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Chapter 1 INTRODUCTION 
 

In Today’s world, water scarcity is becoming a major issue. In the last few decades, the use 

of natural resources was increased due to urbanization and change in the lifestyle of people. 

Water is one of the most important and renewable natural resources. According to the 

research conducted by FAO, UN, and UNESCO, the demand for freshwater was increasing 

rapidly, and in the last half-century, its usage increased 3 times. It was estimated to increase 

by approximately 64 bcml /yr. (http://www.worldometers.info/). Internationally, almost 

70% of water is consumed in the Agriculture sector, 20% in Industries, and about 10% is 

used for domestic purposes. (AQUASTAT- by FAO: Information System on Water and 

Agriculture). 

Although three parts of the earth is water but approximately only 2.5% is freshwater and out 

of that only 1.4% of water is accessible for normal day life (Kenny et al. 2009). According 

to the Global Water Initiative, it is predicated that Pakistan will be on the top in list of 

countries facing major water scarcity issue by 2030 (Global Water Initiative, June 2006). 

 

Figure 1. Global per capita availability (source: "Global water initiative," June 2006, GEF 

international water conference, The Coca-Cola Company) 

Pakistan is not only facing water quantity but also water quality issues. Almost 77% of the 

Pakistani population lacks fresh and clean water. (AQUASTAT- by FAO: Information 

System on Water and Agriculture). 

http://www.worldometers.info/
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In the last two decades, cities were developed rapidly to accommodate massive migration 

from villages. This led to the shrinkage of the green permeable area into the paved area. The 

high-speed construction turned the beautiful green landscape into paved multistoried 

residential housing societies with few selected green areas. 

If we talk about Pakistan’s Capital, Islamabad, a beautiful green city, but with rapid 

migration, it has started turning into a densely populated city with mega concrete structures 

everywhere. Due to this development, many environmental issues have been raised like 

climate change, Urban Heat Island, and most paramount is the water scarcity issue. 

It is observed that there has been 2-3 °C increase in temperature in recent years. Unpredicted 

rainstorm happens; sometimes, even cloud burst phenomena are observed. The summer 

period becomes long, spring and autumn season shrinks. In peak summertime, it is becoming 

hard for pedestrians to walk on the road, and every year, many heat stroke cases are reported, 

and sometimes even deaths are reported in densely populated areas. 

In recent years, it has been observed that the number of personal vehicles movement on road 

has increased, but, on the other hand, due to poor traffic management, many problems arise. 

One of the most significant problems is Urban Heat Island. The main reason behind Urban 

Heat Islands is less vegetation or no presence of green belt or green medians along the road. 

As a result of fuel-burning, heat and smoke are produced, leading to an increase in carbon 

emissions, but there are no trees on the road to absorb CO2. Secondly, due to the 

unavailability of trees and vegetation, there is no shade on asphalt road to absorb sun rays 

leading to an increase in temperature of the surrounding area.  

With massive migration toward Islamabad, the demand for food, water, and shelter 

increased. It increased the water demand relatively higher than the available water resources, 

leading to water scarcity. The water scarcity issue is dependent on many factors, including 

climate change and less green permeable spaces. If the condition remains the same and no 

serious steps are taken, then by the end of 2030, residents of Islamabad will have no fresh 

water left, even for drinking. 

The outcome of the current research is to make society green by giving sustainable solutions 

without compromising the needs of future generations. Therefore, the current study is 

developed to figure out the reasons for the above-mentioned problems, check their effect on 

the landscape, and find the solutions to these problems. The thesis is based on a case study.  
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The study area is one of the residential sectors of Islamabad, Pakistan, where a model of 

green solutions will be given through design. 

The Structure of the thesis is divided into the following chapters. In the literature review, 

the information was gathered from previous research, and ideas were developed based on 

up-to-date research examples. In the next chapter, the data about the study area was gathered 

like topographic, climatic, population data, etc. After getting the required data, the methods 

are described, such as conducting research and analyzing data. In the next chapter, results 

are presented with the help of figures and graphs. And then, in the discussion, the reason for 

the problems and their solutions are discussed on a broader scale. After discussion, the 

design solution will be prepared using illustrations, and at the end of the thesis, the 

recommendation and conclusion are presented.  

The research is divided into two parts; technical and design part. In the technical part, the 

calculation of water demand and wastewater was done according to standards and 

procedures given by authorities, and after that solution was given by the design of the 

wastewater treatment plant. In the second part of the research, an online survey was 

conducted to get feedback from people about the current problems and possible green design 

scenarios. After the survey, an online interview and discussion session were organized with 

Experts from Pakistan. After that, the problems and their solutions were discussed based on 

their experiences. Finally, based on the literature review, survey, and experts’ opinions, the 

design code was established, and a green design was formulated for the society. 

 

1.1 Research Objectives  

The study was conducted to achieve the following objectives: 

1. To identify the causes of major environmental issues such as Urban Heat Island, 

water scarcity, etc., and propose the best possible solutions. 

2. Calculate the wastewater for the design of green space. 

3. Design of green spaces. 
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1.2 Research Questions 

The research is aimed to address the following research questions: 

1. What are the significant problems Islamabad city is facing and their effect on the 

landscape?  

2. Is there are enough green spaces in Islamabad? 

3. Is there enough water and other resources to design the green space? 

4. What are the best possible solutions to design green space? 

5. How does the public want to see their landscape in the coming year 
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Chapter 2 LITERATURE REVIEW 
 

2.1 Climate Change 

The most important thing for the survival of humanity on planet earth is climate. Climate is 

the weather condition of a specific area that change according to location. A substantial 

change in normal weather is known as climate change over a specific time. (Mander, 1994).  

Panamaldeniya 2021, reported that the 2 main factors that influence the climate change are 

Human and Natural factors, as shown in Fig 2. (Panamaldeniya 2021). 

 

Figure 2. Factors influencing climate change by Lakshika Panamaldeniya,2021 

Both factors badly affect the climate and are responsible for increasing the temperature. But 

it was observed that, in recent decades, high fossil usage for energy production increased the 

temperature by 1 °C in the last 100 years. And it was predicted that the trend would continue 

in the future (NASA, 2010) 

In the world, it was observed that mostly the large city centers are converting into Urban 

Heat Islands as the temperature of this area is high compared to other neighborhoods 



6 
 

(Adinna et al.,2009; Nuruzzaman, 2015). Due to the rapid increase in industrialization and 

urbanization, the level of greenhouse gases increases, and in turn, the temperature of the area 

arises, resulting in the creation of Urban Heat Islands. (Grover and Singh, 2015). These 

islands not only affect the human health but also have an impact on the ecosystem and 

climate (Wienert and Kuttler, 2005) 

Due to Urbanization, as cities are growing, natural green spaces are converting into a paved 

area that is made up of high thermal absorbing material like asphalt, concrete, etc. that absorb 

sunlight and emit CO2 and heat back into the atmosphere, which results in rising the 

temperature of surrounding and give rise to Urban Heat Island effect (Wallace et al. 2006; 

Hidalgo et al. 2008) 

As the temperature increases, it affects the air quality and due to this heat, the level of ozone 

increases at ground level, which badly affects the life on the planet (Lo and Quattrochi, 

2003). Due to better facilities, people are moving toward urban areas, and as a result, 

urbanization has increased. It was estimated that around half of the world's total population 

reside in cities, towns, etc. This rate will increase continuously by 2050 (Leeson, 2018; 

United Nations, 2014). 

.  

Figure 3. Population growth and rate of urbanization by Angelo Figliola,2015 

Climate change also has a negative effect on the agriculture sector. The availability of food 

and water is at high risk due to brisk climate change. According to Climate models, it was 

predicted that the amount of rainfall in the summer season would increase (Mirza et al., 

1997; GOB report, 2009). As a result of climate change, the production of crops was affected 

and created food shortage problems (Spash et al., 2007; Kriby et al., 2016). 
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A study was conducted in Jordan to understand the effect of climate change on water 

availability. The hydrological model for the catchment was created and checked against two 

different periods; 1st from 1961-1990 and 2nd for the future from 2070-2099. The model 

showed an increase of 4.5 °C in temperature by climatic change resulting in a decrease in 

surface and subsurface water. This increase in temperature led to a 25% reduction in annual 

precipitation and a 23% reduction in catchment runoff (Kunstmann et al., 2007). 

 

2.2 Greywater Recycling 
 

The wastewater from households, excluding toilets, is known as greywater (Jefferson et al., 

1999; WHO, 2006). Greywater carries around 50-75% of the total wastewater that flows out 

of the house. (Shaikh et al., 2015). 

In a study carried out by Jorden, he mentioned that wastewater coming from shower, bath, 

and washing basins has fewer contaminants particles (Jorden, 2006). 

The recycled greywater can be used for gardening and flushing, reducing the demand for 

freshwater by up to 50% (Maimon et al. 2010). Treated greywater can be used for irrigation 

until it is not exposed to an eatable part of the vegetation. Around 9%-11% population of 

the world eats fruits and vegetables that are grown by using greywater (WHO, 2006). 

 

Figure 4. Greywater use for irrigation by Dylan Crosbie,2022. 
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In a study carried out in Lebanon, greywater treatment plants were installed in 70 houses for 

gardening at the residential level. A significant increase in cultivation was reported. (EL-

Hajj et al. 2010). 

In a few parts of the world, in summer, the water consumption for home gardening takes up 

to 40% of total water usage for a single-family house (Finley 2008). So, the most suitable 

and economical method to save and utilize water in hot regions of the world is achieved by 

using small compact greywater treatment plants at the household level (Al-Ismaili, Ahmed, 

et al., 2017). Beside Irrigation, there are also other uses of treated wastewater, for example, 

car washing, firefighter usage, and even replenishing the groundwater level, etc. (Asano and 

Levine 1996; Santala et al. 1998; Bertrand et al. 2008). 

Treated Wastewater reuse can significantly reduce the need for freshwater and reduce water 

flow into the sewers. It can save up to 12 to 66% of freshwater when greywater was used as 

an alternative source of water for irrigation (Sheikh 1993) 

In Bangladesh, research was conducted to save freshwater. The greywater was collected 

from 3 different sources- a hostel, a staff building, and a specific hospital. Then they installed 

a greywater treatment plant at every building separately and used recycled water for flushing 

and other purposes. They compared this data with a daily freshwater supply and reported 

that 19% of freshwater was saved in the hostel, 18% in the staff building, and 17% in the 

Hospital, respectively (M.Dakua et al. 2016). 

Artificial wetlands were constructed in Syria to save drinking water. Wetlands were 

constructed using gravel, which acts as filter material. It was calculated that around 550-610 

m3 of potable water was saved yearly (Khaldoon A. Mourad and Ronny Berndtsson 2011). 

An automatic wastewater treatment plant was installed in Jordan at a student hostel. The 

aerobic and anaerobic processes were used for the treatment, and during the summer and 

winter holidays, there is no flow in the plant. After the treatment, it was found that this water 

can be used for irrigation purposes (Lina Abu Ghunmi and Grietje Zeeman 2010). 

In another study conducted in Australia, it was reported that recycled greywater for flushing 

and home garden could reduce the need for freshwater and can save up to 30-50% of 

freshwater (Jeppesen 1996). 
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The use of wastewater also has a tremendous impact on the environment because it reduces 

the effect of un-treated blackwater exposure to the environment from sewers, hence reducing 

groundwater pollution (Prathaparet al. 2005). 

Recently, a report was published by the Times of India, which reported that GDMA wants 

to increase the use of treated greywater for irrigation in public parks and community centers 

and water the green belts along the road. In Gurgaon, the city in the Northern part of India, 

the city development authorities are trying to utilize only recycled greywater for outdoor 

irrigation. Five treatment plants are installed in the city that generates approximately 223 

MLD of treated greywater, and only 46% of this was utilized in outdoor irrigation, 

construction, and textile industry, and the rest was drained into sewers. There are three big 

parks in the city, and 2 of them are entirely irrigated with recycled water. Now authorities 

are taking specific steps to utilize greywater for the third park and watering the green belts 

in the city to make the environment green by reducing dust and water pollution. (Sakshi 

Dayal 2021). 

The use of greywater for irrigation is one of the oldest and traditional practices. At the start of 

the Bronze age, as the world's population started to increase, the demand for resources also 

increased. The first wastewater and stormwater system was established in 3200-1000 BC to use 

this water for irrigation of land, e.g., Indus and Minoan Civilization (Angelakis et al., 1996; 

Asano et al., 1996; Levine et al., 2010; Tzanakakis et al., 2014).  

In the Minoan region from Phaistos palace, advance systems were established to divert the 

wastewater to agricultural land, as shown in figure 5. In the cities of Mohenjo-Daro and 

Harappa, Present-day Pakistan. In ancient times similar drainage and sewerage systems were 

established to utilize the wastewater for irrigation in 2600 BC (Laureano, 2016, Jones, 1967). 

 

Figure 5.(Angelakis, Asano et al. 2018) 
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Greywater Treatments 

In 2009, Joonkyu Kim and Insang Song performed an oxidation process to treat wastewater 

using microfilters. For this process, 170 houses were selected for sampling, and the weather 

condition of the area was taken into consideration. The whole experiment took 60 days to 

complete. As a result of the treatment, the odor, color, and organic substances were removed 

from greywater (Joonkyu Kim and Insang Song 2009). 

A study was conducted in Jordan, which involved 2 step filtration process to remove bacteria 

from greywater. The sample was taken from the kitchen and washing machine, but after 

treatment, bacteria were removed, but organic substances were still present. It was 

recommended to do further filtration to completely recycle the greywater (Odeh R. Al-

Jayyousi et al. 2003). 

Chemical treatment was used in Turkey to clean the greywater. The study site was a 

residential area consisting of both apartments and houses. Ferrate was used for greywater 

treatment. In primary treatment, screens were used to remove suspended particles at a 

normal temperature of 25°C in the tank. Then an electrode of Ferrate was installed, and the 

current was passed through the medium to kill all the germs. It reduced the BOD and COD 

of the greywater (S. Barısci et al. 2014). 

 

2.3 Effect of Green space on Community 

The development brings many changes to the environment. During this process, the open 

land is converted into urban space (Song et al., 2014). Although, with time,  the role of urban 

green space has changed and positively affects life and urbanization (Gómez et al., 2013). 

In recent years, the open urban green space concept has become a popular and essential 

feature for a Green Sustainable city (Cari et al., 2013). 

Green spaces are green land that includes the vegetation along the roadside, wetland, forests, 

grounds, churchyard, parks, gardens, etc. (Swanwick et al., 2003; Mensah et al., 2016). They 

had a positive effect on the environment and had benefits for the community in terms of 

economically, socially, and psychologically (Cilliers, 2015). 
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An ideal place in the community to meet with each other is an urban green space (Woolley, 

2003). This provides a space for people to sit and exchange political, cultural, and social 

expressions with each other (Li, 2014). Due to the presence of vegetation like tress, grass, 

etc., it attracts more people, improves social interaction between the community members 

(Coley et al. 1997), and provides opportunities for activities like cycling, public ceremonies, 

running, etc (Konijnendijk et al. 2013). 

Urbanization leads to Urban Heat Islands. Green spaces can reduce the Urban Heat Island 

effect by providing shade on roads and creating wind flow paths to reduce heat accumulation 

(Bolund et al., 1998). Urban Heat Island can be practically reduced by increasing green 

spaces in urban areas like parks, green belts, and private gardens such as roof gardening, 

green swales, and rain gardens. (Charlesworth 2010) 

On one hand, urban green space provide recreational activities and on other hand it plays a 

vital role in community development by removing social ranks (Coley et al., 1997; Van 

Herzele et al.,2003; Parr, 2007; Maas et al., 2009). Green space positively affects children’s 

health by providing the outdoor activities opportunities and increasing their awareness of 

the environment in them (Olsson, 2012). 

Urban life becomes more and more stressful due to daily hard routines, noise, air pollution, 

and crowding that affect our health and become a common cause of headaches and 

depression (Kaplan, 1991; Woolley, 2003). It is reported that spending time in green spaces 

can improve human health (Fuller et al., 2007; Lee et al., 2011; Irvine et al., 2013; Annersted 

et al.,2011). Physical activities can reduce depression and help in removing mental fatigue 

(Ward Thompson et al., 2012; Tyrväinen et al., 2014; Annerstedt et al., 2012; Goličnik et 

al., 2010) 

Few research was carried out in hospitals to check how green space affects the patients. It 

was indicated that allowing them to relax in green space in a hospital helps them recover 

from illness quickly (Park et al., 2009). 

The presence of Green spaces has a positive effect on the economy. KPMG conducted a 

study in Amsterdam, a city in the Netherland, which shows that adding approximately 10% 

of green area in the city can help in reducing the number of patients who are facing 

depression that results in saving the cost of healthcare, and it was estimated that by doing 

this government can save up to 800,000 euros. After the extrapolation for the whole 
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Netherland, it was estimated that around 4,000,000 euros could be saved annually (KPMG, 

2012). 

On the other hand, due to urban green space, the property value also boosts because it attracts 

the people. In America, few studies were carried out that show that property value increases 

up to 20% for the plot near the park (Crompton, 2005), which means it brings business to 

the community. In Finland, the apartment price is higher near the water body and green 

recreational area (Tyrväinen, 1997).  

Urban green space attracts the people and now a day. It was used as city branding to attract 

the people for a living, companies to establish a business, workers, and tourists to view the 

landscape (Erickson et al., 1997). According to Canadian research, the use of green space as 

a branding element is profitable (Dodds et al., 2001). Local green space can also boost 

tourism if local park authorities and the tourism industry are well organized (Eagels, 2002). 

The local green space has cypresses vegetation near the lake Garda of Italy was a good 

example of tourism and park industry joint working. It was estimated that around 100 million 

euros earn annually in the tourism industry (Notaro et al., 2010). 

 

2.4 Chapter Conclusion  
 

From the above research, it was concluded that migration acts as a catalyst in climate change 

phenomena. Green area is transformed into the paved area due to an increae in migration, 

water requirement, and food and shelter. Due to high water demand, water scarcity issues 

are raised, and urbanization gives rise to the Urban Heat Island effect. These problems are 

interlinked, and the occurrence of one problem will give rise to another automatically. 

A sustainable solution is required to mitigate the issues mentioned above. From the literature 

review, it was found that treated greywater is the best solution to mitigate the water scarcity 

issue. To reduce the urban heat island effect, green spaces are required, and the use of 

greywater for irrigation of green spaces is the most economical and sustainable solution. 

A green landscape has many positive effects on human health and society. From research, it 

was concluded that the presence of green space can help not aonly in reducing Urban Heat 

Island effect but also have a positive effect on human health, etc. Based on the literature 
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review, different Design scenarios were prepared to increase green spaces by using the 

treated greywater to mitigate the above-mentioned environmental problems.
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Chapter 3 STUDY AREA, DATA, AND METHODOLOGY 
 

3.1 Study Area 

The study area for the Research and Design Project is Sector G14-4 of Islamabad, Pakistan. 

It is a residential area including 1410 plots of different sizes. Kashmir highway, also known 

as the Srinagar highway, is the main road through which this society can be accessible.  

 

Figure 6. Study Area 

 

3.2 Scope 

The Scope of our Project is to give a Sustainable design solution by calculating and utilizing 

the wastewater to reduce the freshwater demand and make society green through sustainable 

development. 

The design solution was presented after conducting the survey and discussion with the 

Expert Panel Committee. 



15 
 

3.3 Data Collection 

The Master Plan of the society in Auto-CAD was acquired along with necessary information. 

The number of plots to be constructed is 1410 of different sizes. The total number of 

residents are estimated to be 11515 Persons. Master Plan of the Society is attached in 

Appedix C . 

3.3.1 Topography 

Planning Standards of Capital Development Authority (CDA) Islamabad Pakistan 

containing guidelines and design for water supply were acquired to estimate the population 

and calculate the amount of wastewater. The guideline is attached as Annexure B. 

Topography of the study area is required to determine the elevation to determine the water 

flow under the action of gravity. For this purpose, Google Earth was used to determine the 

elevation point. After that, raster data was converted into latitude, longitude, and elevation 

using a TCX converter. And then finally, contours lines were generated in Quick-Grid 

software (Fig 7). 

 

Figure 7. Topography of Study Area 

The Contour plan shows that the elevation level varies from 558m to 888m above the mean 

sea level.  
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3.3.2 Climatic Data 

 For the design of Landscape, it is very important to know about the climatic condition of 

that particular region. The study area of the present study is humid subtropical including 

four seasons. 

• Spring (March- May) 

• Summer (June-August) 

• Autumn (September-November) 

• Winter (December-February) 

 

Figure 8. Weather Data of Islamabad (1961-1990) Source Wikipedia 

The above-mentioned figure shows the climatic condition of Islamabad city from 1961 to 

1990. 

The hottest month is June, with the highest record of 46.6 °C. July has the highest rain record, 

primarily due to the Monsoon season. The coldest month is January, with an average lowest 

temperature of 2.6 °C and an average high temperature of 17.7 °C. It is clear from the above 

table that the weather is hot and humid. The rate of evaporation is high due to hot weather, 

which lowers the water table and drying of lakes and rivers, giving rise to scarcity issues. 

 

3.4 Methodology  

The first step was to check and do background search to choose the most suitable topic for 

the research, then select the suitable site and acquire the data. The contour plan was 

generated for the study area to get information about the terrain of the area. The Master Plan 
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of the study area was taken into consideration to determine the location and size of 

residential, commercial, school, holy places, etc. In order to calculate water demand and 

amount of sewerage, as it is separate for each area. After collecting and calculating the 

required data about houses and population. The water demand was determined according to 

design standards of CDA and Pakistan Building Codes to find the amount of wastewater 

produced. Based on calculated wastewater, a treatment plant was proposed. 

After completing the technical part, an online survey was conducted. Thereafter a discussion 

was carried out with Expert Panel Committee to get their feedback and suggestions. After 

that, design solutions were given for the study area, which was prepared based on a literature 

review, survey, and discussion with Experts. At the end of the research, recommendations 

for the future and conclusion are presented. 

3.4.1 Population and Houses 

 From the Master Plan, the plot sizes of the houses were determined, and a table was prepared 

in which houses of the same size were placed together, and the population was estimated 

according to the size of the plots. There were nine different types of house sizes in the study 

area. The total number of houses were 1410, and estimate population was 11515 persons. 

 

Figure 9. Plot size plan by zameen.com 
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Table 1. Population Data 

Area in Sq. Ft. Marlas No of People per house Houses Population 

25 X 40 4.44 4 228 912 

25 X 50 5.55 5 277 1385 

30 X 50 6.66 6 1 6 

30 X 60 8 7 152 1064 

30 X 70 9.33 8 148 1184 

35 X 70 10.88 10 142 1420 

40 X 80 14.22 12 212 2544 

50 X 90 20 12 40 480 

60 X 100 26.66 12 210 2520 

  Total= 1410 11515 

 

3.4.2 Wastewater Quantity 

The wastewater produced due to daily use of water should be disposed-off properly to keep 

the hygienic condition normal for the society. So, it is imperative to determine the exact 

amount of sewage produced for planning and designing a wastewater treatment plant. 

Estimation of Sewage 

The amount of sewage was estimated based on Standard and Guidelines. The table below 

shows the design criteria for the calculation of sewage amount for different types of 

buildings. 

 

Table 2 Sewage Quantity 

*These values have been based on the Building Code of Pakistan and CDA modalities and 

procedures (Attached as Appendix A) 

The amount of sewage was calculated based on the water demand of the area. According to 

CDA Standards, the sewerage system should be efficient enough to take up to 85 % of daily 

water consumption. So, the amount of wastewater was calculated based on the assumptions, 

and the unit used for this process is GPCD. 

S.No.  Types of Buildings  Water 

Demand 

Sewage Quantity 

(@85%)  

Units 

1 Residential (houses)  50 42.5 GPCD 

2 Mosques  3 2.55 Gallon per 

namazi per day 

3 Schools  8 6.8 Gallon per 

student per day 
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3.4.3 Wastewater Treatment Plant 

To utilize the greywater, it is necessary to treat wastewater before use. It is also essential to 

treat wastewater to keep the environment safe from bacteria and pathogens. The following 

factors shall be considered before the selection and construction of a wastewater treatment 

plant  

• The proposed treatment plant must be efficient and capable of treating the required 

wastewater. 

• It should not be costly in terms of both initial installation prize and acquiring colossal land. 

• It should be easily operated and maintained. 

 

3.5 Survey 

An online Survey was conducted with people from Islamabad to get their opinion and 

recommendation about landscape design. 

Google forms was used to send the questionnaire to the participants to get their opinions 

about the three scenarios, how they can improve the quality of life in the community and 

how much they are affected in reducing the water scarcity issue, and Urban Heat Island 

effect, etc.  

The Survey was divided into four parts, including seven sections. In the first part, questions 

were asked about society's major problems. In the second part, the participant’s opinions 

about their effect on Landscape and what actions were taken. In the third part, several 

different landscape examples were presented to seek their preference. In the last part of the 

survey, participants choice was asked to recommend any other kind of landscape, if possible. 

The survey was conducted based on the following topics. 

• Climate Change 

• Water Scarcity 

• Urban Heat Island 
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• Effect and Change in Landscape 

• Greywater recycling and reuse 

• Green Space 

• Social, Economic, and health effects 

• Design Scenarios 

3.5.1 Climate Change 

The questions were asked about the effect of climate change on the landscape of the study 

area and their effect on the life of the community. How the climate change affect the way of 

living, construction, traditions, etc.? 

3.5.2 Water Scarcity 

Water Scarcity is the major problem in Islamabad and Rawalpindi (twin cities of Islamabad). 

How water scarcity affects people's lives, what issues they are facing, what actions are 

already taken, what are the leading causes, how they can reduce this issue at the level of 

society, etc. 

3.5.3 Urban Heat Island 

In the last few decades, this problem has become more and more in megacities, and 

Islamabad is no exception. Questionnaires are prepared about the effect of Urban Heat 

Islands on society, the reason for this major problem, how it can reduce, what steps should 

be taken, etc. 

3.5.4 Effect and Change in Landscape 

In this part of the survey, questions were asked about the effect of the above-mentioned 

problems on the landscape, how badly they affect the landscape, and what actions and 

strategical planning are prepared at both community and city government levels to solve 

these issues. How many green spaces have been created in the study area in the last five 

years, and what steps should be taken to improve the landscape. 
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3.5.5 Greywater recycling and reuse 

This part focused on greywater usage in solving the above-mentioned problems and making 

society green through sustainable development. The questions were asked at what level 

greywater can help reduce the above-noted problems. Furthermore, what further steps 

should be taken etc. 

3.5.6 Green Spaces 

The questions were asked about the importance of green spaces in human life. In the last 

few years, how has development affected green spaces, which problems have been raised 

due to fewer green spaces, etc.? 

3.5.7 Effect on Social, Economic, and Health  

In this part of the survey, the questions were asked about the effect of these green space 

designs on community life. How can the implementation of these green spaces designs 

improve the community's social, economic, health, etc.?  

3.5.8 Design Scenarios 

In the last part of the survey, participants showed different landscape examples, and their 

feedback was taken. Finally, their recommendation and review of this design were 

entertained. 

 

3.6 Discussion 

This part of the study includes a discussion and interview with an Expert from the Capital 

University of Science and Technology, Pakistan. After the successful completion of an 

online survey. A discussion session was organized with experts in which environmental 

problems and their reasons and sustainable solutions were discussed in the light of their 

expertise. 

3.7 Design Scenarios 

• The main goal of the research was to give a suitable solution by utilizing the wastewater. 

Based on the literature review, three different design models were prepared for private 

garden,road green belt and park 
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3.7.1 Private Garden 

From the literature review, it was observed that recycled wastewater was widely used for 

garden irrigation. As treated wastewater also contains nutrients that are very beneficial for 

the growth of plants, the presence of vegetation can reduce the surrounding temperature and 

enhance the aesthetics of the locality. 

Roof garden design was proposed as an example of a private garden using 3D software such 

as Sketchup, Photoshop, etc.  

3.7.2 Road Green Belts 

The climatic condition of Islamabad is hot, and especially in the summer season, Urban Heat 

Islands were formed due to high temperature and high movement of vehicles. Due to the 

absence of trees, it is difficult for pedestrians to even walk on the road. In 2018, 65 deaths 

occurred due to heatstroke, and many of them were hospitalized (Raza et al., 2018). 

So, keeping in mind all these factors, green belt design plays a significant role in keeping 

the temperature lower and helps in giving shade. 

For the design of the green belt in our study area, we followed the guidelines of the Capital 

Development Authority for the selection of different types of trees that shall be planted for 

the green belt. The list is provided below in a table. 

Table 3. List of CDA approved trees for green belt 

Recommend trees for Green Belt by Capital Development Authority (CDA) 

Local Name Scientific name 

Siris Albizia lebbeck 

Jacaranda Jacaranda mimosifolia 

Popcorn tree sapium chinensis 

Kachnar Bauhinia variegata 

Golden shower tree cassia fistula 

Gul Nishter Erithrina indica 

Silver Oak Grevilea robusta 

Ficus Pelicon Ficus pelican 

dhak butea frondosa 

Pear Pyrus pasha 

Plum Peaches Prunus padus 

https://www.google.com/search?rlz=1C1CHZL_en__830__830&sxsrf=APq-WBvjMprFTlpyzDixIhxAnI0YEiSLcA:1645551049502&q=albizia+lebbeck+scientific+name&stick=H4sIAAAAAAAAAOPgE-LSz9U3MCrMKEwv0LLPTrbST8rMz8lPr9TPL0pPzMsszo1PzkksLs5My0xOLMnMz7MqTs5MzSsB8RXyEnNTFRLzUhRyU4FK89IXscon5iRlVmUmKuSkJiWlJmcroKkGABiUZodxAAAA&sa=X&ved=2ahUKEwjroY-u65P2AhV6QvEDHUlsDHUQ6BMoAHoECCcQAg
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The above-mentioned tree consumes less water than other trees; that’s why they are 

recommended for the green belt. For irrigation of the green belt, treated wastewater was 

utilized. 

The Design model will be prepared using AutoCAD, SketchUp, and Photoshop. 

3.7.3 Park 

To boost society's social and community life, Parks are the best places to relax from daily 

boring routine and increase your interaction with both nature and with your neighbors and 

other people of society.  

Due to hot weather and high-water scarcity issues, it is challenging even to fulfill the 

community's water demand to meet their basic needs in peak summertime due to the fall of 

the water table and dryness of lakes and rivers. 

The most suitable and economical method for irrigating the park is treated wastewater. The 

park design shall be prepared according to the knowledge gained through different 

Landscape Architecture Master Studies courses. 

3.8 Flow Chart 

The Methodology for research can easily understand with the help of a flow chart. 

 

 

 

 

 

 

 

 

 

 

 

Figure 10. Summary of Methodology
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Chapter 4 RESULTS  
 

4.1 Introduction 

This chapter contains the outputs of the Design Project. The output includes the Design of a 

wastewater treatment plant based on the calculated amount of wastewater and the outcome 

of the Survey. The design was carried out according to the guidelines and design standards 

of the corresponding authority. 

 

4.2 Calculation of Wastewater 

4.2.1Water requirement   

For the wastewater calculations for the study area, the design criteria mentioned in the 

methodology were considered. The following steps are involved that are mentioned below. 

Table 4 Collection of Standards 

S.No. Occupancy Standards   Applied for Study 

Area 

  
 

BCoP CDA   

1 Flats 29.7-49.6 

(gpcd) 

 - - - - 50 gpcd 

2 Schools 5.1-15.4 

(gpcd) 

8 gpcd for 15% of 

total population 

8 gpcd for 15% of 

total population 

3 Colleges 5.1-15.4 

(gpcd) 

8 gpcd for 15% of 

total population 

8 gpcd for 15% of 

total population 

4 Offices/Buildings 5.1-9.9 gpcd 200 gall/1000sft. Per 

day 

200 gall/1000sft. Per 

day 

5 Hospitals 49.6-110.1 

(gpcd) per 

bed 

150 gpcd 90 gpcd 

6 Mosques 0.7-1.1 gpcd 

per 

“Namazee” 

3 gpcd per Namazee 

for 20% of total 

population of the 

scheme 

3 gpcd per Namazee 

for 20% of total 

population of the 

scheme 

7 Consumption of 

nonresidential area 

 - - - - 1000 

gallons/acre/day 

1000 

gallons/acre/day 
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The above-mentioned table explains the standard amount of water requirement for different 

residencies by the Building Code of Pakistan (BCoP) and Capital Development Authority 

(CDA) Islamabad, Pakistan. 

4.2.2 Population and Water Demand Calculation 

Table 5 shows the population statistics and the water demand for different occupancies. The 

water demand was calculated using the guideline and standards mentioned in Tables 2 and 

4. 

Table 5. Calculation of Water Demand 

Occupancy No. of 

units 

Area (Acre) Total 

Population 

Water Req. 

Standard 

(gpcd) 

Water 

Demand 

(gpd) 

Residential           

Houses 1410 - - - - 11515 50 575750 

Schools           

 School 3 - - - - 1727 8 13818 

Mosque* 2 - - - - 2900 3 8700 

Commercial** 1 1.41 Acres - - - - 1000 

gall/acre/day 

1410 

  1 1.9 Acres - - - - 1000 

gall/acre/day 

1900 

  
    

  

    Total Water Demand   601578 

* Water demand is calculated using the population 

** Water demand is calculated using the area 

4.2.3 Quantity of Sewage 

The total amount of sewage generated is taken as 85% of the whole water demand. For the 

calculation of sewage design flow, the total amount of sewage was multiplied by the peak 

factor. Peak factor was taken as 4. 

Sewage Quantity =85% of average water demand 

Sewage Quantity = 601,578 x 0.85 

                                      = 511,341 gpd 

Sewage Design Flow = 511,341 x 4                                                                                                                                                                                                                                                                                                                                   

                                      = 2,045,365 gpd 
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The total quantity of sewage that comes out is 2,045,365 gpd. It includes both greywater and 

blackwater. The Greywater and blackwater are both transported to different wastewater 

treatment plants, and afterward, the treated greywater should be utilized for irrigation of 

green spaces. The greywater includes all the wastewater from the kitchen, shower, and 

laundry except from toilets. The blackwater includes only the wastewater from toilets. 

The water distribution is shown below. 

 

 

4.3 Design of Greywater Recycling System 

In order to use greywater for landscape design and minimize the usage of freshwater, a 

greywater treatment plant was proposed for the study area. 

Quantification of Greywater 

The quantity of water that comes after calculation includes both greywater and blackwater. 

For design purposes, greywater and blackwater were considered 80% and 20% of the total 

amount of sewage, which comes out to be 1,636,292 gpd and 409,073 gpd, respectively. 

According to our scope of work, we only use greywater for the treatment and later utilize it 

for irrigation and other different purposes. The blackwater is transported to the municipality 

treatment plant for treatment and later used by the authorities for different purposes.  

20%

64%

16%

Daily Water Consumption (Percentages)

Other Usage

Blackwater

Greywater
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According to guidelines, the amount of water per capita is 50 GPCD, so the amount of 

greywater should be 32 GPCD from the daily water consumption. Daily water 

consumption is shown in the below figure. 

 

Total Amount of Water Consumption = 601,578 gpd 

Peak Water = Water Demand x Peak Factor 

Demand = 601,578 x 4 = 2,406,312gpd 

Amount of Water for Other usage = 2,406,312 x 0.20 = 481,262 gpd 

Amount of Sewage = 2,406,312 x 0.80 = 1,925,050 gpd 

Amount of Greywater from Kitchen and Shower = 1,925,050x0.80= 1,540,039 gpd 

Amount of Greywater for WWTP-1 (60%) = 924,023 gpd 

Amount of Greywater for WWTP-2 (40%) = 616,015 gpd 

Amount of Blackwater for Municipality treatment plant= 1,925,050x0.20 = 385,010 gpd 

4.4 Wastewater Treatment Plant 

The wastewater treatment plant was used to treat wastewater; after the treatment, the water 

can either be directly reused for different purposes or directly discharged into the existing 

20%

16%
32%

Daily Water Consumption (Percentages)

Other Usage

Blackwater

Greywater
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water body. During the treatment, the contaminants are converted into less harmful 

substances, so the negative impact on the environment can be reduced. For our study area, a 

Package treatment plant was proposed that can treat greywater of 1,540,039 GPD. Since the 

blackwater treatment was not in our scope of work, it was passed to the Municipality 

treatment plant through the sewerage pipeline. Wastewater treatment plant work on 

Membrane Bioreactor (MBR) technology. 

4.4.1 System Overview 

The plant was designed based on MBR technology due to that all the suspended particles 

and other harmful small substances are entirely removed. After this treatment, no territorial 

treatment is required. The plant was designed in a container, and the weight of the container 

was 5000 kg, which can be easily transported from one place to another. 

4.4.2 Working Principal 

The system works on the latest and most efficient MBR technology, which combines 

membrane separation and biotechnology. The MBR system uses hollow membranes that 

help remove suspended solid particles and bioreactors help in breaking down of organic 

material and with help of special design filters, all the containments are removed, and clean 

water is produced. 

 

 

Figure 11. 3D Model of Wastewater treatment Plant (Source China Treatment Plant 

Company) 
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4.5 Treatment Processes 

 

4.5.1 Primary Treatment 

Before entering the container, mechanical screens are provided at the entrance to remove the 

large and suspended particles. After that, wastewater passes to a sedimentation tank or 

equalization tank, where water stays for one day, and all the small suspended particles settle 

down. After that, wastewater pass to the aeration tank. 

4.5.2Aeration Tank 

Aeration is the treatment in which air is added to wastewater to allow microorganisms’ 

biodegradation. It is a biological treatment in which microorganisms naturally break down 

the contaminants into simpler substances by creating flocs that can easily be removed. 

 

Clarification 

After the aeration process, wastewater passes to the MBR chamber, where flocs are attached 

to the biological membrane and all the particles are removed. In the clarification, process 

water clean from all organic, sediments, and colors; clear water passes to the chemical 

chamber.  

4.5.3 Chemical Chamber 

As the name indicates that it involves chemicals for the treatment. In this process, chemicals 

are used to kill germs in water, so that clean and pure water can go out of the wastewater 

treatment plant. After that, the air is passed through water to remove odor or smell. 

 

4.6 Design Benefits and Features 

For our study area, two treatment plants were proposed. Both treatment plants are used to 

treat only greywater. Treated greywater is used for landscape design and will have the 

following features. 

• After the treatment, water can be directly reused, with no further treatment is required. 

• The operating system is flexible, and later if demand increases, additional units can 

easily be added. 
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• The Compact treatment plant covers 50 % less area than other conventional treatment 

plants. 

• It can easily be operated. Online training was given before the treatment plant 

installation, and later technical supervision was provided through the vendor for the 

maintenance. 

 

4.7 Survey  

The result of this research is shown in the following chapter. For the design process, an 

online survey was conducted in March 2022 with participants living in Islamabad about the 

current problems affecting the landscape, their reasons, and possible green solutions to solve 

them by designing green spaces.  

An online survey was carried out, and 54 responses were collected in which 13 females 

(24.1%) and 41 males (75.6%) participated. Most of the participants were aged between 20-

29 (75.9%), 22.2% were aged 30-39, and only 2% were from the 50-59 age group.  

  

 

Figure 12. Gender and Age Group 

More than 85 % of participants are permanent residents of Islamabad, and other living in 

Islamabad are students and workers from neighboring small cities. 

During the survey, the participant was from different educational backgrounds; more than 

50% had 16 years of education, 22.2 % had master’s degrees, while a few participants were 

PhDs, and 2% were high school drops. 
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So, feedback was collected from people of different backgrounds, age groups, and 

qualifications levels. This will give us excellent feedback because people living in the same 

society have different opinions. 

 

Figure 13.Permanent Resident of Islamabad and Qualification of participant. 

4.7.1 Climate change 

In this section, the questions were asked about climate change and its effects on society. The 

question was asked, does climate change affect the lifestyle of Islamabad residents? Most 

participants strongly agree that climate change affects the lifestyle of Islamabad residents. 

Due to both advancement and climate change, there has been a significant change in cultural 

activities. Due to the hot summer, the period of the spring culture event reduces from 4 

months to 2 months. Also, there is a significant change occurring in clothes and food. Due 

to advancements in technology, people mostly like to spend their free time at home watching 

TV or using their mobile phones or laptops. Children also prefer to sit at home and play 

games on the internet instead of doing outdoor physical activities. 

 

Figure 14.Participant opinion on the effect of climate change on lifestyle. 
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The question was asked about the effect of Climate change on landscape design and 

construction practices. About 77.8% of people agree that climate change seriously affects 

landscape design and construction practices. In addition, another related question was asked 

in the last few years Islamabad faces extreme climate change. About 31.5% of people 

strongly agree, 40.7% agree, and only 1 participant disagrees.  

 

Figure 15.Participant opinion about effect of Climate change on landscape, construction 

practices 

 

Figure 16. The participant responded that Islamabad faces extreme climate change. 

Yes, in the last few years, there has been a rise of 2 to 3 °C in temperature, and summer 

starts earlier and longs for almost 6 to 7 months, but in the past summer, it was only for four 

months. Other seasons of spring and autumn start to shrink, and winter also shifts to 

December and ends in mid-March. However, winter starts at the end of October and ends in 

February in the past. Due to climate change, some years have much rain in Monsoon due to 

that flash floods occur almost after every heavy rain, but on the other hand in some years 
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there is no rain in Monsoon but winter full of rain and after that next summer comes with 

huge hot temperature and dryness. 

High-speed development in the last decades has compromised the environment badly, which 

affects Islamabad's climate. Construction of Mega Structures like Bridges, Skyscrapers, and 

excessive use of concrete increased the CO2 emission in the atmosphere, which acts as a 

catalyst in increasing the climate change phenomenon. The participant asked the question to 

rate the climate change due to construction activities on a scale of 1 to 5. Results are shown 

in the below figure; results show that 35.2 % of people give 4 out of 5 points that Mega 

structure construction contributes to climate change. 

 

Figure 17.Participant rate Megastructure Construction effect Climate change. 

To solve climate change, do any steps were taken at the local level to solve the issue? Most 

participants give 3 points out of 5 and there are more percentage of participants that disagree 

that there are no steps taken at the local level to solve the climate change problem.

 

Figure 18.Response of participants about the step taken to solve the climate change issue. 

Low                                                                                                                                    Strong   

No                                                                                                                                     Yes   
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Section Conclusion 

From the section on climate change, it was clear that due to advancements in technology, 

construction, and other sectors, the climate of Islamabad has become worst instead of 

becoming ideal for living, and people prefer to stay inside their houses under the fan and air 

conditioner instead of spending time outdoor in green spaces due to hot weather. This is 

because the rate of cutting down of trees is more than their growth, more paved area instead 

of permeable or natural ground surface. Due to the paved area, the sunray gets reflected into 

the atmosphere and causes an increase in temperature. Also, there were no steps taken at the 

local level to solve this issue or educate the people and give them awareness about climate 

change. 

4.7.2 Water Scarcity  

In this section, the questions were asked about water scarcity issues and how they affect the 

lives of people living in Islamabad.  

In the first question, suggestion is taken from the participant that at which level of water 

scarcity hit the Islamabad city. 38.9% of participants gave 4 out of 5, and 31.5% of 

participants agreed that extreme water scarcity is present in Islamabad city. 

From the survey, it is clear that the people of Islamabad agree that they are facing a water 

scarcity issue. 

 

Figure 19. Level of Water Scarcity hit Islamabad City. 

Later on, further two questions were asked about the water scarcity issue and how they affect 

people's daily lives. In the 2nd question, information was taken from the participants is there 

enough water supply to meet even the daily primary demand of the society?. Most of the 

participants disagree that there is enough water supply to meet daily needs like water use for 

Slight                                                                                                                                   Extreme   



35 
 

cooking, showering, and restroom. In comments, a few people share their feedback that there 

is no water supply for 2 to 3 days in the summertime, and they had to purchase the water 

from private suppliers to fill their house water tank to meet their daily demands. However, 

on the other hand, in some sectors, the condition is normal, and they have enough water to 

meet their daily demand. That is why in Figure 17, 14.8 % strongly disagree that there is not 

enough water supply and 25.9% also disagree, but on the other hand, 24.1% agree and 7.4% 

strongly agree that they have enough water demand, but the overall situation is terrible and 

many areas facing water scarcity issue and this problem becoming worst day by day. 

 

 

Figure 20.Enough water supply for daily demand. 

Figure 21 shows the response data about enough wastewater treatment plants to reduce fresh 

water demands. The majority of the participant disagrees that there are enough wastewater 

treatment plants that can help in reducing the freshwater demand.  

 

 

Figure 21. Enough wastewater treatment plants. 

  

Section Conclusion 

From the above questions, it is clear that water scarcity is a significant issue and people are 

aware of it. In some areas, it is at its extreme level, and also, due to the hot climate, the water 

Strongly Disagree                                                                                               Strongly Agree   

Strongly Disagree                                                                                               Strongly Agree   
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level is depleting every day. Also, there are not enough wastewater treatment plants to 

reduce freshwater demand by recycling grey and blackwater.  

 4.7.3Urban Heat Island 

In these sections, the questions were asked about Urban Heat Islands, which factors affect 

the creation of Urban Heat Islands, and how they affect society. Figure 22 shows the 

temperature of Islamabad city during the summer; 39.6% of people mentioned that 

temperatures are between 36 to 40 °C, and 26.5% agree that temperatures are more than 35 

°C. 

 

 

Figure 22. The temperature of Islamabad in the Summer Season. 

The question was asked whether Islamabad and its twin city Rawalpindi are densely 

populated?. The majority of the people agreed that Islamabad is densely populated.

 

Figure 23. Islamabad and Rawalpindi are densely populated areas. 
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After getting the basic answers, the questions were asked about Urban Heat Island, that up-

to which level does the movement of vehicles help in creating an urban heat island? In 

response to this answer, half of the participants agree, and half disagree, 17 % think that 

vehicle movement contributes a lot, and 20.8% consider that vehicle movement contributes 

significantly less.  

 

Figure 24.Movement of vehicle help in creating an urban heat island. 

In the following questions, opinion was asked up to which level it is hard for pedestrians to 

move on the road during the summer season. People (14.8 %) agree that it is hard to move, 

and only 5.6% agree that it is easy to walk during the daytime in summer, but 31.5% think 

it is customary to walk. 

 

Figure 25.How hard for a pedestrian to walk on a street in the summer season. 

More than 34% of participant strongly agrees that concrete, asphalt, and fewer green belts 

are the leading cause of Urban Heat Island. The majority also agree with it, but 7.7 % 

disagree with the above-mentioned factors. Figure 27 shows that more than half of the 

Strongly Agree                                                                                               Strongly Disagree   

Very Hard                                                                                                                    Very Easy   
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participants disagree that there are not enough green spaces in our study area. 

 

Figure 26. Concrete, Asphalt, and less green space are the leading cause of Urban Heat 

Island. 

 

Figure 27. Is there are enough green spaces in Islamabad City. 

 

Figure 28. Green belt help in reducing the urban heat island effect. 

Figure 28 shows that most participants agree that the green belt help in reducing the Urban 

Heat Islands. 

 

Strongly Agree                                                                                               Strongly Disagree   
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Section Conclusion 

From the above discussion, it is clear that fewer green spaces and more paved surfaces like 

roads and concrete structures were the leading cause of Urban Heat Island. Traffic 

movement and fewer green belts along the road also help create the Urban Heat Islands. 

4.7.4 Greywater Recycling 

In this section, the questions were asked about using greywater to reduce water scarcity 

issues and use for irrigation of green space. 21.6% of people strongly agree that greywater 

recycling is the best solution to reduce freshwater demand. Figure 29 shows that 21.6 % 

strongly agree that utiliztion of treated water is a sustainable approach and 30.8% 

pariticapant suggest that it can be applied. However, other solutions like rainwater 

harvesting are also a sustainable approach, and only 5.9% disagree with that because they 

think that utilization of even treated wastewater is not suitable for health. In the 3rd question, 

the majority of the people strongly agree that using treated greywater for gardening help in 

reducing freshwater demand. 

 

 

Figure 29. The use of Treated greywater is the sustainable approach. 

 

Strongly Agree                                                                                                  Strongly Disagree   
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Figure 30.Greywater help in reducing freshwater demand. 

Section Conclusion 

From the above questions, it is concluded that treated greywater can help in reducing 

freshwater demand but also, on the other hand, other sustainable methods should be utilized 

like rainwater harvesting. 

4.7.5 Social, Economic, and Health benefits of green spaces 

In this section, the questions were asked how green space benefits society in terms of social, 

health, and economy. 

 

Figure 31. Vertical and private gardening help in reducing electricity bills. 

The question was asked whether vertical and private (personal) gardening could help reduce 

electricity bills by keeping the house temperature normal. Results show that up to 25% 

strongly agree and 28.8% agree that both gardening help in keeping the house temperature 

normal and reduces electricity bills due to less use of fans and air conditioners. 

Strongly Agree                                                                                                  Strongly Disagree   

Strongly Agree                                                                                                  Strongly Disagree   
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Figure 32. Green space increases the social life of a community. 

 

More than 70% of participants agree that green spaces help in increasing the social life of a 

community by providing them a space where they can share their thoughts. Another question 

was asked can green space help in reducing mental health problems? Nobody disagrees with 

that; almost all the participants partly or strongly agree that green spaces, and a clean and 

fresh environment help reduce mental health issues. 

 

Figure 33. Green spaces help in reducing mental health issues. 

The below figures show that 27.5% of participants strongly and 31.4% agree that green 

spaces can boost a country's economy by bringing job and business opportunities, and only 

3.9% disagree with this. 
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Figure 34. Green space boosts the economy of a country. 

Section Conclusion 

It is concluded that green space can help society by creating social attraction between the 

neighbors, boosting the economy by creating job opportunities like maintenance work after 

the creation of the park, and business opportunities like small food stalls near a park. Also, 

more green spaces can reduce mental health problems by providing a new, peaceful 

environment where people can forget about everything and relax. 

4.7.6 Example Scenarios 

In this part of the Survey, a few examples of existing landscapes were shown to the 

participants to ask for their feedback on which scenarios they prefer based on the attraction. 

Based on their feedback, a design was created. 

1st Example Scenario 

For First Scenario, two pictures were shown to them, the first is an urban green road, and 

the second is an existing Pakistan road. The primary outcome of this scenario is that 

pedestrians must rate which scenario is more attractive, a road with a greenbelt and 

vegetation along the banks or a road without or significantly less vegetation. 

More than 75% of participants agree that it is an attractive road for urban green roads, almost 

14% said it is normal, and only 2% mentioned that it is unattractive. 
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Figure 35.An Urban Road with vegetation. 

For Existing Islamabad Road, 54.4 % of people agree that it is highly unattractive to the 

pedestrian to walk on it; 30.5% said it is unattractive and almost 7.5% agree that it is normal, 

and only 1,9% agree that it is an attractive scenario. 

 

Figure 36. An existing Islamabad Road. 

 

2nd Example Scenario  

In the second scenario, three examples of roofs are shown to the participants. They were 

asked to rate them according to the attraction. 

In the first example, the roof with the garden was shown. More than 67% of participants feel 

it is an attractive scenario, 22.6% said it is normal, and only 1.9% felt it is an unattractive 

scenario. In the second example, the concrete paved roof was shown as an example. 43.4% 

disagreed that it is an attractive roof, 30.2% said unattractive, about 20% said average, and 

3.8% felt it is an attractive roof. 
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Figure 37.Roof Gardening. 

 

 

Figure 38. Paved Roof. 

In the Last example, green roof lawn was shown, 79.2% of people strongly agree that it is 

an attractive and best design scenario, and only 1.9 % felt it is unattractive, while it is a usual 

scenario for the rest. 
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Figure 39.Roof Lawn. 

 

3rd Example Scenario 

The last scenario is the example of a green park and open ground that was shown to the 

participants. In response to green park, more than 75% of participants think it is an extremely 

attractive place, for 9.4% think it is attractive, 7.5% suggested it is normal, and 1.9% thinks 

it is an unattractive place. 

 

Figure 40. An urban Park. 

In the second example of a park, 47.2% think it is highly unattractive, while 22.2% think it 

is unattractive, 17% think it is normal, and 5.7% think it is also an attractive place. 
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Figure 41.Open muddy ground. 

At the end of the design scenarios, participants gave feedback attached as appendix.  

Suvery Conclusion 

From the above 3 Landscape scenarios and their suggestions, it is concluded that people 

want to have a green belt along the road to have shade in summer and save themselves from 

heatstrokes. They also prefer to have green roofs and gardens, and lastly, they prefer parks 

in every neighborhood to visit daily and spend their free time. Detail of Survey is provided 

through online link that is attached as appendix D.
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Chapter 5 Discussion and Design 

In this chapter design were created with help of discussion. As design is dependant or 

integral part of discussion, two sets of discussion are performed before and after the design 

respectively. In first part of discussion expert’s suggestions were asked to prepare design 

solution by understanding the reasons of environmental problems. Afterwars,design were 

performed and in second part of discussion, expert’s recommendations for further research 

were consider by showing them design solution. 

 

5.1 Expert’s point of view and Suggestions 

After conducting a survey with ordinary people living in Islamabad, an interview was 

conducted with experts from the Capital University of Science and Technology, Islamabad, 

Pakistan, to better understand the problems and solutions.  

WhatsApp was used as a mode of the interview to conduct the discussion with the Expert. 

During the discussion, the experts were asked different questions, and their opinion was 

considered for the design process. 

1st Interview 

During the Interview, the 1st question was asked: How has climate change affected 

Islamabad's lifestyle in the last two decades. 

During the last few decades, climate change has impacted Islamabad city on a tiny scale. 

We can see that sometimes extreme events occur. The summer season becomes very hot, 

and sometimes cloud burst phenomena occur. The hotness of the summer season can prolong 

for a few days, and cloud burst phenomena can occur for 2 to 3 hours. So, during that period, 

the people's movement gets disturbed, and they feel difficult to move on the road. Otherwise, 

there is no severe climate change impact on Islamabad city yet. However, if climatic 

conditions worsen, it could result in severe climatic change. 

Thereafter, the impact of climate change on the Landscape and construction activities was 

discussed. It was noted that during extreme events, like hot weather and rainy periods, 
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construction activities might stop for a while after passing extreme conditions. As for the 

landscape, yes, there are a few degree increases in temperature, but Islamabad city has a 

beauty in its weather that as the temperature rises, it results in heavy rains. After that climate 

becomes favorable, you can see the beautiful green landscape that attracts people 

everywhere. 

Then the question was asked whether the construction of Mega Structures (bridges, roads, 

skyscrapers) impacts climate change?. 

We can see this from 2 angles. 1st during construction, the involvement of construction 

machinery and materials significantly impacts climate. However, if we talk about during the 

operation phase, like after the successful operation of the Islamabad Metro bus service, there 

is a certain degree of decrease in the greenhouse gases because Metro has a different route. 

It moves on the bridge before that, there were many vehicles on the road, and due to that, 

traffic jams occurred, and there was more fuel consumption, smoke, and heat that gave rise 

to the Urban Heat Island effect and more greenhouse gases emissions, but after the 

successful operation of these types of Mega Structure, they create a positive impact on 

environment and climate. 

After discussing climate change, we moved to the second topic, “water scarcity,” - how 

water scarcity might hit Islamabad city in the last few decades?. 

Water scarcity is associated with the population. In the last few decades, the movement of 

people to Islamabad has increased because it is the capital city of Pakistan; it has more job 

opportunities and a better climate than other provincial capitals. So, people prefer to come 

here and settle down. Due to the movement of people, the city's population has increased, 

and the water demand has also increased, but on the other hand, water resources were not 

increased.  

In order to provide shelter to immigrants from neighboring cities, the permeable surfaces, 

which were green areas and where the water after rain does not runoff to water bodies but 

seeps into the ground to recharge the water table turn into a paved areas, so due to 

construction activities, the natural phenomena of recharging the water table was 

compromised. In addition, the high rate of water consumption by the population resulted in 

water scarcity issues. 
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He recommended that government must carefully look at this problem and check the 

formation of new societies and offer them sustainable solutions like rainwater harvesting 

and greywater recycling techniques to save the freshwater; otherwise, if the new societies 

start pumping the water from the ground, then in coming years water scarcity will become 

one of the significant problems. 

Then, the discussion moves forward that wastewater treatment can be a sustainable 

approach to reducing freshwater demand. 

As mentioned above, he responded that we should move toward sustainable solutions like 

greywater recycling and rainwater harvesting to save freshwater for us and our future 

generations. 

How traffic movement contributes to creating Urban Heat Island, and how can this effect 

be reduced?. 

Personal vehicles increased at a high rate resulting in high traffic movements. So this is 

considered one of the critical factors in creating Urban Heat Islands. During peak hours, near 

the commercial areas, traffic jams occur. This gives rise to urban heat islands because of 

smoke and heat from fuel burning. 

As discussed above, due to the operation of Metro Bus service in most areas traffic jams 

become less. However, there are still many conjunctions where traffic jams occur, and due 

to the absence of a green belt, the temperature in these areas becomes high. So the best 

solution is to channel the traffic movement and secondly green belt should be provided on 

every road. This can help in absorbing CO2 emissions help in keeping the temperature at an 

average level. 

Do vertical and other green infrastructure a sustainable approach?. 

New societies are being developed to accommodate the growing population at the cost of 

removing the vegetation cover up to a certain level by cutting the trees. To maintain the 

vegetation cover, vertical and roof gardening is the best solution to revive the green footprint 

on which society was created. If we take an aerial view of an area before and after 

construction and if its green area match or is up to a certain degree near to the area before 
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construction, then we can say that we had revived the greenery, so to achieve back the green 

footprint, roof gardening and other green infrastructures are the best solutions. 

Furthermore, in green infrastructure initiatives where a green roof and other gardens have 

importance, we should construct the streets with paver instead of concrete and asphalt. Paver 

is constructed to have a permeable layer beneath so that rainwater can seep through it instead 

of runoff. Also, green spaces like medians between roads should be developed and irrigated 

using the above-mentioned sustainable solutions to make a green society. 

Did greywater is a sustainable approach to use for potable and non-potable usage? 

Water consumption is approximately 50 gallons per capita per day; about 15 to 20 gallons 

are used as potable, such as drinking, cooking, etc. All other usages are non-potable. If we 

can treat greywater, this is the best solution for using this water for non-potable use like car 

washing, floor washing, gardening, etc.  

Psychologically, it is hard to use treated greywater for potable purposes. In wastewater, we 

have two types of water, blackwater and greywater, we should separate both of them, and 

then we can treat greywater initially at the local level by creating gravel and sand filters. 

Greywater can then pass through them, thereby removing the impurities. After that, 

greywater can be treated at the local level on a large scale for society by using minor 

chemical treatments. Many companies provide package treatment plants that can be the best 

solution to treat wastewater. 

So, this is an excellent approach to using this greywater for irrigation in the green area. 

Furthermore, if we have to solve the issue of water scarcity on a macro level, we have to 

treat even blackwater and use the old conventual soak-well method to recharge the 

groundwater table by pumping treated water into the ground. So, using treated greywater for 

Landscape design is a sustainable approach; many environmental problems can be solved 

parallel by doing this.  

2nd interview 

The second expert asked the same questions to have his suggestions and feedback from his 

experience of living in Islamabad by keeping in mind his field of research. 
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The discussion starts with how climate change has affected Islamabad residents' lifestyles in 

the last few decades. 

Islamabad, as the capital of Pakistan, has different residents from all cities of Pakistan but 

mostly are from Punjab. We can divide the lifestyle of Islamabad into different time zones 

based on advancements in technology and climate change. In the early 2000s, the climate of 

Islamabad was delightful because of having minor construction and more green areas; at that 

time, people preferred to wear their traditional outfits. However, with time, as the modern 

era started, there was a significant change in landscape and residents' lifestyles. Due to the 

high construction speed after 2010, the green natural areas started converting into societies, 

and more people started moving toward Islamabad. This significant development era 

changes the overall landscape. It resulted in mega constructions that impacted the climate 

negatively and changed residents' lifestyles. People like to wear western outfits and want to 

spend more time on the Internet instead of going out due to hot weather. 

 2nd question was asked about how climate change affects Construction and Landscape and 

vice versa. 

Due to climate change, construction qualities are not maintained compared to 1980s to 2000s 

construction that is much better than recent one by keeping in mind the advancement in the 

technology in recent years. Let us compare the early 2000s construction with climate change 

issue with recent construction with today's climate change based on advancements in 

technology. It showed that old construction is much more efficient than recent because now, 

alternative solutions are available instead of using concrete as a building material, but still, 

concrete is heavily used. 

On the other hand, there is a 7 to 10% increase in construction activities compared with the 

last ten years with the significant improvement in technology. Before the 2000s, it was 

mostly thought that CO2  was emitted only from coal mines. However, over time, we learned 

from recent research that CO2 is also emitted from other sources like cement production, 

especially in Islamabad. The extraction of aggregate from Margalla’s Hill (Islamabad's small 

mountains) contributes a lot to CO2 emissions, and also the extraction of cement raw 

materials from Taxila (Islamabad's adjacent industrial zone area) contributes a lot to CO2 

emissions.  
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Due to the increase in population and increase in technology, the speed of construction 

increases, and as a result, CO2 emission also increases, which causes a severe negative 

impact on climate. Moreover, due to the less pace of development of green areas and trees, 

the overall impact is destructive on climate. 

If we compared the data with medical science, the number of patients was significantly 

increased from the point of view that we did not maintain the green spaces as it is required 

to be maintained because green belt and park are requirements for a balanced society, if it 

not maintain then the health of occupants will be compromised. 

Are there any steps taken at the local or government level to solve the issue? 

Both federal and local governments took specific steps to give awareness, but no steps were 

taken practically. 

How has water scarcity hit Islamabad city in the last few decades, and what are their reasons 

and solutions?. 

Around 40 to 60% of water scarcity issues have recently hit Islamabad and its twin cities. 

On a significant scale, this issue can be looked at in 2 ways how much water is available and 

where. Nowadays, due to the water scarcity issue, the trend of tanker water supply system 

is increased that water is available in certain places, and ordinary people can purchase water 

from tanker suppliers to meet their primary daily water demand. The reason behind this is 

the less green and permeable spaces because, after rain, the water is discharged into sewer 

pipelines instead of going into the ground to recharge the waterbed. Due to water wells and 

water boreholes getting dry, you must purchase the water from tanker suppliers. After having 

a conversation with several water tanker suppliers, it was observed that they are bringing the 

water from a place with a much green area around it. In recent years, the two spots of water 

tanker suppliers have been closed because of the conversion of green spaces into paved 

areas. 

In order to decrease the water scarcity issue, we should use rainwater harvesting and 

greywater recycling techniques. It is recommended that we have up to 10% green pockets 

around the paved area, but at least 6% should be provided so that rainwater can seep into the 

ground. 
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Should we use treated wastewater for portable and non-portable use? 

Firstly, there are not enough wastewater treatment plants. Secondly, according to our 

phycology, we cannot prefer to use treated wastewater for drinking and other potable 

purposes. However, we can try to use treated water for gardening and even for irrigation of 

crops. First, we should develop more wastewater treatment plants to treat maximum 

wastewater up to maximum clean level and then use this only to irrigate green space, not for 

drinking. After that, the acceptance level for the usage of treated wastewater can be 

increased. 

How much can vehicle movement contribute to creating Urban Heat Islands, and how can 

these effects be reduced? 

Vehicle movement is one of the significant contributors to the creation of Urban Heat Islands 

because of the two reasons, an increase in the number of vehicles on the road and secondly 

improper planning of traffic flow because due to improper planning, a car that has to reach 

its destination in 20 minutes may be stuck in traffic jams and spend more than 40 minutes, 

it means more fuel burning, more CO2 emissions, more heat, and smoke production, this 

give rise to Urban Heat Island phenomenon. 

The world is going on sustainable solutions like electric cars, but it takes many years to 

change the model of vehicle movement completely. However, alternatively, we can provide 

green belts along the road to absorb carbon emissions and smoke and help provide shade so 

that in the summer season, less absorption of sunlight occurs from asphalt pavement as it 

also contributes a lot to raising the temperature. 

Vertical and another green infrastructure is a sustainable approach. 

Yes, we should go for the green space design, like vertical gardening, because it helps in 

reducing the temperature level in the house and brings fresh air inside the house.  

Recent advancements in technology and the creation of smartphones make people lazy 

because they spend their free time inside the house instead of going outside. So, the first step 

is to educate them and give awareness about the benefit of green space to utilize their free 

time in Parks and private gardens.  
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The presence of green space also boosts the region's economy by creating job opportunities 

for maintenance workers for parks and green belts along the road.  

In conclusion, we must go for sustainable solutions like using greywater for green space 

design like parks, private gardens, green belts along the roads, etc. 

 

5.2 Design 

After gathering the information from the literature review, survey results, and expert 

opinion, the design solutions were prepared to solve the environmental issues such as climate 

change, Urban Heat Islands, and especially water scarcity. 

The above-conducted research concluded that these environmental issues arise due to a lack 

of green space because in the last two decades, the migration and population growth in 

Islamabad increased. As a result, the demand for water and shelter is also boosted, and green 

permeable surfaces are transformed into paved areas. Due to this, green space is reduced 

which causes problems such as climate change, water scarcity, etc. So, in this chapter, design 

solutions were given to transform paved areas back into green space through a sustainable 

approach to control the fast-growing environmental issues. 

The design code was created from literature research, public opinion, and expert's advice to 

make the city green by using recycled greywater for green space design. 

5.2.1 Design Code 

The concept of the iron triangle is used to create the design code. Design code consists of 

selecting sustainable materials, Innovative Design from tradition, and the formation of 

Green Infrastructure. These three parameters were interlinked to give the best possible green 

sustainable design solution. 
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Figure 42. Design Code. 

Green Infrastructure Sustainable Material Innovative Design & Tradition 

Trees Porous Tiles (Permeable Pavements) Mud and Wheat straw Mixture Layer 

Road Green Belt Recycled Greywater Stone and Tile pavement 

Parks Mud Insulation layer Use of wastewater for irrigation 

Roof Gardens   

 

5.2.2 Green Infrastructure  

 

Trees 

For the design of green spaces, water is required to irrigate the flowers, trees, grass, etc. The 

trees for the green road belt were selected through CDA approved and recommended trees 

list, as mentioned in Table 3. 

Capital development Authority recommends these trees for road green belt design because 

their water consumption requirement is less. They can easily maintained, have attractive 

flower colors, resist extreme climatic conditions, and are primarily native species and readily 

available in the market. 

There is a detached empty plot in our study area. This was utilized as a pocket forest. The 

people from the neighborhood were encouraged to plant the trees there. This activity will 

create a social event where people from all neighborhoods gather and perform a healthy 

activity. 

Design 
Code

Sustainable 
Material

Innovative 
Design & 
Tradition

Green 
Infrastructure
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For the design purpose of the green road belt, cassia fistula (Golden shower tree), butea 

frondose (dhak), sapium Chinensis (Popcorn tree), and Jacaranda mimosifolia (Jacaranda) 

were used because of their beautiful aesthetic appearance. Golden shower and dhak were 

used as long continue rows of trees along the shoulder of road and street because of their 

colossal flower crown, enhancing the street view and attracting pedestrians. The Jacaranda 

tree was used on the median road because of its extended height and bushes and flowers, as 

shown in the illustration below. 

 

Figure 43. Green Road (Author 2022) 

The purpose of trees on roads is to provide the shade to pedestrians and also to make the 

surrounding temperature normal because trees can absorb the carbon emission produced by 

fuel-burning through vehicular movement and, in return, produce fresh oxygen that is 

required for breathing and on the other hand it prevents the direct sunlight from reaching the 

surface of the road. All these factors help make the road temperature normal, reducing the 

Urban Heat Island effect and making the climatic condition suitable for living and walking. 

Road Green Belt 

Green Belt prefers the natural unpaved area consisting of vegetation such as trees, bushes, 

flowers, etc., that is surrounded by an urban area; it can be a park, pocket forest, and road 

median, etc. 

For the design of our study area, road green belts were used. In the street, a continuous green 

belt was provided on both edges of the street, and on main roads also, medians are 
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transformed into green belts. The green belt aims to reduce the Urban Heat Island effect by 

absorbing carbon emissions from building blocks and roads and creating more green areas.  

As Pakistan faces severe water scarcity issues, recycled greywater was used to irrigate the 

green belt to make the city green instead of freshwater. As green belt help in reducing Urban 

Heat Island but on the other hand, the surface of the green belt is permeable, which allows 

water to seep into the ground and help in reducing the flash flood by acting as a bioretention 

area because the median is protected and separated through the road by curbs and due to 

presence of crown in the middle of the road. The water is diverted into the median, and from 

there, it seeps into the ground and help in recharging the water table and reducing the risk 

of flash flood after heavy rainfall, as shown below illustration. 

 

Figure 44. Green Street (Author 2022). 

Parks 

Parks are extensive gardens or green areas used for public gatherings. One large park in our 

study area, two small green areas, and one ground is present. 

The purpose of designing the park was to boost a community's social life by providing them 

an opportunity to spend their free time in a manmade natural area. From the literature review 

and feedback, it was concluded that the park has an excellent impact on human health by 
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creating healthy outdoor activities, and it helps in job creation for the gardener and other 

maintenance workers. 

For the park's design in the study area, recycled greywater is utilized to irrigate the trees, 

flowers, and grass. Fountains and water ponds were also filled with recycled water; the 

purpose of the pond and fountain is to balance the park's blue-green infrastructure. A 

walking track and swings are provided for children. An open platform is created near the 

pond to perform outdoor activities like painting, sitting games, etc. The Park prototype 

illustrations is shown below. 

 

 

Figure 45. Park (Author 2022). 
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Figure 46. Park (Author 2022). 

 

 

Roof Gardening 

It was thought that coal mines were the significant sources of carbon emission into the 

atmosphere, but from the latest research, concrete also contributes a lot to carbon emissions. 

In the last two decades, due to high construction activities, all permeable areas have been 

transformed into paved areas; as a result, the rate of carbon emission increased. Due to that, 

more energy is consumed in the summertime for cooling purposes. 

So, sustainable solutions should be adopted to control the energy crisis and make the 

environment more favorable for living, such as roof gardening and other industrial insulation 

products. 

Roof gardening, also known as vertical gardening, is very popular in developed countries in 

which vegetation was grown on the roof of buildings, walls, and balconies. Vegetation acts 

as an insulation layer and prevents heat loss from the building, reducing the carbon emission 

because it acts as a barrier and prevents sunlight absorption by concrete; in turn, the 

temperature inside the building remains normal and less energy is utilized for cooling 

purposes. So, green roof strategies also contribute to reducing the Urban Heat Island. 
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In our design, the roof gardening concept was implemented; besides having environmental 

advantages, it also creates an opportunity for an individual to enjoy private gardening where 

he/she can grow plants. Instead of using freshwater, irrigation utilized wastewater, which 

helped save freshwater for other purposes. 

 

Figure 47. Green roof street view (Author 2022). 

5.2.3 Sustainable Material 

As modern research conquers new milestones of advancement and technology, new 

materials are introduced into the market. In the past, lime, mud, wood, and other material 

were mainly used for construction activities, but now they are replaced by concrete and 

asphalt due to their cheap cost and durability. Instead of having many benefits, these 

materials contribute a lot to carbon emission, as mentioned above already.  There is a need 

for sustainable, environmentally friendly materials and help reduce the operational 

environmental problems to control carbon emissions. 

For the design, some sustainable materials were adopted that help reduces water scarcity 

issues and Urban Heat Island and make society green. 

Porous Tiles 

Normally, streets are made up of concrete in Pakistan, and roads are constructed with 

asphalt. Due to the high absorption capacity of these materials, alternative sustainable 

materials were applied to control Urban Heat Islands and other interlinked environmental 

problems. 
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As Concrete and asphalt do not have a porous surface due to strong interlocking as a result 

of heavy rainfall, flash floods are commonly seen on Islamabad roads due to blockage of 

drainage pipes. Even if drainage pipes are usually working, this water is transported to a 

sewer, mixed with black water, and polluted. On the other hand, due to the high absorption 

rate of heat, roads emit carbons that cause the temperature to shoot, as a result, Urban Heat 

Island occurred. 

As there is less traffic on streets than roads, porous tiles were used for the design of the 

street, as shown in the illustration below. Porous tiles have voids and space between each 

other, which enable water to seep into the ground and help in recharging the water table 

through sand bed treatment because porous tiles are installed on the sand bed layer, and 

when rainwater passes through the sand bed, it leaves the impurities, and natural recycled 

water goes into the ground which helps in reducing the water scarcity issue. Other 

advantages are helping in reducing the Urban Heat Island effect. 

 

Figure 48. Street view porous tiles (Author 2022). 

  

Recycled Greywater 

After having a conversation with experts, the literature review revealed that Islamabad is 

facing extreme water scarcity. So, in this situation, it is even hard for people to have water 

for their daily use, and questions arise that how we can have water for green space design? 
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So, the best answer or solution for this question is that we should use alternatives to 

freshwater, either rainwater or recycled greywater, for non-potable use. Due to global 

warming and climate change, the rainfall pattern is disturb and mostly, it was observed that 

there is no or very less rain in some years in Monsoon. So, the best available option is to use 

greywater for a non-potable purpose like irrigation. 

For the study area design, we use recycled greywater to irrigate green road belts; for park 

design, this treated water is transported back to the house after the treatment from a package 

treatment plant. 

The total area of the case study was estimated at approximately 613,133 m2 (Area measured 

with the help of the master plan and google earth). As we want to make society green, 

according to expert advice, we should compare the current aerial view of society with the 

past aerial view, and if we can transform this paved area back into green area through 

sustainable techniques, we can say that we have achieved a complete green society. So, I am 

taking the whole paved area for irrigation demand for this purpose. To irrigate the green 

area, the standard for water requirement was established as 1 in/week (0.012/day) [Turfgrass 

Producers International]. 

Total Irrigation Land=613,133m2=6599708.69ft2 

1 cu ft/day=7.48 US gal/day 

Therefore, the average daily irrigation water demand is=592,389 gal/day 

The rest of the treated water can be utilized for other non-potable purposes. 

Mud insulation layer 

For many centuries and still present, mud with wheat straw was used as a building material 

for constructing houses due to its remarkable insulation benefits compared with steel and 

concrete. 

In Pakistani villages, mud with the wheat straw mixture was used as roof material instead of 

concrete slabs because during the daytime, due to high sunshine, concrete emits heat and 

raises the temperature inside the house, but on the other hand, mud houses remain cool and 

required less energy for cooling because of sound insulation. 
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Figure 49.  Roof Garden bed layers. 

So, for the design of roof gardening, mud with a wheat straw layer was used as insulation 

layer above the concrete roof to control heat loss and make the temperature inside the house 

feasible for living. The above illustration shows the roof gardening bed layers. 

5.2.4 Innovative Design & Tradition 

During the design of green space, traditional ideas were utilized to deal with current 

environmental issues by preparing an innovative design. 

Mud and Wheat straw Mixture Layer 

As mentioned above, it was traditional practice in Asian countries, especially in the Indo-

Pak subcontinent, to use mud wheat straw mixture for house construction due to the cheap 

material availability and required no technical knowledge. On the other hand, it also had 

significant advantages such as insulation, no seeping, and durability. The house made from 

mud is fantastic in summer and hot in winter, making the house environment favorable for 

human life. 

So from the tradition, this suitable material and practice were adopted and reflected in roof 

gardening design. 
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Stone and Tile pavement 

The first road in the world was built around 2200 BC, and it was made of stone tiles (Leasecr 

2020). Pakistan great trunk road was also built from stones 1560 km long and built-in 16th 

century. During the excavation; archeologists found the traces of stone tiles road in Taxila 

heritage side; still, it was used by locals as the street in the village (Imran 2016). 

On the other hand, the asphalt road's life span is less than 20 years, but due to poor 

construction quality, its breakdown in less than five years, and there is a need to reconstruct 

the road. 

So for the design of streets, the old traditional stone tile pavement concept was adopted due 

to its benefits. Few benefits are mentioned below. 

• Porous in nature, it allows water to seep into the ground 

• Durable and long-lasting 

• Help in reducing Urban Heat Island 

• Reduce the chances of street accidents due to speed control limits 

 

Figure 50. GT road (Imran 2016) 
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Use of wastewater for irrigation 

From the Literature review, it was found that the use of wastewater for irrigation was started 

in early 2000 BC; at that time, there was no treatment plant established, but due to the 

abundant amount of nutrients present in wastewater that is good for plant growth, wastewater 

was used for irrigation and over time due to advancement in technology and research, 

treatment plants were designed to save the freshwater and utilize recycled wastewater for 

non-potable use and especially for irrigation. 

As Pakistan faces an extreme water scarcity issue, the best sustainable solution is to use 

greywater for green space design. The traditional concept of wastewater was adopted with a 

new innovative design to give the best possible solution. In our study area, we do not have 

enough space to design an old conventional treatment plant because it requires a vast area 

and time to treat the water. Furthermore, it also requires many workers, and maintenance 

cost is also high. So a package treatment plant was used due to its benefits as mentioned in 

chapter 4. 

As mentioned in the design, all green spaces such as parks, road green belts, and roof gardens 

were irrigated with wastewater. 

 

5.3 Feedback from Experts about Design 

To solve the environmental problems in our case study area, the design solution was 

prepared based on the literature review, survey feedback from the public, and expert opinion.  

The design solution was sent to the Expert panel, including Civil Engineer, Architect, Real 

Estate Developer, Civil Servant from a Municipality, and Researcher. The aim of sending a 

design solution to the Expert Panel is to get feedback and recommendation from technical 

people of different backgrounds on how they will look at the design solution according to 

their expertise in solving environmental issues. The complete survey, including Design 

Poster, is attached in appendix B and E.  

The first question was asked to get their feedback about the provided design solution 

compared to the current situation in the area. Design illustrations were shown in comparison 

with the current situation in the area. 
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In response, all the participants were impressed with the design solution and agreed that this 

design solution helped in reducing the Urban Heat Island effect and water scarcity issues 

and gave feedback that such types of solutions as parks help reduce pollution and lower the 

neighborhood's temperature. 

The next question was asked: How do they think these green sustainable solutions should be 

provided at micro and macro levels? 

Everyone in the panel agreed that this solution should be adopted on both micro and macro 

levels, but one participant suggested that it should first implement on the macro level, for 

example, on the level of a city, and then distributed to small societies to make the whole city 

green. 

In the 3rd question, their opinion was asked on how they think that this solution helps in 

reducing the temperature of the surroundings and reducing energy consumption? 

In response to the question mentioned above, all the participants were agreed that these 

solutions helped in reducing temperature and energy consumption and gave a comment that 

this design is an ideal solution for making the road temperature normal because due to high 

traffic movement, the temperature on the road is very high. Road belt design solutions will 

help make the road environment feasible for humans. 

4th question was asked whether these green solutions increase the health and social life of a 

community? 

Participants agreed with the design solutions and gave positive feedback that, yes, these 

solutions can boost the social life and reduce the mental stress of a person. 

In the second last question, their opinion was asked that this design solution help in reducing 

climate change, Urban Heat Island, and water scarcity issue? 

All the experts completely agreed that these sustainable solutions reduce the above-

mentioned environmental issues, and they commented that having less concrete and more 

green space help in transforming the urban climate into a favorable climate for living. 

Their recommendation was asked about future research and design in the last question. 
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They recommended that for the design of roads, sustainable organic material shall give 

preference instead of concrete and always use green design solutions to solve climate change 

and other problems. 
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Chapter 6 CONCLUSIONS AND RECOMMENDATIONS 
 

6.1 Conclusion 
 

All the objectives and answers to research questions have been successfully achieved 

through the design. The created design ensures sustainable solutions in mitigating the current 

environmental problems. The following conclusions were drawn from Design projects. 

The research concluded that fewer green spaces or more paved areas were the leading cause 

of climate change, Urban Heat Islands, and water scarcity. Other factors that act as a catalyst 

are migration of people, construction activities, and un-planned and un-managed traffic 

movement. 

In the last two decades, the Construction sector has been boosted due to population growth; 

as a result, more houses are constructed even agricultural land is utilized to create 

unnecessary housing societies.  Due to that, the green permeable area is transformed into 

paved areas, which become the root cause of every problem for the following reasons. 

• Due to the paved area, the rainwater does not seep into the ground but discharges 

into sewers and mixes with blackwater. 

• Due to rainwater mixing with blackwater, the water table in the ground gets polluted 

and causes health issues. 

• Due to temperature rise, the rate of evaporation increase and result in dryness of 

lakes. 

• Urban Heat Islands are formed due to fewer trees and vegetation on roads. 

• The temperature on the road becomes high due to no shade and no absorption of 

carbon emission from the road because of fewer trees. 

• Due to paved areas, less water seeps into the ground; as a result, water table depletion 

phenomena occur. 
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So, with the help of green space design, these problems were reduced because clean water 

seeps into the ground due to natural recycling through plant beds. Eventually, the water table 

will rise, and carbon emissions and smoke will also reduce because of trees. More fresh air 

is circulated in the neighborhood, a cool and favorable environment in houses was created 

due to insulation provided by a green roof, health and social life of the community increases 

due to the presence of a park. Most importantly, water scarcity is also reduced due to the 

utilization of greywater for non-potable use, saving freshwater. 

 

6.2 Recommendation 

Following are the recommendations: 

• Greywater recycling and rainwater harvesting techniques should be adopted to reduce 

freshwater demand. 

• In front of every house, a small space should be left for tree plantations. 

• An underground water tank shall be constructed to store rainwater in every house, so later it 

can be utilized for non-potable use. 

• By utilizing recycled greywater, all the green areas in society can be irrigated. The rest of 

the excessive daily greywater can be utilized for non-potable use such as toilet flushing, car 

washing, and even recharging the water table in the ground by making soakage wells. 

• Instead of concrete other sustainable materials should be utilized in construction activities. 
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Design Poster 
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AutoCAD Master Plan of Society 
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APPENDIX D 
 

AS the Survey response is quite long, the link of survey is attached below. 

https://docs.google.com/spreadsheets/d/1o75gjxix1GkeQl6kgxMdCRCrrBSRExteCEtnOFHEN_o/e

dit?usp=sharing 

 

 

https://docs.google.com/spreadsheets/d/1o75gjxix1GkeQl6kgxMdCRCrrBSRExteCEtnOFHEN_o/edit?usp=sharing
https://docs.google.com/spreadsheets/d/1o75gjxix1GkeQl6kgxMdCRCrrBSRExteCEtnOFHEN_o/edit?usp=sharing
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APPENDIX E 
This appendix, shows an online  feedback, asked from experts to get their opinion about 

the design solutions 
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Survey Responses 

1st Expert response 
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2nd Expert response 
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3rd Expert response 
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4th Expert response 
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5th Expert response 
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