a result, the problem of
food security is growing with increasing population growth. The motive
of this research is to protect the water shortage which produces drought,

ensuring food availability and improving the community’s wellbeing.

1.3 Problem Statement

Sustainability concept arise with the climate changes and increasing environmental

problems such as climate change, pollution growth and uncontrolled developments
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cause water scarcity and degrade water quality. Increasing water scarcity requires
efficient water management to meet the future demands. To provide efficient wa-
ter management with sustainable storm water management, rainwater harvesting,
renewable energy reuse of greywater systems and decrease in use of the potable

water is essential.

1.4 Overall and Specific Research Objective

The aim of this research is to study the effectiveness of campus physical develop-
ment planning in Pakistan in creating a sustainable living on campus by assessing
the problems that exist. The research is conducted in Islamabad. The limitation

of this study is to provide sustainable campus in terms of:

e Review of campus master plan.
e Rainwater harvesting for potable water saving.

e Rainwater collected from roof tops of different blocks of an institute is an
adequate source of sustainable water supply that could be harvested by con-
structing RWH tanks at appropriate location. Greening in campus is needed

to ensure healthy life of a conducive research environment.

In this research work, a sustainable campus is analyzed for by analyzing different
green infrastructure techniques, such as green campus, and rainwater harvesting.

Therefore, the specific goal of this research is as under:

“Green Infrastructure Technique of Rainwater Harvesting for Sustainable

Educational Institute Campus Design”.

1.5 Thesis layout

The layout of research comprises of main five chapters. These are:
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Chapter 1: It is titled as introduction. It explains the overview of sustainable
development, research motivation, problem statement, overall and specific research

objective, brief research methodology and thesis layout.

Chapter 2: It explains the literature review related to previous researches on
techniques for sustainable campus. It consists of background, research history on
sustainability and green infrastructure, rainwater harvesting and summary of this

chapter.

Chapter 3: It is named as study area, methodology and data. It consists of
background, study area, review of campus master plan, pervious and impervious
area, rainwater harvesting, Gould and Nissen formula (1999) is used for potable

water saving and summary of this chapter.

Chapter 4: It is named as results and discussions which covers calculation of im-
pervious and pervious area, review of campus master plan, calculation of rainwater

harvesting potential of campus and summary of chapter 4.

Chapter 5: It consists of conclusion, results from the study and future recom-

mendations.
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Literature Review

2.1 Background

The idea of sustainability develops with the growing world and rising environmen-
tal concerns. Sustainability approach is being adopted for most of the campuses
and project across the world. Global warming and rising scarcity of water sup-
plies, water management is a big challenge. The Stockholm Declaration of 1972
was the first to request sustainability in higher education and acknowledged the
interdependence between humans and the atmosphere and suggest some strategies
for achieving environmental sustainability. Sustainability has become an issue of
global significance [2]. In the past two decades, several organizations (campuses)
have been engaged in their education frameworks to include sustainable growth
[13]. Campuses are big user of energy and resource which produce toxic waste
[14]. Our activities like the usage of classrooms, labs, offices and facilities have a
strong effect on the environment [15]. The sustainable campus provides a superior
environment for campus students, in particular, in terms of their environmental,
social and economic quality of life for the public, by comparing physical develop-
ment planning of universities now research campuses. Preparing for population
expansion on a campus has a significant influence on the life and decision-making
of students. These findings demonstrate the perfect way to create a balance to
build a compact campus [16]. Green Campus (GC) is a tool for university sus-

tainable development activities. These are opportunities that allow the university

6



Literature Review 7

to change its processes to avoid harmful impacts on the populations and to estab-
lish a healthy environment of social progress that is focused toward sustainable
development and disruptive practices. In this chapter techniques for sustainable

campuses have been briefly discussed.

2.2 Research History on Sustainability and Green

Infrastructure

When existing requirements are met without sacrificing on the potential of future
generations to fulfil their needs, sustainability can be accomplished. On the basis
of these assertions, we can infer that developing a sustainable campus requires such
solutions that meets current needs and improves life quality, while being consistent

with the needs of future generations, based on natural, social and economic balance

6].

Utilized a multi-criteria system and identified several indicators, and developed
an evaluation model to act as a tool for effective universities to promote decision
taking. The authors said GC is a well-established university culture that encour-
ages awareness of local and global climate change. The initiatives planned for
GC systems involved the conservation of energy, recycling, water safety, transport

efficiency, waste management and environmental protection [17].

Through the integration of the three economic, social and environmental facets

the true benefits of sustainable development can be achieved [18].

Nifa et al [19]. That the integrated project delivery system for sustainability
in architecture for campus growth notes that sustainability on campus enables
the university to promote green buildings that have a low carbon footprint and
consume less electricity and water. By reducing the risk of air pollution in campus
buildings causing respiratory problems to a healthier climate, energy-efficient green

buildings strive to improve illumination, air, ventilation, and indoor air quality.

Lau et al [20] “Healthy campus by open space design: Approaches and guidelines.”

Two campuses were contrasted with different urban landscapes, so that challenges
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and possibilities are identified for the implementation of rural architecture, spatial
architecture and green design. They saw that a stable campus can protect many
places to accomplish various objectives. Finally, a system incorporating the three

approaches is combined to create a sustainable definition.

Measure the key performance indicators (KPI) for a sustainable campus design.
They calculate 35 indicators composed of 6 groups including building and services,
electricity and climate change, pollution, water, transport and education. They
reveal that education with a weight of 0.2665 is the most significant category
for sustainable campus assessment, whereas resources and climate change with a
weight of 0.1156 are perceived to be the least effective category for sustainable

campus assessment [21].

Open areas between buildings and acting as connections to locations offer a sense
of orientation on the campus through the integration and organization of various
sites and elements; they also provide an aesthetic sense of appealing environments
and visual surprises. In outdoor settings, apart from the formal class and discus-
sions, many new and novel concepts arise. The nature and calming feeling in the
open space promote impromptu gatherings and conversations and give exhausted

scientists fresh air [22].

Definition means that sustainable campus is not only a reflection of green and
environmental-friendly systems, but also the whole social landscape nearby. The
ecological campus of universities must therefore be a healthy campus environment,
encouraging fair rights and exports and social justice in all its fields through elec-

tricity, resource conservation, disposing of waste and constructive management

[23].

When natural sources of water such as streams, wells, rivers fail and harvested
rainwater can be used for a variety of purposes in arid and semi-arid regions.
Rainwater is only recently being used in private residences, public buildings and
heavy industry through pipeline systems. For water supply, rainwater is used
in schools, car washing centers and factories [24]. Investigated that rainwater

collection is a good solution and a backup in long dry season or when water level
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fall and wells are dry, excluding in the most arid or semi-arid regions. Water
from the mains supply can be supplemented by RWH networks. Rainfall water
from impermeable surfaces (primarily roofs) is captured and deposited in tanks
for later potable and non-potable use. Harvested rainwater will partially replace
mains service water, minimizing the impact on centralization water supply and

delivery networks [25].

Collection and preservation of rainwater for future use is techniques of rainwater
harvest. Rainwater harvest is extremely critical for improving domestic water
quality, the irrigation food production, and ensuring water safety [26]. Rainwater
harvesting is able to address many requirements for domestic interior and exterior
water demand, but due to heavy financial resources, it also had extremely long

payback periods [27].

Various researches around the world recommend that rainwater harvesting is an
alternate source for manage the challenges related to water shortage for human use
and support the environment. These researches have been carried out in China.
Evaluation of the capacity and economic feasibility of the rainwater harvest mecha-
nism for four various climate regions of China. The results indicated that reliability

of rainwater availability ranges dramatically across four cities 3.85%20.55% [28].

Rainwater collection from surfaces of various types of water storage cisterns is
practiced since old days in the Middle East and Asia. The Yerebatan Saray is
the greatest cistern in the area of the Mediterranean, possibly in Istanbul, Turkey,
able to store around 80,000m3 of water [29]. To resolve water shortages and
promote water management, rainwater harvesting has been fully implemented in

some Indian cities for all new houses [30].

A number of policies to improve access to potable water supplies in developed
countries have been implemented, including extension of water supplies in urban
areas and borehole development. The use of new water supplies in addition to

dominating or current sources is another technique [31].

Water poverty is defined as inadequate available water resources for domestic pur-

poses and food production to stabilize domestic and production requirement. It
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occurs when water demand is greater than available water supply in specific area
Water poverty is characterized as insufficient water supplies accessible for residen-
tial use and for agricultural production in order to stabilize domestic requirements
and production requirements. It happens when the need for water exceeds the

availability of water in some areas [32].

Water poverty is the condition where country cannot afford the cost of water with
good quality for all population at any time. Water poverty can be attributed to
water scarcity. Water scarcity described by continues water supply-demand gap

[33].

The collection systems of rainwater are generally thought to provide clean drinking
water without treatment because collection surfaces (toeing) are separated from
many of the normal pollution sources (Moseley, 2005). However, 56 households
without RWH facilities (22.5 per cent) said the condition of rainwater in the dry
season, owing to litter, bacteria and bird drops and the danger of egg pollution in
ribs and storage facilities was not suitable for drinking. Of the 108 RWH infras-
tructure households, 101 (93.5 percent) reported that rain water was clean, and
many cooked, albeit rarely. Rainwater assessments are not quantitative research
but based on assumptions. The consistency of rainwater has typically been found
to be high in Ghana, but pollution is often normally impacted by plants used to

gather and maintain them [34].

The rainfall in many regions is high, and for the rest it is low or insignificant; thus,
rainwater and rainwater harvesting and storming would help to reduce dry season
shortfall. In many countries, rainwater harvesting in the last two decades has
undergone a major renaissance. At the heart of this revival was Africa and South
Asia, which built tens of millions of roof catchments. Kenya and Thailand were
focal points of technological development and were followed by other countries

[35).

“Reliability and economic analysis: the potential of extracting rainwater in various
commercial buildings of Dhaka”. The results have shown that rainwater harvesting

during the usual year and rainy years will increase the yearly climate conditions
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by approximately 11 to 19 percent and by 16 to 26.80 percent on a per capita
water demand of 30 liters per day (Ipcd), respectively, [36].

Rainwater harvesting has many benefits,: water free of charge; the direct harvest-
ing and storing of the water near its use, removes the need for a delivery system
and its repair costs; high quality for many applications; leads to the elimination of
street-surrounding runoffs; decreases the need for fresh drinking water for purposes
other than drinking. There are six key components of the rainwater collection sys-
tem, including the catchment area, rainwater spout gutter, filtration structure,

storage system, treatment and distribution system [37].

RRWH in Addis Abeba, Ethiopia. Big public entities. In this analysis the RRWH
amount was estimated using the rooftop areas of major public establishments and
average monthly rainfall. Based on its findings, RRWH could provide 2,3% of

Addis Abeba’s potable water from major educational entities [38].

Belgium has national law supporting RWH, which requires a rainwater recycling
scheme on all new housing developments that will be used to wash the toilet and
outdoor water. In Flanders 10of household water intake today is expected to come
from RWH and could rise to 25% by 2025. It is estimated that 72% of the overall
rainwater usage in Flanders is in households [39].In Portugal, the ERSAR guide-
lines promote the use of RWH exclusively as an irrigation plant for non-potable
purposes. ANQIP published a scientific paper detailing the method of implement-
ing water storage systems in Portuguese buildings, a non-profit organization for
buildings supporting Water Sustainability in Portuguese in 2012 (National Asso-
ciation for Quality of Building Installations) [40].

An evaluation of alternate water supply technologies should be part of every emerg-
ing national water strategy instead of the usual major central technical solutions.
The formal (i.e., permanent collection/ storage systems) and formal (e.g. pots
under the roof edges) of domestic rainwater harvesting are carried out in differ-
ent parts of the world. Due to improved safety, accessibility, reliability, use of
locally available resources, potential savings and reduced prices than some cen-

tralized treatment methods, this technology has become increasingly common in
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developed countries. It is also consistent with the conditions in the urban poor

[41].

2.3 Rainwater Harvesting at Different Universi-

ties

Tan et al [42] “Development of green campus in China” From the studies, they
find that the large scale expansion of energy resource effective growth of campus in
China, mainly targeting the energy conservation application and campus energy
management, has been actively supported by the National Government through
policy support and financing. A big push is being made to transform the electricity
and capital intensive campus from green campus to sustainable education and low-

carbon projects on campus.

Indonesia University (IU) has researched environmental and services as a healthy
campus. Spectacular greenery, around 70% of the area was recognized by IU,
covering about 320 ha. The project has been planned for healthy communities,
such as the lawn area (park), bay field, bus stop, free and closed channels, irrigation
canals and ornamental plants throughout the project. Throughout the energy
management program substitute existing lighting with LED lamps. The energy

use will decrease to almost 50% [43].

Determining the “Management of Sustainable Campus in Malaysia” Sustainable
development as a technology that improves human life quality while supporting
social, ecological, and economic balance goals and benefits through living within
environmental capability. Sustainability will be accomplished if the present de-
mand is fulfilled without threatening future generations’ ability to fulfil their own

needs [2].

“Campus sustainability (A Case Study in University Malaysia Sabah)”. They
demonstrate that the key issue of the sustainable campus of Malay is the lack of
knowledge about the idea of sustainability within the campus population. They

often describe the UMS group with a high degree of experience and awareness



Literature Review 13

regarding sustainable campuses, while the under known sustainability activities

tend to impact its sustainability practices [44].

“The green campus project and its effect on the quality of life of students in green
and non-green campus universities”. They observed that students of studied Green
Universities were more reserved than students from non-green campus universities

surveyed, and had a somewhat better quality of life experience [45].

“The estimation and design of rainwater harvesting structure to Siddharth group
of institution, Puttar.” They found that 23.627219 x 103m3/year was recharge
through rainwater harvesting. Total estimation of rainwater harvesting system

from rooftops was 2.51 lakh [46].

The collection system for rainwater may allow for the capturing of rainwater. In
general the rainwater harvest scheme consists of direct rain water collection from
roofs and other catchments installed for usage of residential, industrial, agricul-
tural, environmental use, as well as the collection of sheet drainage from land or
natural surface catchments and rock waters. The structures can be classified as

massive, medium and small [47].

There are apparent significant sustainable advantages, rather than trying to han-
dle and veined the water out, due to the harvesting of rainwater from building
assets. It is also obvious that experimental work on the success of alternative
water management systems in line with sustainable goals must be carried out

urgently [48].

Rainwater harvesting is useful when used in urban areas; but because different
rural areas are available in the world with little or restricted access to drinking
water, the use of rainwater harvesting systems is equally important for people’s

potential livelihood in these areas [49].

Toilet water flushing generally constitutes a large fraction of all residential water
use and a possible easy approach for a sustainable development is to substitute a
mobile water with an alternative water supply. In Hong Kong, water wash was
used and contributed about 22 per cent of the overall water source covering about

80 per cent of the city [50].



Literature Review 14

In different regions of the world, drainage of the rainwater for domestic use is
very common. Because climate change, along with rapid urban indifference and
population development, have an effect on water sources in many areas, the im-
portance of collecting rainwater for domestic water demand is now commonly
acknowledged. Drinking water is a desirable and efficient way to minimize usage
of domestic drinking water supply, rather than in the dry and semi-arid regions,

in the application of rainwater storage schemes (RWH) [51].

Studies on the effect of RWH on buildings of Coventry University found that RWH
would meet around 25% of the demand for water at the university. They explored
how RWH in cities improves building and urban landscapes and the underlying

communities both biodiversity and resilience [52].

Rainwater harvest (RWH) is an alternative used in many parts of the world, where
con vetiver water supply schemes have not fulfilled people’s needs. When applied
in combination with water demand control, and interventions to enforce water
recharge are said to be effective for collection and use. The methods of rain
water harvest, the nature of the collected water, the cost-effectiveness by using
local materials and know-how, and socio-cultural and economic factors were to be
examined. Demonstration programme to increase civic acceptance and to further

remove structural hurdles should be pursued [53].

The inadequate city drainage infrastructure found it impossible for people to dis-
pose easily of rainwater as a nuisance. As a resource, Rainwater was overlooked.
But in a year of around 73 million cubic meters in the city the piped water was
overwhelmed by 306 million cubic meters of rain. It can harness and use this rain.
It is important to reclaim the city’s rainwater as a resource and the value of water

securing by a shift from “offsite” to “onsite” sources [54].

A survey of 277 societies in sub-Saharan Africa by [55]. Showed that around 86%
were mainly dependent on agriculture, 6% on livestock and husbandry and farming
were codominant for a further 3%. Other sources include 2% mostly fisheries; 1%
fishing and livestock equally; and some hunting and collecting minorities. The way

of life in this area is, therefore, dependent on the status of natural environments for
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small-scale rural agriculture, with low production rates, and simple tools. Rainy
season governs most people’s lives because it decides how they operate to make a
living dependent on the use of land resources. The runoffs are primarily obtained
from land catchments as well as from ephemeral streams (water collection) and
irrigation of roads/paths. Stored in various installations, primarily auxiliary irri-
gation systems or the ground profiles (tanks, reservoirs, dams, water cabins etc.
(for in situ and flood irrigation). RWH may be regarded as an irrigation method

[56).

The distinction with RWH is that the farmer doesn’t have time leverage, since
runoff can only be harvested by rain. For example, a 50% decrease in seasonal
precipitation may lead to a complete food shortages in areas where livestock are

fully rain forced [57].

There must be a series of reforms aimed at reversing the unsustainability of the
soil and groundwater extractions to satisfy water requirements. Rainwater harvest
(RWH) is regarded as an alternative to sustainable urban water cycle management.
It provides many benefits, i.e. it will reduce urban outdoor water demands and
reduce water constraints by the promotion of significant water savings, the reduc-
tion of polluting loads from non-point sources, the reduction of urban rush, flood

control and a reduction in world climate change [58].

The advantages that rainwater harvesting provides to 23 metropolitan areas in
seven different parts of the United States of America by implementing rainwater
harvest systems. The findings suggest that the harvesting of rainwater is 1 to 17

percent less drained [59].

The main determining factors for the sustainable harvesting of rainwater are little
understood. Water source reliability and potential depend on the variability, form
and location of the RWH system in the rainfall. Efficiency improves with accurate
use of water, which in turn depends on local expertise and capacity for investment.
In relation to the hydrological sensitivity of the area, impacts vary with water
use intensity and form and locations of the RWH system [60]. In Australia, the

government has promoted storm water harvesting through media campaigns and
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provided resources and grants to encourage ideas and creativity in water saving.
For e.g., Victoria provides discounts of up to $500 for people installing new rain
water tanks. Increased uses of rain water collecting and other basic advanced
technology may mitigate environmental impacts from .water stocks and water
recycling systems that lead to climate change. This transition also has a minor

advantage as a major element of urban water supply [61].

By evaluating a water equilibrium, the water regime of a given region can be
well understood. The balance of water inbound from precipitation and water out-
bound by evapotranspiration, groundwater recharging and stream flux measured
for a whole water bodies is the equilibriums. Simply put, a water balance is a
budgetary exercise to measure the rainfall proportion to stream flow (or flush),
evapotranspiration and drainage (or groundwater recharge). The roof has been
preserved in urban areas and used for freshwater reloading. This top-of-the-roof
rainwater solution connects the outlet pipe from the rooftop to either natural
wells/tube wells and wells or specially constructed wells. Rooftops for rainwater
collection in India have been built in various urban housing complexes, or institu-

tions used to collect the roof for water charging [62].

Rainwater collection consists of a wide variety of methods to capture and store
water on the ground and ex situ. In situ, soil maintenance techniques are soil ir-
rigation, which improves moisture infiltration and reduces rinses on surfaces such
as terracing, pitting or recycling methods. In the field in which the plant grows
the rainwater collection region is the soil acts simultaneously as the means of stor-
age and sharing. Development throughout the world in several countries Ex situ
solutions provide collection areas outside to storage, which are a natural surface
soil with a small infiltration potential or a minimal or no penetration potential
synthetic layer. The roofs, sidewalks, floors and hills are depicted as widely used
impervious areas. Stocking structures also consist of reservoirs, lakes, ponds or
cisterns. Due to growing water shortages internationally, rainwater production in

many countries has expanded rapidly over the last decade [63].

An assessment of the potential of RWH by [64] concluded that in the four main
cities in the United States (New York, Philadelphia, Chicago and Seattle) RWH
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could minimize potable water requirements by more than 65 percent and roof

runoff by 75 percent with 100m? and 5m3of water tanks in the catchment area.

2.4 Rainwater Harvesting and Potable Water

Saving

Water is a valuable gift of nature and life exist where water is available. It has many
usages in human life. With the increase in population, the demand of this natural
resource is increasing day by day. Now a days water scarcity is a big challenge in
many developing countries like Pakistan for the use of future generation [65],[66].
Fresh water resources are limited and because of increased demand in comparison
to an increasingly growing world population, industrialization, urbanization, global
climate change and water is becoming a scarce resource. Water conservation is

essential, rainwater harvesting technique is an effective way for conservation [67].

“Rainwater harvesting in Jordan: potential water saving, optimal tank sizing and
economic analysis.” He observed that Jordan could save 30.5 m?® per year on
possible rainwater, with an average saving of 8 percent on total domestic demand

146].

“Investigation on rainwater harvesting in residential areas of arid and semi-arid
regions case study: Turbot-e- Jam, Iran.” They found that the total harvested
amount of rainwater was 5,606 m?® considering the total surface of the roofs and
the annual rainfall in the study area. The areas of Turbot-e Jam, the harvested
rainwater was estimated as 772,806 m?. There result shows that 15.5% water was

saved [68].

“Rainwater utilization in Germany: efficiency, dimensioning, hydraulic and en-
vironmental aspects.” They prove that the method of rainwater harvesting in

Germany has saved water from 30% to 60% depending on the roof area [69].

“Potential for potable water savings by using rainwater and greywater in a mul-

tistory residential building in southern Brazil” there result show that across the
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three blocks, the average possible savings in potable water ranges from 39.2 to 42.7
per cent, provided that toilet washing, clothing washing and cleaning water need
not be drank. The savings in drinking water will range from 14.7% to 17.7% when
using rain waters. The saved potable water is higher, for greywater alone, from
28.7% to 34.8%. The saving of drinking water for combined rain and greywater
ranges from 36.7 to 42.0% [70].

Determined “Potential for potable water savings by using rainwater: An analysis
over 62 cities in southern Brazil.” They find that the ability to save water by using
rain water ranges between 34 and 92 percent, based on the regulated drinking water

needs of 62 cities, with an average water saving potential of 63 percent [71].

Rain water harvesting (RWH) has been found in a current Sudan case study to
have an alternative drinking water source due to urban population growth in a
changing physical environment [72]. Our most valuable natural resource is water,
which most of us take for granted. We are constantly conscious of the importance
of water to our life, as well as its scarcity. Humans use water for a variety of
reasons. Water covers the majority of the earth’s atmosphere 71%. Just 1% of the
actual amount of water present on the earth’s surface is pure and potable water,
with 97 percent being saline water, 2% being ice and glaciers, 1% being fresh and

potable water [73].

The rainwater harvesting opportunity in an urban population living in Bangladesh’s
poor South Agar of Chittagong. A multi-criteria decision analysis analytical hi-
erarchy process (AHP) reveals that the rainwater collection system could be used
to augment up to 20 liters of rainwater per person per day over the year, while
at the same time rainwater collection from surfaces on the roof could reduce the

issue of water squeak age by around 26% [74].

The capital costs for massive rainwater tanks attached to trade roofs in Melbourne
can be recovered at potential rate water price increases within 1521 years. Several
findings with respect to the device scale have been discovered on various levels of
RWH systems viability. In fact, there was probably substantial spatial variation

in a region, even in a large city [75].
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The most viable option for the urban water supply scheme may be Rainwater
Harvesting (RWH). This will reduce water crisis, reduce the pressure on existing
water supplies, reduce non-point source pollution, handle water logging issues,
avoid floods, assist with climate change effects and contribute to control of storm

water, etc [76].

Australian people largely collect rainwater in underground tanks because of water
shortages rural areas. Rainwater harvesting can provide for up to 50% of water
necessary for toilet flushing, laundry, hot water and outdoor irrigation in residen-

tial multi-unit buildings [77].

In Brazil, potential for drinking water savings by rainwater is already reported
to vary greatly in terms of geographical area, i.e. from 48 percent in the South-

Eastern region to 100 percent in the North [78].

Rainwater is a renewable plant water supply (free from salt). This will mitigate
salt deposition by collecting rainwater and lead to root growth in the healthy soil
climate. When rainwater percolates are deposited deeply into the earth and diluted
usable salt are collected in the root area of plants. This would lead to further root
growth and water absorption, thus increasing the plant drought resistance. There
are few restrictions to the harvest of rainwater and successful nature effectively

complies with them [79].

As indicated by GEF [80]. Domestic and industrial water demand will rise as the
world’s population grows and as planned industrial expansion occurs, especially
in Africa. People in cities with insufficient water supplies rely on tanker systems,
whose quality is unknown. Water contamination has exacerbated the problem
in many countries, making rainwater harvesting an important choice for ensuring
water protection.

Jackson [81] listed a variety of explanations for the increased popularity of rain-
water harvesting to meet rising water demands, including climate change. These

reasons are:

e About half of the world’s available freshwater drainage has now been allo-

cated for human consumption.
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e More than 1 billion people do not have access to safe drinking water, and

almost 3 billion do not have access to basic sanitation facilities.

e The population is increasing higher than available freshwater rises (per capita

availability of freshwater will decrease in the coming century).

e The climate change would lead the Earth’s hydrological cycle to intensify
over the next 100 years, usually with increased precipitation, evapotranspi-
ration, intensity of storms and huge changes in biogeochemical processes

affecting the quality of the water.

Set several actions on the campus to ensure sustainability. In various subjects,
including energy effectiveness, food and accommodation, waste minimization and
water management, the university also explored its sustainable nature. Sustainable
water activity has been developed such as reducing domestic water use by 25%
and restricting irrigation to two days a week by using drinking water. The waste
created on sites has also been reduced, further reused, recycled and composted.
Sustainable campuses provide a vital role to address the needs of the current and

future in the models from around the world [82].

In Lipari, an island in southern Italy, researchers investigated the large-scale in-
stallation of rainwater harvesting systems. They looked at multi-family residen-
tial buildings and the possibility of using rainwater to meet non-potable water
demands. Rainwater harvesting systems could minimize water usage by 30 to 50

percent in 94 percent of these buildings in Lipari, according to the authors [83].

RWH is a feasible, but disputed approach to tackle multiple water issues concur-
rently. A RWH is a multifunctional, integrated facility to increase water supplies,
replace high-quality non-drinking drinking water, as well as mitigate storm water
runoff and water waste, one of the main sources for flood and municipal water pol-

lution. Unlike the current centrally located and single source urban water systems

84].

Rainwater harvested is a sustainable source of hot, household and country water.

Water collection technologies deliver modular technologies that address the needs
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of current and modern and vast sites efficiently. The lower cost relative to other
water supply schemes that are readily available and easily managed in the home

is the main appeal of the rainwater harvesting [85].

Stresses current water supplies in urban growth and the demand. Caution is now
on renewable supplies of precipitation, such as rainwater services, as additional
multi-purpose water resources. The increasing demand on the resources that are
available is the dilemma of scientists, engineers and decision makers as the entire
growth of the country in various areas depends on this critical resource being

available [86].

Water and food conservation are the main threats of climate change, since they
are also particularly vulnerable to evolving climate trends [87]. Food preservation
is a complicated sustainability agenda for the procurement of safe and nutritious
foods by people to sustain balanced and active living. In this sense, the amount
and quality of water available is closely linked to food safety, since all food supplies

are water demanding directly or indirectly [88].

The appropriate size is dependent on a variety of variables, sizing a rainwater
tank using computer based modelling can be very difficult. The best tank size
is determined by the collection system, the region of the roof where water will
be stored, the amount of water that the tank will be needed to provide, whether
demand will be constant or intermittent, the required efficiency of the tank’s water
supply, the depth of precipitation that can be predicted, and the rainfall pattern
of the area where the tank will be installed [89].

A systematic water for life analysis recently conducted strongly advocates the need
to follow a limited catchment strategic plan for improving irrigation cultivation

[90).

Substantial field trials and lending facilities were identified to smallholder farmers
of the Potsheni drainage basin in South Africa to fund these institutions. Such
collection organizations could play a significant role in the response to natural
changes such as rainfall fluctuations, floods and droughts for citizens and eventu-

ally ecosystem processes. One additional parameter, essential in the sustainable
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development of rainwater production by harvesting, may be the capacity of such
an entity to include upward, midstream, and downward water users in changing
processes [91]. Water is diminishing and unpredictable in Africa. During 19701994
the population increased by 180 percent, while the availability of water for basic

need in Africa decreased by 16 percent in Europe [92].

Rainwater harvesting is an increasing technique to improve water efficiency dra-
matically, thus alleviating the lack of farm water and enabling rises in crop pro-
duction levels. In some sections of the SSA, several traditional and newly evolved
rainwater collection methods are used. Any traditional strategies in the drylands

of Western Asia have been adopted and universally spread [93].

Three-quarters of the incremental food needed by the world’s population over the
next few years can be met by up to 80% of the level of production generated
by world-class low-yield farmers on comparative soil. The biggest possible yield
growth is in rainforest areas where many of the rural poor people in the world live

and where water conservation is the key to such growth [94].

The most effective irrigation is rain water, since it is fresh in nature and can
be easily treated and used for non-potable purposes. But many still refuse to
follow the Australian rainwater management scheme (RWHS). Statistics from the
Australian Bureau of Statistics (ABS) show that approximately 47 percent say
‘higher prices’ are the primary explanation why the rain tank is not built [95].
Collection of rainwater in South Korea will be possible for 6 months of the year
only. They also discovered that a profit-cost ratio of 20% could not be achieved
because water costs in South Korea are too low. It proposed that water costs in
South Korea need to be raised by approximately five to make the RWHS financially
viable [96].

2.5 Rooftop Rainwater Harvesting

Rooftops may be built to rainwater collecting to minimize storage costs and main-

tenance to resolve difficult problems. When the system is integrated into the
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building design and development process, the costs of the system will be very

small [97].

The sustainability techniques of a sustainable campus should extend across edu-

cation, research and campus acts (i.e., waste, energy and water) [98].

They rooftop rainwater harvesting structure design at the University campus in
India. During the non-monsoon season, rainwater harvesting can resolve water
shortage issues by storing a massive amount of water 6109.42 m? each year on the
university campus. This system will improve the water availability for development
projects, planting and also encourage with the artificial recharge of the ground

water table [99].

Rainwater collection in Jordan has been used to supply water for a wide variety
of domestic and agricultural products. Despite the provision of water delivery
facilities, Jordanians need to catch rainwater because of the water crisis. A series
of characteristic previous events, including successful water harvesting methods
are located in Jordan, in areas with a yearly rainfall ranging from 100 to 1000 mm
[100]. A roof drainage system consist usually of a catchment area (usually the
roof), filter, warehouse, a supply chain, pipes and an overflow system The main
operating criteria affecting operating quality are therefore rainfall, water volume,
tank volume, and reliability of the collection and the filter, in terms of economic

viability [101].

Roof-top harvesting is popular in areas where the roofing materials are fine. When
compared to a field or rock catchment, this form of water collection is less prone
to pollution. Impermeable surfaces and impermeable soils are examples of ground
catchments. These techniques are often used in areas with low annual rainfall or
a lack of sufficient roof-top space. Natural depressions are sealed off and storage
tanks are created by erecting walls. While these catchments are less expensive to
construct, they do necessitate appropriate locations [102]. The rooftop rainwater
harvesting (RRWH) rooftops in Syria. Complete roof areas were used for each
county and average rainfall in urban areas to measure the RRWH volume. The

RRWH is nearly 35 from urban areas in Syria [103].
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The efficiency of the rainwater harvesting system for a large building. The study
showed that for an office-based rainwater harvesting system, about 87% water

saving capacity could be obtained over an eight-month span [104].

The city of Dhaka’s rainwater harvesting sustainability, quantity of water and
quality is investigated. A RWH system is reliable and cost efficient for a residen-
tial building with a capacity area of 170m? and a normal water requirement of
135 liter /capita/day, in addition to many water quality requirements for controls.
Rainwater harvesting is a sustainable solution that has been more common in both

rural and urban areas in the developing world because of its diversity and quality

[105].

In the rainwater harvesting process, the impact of roof surface area on rainwater
runoff quality and quantity. They conclude that roof catchment has a significant
impact on rainwater collection quantity, quality and can be used as a protected
water supply by a simple water treatment facility [106]. Multi-criteria analysis of
device configurations for the harvest of rainwater in UK Buildings. Result show
that rainwater is best way for reduction of capital costs, maximum efficiency in
water saving, minimization of operational water energy consumption, minimization
of peak storm water releases and annual storm water releases [107]. Rainwater
harvesting-an alternative water supply in the future for Pakistan. The results

showed that 45% of potable water was saved by using rainwater harvesting [108].

In cities the big, impermeable spaces (roofs, garages, parks, flanks and so on) are
an alternative source of water and sustainable urban growth. Rainwater harvest-
ing opportunities. However, it is important to consider public opinion about them
and the reasons of their discord for the effective introduction and introduction of
alternative and emerging technologies. Since there are significant differences in
public opinion at various geographical places, the easiest way to support publics
with government’s decision would be to achieve the suitable solution. Percep-
tion experiments, amongst the most effective tools for eliciting public sentiment
in the hopes of gaining insight into the problem, are one of the most powerful
tools for eliciting public sentiment [109]. Domestic rain water harvesting (DRWH)

describes the concentration, collecting, storing and use in small sizes of rainwater
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from rooftops, corridors and other imperious domestic surfaces. USEPA is widely
recognized for the replacement of drinking water from the water supply for certain
water uses that are less taxing in houses such as toilets flushing, terrace washing
or private watering in the backyard. In addition, amid research on the prevalence

of toxins at rooftop rainwater from various parts of the world [110].

RWH is actually used by a substantial share of households in Malta. 35.4 percent
collect it in underground tanks and the figure in plastic containers is lower, at 1.8
percent. In a new construction plan that covers the creation of water collecting
surfaces on the roof, tank sizes and capacity, etc. the RWH has been used by the
MEPA (Malta Environment and Planning Authority) since 2004 [111]. Annual
precipitation and cumulative rooftop volumes to measure the future RRWH vol-

ume in Lebanon. The theoretical RRWH amount on rooftops in Lebanon is about

23 MCM, based on their findings [112].

Almost 22 per cent of domestic demands for water could be fulfilled with RHS in
Islamabad. Reported there was, however, no thorough study of RHS effectivity
assessment in Pakistan to encourage the development of RHS by engineers and
residents through methods for modelling and approaches to water stress allevia-
tion. In addition, there is a research void to track environmental and financial

benefits of RHS throughout Pakistan under various climatic conditions [113].

With a population of approximately 22% of the world’s population, China has only
7% of the global resources for fresh water. This very low supply is spatially and
temporarily unfavorably distributed across the country. With a total agricultural
land of about one-third and 700 million people, the southern part of China has
almost 81 per cent of the country’s water resources. In comparison, only 19 percent
of the country’s usable water is available in northern regions with 40% of the
population and two thirds of the land. There were water scarcity and water

quality concerns over 430 towns in 668 cities investigated in China in 2000 [114].

Estimation of rooftop rainwater harvesting potential using application of google
earth pro and GIS. He found that the volume of water harvested from various

types of rooftops were 11,65,3,860 liters to the annual water demand 3,06,60,000
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liters [115]. Rainwater harvesting potential by using ArcGIS in Almasguda region
India. They obtained 436708288.17 liters of water from both runoff and rooftops
rainwater harvesting. The obtained water is more than adequate for at least
46398800 liters of domestic demand and sufficient. They conclude that rainwater

harvesting is a convincing method [116].

Rainwater collection consists of a technique which allows rainwater to easily be col-
lected from rooftops, land surfaces or rocks. Rainwater collection in its elementary
form uses clear storage reservoirs and tanks to store the runoff from infrastructure
for potential use in this or in near proximity facilities. More complex methods,

like underwater check dams, are similarly used to obtain comparable results [117].

A domestic RWH report on Chephalonia has reported in Greece that the chemical
content of rainwater collected is appropriate and it is carried out in compliance
with the guidelines for chemical parameters laid down in Directive 98/93/EU.
They concluded that RWH is a viable solution to the availability of freshwater, in
particular to unpolluted regions, as water shortages and demand grow. In a study

on water management policies in the city of Phoenix, USA [118].

RWH has the advantages of minimizing the treatment cost, cost of pumping,
service and raise rates, decreased peak flood runoffs and a reduction in storm water
collection costs as part of a regional reticulated delivery scheme. Moreover, RWH
decreases the production of greenhouse gas by reducing pumping dependency and
future rises on sources such as desalination. RWH will make local water reserves
with risks (surface and contaminated water). Despite climate changes projections,
the financial advantage being that rain is renewable at sufficient amounts. In
general, RWH systems are low in running cost since they supply water at the

consumption stage [119].

The main installation of rainwater storage systems on residential structures raises
questions about drinking water and protection from existing facilities. While some
care should be taken, Rainwater can be obtained from almost any roofing surface.
Roofs can be stopped for any plumbing or plumbing flash. Anything unique should

not be called arsenic roofs with separate fibers for rainwater collecting due to



Literature Review 27

asbestos protection problems [120]. Despite its advantages, a green roof garden
needs extra irrigation water, which has hardly been debated in the literature. It is
promising that rainwater collection can effectively be applied to the toilet flushing
without any significant improvements to the current scheme. Using rainwater
collection as an efficient urban water supply scheme offers optimum sustainable

city development for various water sources [121].

RWH’s efficacy in reducing climate change’s possible impacts on combined wastew-
ater overflows in Toldeo City, Ohio. In contrast, RWH’s 0.76m?> systems with stor-
age capacity in one half of the town’s buildings can reduce potential impacts on
the urban drainage network and toilet flushing water supply requirements, which

are the largest percentage of indoor water use [122].

Water scarcity is a situation in which the world is unable to afford high quality
water costs to all the people at any time. Poverty of water may be due to shortages

of water. Scarcity of water characterized as a continuing gap in water demand

123).

Ghana is one of the nations that in recent years have stressed the use of rain-
water by government authorities and development partners. This is because the

country’s water quality condition has long been inadequate [124].

Main source of water supply in the research area is only groundwater. The water
demand is growing exponentially in the campus mostly for drinking, lab works,
washrooms, kitchens, canteens, floors cleaning, and irrigation etc. Rainwater har-
vesting is the most widespread alternate source for the current water requirement

and to meet the future water demands in research area [125].

The rainwater harvesting scheme in India, they discovered that rainwater harvest-
ing is useful for multiple purposes such as washing the clothes, washing the vehicle,
planting and one of the key benefits is to cut the water bill by 50 percent to 60
percent. They also note that surplus rain water can also be used through artificial

recharging methods to restore underground aquifers [126].
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2.6 Potable Water Saving Through Rainwater

Harvesting

Although water becomes scarcer, a water resources management solution is re-
quired, covering all water users, forms of uses and water supplies. However, water
conservation should never be an objective, it forms an important part of agricul-
tural and land farming and must therefore be aimed at protecting and improving
the condition of land users. High-input methods for smallholders, though, may
be too costly or impractical for local biophysical and social environments. Many
land owners will benefit from higher approaches that are more suitable for their
characteristics and circumstances and therefore improve the quality and safety of
water usage. Land users are encouraged to implement several cost-effective wa-
ter conservation technologies. While several of these developments are still not
known, many are still available to land users. Consequently, water shortage can

be questioned according to Lisa [127].

Especially in comparison galvanized metal rooves with the roofs of asphalt and
found metal rooftops to be both an enhanced source of Zinc and Cadmium pollu-

tion [128].

The amounts of lead, zinc or copper were not substantial in ruins on asphalt roofs
and metal roofs suggesting large variations in findings between related roof-based

studies [129].

The decision on the installing of a RWH scheme, [130]. Indicated, was based on
budgetary expenditures and advantages, while staying in the context on publicly
acceptable problems and the condition of water. Therefore, the economic viability
of RWH schemes is especially important to assess. Prior to its administration,
conventional facilities such as wastewater and concentration camps, concentrate
rain water from the catchment. Source control SC, on the other hand, attempts
to contain and/or penetrate tiny amounts of rainwater as near as possible to its

point of fall. These devices are often referred to as best management practices

(BMP) [131].
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Urban communities are among the most vulnerable because they are subject to
high environmental pressure, combined with huge biological footprints, and mostly
rely on water from remote rivers, which is delivered by large infrastructure. About
50% of the world’s population lives in those regions and over 70% in North Amer-

ica, Europe and Oceania [132].

Frequently scarcity and population expansion in urban areas help to raise the need
for water in order to satisfy predominantly household needs. Power shortages and
the depletion of traditional supplies encourage greater reliance on imported water

for these needs [133].

Includes waterproof catchments for the rainwater system, for instance, for collect-
ing rainwater, for distribution of rainwater to storage reservoirs, and ultimately
for storage tanks. In order to maintain high reliability, it is advised to use plastic

or metal equipment in systems [134].

Water shortages can exist almost everywhere because of the demands of water
that go beyond available water supplies. Shortages is generally linked to arid
conditions and poor water supply regions. However, it may also occur attributable
or improper suburban irrigated agriculture use in areas with heavy plaster rainfall.

This then emphasizes the need for continuous access to water supplies [135].

Assessment of the RWH framework sustainability index in six metropolitan cities
in the United States using indices of stability, durability, and vulnerability. They
demonstrated that the sustainability index of the city improves by rising the stor-

age space of RWH systems [136].

A main feature of the environmental pillar which is the principal pillar on urban
sustainability has been found to include relevant water quality metrics in an ar-
ticle on the designation of European urban areas [137]. The challenge of a lack
of water can be widespread and its consequences can be devastating, but human
populations can embrace many sustainable opportunities and approaches through
behavioral change [138]. Despite the difficulties of expanding the usage of rain-
water in the region, RWH’s interest in the sustainable alternative water collecting

and storage technique is rising worldwide, to ease the increasing water shortages
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and shortages problem caused by periodic droughts, rising population, the water

contamination and depleting aquifers [139].

The RWH method can also be used for small farming needs in both cities and
towns as a supply of water. In several rural zones and on islands, RWH is a main
source of [140].

RWH will offer a more resilient and cost-effective way of improving water quality
in areas where there is growing water shortage than the complicated municipal

water grid [141].

A variety of questions such as saving water quantity, water price, interest rates,
environmental advantages as well as efficient use and fetching saved time (which
can be used for other productive purposes, alternative water sources costs and
maintenance of the system) are to be examined in the economic study of RWH

142).

In remote areas, RWH contributes to achieve one of sustainability’s goals. The
machine rainwater (RWH) is mostly used as an alternative supply of water for
non-potable applications in urban environments (e.g. washrooms, toilets, water

irrigation and automotive washing), as well as storm waters [143].

A time-series model approach was employed to calculate a flood reduction in RWH
tanks in three locations for a wide range of conditions. With an annual average
supply below the annual domestic requirements, this study has shown that in-
creasing the size of the RWH tank leads to more accumulation of the flood and a

reduction in flood volume and peak [144].

The impacts of RWH in a condominium of houses in Curitiba have been tested,
in various situations and reduced peak flow even though certain considerations
relating to construction, tank capability, rainfall characteristics and land usage

influence the effect of the RWH system on drainage [145].

Studied a construction of RWH tanks in a suburban urban block in Genoa to assess
the efficiency of RWH systems in storm water flood control (Northern Italy). The
authors find that peak flow decreases by 33 percent average and the amount of

rain absorbed by 26 percent [146].
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The scheme for RWH offers the opportunity to integrate certain facets of the flow
of soil and water. Beginning with rainfall, part of the water is either directed into
the soil or the process of rinsing begins. Surface ruin may be caught in ponds
and poured into the farming field or released to the lower one. This integration
contributes to additional factors that affect the rush generation process in the
watershed. In order to schedule and control rain water harvesting, the imple-
mentation of the sub water runoff study through the fall also becomes necessary

147).

The rinse generation operation, the size of a catchment and form of storage can be
categorized as the rainwater harvesting systems. Runoff cycles generate rivers,
reservoirs and precipitation. The storage type could be a storage within the
ground, tank or reservoir and whether it is a micro or macro device is determined

by the size or scale of the system [148].

The World Health Organization (WHO) is committed to ensuring that every per-
son, irrespective of the extent of their growth and of social and economic circum-
stances, has the right to access sufficient safe drinking water. The WHO estimates
(1997) that a minimum of 100 liters per day is household and urban water required.
Rainwater (RWH) practice spreads exponentially around the globe in urban areas

[149).

It is in the growth of all continents. The lack of water has contributed to the use
of rainwater in Australia for many years, and today 3.2 million Australians have

only used RWH for drinking water [150].

In a significant range of examples, a time series modelling methodology was used
for measures of flood reductions in relation to RWH tanks in three locations. When
the average annual supply is smaller than the annual domestic demand, this study
has shown that an increase in the size of the RWH tank leads to more water

preservation and a reduction in flood volume and peak [151].

The daily demand for toilet flushing was required in order to mimic the water
balance of the RWH tanks. The analysis used in this study to assess the pattern

of toilet splash demand was based on water utilization data obtained during a



Literature Review 32

seven houses surveillance programme in Palermo during the 2002-2004 period.
The toilet flush tank was 9-10 liters in each of the camp homes. (10 liters is found
for all houses in water balance simulations). These details are analyzed by Liuzzo

[152].

One of the driest provinces in China is Gansu. In order to support local farmers, a
rainwater field, two tanks and a field for farming were provided by the Provincial
Government of Gansu. The scheme provided 1.3 million people with drinking

water in 1995/6 and 1.97 million people in 2004 [153].

Water is also not easily accessible to the poor of the planet, being one of the
most basic human needs. A number of water supply and delivery technologies
in developed countries have been successfully applied to provide safe and secure
water near to their end-users. To meet this need. One such alternative available
in all countries or in all socio-economic backgrounds for rainwater harvesting.
It is able to provide drinking, heating, bathing, and cleaning water for various
household purposes. Rainwater irrigation is one of the most fundamental forms
of the collection of water and has been used worldwide for centuries as a tool to
gather and store water for potential use. The harvest of rainwater does not only
consist of rooftops, it can also cover catching water that has fallen to the ground
by the accumulation of runoff. Impervious material should be mounted on the
floors, or exposed floor caps can be used to corral water in the storage tanks. The
former will include building a concrete floor, whereas the other may use a big hill

[154].

The scale of the collecting surface is the annual rainfall for a region. There can be
no more water accumulated than the surface drop. A personal water storage tank
would also be far lower than one rain collected in a municipal house. It is really
interesting to remember other ways in which people get clean water while building
a tank. If the main supply of domestic water for the storage of rain water is to be

the tank wide enough to ensure while there is water at the end of summer [155].

Studies were carried out on the cost efficiency in the entire lives of domestic rain-

water systems in Great Britain, and the rainwater harvesting was found to be
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considerably cheaper than using mains water alone. The domestic RWH struc-
tures in their analysis typically led to financial losses almost equivalent to their
cost of capital. Therefore it is doubtful that the domestic RWH is cost-effective
for all predictable situations without substantial financial assistance [156]. The
shifting environment and freshwater resources use poses an issue of safe water
provision for many rural Indians, as well as the seasonal fluctuations and gradual
decreases in groundwater table. Rajasthan, one of the driest countries in India,
depends on soil water for 90% of its portability and 60% of its irrigated agriculture
[157].

Vibrational surface water supply leads to this strong reliance on freshwater. With
over 10% of India’s geographical area as well as 5% of India’s population, Ra-
jasthan is Indian’s biggest country, and it only holds 1% of its overall water supply
[158]. RRWH from the village of Pirwadi Kolhapur, Maharashtra (India). The
possible amount of RRWH that can be harvested from the findings of this analysis
is 11457 m3 [159).

In Pakistan, drinking water availability is becoming a big problem. The present
141 million in Pakistan population is projected to cross approximately 221 million
by 2025. This development would directly affect the water demand in order to
serve various purposes. The supply per capita of water has declined from 5,000 m?
in 1951 to 1100 m? which is only above the globally recognized point of scarcity.
By 2025, the supply of water was estimated to be less than 700 cubic meters per
capita. The aim of this study to suggest effectiveness of rainwater harvesting in
institutes where vast area and population more than 4000 no. exist in Pakistan.
This will help in reduction of ground water pump age and also helps in recharging

the ground water [160].

2.7 Measuring Tools

Three different tools (Google earth pro, ArcGIS and SamSam Water rainwater
harvesting) are used in this study. Google earth pro is used to calcite the differ-

ent area such as impervious area (parking space and sidewalks), pervious areas
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such as (playground and green lawns) and building covered areas. ArcGIS is used
to convert the google earth pro file which saved in KMZ (Keyhole Markup lan-
guage Zipped) into shapefile. SamSam water rainwater harvesting tool is used to

calculate the storage tank size for the catchments.

2.7.1 Google Earth Pro (GEP)

Google Earth Pro is a popular tool that allows for the simulation, evaluation,
overlay, and construction of geospatial data, despite not being a true GIS. This
user-friendly tool is also a good starting point for people who want to study more
about GIS but want to start with the basics. Google Earth Pro could also be used
to display its ultra-high-resolution satellite images, upload or import geographic

information in its popular fully integrated file format (KML), and locate places.

Google Earth Pro is a software-based product developed by Google to view both
a 2D and a 3D image of the earth’s surface. In comparison to other Earth Surface
views, Google Earth Pro has many benefits. For e.g., from the specific goal users
might see the earth’s surface. Using the media of Google Earth Pro, the earth’s

surface shape, land use and pitch can be seen [161].

Instead of doing field surveys, Google Earth Pro will save you 38 hours. Because
of many reasons, MA in Magelang Regency has the ability to use Google Earth
Pro internet [162].

The use of Google Earth Pro software is consistent with the information flow of
the investigation template. The study teaching method has important nutrients
features, inviting students to search for truth, then to present issues and to solve
them [163]. One opportunity to use immersive learning tools is possible. It is
planned that active learning tools will infrastructure so that learning can be more
efficient and interesting. It will allow students to readily understand the principles
of terrain [164]. It is established long that the “facilities” from which it can be
accessed are heavily affected by domestic water use. So households that carry
water man-made from a distant spring normally consume less than 10 liters per

capita per day (Ipcd), while households in the same country consume more than
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100 Ipcd when they have a stable tap source. This ’ease’ is not strongly correlated
with cost, so water supply can be argued for a price distortion. Certainly there
are economies of scale, which normally cost more supply to remote rural buildings
than to concentrates. For these and other reason, municipal water is mostly piped

in developed countries and rural water is seldom piped [165].

The advantages of using digital content are to extend, increase and enhance aware-
ness and promote learning to learn creativity and innovation. This network will
show a learning opportunity which sounds more alive and clarifies the introduction

of express or implied subjects [166].

The need for digital technology will motivate learners’ abilities to interpret, cri-
tique and form opinions focused on observation and thorough analysis known as

logical conceptual understanding [167].

Satellites and spatial data was used to create the photographs in GE (images from
airplanes, kites and balloons). Town or state legislatures also have certain videos.
This photographs are not actual; elevated images have an average lifespan of 6
months to 5 years. (Google Earth). This is why GE photos need to be reviewed
for precise preparation because they do not represent recent landscape changes
(new urban development, recent disasters etc.) The majority of the land area is 15
meters per pixel resolution and some inhabited centers throughout North America
and Europe have even higher resolutions (few meters per pixel), while oceans have
much less than 500 m resolution. The standard of picture information in GE varied
greatly in general, but are much less precise in rural areas in developed countries.
The illumination of certain areas of concern often affects clouds, shadows and thick

vegetation [168].

2.7.2 ArcGIS

ArcGIS is a technology that enables data analysts to generate personalized maps
and conduct geospatial analyses in order to make more intelligent decisions. The
combination of evidence, technologies, research techniques and skills is continually

changing. GIS may be used to explore themes through geographical locations in
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a variety of ways. Examples on how GIS should be used include forest fire spread
simulation, building a new neighborhood health center and get a research site for
monitoring of samples. Chances are unlimited and GIS systems are increasingly

capable of innovation.

Six crucial considerations, i.e. hydrology, geography, soil, agriculture, topo graph-
ing and socio-economic factors, are used for selecting the rainwater collection site.
In addition to making it time consuming particularly where a broad reservoir is
concerned, consideration of all these factors can increase the complexity of se-
lecting a location. Location selection process for rainwater collection systems has
been simplified by the reduction of the planned site number and by choosing only

suitable areas, thanks to GIS technologies [169].

The location selection procedure for rainwater harvesting using GIS technologies

is based on help judgement guidelines, depending on the assessment criteria [170].

GIS has a powerful geostatistical feature that can be applied to the development
of hydrological models. GIS is commonly used to investigate the connections be-
tween urbanization and hydrology. The use of a (GIS) in urban drainage modelling
entails encoding, processing, interpreting, and presenting data in a spatial context.
In addition to the production of GIS technologies, land-use charts, digital eleva-
tion models (DEM), soil imperviousness maps, contour data, digital orthographic
aerial images, and pipe-network drainage maps, parameter values for rainfall-runoff

models can be produced [171].

GIS are valuable because they offer a mechanism for capturing, organizing, as-
sessing, converting, and viewing geographical and non-spatial data for specific

objectives [172].

Probable runoff generation sites, and thus priority areas for rainfall harvesting,
were identified using GIS in a research area at CUST Islamabad. To reach the task
of representing the spatial distribution of rainfall and prioritizing sites for rainfall
harvesting, it was important to define and gain relevant information, create the
appropriate databases, and determine how these data are to be used in a GIS

working context.
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2.7.3 SamSamWater Rainwater Harvesting

The goal of Sam Sam Water Organization is to raise the number of customers who
have sustainable and secure access to clean drinking water in developing nations.
Sam is ‘together’ ‘Sam Sam.’” they work together to achieve our objective: clean
and secure water for alll We believe in realistic solutions, implemented with our

allies and recipient groups in close cooperation.

2.8 Summary

It is clear from above history that in literature the strategy for sustainable campus
development requires for a better balance between economic, social and environ-
mental goals in policy formulation as well as a long-term perspective about the
consequences of todays campus activities. It is necessary to understand of the
factors involved in the development, construction, maintenance and the overall
operations of the sustainable campus. Rainwater harvesting is a sustainable tech-

nique of potable water saving for future generation.



Chapter 3

Study Area, Methodology and
Data

3.1 Background

With climate change and rising environmental issues, the idea of sustainability
is growing.Campus sustainability calls for universities to support green buildings
and can reduce energy and water usage.Humanity faces big environmental threats
such as climate change, rising energy needs, food availability, water shortages,
rising water contamination, and rapid urbanization. All of these require a more
sustainable approach collaboration among various knowledge fields is necessary in
order to find solutions. Wide cooperation would become increasingly necessary

between universities and other social acts.

3.2 Study Area

The selected area for this study is the Capital University of Science & Technology
(CUST) Islamabad. CUST is a private university located in Islamabad at coordi-
nates 33'32’54.24N, 73’113.83E, having an elevation about 500 meters (1,600 feet)

above mean sea level. Islamabad receives an average annual precipitation of 1250

38
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mm (49 in), including more than 250 mm (10in) per month in July and August.
The temperature ranges from 0° C T to 39° C.

(https://www.climatestotravel.com/climate/pakistan)

9
~

PAKISTAN

Political

FI1GURE 3.1: Study Area Location

FIGURE 3.2: A clear view of Study area

3.3 Data Collection

The population data of students, faculty and staff were obtained from university
administration.Google Earth Pro (GEP) and ArcMap software are used to do re-

search related to geo-space. Both are freely available and user friendly. ArcGISwas
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used to note the elevation of study area. Area was measured with the help of poly-
gon tool which is available in GEP. Average annual rainfall data has been obtained

from metrological department of Pakistan is 1.25m/year.

3.4 Methodology

This research is conducted on selected private sector university near kakpul for
analysis of green infrastructure techniques for sustainable campus develop. This

study focuses on:

e Review of campus master plan.
e Rainwater harvestingfor potable water saving.

e Rainwater collected from roof tops of different blocks of an institute is an
adequate source of sustainable water supply that could be harvested by con-
structing RWH tanks at appropriate location. Greening in campus is needed

to ensure healthy life of a conducive research environment.

3.4.1 Review of Campus Master Plan

It is a basic requirement of now a days to do planning and development of an
institute to replace it to green infrastructure. The basic conditions for such devel-

opment include:

(a) To have more pervious area that allow gardening and quick infiltration of

rainwater.

(b) To device and have mechanism for storage and reuse of rainwater that oc-

curred on the campus.

3.4.1.1 Determination of Impervious and Building Covered Areas

Google Earth Pro has been used to determine the total area, impermeable area

and building covered area of the campus.It is extremely time-saving technique in
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comparison with field measures to calculate the linear distance and closed bound-
ary area. It is used to locate the observed coordinates on specified ground and
measure the area of chosen ground. Impervious surfaces are predominantly built
surfaces protected with impenetrable materials such as asphalt, concrete, and
stone-sidewalks, roads, and parking lots.Figure 3.3 shows that 12 main blocks,
canteens, parking space, green lawn and playgrounds. The campus isconsists of

alluvial soil, which is fairly level.

Legend
: # Academic
# Green Area
%z (7 Study Area

N
=

>

Google Earth

600 ft

FI1GURE 3.3: Area Identification using GEP

3.4.2 Rainwater Harvesting

In the study area, groundwater is the main source of water. In campus, there is a
high demand for water mostly for drinking, in laboratories, washrooms, kitchens,
for use in building floor washing as well as classes, for use in gardening etc. There-
fore, uncontrollable groundwater extraction will disturb the hydrological balance;
hence ecological and sustainable water retention methods are necessary.One of the
capable alternatives to the current water requirement and to meet the campus
future water needs is rainwater harvesting.

The methodology includes the following steps to achieve the objectives of the
study:



Study Area, Methodology and Data 42

e Segregation of Different land usage.

e Measurement of different areas

e Calculation of potential for rainwater
harvesting by using Gould and Nissen formula.

¢ Calculation of elevations and slope

e Estimation of water demand

¢ |dentifying and recommending suitable sites
for rainwater harvesting.

¢ Calculation of storage tank capacity on basis
of daily discharge

3.4.2.1 Segregation of Different land Use

Area was divided into impervious and previous areas. Impervious area consists
of parking space, side walks building covered area. Previous area consist of play-

grounds and green lawns.

3.4.2.2 Measurement of Different Areas

Polygon method in Google Earth Prowas used to measure the impervious areas

(sidewalk and parking) and different rooftops.

3.4.2.3 Calculation of Potential for Rainwater Harvesting by Using

Gould and Nissen Formula

The Gould and Nissenis one of the most popular runoff estimation method used
for estimating peak discharges for small drainage areas by using equation 3.1. It
estimates only the volume using average rainfall per annual, area, and a land
use factor.The Gould and Nissen, and estimation of its parameters to calculate S,

plays a key role in hydraulic design ofstorm sewers.The average rainfall per annum
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(R) is the mean precipitation rate in m/annum.Gould and Nissen formula is given

below.

S=RxAxCr (3.1)

Where:
S = Potential of rainwater harvesting (m?).
Cr = Co-efficient of runoft.

R = Average annual rainfall (m).

A = Area in (m?).

The runoff coefficient is the fraction of rainfall striking the drainage area that
becomes runoff from that drainage area. It is an empirically determined constant,
depend on the nature of the drainage area surface [173]. An impervious surface
like a concrete parking lot have different runoff coefficient.Table 3.1 is shows runoff

coefficient values.

TABLE 3.1: Runoff coefficient “C” values.

Type of drainage area Runoff coefficient

Business:

Downtown areas 0.70-0.95
Neighborhood areas 0.30-0.70
Residential:

Single-family areas 0.30-0.50
Multi-units, detached 0.40-0.60
Multi-units, attached 0.60-0.75
Suburban 0.35-0.40
Industrial:

Light areas 0.30-0.80
Heavy areas 0.60-0.90
Parks, cemeteries 0.10-0.25

Playgrounds 0.30-0.40
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Type of drainage area Runoff coefficient

Unimproved areas:

Sand or sandy loam soil, 0- 0.15-0.20
3%

Sand or sandy loam soil, 3- 0.20-0.25
5%

Lawns:

Sandy soil, at 2% 0.05-0.10
Sandy soil, average 2-7% 0.10-0.15
Sandy soil, steep 7% 0.15-0.20
Streets:

Concrete 0.90-0.95
Brick 0.70-0.85
Drives and walks 0.75-0.95
Roofs 0.75-0.95
Tuff tiles 0.70-0.85
Iron sheet 1

3.4.2.4 Calculation of Elevations

Elevations of the study area were developed by using ArcGIS. A google earth pro

file was export in to ArcGIS for developing elevations of the study area.

3.4.2.5 Estimation of Water Demand

Estimation of water demand is calculated against the number of students, worker
and number of faculty and staff. These numbers were given from university which
were 5335 and liter per capita per demand is taken from building code of Pakistan

which was 23 lcpd.
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3.4.2.6 Suitable Site for Rainwater Harvesting

Identification and recommendation of suitable site for water storage tank is based

on the slope, elevations of area and exiting drainage direction.

3.5 Portable Water Saving

The supply of water is the most important thing in everyday activities, particularly
for washing, cleaning, lab use, ablution and bathing. We waste large amount of
water during each washing process. The loss of water starts as the tap is turned
on and off. Unfortunately, people often forget to turn off the water tap, which
makes water wasteful as shown in figure 3.4. As a result, a lot of fresh water flows
unnecessarily into the sewer. Currently, supply of water at study area by pumping
the groundwater to fill a water tank.Water pumps are manually turned on and
off to operate.The manually water pump is not reliable, because the water pump
cannot automatically turn on and off. When someone forgot to turn off a pump,

the situation allows the water to overflow.

gettyimages

FIGURE 3.4: Wastage of water by manually water tap

The best way of saving water seems to be using the automatic or sensor water

tap.The sensor detects the presence of human and works only when necessary.The
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user also does not have to touch the valve to start a flow of water.This auto-
mated control device can minimize excess water consumption when doing labora-

tory work, washing hands, ablution and other activities.

3.6 Summary

The CUST campus is selected for the study purposes. Google Earth pro software
is used for determine impervious/pervious area and building covered area. Poly-
gon method was used for measuring area of academics block of campus. Master
plan review for measuring sustainable techniques in terms of review of campus
master plan, pervious/impervious area, waste water recycling, renewable energy

and Rainwater harvesting.



Chapter 4

Results and Discussions

4.1 Background

The selected study area is discussed in previous chapter. Where different methods
for measurement of impervious/pervious area, rainwater harvesting and storm
water have also been discussed. Google Earth pro software has been selected
due to free and open source software it offers premium high-resolution photos.
Polygon method has been for measuring area of academic blocksand impervious
area of campus. This chapter discuss the results obtained by using methodology

described in chapter 3.

4.2 Review of Master Plan of Campus

Capital University of Science and Technology (CUST) is located in the attractive
surrounding of Sihala on the bank of river soan, just a one kilometer from main
Islamabad expressway. Its span over 177 kanals (23.13 acre or 93603.789 m?) of
land and provides educational facilities to thousands of students. The university
campus is a state of art facility in private sector and development process is con-
tinuously going on. The campus built up area is only 7.28 acre (29461.11 m?) at

the present. The gross construction area of the existing buildings is 1.76 acres

47
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(7103.02 m?). Four blocks (A, B, C and D), one main canteen are located in SW
(South-West), eight blocks (E, F, G, H, I, J, K and M), three other buildings such
as shed, animal house, UTM lab are located WN (west-north), one canteen, admin
office and transformer room are located NS (North-South). A large parking area
adjacent to main entrance gate in which left side for campus transport and right
side for faculty and students. Area of campus was consist of alluvial soil, fairly
leveled. Soanriver originates from the foot hills near Murree. CUST campus con-
structed on the bank of Soanriver, this thing adds beautiful site view and aesthetic
sense to campus site. Islamabad Highway cross this river near Sihala where the
famous KakPulbridge is constructed over it. The Ling stream joins the Soan River
just before the Kak Pul and nearest to the CUST as shown in fig 4.1. Retaining
wall is constructed south to west side of the campus back side of A and B academic
blocks for protection of Soan river flood during raining season. Waste water of
university and nearby housing societies is drain into Soan River. Playgrounds are
located at the back side of campus. All these details are shown in fig 4.1. Further

master plan of CUST is review in three ways such as:

e Building cover area.
e Impervious area.

e Pervious area.

FIGURE 4.1: Arial view of CUST show Soan River
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4.2.1 Determination of Building Covered Area

Different academic rooftops of the study area are digitized by using the polygon
tool available in Google Earth Pro software. The process includes digitized build-
ings of 18 concrete roofs with solar panel on 9 roofs and 1 shed (Iron sheet) rooftop
of the study area that have been saved as KM (Keyhole Markup) and represent in
figure 4.2. Table 4.1 showed the measured area of each block of campus. Covered

area percentage of building was calculated using formula showed in equation 4.1.

Total Building Covered Area

% Building Covered Area = Total Area x 100 (4.1)
TABLE 4.1: Building Roof Area of CUST Campus
Sr.No Blocks Type of roof material Roof Area (m?)
1 Block A Roof Concrete 377.11
2 Block B Roof Concrete 621.62
3 Block C Roof Concrete 372.6
4 Block D Roof Concrete 359.13
5 Block E Roof Concrete 726
6 Block F Roof Concrete 790.65
7 Block G Roof Concrete 349.32
8 Block H Roof Concrete 543.43
9 Block I Roof Concrete 167.74
10 Block J Roof Concrete 563.43
11 Block K Roof Concrete 298.44
12 Block M Roof Concrete 598.91
13 Adman office Roof Concrete 55.87
14 Shed Iron Sheet 464.15
15 Transformer room Roof Concrete 134.02

16 Canteen 1 Roof Concrete 127.3
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Sr.No Blocks Type of roof material Roof Area (m?)
17 Canteen 2 Roof Concrete 390.02
18 Generator room Roof Concrete 93.28
19 Animal house Roof Concrete 70
Total 7103.02
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FIGURE 4.2: Academic Roofs Area by Polygon

o g 7103.02
% Building Covered Area = 93603780 < 100 = 7.588%

4.2.2 Determination of Impervious Area

Polygon method is also use to calculate the impervious area of the campus.Impervious
surfaces are also includes constructed surfaces covered by impenetrable materials
such as concrete and stone pavements, sidewalks and parking lots. Total imper-
vious area of campus is 5.52 acre (22326.33m?). Further details of impermeable

area are shown in table 4.2 and in figure 4.3.
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TABLE 4.2: Impervious area of CUST Campus

Sr.No Types of Impervious Area Area (m?)

Area 1 Pavers tiles 13340
Area 2 Pavers tiles 4069.75
Area 3 Pavers tiles 1002.64
Area 4 Pavers tiles 432.02
Area 5 Pavers tiles 1134.56
Area 6 Pavers tiles 238.42
Area 7 Pavers tiles 233.95
Area 8 Pavers tiles 100.59
Area 9 Pavers tiles 162.72
Area 10 Pavers tiles 250.25
Area 11 Pavers tiles 268.3
Area 12 Pavers tiles 583.33
Total 22326.33

CUST Islamabad
Polygons
SymbollD
PAVED AREA
BLOCKS
GREEN AREA

&2 % acona

H

Aces ©
" 3 arcaz

uTm

aiog’ 2R K Arca gnimusihoume

. Aran«
= 5 Area s,

Arex 13 Gmnmrstor toom Py

Area 2

c2

...................

FiGURE 4.3: Layout of impervious area
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Total Impervious Sur face Areas
Total Area of CUST

% Building Covered Area = x 100 (4.2)

o 22326.33
% Building Covered Area = 93603730 x 100 = 23.851%

4.2.3 Determination of Pervious Area

A permeable surface is a surface that allows the percolation of water into the under-
lying soil.Pervious area was calculated by subtracting impervious area and building
covered area out of total area of campus. Building and impervious areas are mea-
sured with the help of polygon method of Google Earth Pro software. In pervious
areas planted areas, playground, lawns and green beltsare include.Pervious areas
of campusare shown by green color in Fig 4.4 andpercentage of campus areas im-
pervious, building covered areas and pervious areas Fig 4.5.

A, = 93603.789 - 22326.33 - 7103.02 = 64174.439 m?

Total Pervious Sur face Areas

% Pervious Sur face Area = Total Area of CUST x 100 (4.3)
64174.439
% Pervious Sur face Area = 93603789 < 100 = 68.559%

GoogleH

FIGURE 4.4: Pervious Areas of Campus
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= Imperious area
= Pervious area
= Building coverd area

FIGURE 4.5: Percentage of Impervious/Pervious and Building Covered Area

4.2.4 Contour Plan of Study Area

Contour plan of all area is measured by using ArcMap software. Grading point
data showing levels of each point is also shown in figure 4.6 below. The elevation
points of the site ranging from minimum of 446.4467m and maximum elevation of
452.1796m, which shows that the natural slope of the area is flat. Detail of grading
points along with their level is mentioned in figure. Blue color show minimum valve
and red color show maximum. The maximum elevation is on the H block side and
minimum elevation is on the A and B blocks side which are located on river bank.

Elevations are shown in table 4.3.

_

FI1GURE 4.6: Contour Lines of Study Area
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TABLE 4.3: Elevations of study area by ArcMap

Points No.

Elevation(m)

Northing

Easting

© 00 N O Ot ks W N -

N NN DN NN NN NN === == = = =
© 00 N O Ut ok W NN RO © 00NN Ot WYy = O

450.195
450.289
449.762
449.671
449.271
448.506
449.203
449.904
449.688
449.168
450.585
451.218
451.993
452.144
451.206
450.927
450.758
451.22
451.628
452.183
451.666
450.526
449.823
449.704
447.867
447.805
448.047
446.901
449.302

33° 327 41.5536”
33° 327 42.1764”
33° 327 43.1376”
33° 327 43.0008”
33° 327 44.106”
33° 327 46.2264”
33° 327 46.23727
33° 327 44.2682"
33° 327 47.37487
33° 327 48.9841”
33° 327 49.3836"
33° 327 49.3836"
33° 327 50.0352”
33° 327 51.2592”
33° 327 52.3464"
33° 327 51.54727
33° 327 53.25727
33° 327 50.2863"
33° 327 51.3744”
33° 327 50.5752”
33° 327 52.04427
33° 327 49.3836"
33° 327 48.6456”
33° 327 47.6556”
33° 327 50.8212”
33° 327 51.3168”
33° 327 47.3568”
33° 327 56.1848”
33° 327 49.9884"

73° 117 50.658”
73° 117 7.7982”
73° 117 7.454”
73° 117 4.8112”
73° 117 6.972”
73° 117 3.7968”
73° 117 4.0416”
73° 117 5.2623”
73° 117 5.5932”
73° 10°59.0772”
73° 117 3.6312”
73° 117 5.5428”
73° 117 6.2052”
73° 117 7.6344”
73° 117 7.9764”
73° 117 2.6952”
73° 117 6.9576”
73° 117 3.5268”
73° 117 4.0956”
73° 117 5.7048”
73° 117 7.7568”
73° 117 3.6312”
73° 117 0.4884”
73° 117 6.7848”
73° 10756.6472”
73° 10’57.0828”
73° 10°57.7704”
73° 10°57.2916”
73° 1059.9412”
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Points No. Elevation(m) Northing Easting
30 450.708 33° 327 52.73527  73° 117 2.6952”
31 448.705 33° 327 50.2262”  73° 10’59.0268”
32 446.444 33° 327 47.4828”  73° 10’56.046”
33 448.271 33° 327 50.5032”  73° 10’57.6228”
34 447.961 33° 337 38.1325”  73° 117 2.9868”
35 449.014 33° 327 54.1428”  73° 10°59.2716”

4.3 Determination of Rainwater Harvesting Po-

tential

In this research, a case study of CUST Islamabad has taken to estimate the rain-
water harvesting potential. Google Earth Pro is used for digitization of various
types of rooftops. Campus have 23.851% impervious area which includes sidewalks
and parking lot. ArcMap is used to determine the elevations of campus for the

identification of location of water storage tank.

4.3.1 Segregation of Different Land Usage

Area is divided into impervious (parking and sidewalks) and different size rooftops
in the GEP and pervious area. Then file is saved as KMZ (Keyhole Markup
language Zipped). This file was imported in to ArcMap and converted into the

shapefile as shown in figure 4.7.

4.3.2 Measurement of Different Areas

Polygon method was used to measure the impervious areas (sidewalk and parking)
and different rooftops. Table 4.4 shows the measured impervious area and rooftops

area.
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FIGURE 4.7: Shapefile by using ArcMap

TABLE 4.4: Elevations of study area by ArcMap

Sr. No Name of Area Types of Material Total Area (m?)

1 Paved area Pavers Tiles 22,326.33

2 Academic Blocks Concrete 6,638.87

3 Shed Iron Sheet 464.15
Total 29,429.35

4.3.3 Calculation of Potential for Rainwater Harvesting

Gould and Nissenis used to calculate runoff from a catchment;the equation of which
is provided below as equation 3.1. Co-efficient of runoff for rainwater harvesting
have different values for different types of material which are given in table 3.1.
Volume calculations from impervious and academic blocks are shown in table 4.5

and 4.6 respectively.
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TABLE 4.5: Discharge Calculation of Impervious Area
Sr. Average Area Funoff S=R*A*Cr*
No Blocks  Rainfall () Coefficient () /year
(R) “Cr”
1 Area 1 1.25 13340 0.85 14173.75
2 Area 2 1.25 4069.75 0.85 4324.109
3 Area 3 1.25 1002.64 0.85 1065.305
4 Area 4 1.25 432.02 0.85 459.021
5 Area 5 1.25 1134.56 0.85 1205.47
6 Area 6 1.25 238.42 0.85 253.321
7 Area 7 1.25 233.95 0.85 248.572
8 Area 8 1.25 100.59 0.85 106.877
9 Area 9 1.25 162.72 0.85 172.89
10  Area 10 1.25 250.25 0.85 265.891
11 Area 1l 1.25 268.3 0.85 285.069
12 Area 12 1.25 083.33 0.85 619.788
Total 22326.33 23180.063
TABLE 4.6: Discharge Calculation of all Blocks.
Sr. Average Area Funoff S=R*A*Cr*
No Blocks Rainfall (m?) Coefficient (m?) /year
(R) “Cr”
1 Block A 1.25 377.11 0.95 447.818
2 Block B 1.25 621.62 0.95 738.174
3 Block C 1.25 372.6 0.95 442.463
4 Block D 1.25 359.13 0.95 426.467
) Block E 1.25 726 0.95 862.125
6 Block F 1.25 790.65 0.95 938.897
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Average Runoff

Sr. Area S=R*A*Cr*
N Blocks Rainfall ( 2) Coefficient ( 3)/

o m m°)/year

(R) “CI.”

7 Block G 1.25 349.32 0.95 414.818
8 Block H 1.25 543.43 0.95 645.323
9 Block 1 1.25 167.74 0.95 199.191
10 Block J 1.25 563.43 0.95 669.073
11 Block K 1.25 208.44 0.95 354.398
12 Block M 1.25 598.91 0.95 711.206

Adman
13 1.25 55.87 0.95 66.346
office
Shed (Iron
14 1.25 464.15 1 580.188
sheet)
Transformer
15 1.25 134.02 0.95 159.149
room
Total 7103.02 8434.836

TABLE 4.7: Discharge Calculation of Rooftops and Impervious Area

Name  Types Avg. Value
Area S=R*A*Cr*
Sr. of of Ma- Rain of
m?) (m?)/year
No Area terial  fall (R) “Cr”
Surface Paver
1 1.25 0.85 22326.33 23,721.73
area Tiles

2 Rooftops Concrete 1.25 0.95 6638.87 7,883.66

Iron
3 Shed 1.25 1 464.15 580.19
Sheet

Total 32,185.58

Table 4.7 gives Discharge calculation of rooftops and impervious area. A value of

1.25m /year has been used as depth of rainwater taken from MET data as shown
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in Annexure A.

Montly rainfall for an average year

Calculated using the raimiater harvesting tool on vivivi samsamuater com/rain
300 mm -

150 mm

Rainfall

0'mm -
January February March  April  May  June  July  August September October NovemberDecember

FIGURE 4.8: Monthly rainfall for average year

Fig 4.8 gives the comparison b/w water demand and water supply of the study

area.

4.3.4 Calculation of Elevations and Slope

Contour plan of study area is developed by ArcGIS. The elevation points of the
area ranging from minimum 446.45m to maximum elevation of 452.18m which
shows that natural terrain of study area is flat. Based on the slope, drainage path
and elevations overall rainwater harvesting capacity, the study area is divided into
three catchments as shown in figure 4.9. Capacity of rainwater harvesting for each

catchment is estimated and show in table 4.8.

TABLE 4.8: Capacity of Catchments

Sr. Capacity
Catchment Blocks and Areas
No (m3)
E, F, G, H, I J, K, M, UTM, Shed,
1 Catchment 1 10,526.14

Animal house, Area 3 to Area 12.
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Sr. Capacity
Catchment Blocks and Areas
No (m3)

Area 1, Area 2, Canteen 1, Admin
2 Catchment 2 18,874.53

office and Transformer room

3 Catchment 3 A, B, C, D Area 13 and Canteen 2.  2,792.91

CUST Islamabad
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PAVED AREA
BLOCKS
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2o urm
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Aamin Office
(=2}

Area 1

FI1GURE 4.9: Impervious Areas Catchment Wise

4.3.5 Estimation of Water Demand

As per data gained from university, the estimated population of students in the
campus is 5000, numbers of faculty and staff is 300 and workers are 35 which
take residence in the campus.The students and faculty / staff attend the institute

for 261 days except the residents which remain available for 365 days. According
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to the standards, water requirement for universities is 23 Ipcd are sufficient.The

calculated water requirement of the campus is shown in table 4.9.

TABLE 4.9: Discharge Calculation of Rooftops and Impervious Area

Per
No.
Capita
Sr. Population of Total Water Requirement Per Annual
De-
No days
mand.
Liters Liters m3
1 Students 5000 261 23 30,015,000 30015
Faculty
2 and 300 261 23 1800900 1800.9
staff
3 Workers 35 365 23 2,93,825 293.825
Total 3,21,09725 32109.73

Above calculationsshows that rainwater harvesting potential is 32,185.58 m3 against
the water demand of 32109.73m3. This shows that 100% demand of water will be
fulfilled through this harvesting technique.

Water available one person = 32185580/5335 = 6032.9 liters/year.
Water available for one student or faculty member = 6032.9/261 = 23.11 liters/day.

From above calculation it is clear that rainwater that could be harvested is that

makes 100% of water demand (23lpcd).

4.3.6 Identifying and Recommending Suitable Sites for Rain-

water Harvesting

According to the measured the elevations, direction of drainage, slope and from
observed runoff of each catchment, rainwater harvesting storage tank sites are

identified, recommended and shown as ST1, ST2 and ST3 in figure 4.10.
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FIGURE 4.10: Location of Storage Tank

4.3.7 Calculation of Storage Tank Capacity Using

SamSam Water Rainwater Harvesting Tool

SamSam tool is used to calculate the storage tank size for the catchment. SamSam

works out user precipitation data and a weighted C value of 0.70 for user defined

area. The capacities of RWH tanks are given in table 4.10.

TABLE 4.10: Storage Tank Size and Capacity

No. of Width Depth Total
Catchment (m) (m) (m?)
Catchment 1 22 2.7 2614
Catchment 2 29 2.7 4541

Catchment 3

12 2.7 778




Chapter 5

Conclusions and

Recommendations

5.1 Conclusions

Rainwater collection systems, which absorb and use rainfall runoff, are a pop-
ular way to combat water shortages by conserving available water supplies and
the energy used to transport water to the water supply system. Rainwater col-
lection will also help to mitigate the effects of climate change on water supplies.
Rainwater irrigation is becoming an increasingly important aspect of global water
supply. Since semi-arid climates have low precipitation and high temperatures,
rainwater collection systems would be extremely useful in these regions, at least
for non-potable applications such as irrigation and household use.The ability of
rainwater harvesting in CUST was studied in this report. The rainwater poten-
tial was calculated using the SamSam model. The monthly and hourly rainfall is
calculated using daily rainfall data from previous years. Furthermore, a rainwater
collection scheme was suggested to show its ability. The reservoir positions were
selected based on their relative areas, and reservoir volumes were determined af-
ter determining the campus’s intake. The study’s aim was not to optimize the

system; instead, it was to see if there was any room for rainwater harvesting on

63
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campus.Since this is a preliminary analysis to determine the feasibility of build-
ing a rainwater collection scheme, there is also more work to be done to analyze
various facets of the project. This project would entail a cost-benefit review be-
fore it can be implemented.This research analyzes the ability to cope with the
general demands for water in the campus through rainwater harvesting. In order
to accomplish the research goals, Google Earth Pro was used to compute current
impervious area (sidewalks and parking) green area and different size rooftops in
the campus. ArcMap was employed to measure the elevation and slope of the
study area. Potential for rainwater harvesting at campus has estimated by using
rational method. Results presented that the rainwater harvesting potential of the
CUST campus are 32,185580 liters against the total annual water requirement
3,21,09725 liters. Therefore, it fulfil 100% of the total requirement. Major con-
sumer were students followed by faculty, staff and worker respectively. The above
study thus concludes that the rainwater harvesting is a best a technique for water
saving in the campus rainwater harvesting play important to resolve the many
water issues such as water shortage, flooding and pressure on underground water
etc. We should to promote and adapt the rainwater harvesting for the sake of our

country because our country facing a big challenges of water shortage.

5.2 Recommendations

In the view of above study some specific recommendations for further research

such as:

e Effects of the existing solar panels at the roofs and parking areas on the

quality and quantity of rainwater harvesting.
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Appendix A

MET Data of Islamabad

Islamabad
Year Jan Feb Mar Apr. May Jun July Aug. Sep Oct Nov Dec mean
1971 216 56.6 112 79.0 269 239.0 169.9 3896 757 13 122 81 10911
1972 726 483 1082 678 190 518 406 815 1138 742 188 734 770.0
1973 62.7 80.3 757 246 521 1113 370.1 4034 935 142 36 193 13108
1974 328 538 358 159 270 99.8 4779 2101 568 0.0 0.0 327 10426
1975 39.2 59.0 636 427 331 180 2357 3913 1536 0.0 0.0 58 1042.0
1976 115.9 208.4 117.3 65.0 3.0 333 366.9 4425 2025 40.1 0.0 1.0 1595.9
1977 722 152 129 546 61.0 1429 6181 2544 383 193 233 20.7 13329
1978 504 32.0 100.1 233 143 139.8 258.9 4969 171.7 69.0 70.2 41 1430.7
1979 78.2 102.3 1715 141 407 288 1185 2310 97.6 173 360 226 958.6
1980 92.8 934 1258 156 236 80.0 309.8 189.7 86.2 36.6 146 16.0 1084.1
1981 159.8 73.4 2240 84.1 109.6 19.4 580.2 338.3 131.3 100 5.0 00 17351
1982 744 873 186.4 191.0 101.7 189 159.1 6414 417 257 830 243 16349
1983 131.3 515 80.7 2649 26.2 494 2583 5822 193.0 740 25 00 17140
1984 0.0 1124 753 39.6 100 2022 306.2 2452 1315 0.0 36 164 11424
1985 540 45 470 474 304 81 456.6 2204 633 37.7 107 1438 1123.9
1986 12.2 149.1 1126 66.3 299 918 855 1729 73.0 576 403 46.2 9374
1987 05 1338 727 519 990 271 634 2645 13 744 0.0 70 795.6
1988 17.1 232 1533 69 86 977 4504 2821 126.1 31.2 0.0 724 1269.0
1989 67.6 107 715 127 53 570 3652 3695 284 38 20 505 1044.2
1990 41.1 105.1 160.2 55.3 TRACE 294 3274 436.0 168.3 21.1 7.9 1779 1529.7
1991 9.2 106.8 1039 116.6 168 886 251.8 2642 2115 33 38 171 11936

1992 99.2 913 1191 305 368 145 256.7 3050 2579 9.0 340 79 12619

1993 364 30.0 140.6 220 447 77.8 1527 2112 935 6.0 154 TRACE 830.3
1994 36.1 514 360 69.3 360 548 596.7 637.7 56.2 298 10 932 1698.2
1995 31.5 99.8 104.3 1074 172 205 7433 3318 398 646 200 350 16152
1996 80.5 1359 143.0 36.3 434 1383 1999 4117 1183 578 34 7.6 1376.1
1997 39.0 203 843 1722 46.1 647 1948 4964 158.0 958 224 198 14138
1998 36.7 248.8 758 1100 29.6 27.3 306.0 428.4 138.0 11.0 0.0 TRACE 1411.6
1999 83.1 355 808 20 221 33.0 2323 3340 1450 95 350 0.0 10123
2000 129.0 70.6 180 25 11.0 37.0 207.0 381.0 129.0 0.0 TRACE 140 999.1

1777.12390.72911.61891.5 1025.1 2102.29159.910444.33394.8894.3 468.7 936.8 37397.0

59.2 79.7 971 631 342 70.1 3053 3481 1132 298 156 31.2 1246.6

1246.6 mm/year=1.25 m/year
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