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Abstract
Small industries are the heart of any economy. The power shortage in Pakistan is hurting small industries and causing
unemployment. The prime consumer of electrical energy in Pakistan are the buildings, which are consuming an
enormous 54% of generated electrical energy. Pakistan is at 7th place in the list of countries most affected by extreme
weather events caused by greenhouse gases generated by thermal power plants. Pakistan must produce more power by
employing renewable energy resources to attain sustainability. The government of Pakistan has already forsaken the
task to produce power at a national level and has sublet this job to independent power producers (IPP). The prime
investments of Pakistani people are in real estate business with private real estate giants are operating in the country. In
this research, a net-zero energy housing society (NZEHS) has been analyzed in the economic hub, the city of Karachi at
the Arabian Sea. Abundant renewable resources are available at Karachi City with global horizontal irradiance (GHI)
of 5.16 kWh/m2/day with an ambient temperature of 25.71 oC and average wind speed of 4.19 m/s. A combination of
PV and wind turbines have been selected of an installed capacity of 52.596 MW and 15 MW respectively to annually
generate 90.8 GWh and 17 GWh respectively for an electrical load of 101.3 GWh. The hours of operation for solar and
wind are 4389 hours and 5953 hours respectively. The net present cost of the system is 146 Million US$ with a Levelized
cost of energy of 0.073 US$/kWh. The capital cost for this project is 78.5 Million US$. In this NZEHS, each customer
must pay 11214 US$ to get free electricity for 25 years with a simple payback of 1.88 years and a discounted payback
period of 2.05 years. This sustainable society will improve Pakistan’s national grid load factor and reduce the energy
demands from residential loads to reduce the load-shedding for smaller industries and improve economics and reduce
unemployment in Pakistan
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Mehran University of Engineering and Technology, Jamshoro, Pakistan.
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1. Introduction
Pakistan has a power shortage and government of Pakistan is generating power through independent power producers
(IPP) with no check and balance on emissions and environmental damages[1], [2]. According to the annual reports
published by national transmission and dispatch company (NTDC) in the fiscal year of 2016/ 17 total installed capacity
of Pakistan was 28,172 MW[3]. This installed capacity was able to produce 108416 GWh of electrical energy. The peak
load occurred 3rd of June with a demand of 25117 MW while the system can produce at a maximum of 18481 MW so a
shortfall of 7236 MW was observed. The result of this shortfall is excessive load shedding. This load shedding is harsh
for the small industries which totally depend on national grid for power. The national growth rates for industries have
fallen. The government installed capacity has not increased since 1997 where IPPs could sell power to the grid. The
IPPs have already surpassed the national installed capacity in 20 years. The government must provide fossil fuels to
IPPs and collect electricity bills. Mismanagement in these duties leads to further penalties and surcharges[4], [5].
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Pakistan has a huge potential of hydel as the highest point of Pakistan is Himalayan glaciers that stand at around 8000
m and the rivers from these mountains fall in the ocean at sea level[6]. In the last 40 years, no work has been done in
this sector either. The main hurdle in making dams is the capital investment of billions of dollars where major financers
such as world bank and other financial institutes discourage such projects because of their drawbacks in the
environment[7]. The dams are basically water storage projects for agricultural demands where the generation of
electricity is a major by-product. CPEC was an opportunity for Pakistan to develop hydel projects but 72 % of CPEC
power generation projects are based on thermal systems based on imported coal which is yet again an environmental
hazard[8].
Pakistan southern parts are located under the solar belt where higher solar radiations are available with huge load centers.
Karachi is the largest city and economic hub of Pakistan where Karachi Electric Company (KE)[4], [9] is responsible
for generation, transmission, and distribution of electric power. KE was established in 1913 to power the port town of
Karachi. In 1952 KE was nationalized to upgrade its infrastructure as Karachi was the Capital of Pakistan at that time.
In 2005 KE was privatized with 26 % of shares were held by the government of Pakistan. KE has a power shortage,
imports power from the national grid and is unable to cope with the ever-increasing demand of economic hub of Pakistan.
The distribution system in many parts of the city are now overloaded and are unable to support the power requirements.
Building in Pakistan consumes 54 % of generated electric energy[5], [10] which is much higher than the rest of the
world[11]. This high consumption of energy by buildings shows that small industries are not in good health and these
industries require more importance from the government to meet their load requirements[12], [13]. Small industries of
any nation are the core of its economy as they provide people employment. Large industries have already established
their own powerhouses to meet their loads[14]–[18].
A net-zero energy concept is a sustainable future where each individual customer generates electric power onsite using
renewable energy resources and use the grid as a storage[19]–[22]. The net-zero comprises of equal net sales and
purchase to and from the grid. Many countries have already worked out acts for a new and existing building to implement
net-zero energy buildings[23]. Solar and wind energy are the most prominent forms of renewable energy systems used
in urban environments[24], [25].
In this work, a net zero energy housing scheme is proposed to mitigate the problem of load shedding and high load
consumption by buildings in the economic hub of Karachi to meet its increasing electric load demands. The renewable
resources of the selected location are analyzed, and combination PV panels and wind turbines are studied to implement
a net zero energy housing scheme where residents electrical power prices of 25 years are included in their plot prices.
2. Site Selection and Renewable Resources
The City of Karachi is selected for this net-zero housing scheme as this city is the largest and the economic hub of
Pakistan. New housing schemes are being developed to cope with the large population flux in the city. The city is located
at the Arabian sea at 24.8607 N and 67.0011 E. Karachi is blessed with good solar irradiance where average GHI is 5.16
kWh/m2/day. Highest irradiance is observed in April, May and June of 6.31 kWh/m2/day, 6.68 kWh/m2/day and 6.69
kWh/m2/day respectively. July and August have lower clearness index by the rainy season. Karachi is also blessed with
an average wind speed of 4.71 m/s where March, April, and May have the highest wind speed of 5.2 m/s, 5.4 m/s and
5.9 m/s. The renewable resources of the area are shown in Fig. 1.
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Fig. 1. Renewable resources available in Karachi

Canadian Solar Super Power CS6K-295 PV panels are used for this project which are mono-crystalline cells with a rated
capacity of 295 W and their operating temperature is 45 oC and temperature coefficient of -0.390 %/oC. Vensys 82 is
selected for this project as this machine is already in operation in Thatta Pakistan. The rated output power of this wind
turbine is 1500 kW. The cut-off speed of this turbine is 3 m/s. The prices of PV system [26], [27] and wind turbines[28]
are decreasing by advanced research and lower installation charges[29], [30]. The economic parameters of the project
are presented in Table 1. The schematic diagram of the system is shown in Fig. 2. The community of 10000 houses with
the commercial area, a school and hospital are used to design a renewable electrical system based on net-zero energy
system. The load is generalized by the load curve of Pakistan.

Fig. 2. Renewable energy system schematic diagram of the system
Table 1. Economic parameters of the PV system, wind system, and the grid

System

PV

Wind

Levelized Tariff
by NEPRA

Description

Value

Engineering Procurement and Construction Cost (MUS$/MW)

1.07

Project Development Cost (MUS$/MW)

0.037

Insurance During Construction (US$/MW)

0.011

Net Initial Cost (US$/kW)

1118.8

Operation & Maintenance (CUS$/ kWh)

1.782

Insurance (CUS$/ kWh)

0.719

Engineering Procurement and Construction Cost (MUS$/MW)

1.93

Operation & Maintenance (CUS$/ kWh)

1.199

Insurance (CUS$/kWh)

0.25

Grid Sales (US$ / kWh)

0.14516

Grid Purchase (US$ / kWh)

0.09912
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3. Results & Discussion
The electrical output of the system follows the renewable energy recourses as shown in Figure 2. The PV system has a
higher output in the months of April, May, and June where GHI is also higher than other months. The PV output increases
in the months with lower temperature as in the case of October, November, December, and January. In the months of
July and August, the lower GHI has produced lower output energy. The Wind energy system has followed the wind
speed and in the months of March, April, May and November higher output of wind energy is generated. A net-energy
system is obtained by a combination of PV and wind turbines of an installed capacity of 52.596 MW and 15 MW
respectively to generate 90.8 GWh and 17 GWh of energy annually for an electrical load of 101.3 GWh. The hours of
operation for solar and wind are 4389 hours and 5953 hours respectively. The monthly average load, generated PV
energy, generated wind energy, energy sold to the grid and energy purchased from the grid are shown in Figure 3. Here
the grid acts as a storage of electricity and the individual house can buy or sell electricity by using a net metering system
that is introduced in 2015 in Pakistan[31]. The average hourly energy of PV, wind, load, grid sales, and grid purchase
are shown in Figure 5 with the inputs of GHI and wind speed. The PV system generates, and wind energy system
generates electric energy during the day which is during the national load peak. The rooftop PV panels will also provide
shading to reduce the cooling load of the buildings[20], [32].

Fig. 3. Inputs and outputs of energy system where GHI, wind speed, clearness index, and temperature are the inputs while energy
generated by PV and wind systems are the output

Fig. 4. Average monthly energy of PV, wind, load, grid sales, and grid purchase are shown with the inputs of GHI and wind speed

Fig. 5. Average hourly energy of PV, wind, load, grid sales, and grid purchase are shown with the inputs of GHI and wind speed
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The net present cost of the system is 146 Million US$ with a levelized cost of energy (LCOE) of 0.073 US$/kWh. The
capital cost for this project is 78.5 Million US$. The capital cost for this project is 78.5 Million US$. In this NZEHS,
each customer must pay 11214 US$ to get free electricity for 25 years with a simple payback of 1.88 years and a
discounted payback period of 2.05 years. Cost of the project where capital, operating, salvage and replacement costs of
PV, wind turbine, converter, and grid are shown in Figure 6. The cash flow diagram of the system in terms of type and
by components is shown in Figure 7(a) and Figure 7(b) respectively.
This sustainable society will improve Pakistan’s national grid load factor and reduce the energy demands from
residential loads to reduce the load-shedding for smaller industries to improve economics and reduce unemployment in
Pakistan. The development of PV and wind system at society level scheme will have benefits of lower installation cost
in case of PV compared to the individual installation and wind systems can be installed which are too costly for an
individual user for energy production. The resident of this society will have free electricity for 25 years without the issue
of load shedding. This extra feature will enhance the real estate values as well. Finally, Pakistan should pass acts to
make sure that new building and housing societies should produce a part of their load electric energy consumption.

Fig. 6. Cost of the project where capital, operating, salvage and replacement costs of PV, wind turbine, converter, and grid are shown

Fig. 7. Cash flow diagram of the system a) Cash flow diagram of the system by type b) Cash flow diagram of the system by components
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4.

Conclusions

The power shortage in Pakistan is hurting small industries which are the heart of any economy and this is causing
unemployment budget deficits. Pakistan must produce more power by employing renewable energy resources to attain
sustainability. The prime investments of Pakistani people are in real estate business with private real estate giants are
operating in the country. In this research, a net-zero energy housing society (NZEHS) has been analyzed in the economic
hub, the city of Karachi at the Arabian Sea. Abundant renewable resources are available at Karachi City with global
horizontal irradiance (GHI) of 5.16 kWh/m2/day with an ambient temperature of 25.71 oC and average wind speed of
4.19 m/s. A combination of PV and wind turbines have been selected of an installed capacity of 52.596 MW and 15
MW respectively to generate 90.8 GWh and 17 GWh of energy annually for an electrical load of 101.3 GWh. The hours
of operation for solar and wind are 4389 hours and 5953 hours respectively. The net present cost of the system is 146
Million US$ with a Levelized cost of energy of 0.073 US$/kWh. The capital cost for this project is 78.5 Million US$.
In this NZEHS, each customer must pay 11214 US$ to get free electricity for 25 years with a simple payback of 1.88
years and a discounted payback period of 2.05 years. This sustainable society will improve Pakistan’s national grid load
factor and reduce the energy demands from residential loads to reduce the load-shedding for smaller industries to
improve economics and reduce unemployment in Pakistan
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Abstract

This study investigates the impact of insufficient electricity supply on agriculture sector of Pakistan. The agriculture
contribution to GDP of Pakistan cannot be underestimated, according to Ministry of Finance in the year 2016-17. It
contributed to GDP 19.8% and employees about 42.3% a labour force. Since 2005 in Pakistan serious electricity crisis
are experienced due to peak demand from both domestic consumption and industrial consumption. Secondary data from
year 2005 to 2015, agriculture percentage of GDP, agriculture electricity supplied percentage and agriculture electricity
consumption (GWh) annual change variables have been used for the conclusion of main objective of this study. Data
will be analyzed through statistical techniques such as unit root test and OLS regression analysis in E-view 7 version.
The results revealed that the agriculture electricity supplied percentage has negative and significant impact but
agriculture electricity consumption (GWh) annual change has positive and significant impact on agriculture percentage
of GDP. In previous studies research scholars investigated energy consumption on overall agriculture sector. This study
gives insight into electricity as a one of the sources of energy all agriculture’s sub-sectors of Pakistan such as livestock,
fishers, major and minor crops and forestry.
© 2018 "Ikramuddin Junejo, Jawad Raza Khoso, Afzal Khan Memon." Selection and/or peer-review under responsibility of Energy and
Environmental Engineering Research Group (EEERG), Mehran University of Engineering and Technology, Jamshoro, Pakistan.
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1. Electricity Crisis in Pakistan
The agriculture growth has positive and significant impact on overall GDP (Gross domestic product), many countries
including, Taiwan, China and Korea are the best examples of positive relationship between industrial growth and GDP.
agriculture sector has also studied impact on export and import with respect to balance of payment. According to [1],
electricity serves as an important input for agriculture sector especially for developing countries like Pakistan. In
Pakistan electricity is mainly supplied through two organizations, Karachi Electricity Supply Corporation (KESC) and
Water and Power Development Authority (WAPDA). Both firms are engaged in three main activities such as power
generation, distribution and transmission. For regulation National Electric Power Regulatory Authority [2] has been
playing an important role. Since 2005 serious electricity crisis are experienced in Pakistan due to peak demand from
both domestic consumption and industrial consumption. [3], clearly indicated that in order to meet current demand
concerned authorities must have to enhance generation capacity by 50%. The surplus/deficit in demand and supply of
electricity during peak hour actual figures of National Transmission & Dispatch Company (NTDC) and K-Electric’s are
given below in tables.

* Corresponding author. Tel.: +0-000-000-0000 ; fax: +0-000-000-0000 .
E-mail address: ikramuddin24@yahoo.com
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Table 1. Surplus/Deficit in demand and Supply during Peak Hours (NTDC’s system) 2006-2012
Financial year ending 30th June
2006

Generation capacity (MW)
13,051

Demand (MW)
13,212

Surplus/Deficit
-161

2007

13,292

15,138

-1,846

2008

12,442

16,838

-4,396

2009

13,637

17,852

-4,215

2010

12,751

18,467

-5,716

2011

13,193

18,521

-5,328

2012

12,320

18,940

-6,620

2013

14,600

18,827

-4,227

2014

16,170

20,576

-4,406

2015

16,500

21,701

-5,201

Source: Various State of Industry Reports 2010, 2011 & 2016 (NEPRA)

In the above Table 1, we can see there is deficit of electricity from 2006 to 2016 and National Transmission & Dispatch
Company (NTDC) is unable to supply required electricity during peak demand. Continuous deficit is shown in the
above table #01, maximum shortfall was observed in 2012 -6,620 and average shortfall is -4,310.
Table 2. Surplus/Deficit in demand and Supply during Peak Hours (K-Electric’s system)
Financial year ending 30th
Generation capacity
Demand
June
(MW)
(MW)
2006
2,117
2,223

Surplus/Deficit
-106

2007

2,283

2,349

-66

2008

2,265

2,443

-178

2009

2,403

2,462

-59

2010

2,393

2,562

-169

2011

2,237

2,565

-328

2012

2,163

2,596

-433

2013

2,246

2,778

-532

2014

2,601

2,929

-328

2015

2,632

3,056

-424

Source: Various State of Industry Report 2010, 2011 & 2016 (NEPRA)

Similarly, in the above table 2, we can see again there is deficit during peak hours and K-electric could not meet demand.
Highest deficit is in 2013 -532 and average shortfall is -238. Furthermore, according to [4], in fiscal year 2016-17 the
target of electricity and gas generation was 12.5%, end up with 3.5% only. This reflects a huge gap in projected target
and actual performance. Ultimately it will impact on output and industrial growth.
1.1. Agriculture Sector of Pakistan
Pakistan has an agriculture-based economy and agriculture mainly contributes to the GDP of the Pakistan. It provides
employment to the 45% of the total labor force of the country and 68% of the Pakistani population is involved in the
farming, production, processing and distributing of agricultural commodities. [5]. Recently agriculture sector output is
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decreasing due to rough weather because of changing temperature, change in rainfall, changes in river flow of the river
and poor soil moisture from September to December in the areas where rainfall is the only water sources for agriculture.
Snow and glacier melts along with balanced supplied by monsoon are the two-thirds of the water available for the
irrigation of the crop. Tarbela and Mangla dams’ reserves are also used in summer and winter for irrigation purpose.
After 1970 demand of water is increased by 50% on the other hand storage capacity has decreased by one third.
1.2. Research Objectives
The following were the objectives of research:
I.
II.

To identify agriculture electricity supplied percentage impact on agriculture percentage of GDP in Pakistan.
To find agriculture electricity consumption (GWh) annual change impact on agriculture percentage of GDP
in Pakistan.

1.3. Research Hypothesis
H1: There is significant impact of agriculture electricity supplied percentage on agriculture percentage of GDP in
Pakistan.
H2: There is significant impact of agriculture electricity consumption (GWh) annual change on agriculture percentage
of GDP in Pakistan.
2. Literature Reviews
[6] explored relationship between energy consumption and agriculture sector in terms of economic growth. Secondary
data from selected 15 Asian countries was collected and for the analysis of data panel analysis applied. The final results
indicated that there is bidirectional relationship between studied variables such as energy consumption and agriculture
sector of 15 Asian countries. It is recommended that energy consumption should be adjusted with respect to other sectors
of economy such as industrial and domestic consumption of energy for better results in future from agriculture sector of
studied countries. [7], impact of energy consumption on economic growth of Pakistan. Time series data from 1972 to
2011 and distributive lag model technique applied for verifying the null hypothesis of this study. End results of this
study revealed that electricity consumption has significant and negative impact on economic growth in both short run
and long run. [8], explored the long run relationship between GDP of 100 countries from Latin America and energy
consumption. Secondary data from 1971 to 2007 has been collected for the testing the suggested hypothesis and
statistical technique applied such as panel integration. The findings of this study indicated that the bi-directional longrun relations exist between studied variables such as GDP and energy consumption. [9], impact of energy consumption
on the yield of agriculture sector in Iran. Secondary data from 1978 to 2011 has been collected and Johansson integration
and casualty gorger analysis were applied for the confirming the suggested hypothesis of this study. Results of this study
explained that there is positive impact of energy consumption on the agriculture sector of Iran. So, based on these results,
it can be concluded that insufficient supply of energy has negative impact on agriculture sector of Iran. It is
recommended that the existing political party of Iran should take corrective measure for better output level of agriculture
sector through effective use of available water for generation of electrify in the Iran. [10], Investigated relationship
between energy consumption and agriculture sector of Iran. For the analysis secondary data from central bank of Iran
and ministry of energy from 1997 to 2007 were collected. Results of this study showed that insufficient energy supply
has adverse effect on agriculture sector of Iran. It is proposed that advanced technology and latest machinery should be
used in the agriculture sector for effective use of electricity as energy. [11], the relationship between energy consumption
and agriculture output level in Turkey. The annual data from 1970 to 2003 was collected from the Ministry of energy of
Turkey. The regression model applied for the conclusion of this study-based objectives. Results showed that agriculture
productivity can be increased through required energy consumption in this sector. It was suggested that fuel subsidy can
be one of corrective measure for increasing energy for the agriculture sector of Turkey. [12], investigated the impact of
energy on agriculture sector of Turkey. Secondary data annul from 1975 to 2000 was collected from various sources
such as State planning organization and State Institute of statistics of Turkey. Final results of this study showed that
there is positive and significant relationship between energy as input and agriculture sector of Turkey. It is highly
recommended that the environmentally friendly energy should be provided for better output level from agriculture sector
of Turkey. [13], studied use of energy in both current and past trend in the agriculture sector of Truly. Secondary data
from 1975 to 2000 has been collected from statistical yearly book of Turkey and the researchers included 36 crops for
the conclusion of this study. Final results, revealed that there is positive and significant relationship exist between energy
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value and output level of studied crops. On the basis of end results, it suggested that alternative energy sources should
be incorporated for better yield from the agriculture sector of turkey.
3. Data and Methodology
This section has been divided into two sub-sections (i) Data Source (ii) Research Model (iii) Statistical techniques
3.1. Data Source
This study is based on secondary data and we have collected the data from State of Industry Report by NEPRA (National
Electric Power Regularity Authority) and World Bank economic indicators. All data sets used in this study are from
2005 to 2015.
Year

Agriculture percentage of

Table 3. Secondary Data
Agriculture electricity supplied

Agriculture electricity consumption (GWh) annual

GDP

percentage

change

2005

21.47

11.75

7947

2006

23.01

11.36

8186

2007

23.06

11.67

8489

2008

23.11

12.62

8794

2009

23.91

13.17

9687

2010

24.29

11.76

8972

2011

26.02

10.49

8543

2012

24.55

9.46

7699

2013

24.81

9.43

8289

2014

24.87

8.91

8015

2015

25.11

9.04

8525

Source: Various State of Industry Report (NEPRA) (2017-16,11,10) & World Bank Economic Indicators.

3.2. Research Model
APG= α0 + β1AESP + β2AT+ + eit

Eq.(1)

Whereas, Agriculture percentage of GDP (APG), Agriculture electricity supplied percentage (AESP), Agriculture
electricity consumption annual change and error (eit)
3.3. Unit Root Test
It has been practically observed that the time series data is non-stationary in many cases due to increasing trends in data.
If OLS regression is being applied on non-stationary data findings to be considered by research scholars more an
overestimated than the actual once. Augmented Dickey-Fuller (ADF) test usually is applied on individual variable on
various levels such as level, 1st difference and 2nd difference until null hypothesis is rejected with assumption that data
is stationary. It is highly recommended by the researcher before applying in the OLS regression on research model that
the data should be checked for stationary.
3.4. OLS Regression Analysis
The Ordinary Least Squares (OLS) regression is the statistical technique used for data analysis which is commonly
known as a linear regression. In this analysis it is used to apply for measuring the relationship between dependent
variable and more than one independent variable. In this study there are two independent variables such as Agriculture
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electricity supplied percentage (AESP), Agriculture electricity consumption annual change and one dependent variable
Agriculture percentage of GDP.
4. Results and Discussion
4.1. Unit Root Test
Table 4. Augmented Dickey-Fuller test statistic (Unit Root Test)
Variable

Level

P-

Decision rule for rejection of null hypothesis p-value

value

less than 0.05

1st

Log Agriculture percentage of GDP (Dependent)

difference

Log Agriculture Electricity supplied percentage

2nd

(Independent)

difference

Log Agriculture electricity consumption annual change

2nd

(Independent)

difference

Rejected null hypothesis (Data is stationary)

0.0089

Rejected null hypothesis (Data is stationary)

0.0147

Rejected null hypothesis (Data is stationary)

0.0047

Source: Author’s estimation

In Table 4, Augmented Dickey-Fuller test statistic indicates that all studied variables are stationary at level 1st difference
and 2nd difference after taking Log Agriculture percentage of GDP, Log agriculture electricity supplied percentage and
Log Agriculture electricity consumption annual change. As results suggest that data is stationary, now we can apply
OLS regression on our dependent and independent variables and findings would not be overestimated.
4.2. OLS Regression
Table 5. Least Square Method (OLS)
Independent variables Variable

P-

R-value

value

Log agriculture Electricity supplied percentage
(Independent)
Log Agriculture electricity consumption annual
change (Independent)

0.0016

0.0100

0.735892 or
73.35%

Beta

Decision rule for rejection of null hypothesis

value

p-value less than 0.05

-0.423483

0.657688

Accepted alternative hypothesis (Significant
impact)
Accepted alternative hypothesis (Significant
impact)

Dependent variable: Log Agriculture percentage of GDP; Source: Author’s estimation

Agriculture percentage of GDP = -1.762286 + -0.423483 agriculture electricity supplied+ 0.657688 electricity
consumption annual change.
A Least square method table shows three important values, p-value, R-value and value of beta. P-value shows level of
significance and value of beta usually determines the relationship between dependent variable with independent
variables. The R-value determines overall fitness of model in percentage. We can see in this study that the variable
agriculture electricity supplied percentage is found to have negative and significant relationship, but electricity
consumption annual change is found to have positive and insignificant relationship with dependent variable Agriculture
percentage of GDP.
5. Conclusion and Recommendation
The main purpose of this study was to find the impact of insufficient electricity supply on agriculture sector of Pakistan.
Secondary data has been analyzed from 2005-2015 in E-view versions 7 through unit root test and OLS regression
analysis technique. Results indicated that in this study studied variable agriculture electricity supplied percentage is
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found to have negative and significant relationship, but electricity consumption annual change is found to have positive
and significant relationship with dependent variable agriculture GDP output percentage Furthermore, following future
recommendations are given.


This study can be extended to other developing countries like Bangladesh, India and South Asian countries.



A comparative analysis can be done between Pakistan and its nearby countries such as Bangladesh and
India.
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Abstract
Excessive consumption of fossil fuels and the resultant phenomena of global warming is a threat to our planet. The
world needs sustainable and an innovative mix of technologies to fulfil the energy need of the 21st century. In this
context, the aim of study is to design and fabricate small-scale Organic Rankine Cycle (ORC) which operates at lowgrade heat sources. ORC is a thermodynamic cycle similar to that of Rankine cycle, the only difference of working fluid
which operates at the low-grade heat source. This system is proposed and designed after the selection of working
substance Refrigerant R-134a, which is readily available. ORC system consists of four essential components i.e. Pump,
Evaporator, Compressor (as an expander) and condenser. In the proposed design of ORC, an expander is used instead
of a turbine as an alternative. The theoretical efficiency of the proposed cycle is 7.4%. In the future, it can be utilized in
waste heat recovery plants and solar parabolic trough technology as heat source.
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1. Introduction
Almost two billion population fall under areas where there is no access of electricity. Most of two billion people, who
have no supply of electricity, belong from South Asian and African countries [1]. Therefore, world needs sustainable
and an innovative mix of technologies to fulfil the energy need of the 21st century. Organic Rankine Cycle (ORC) uses
organic, high molecular mass fluid with a liquid-vapour phase changing occurring at low temperature. ORC allows lowgrade heat sources (80-150°C)[2] such as Biomass, Geothermal, Solar and Waste heat recovery. ORC, as it is economical
and sustainable cycle, unlike steam cycle (300-500°C), where water vapour is working substance[3], ORC employ
Refrigerants as the working substance[4]. As Pakistan is situated near equator having good potential of solar energy
therefore; Organic Rankine cycle is highly recommended for the generation of electricity in remote areas of Pakistan
which are not connected to electrical grid. As ORC is stand-alone off grid power generation system, it will help to
provide electrical power in rural areas.
1.1. Background
ORC was not developed until the 20th Century. This technology was immersed between 1961 and 1962. Harry Zvi tabor
and Lucien bronicki built various Rankine engines[5]; the earliest use of ORC was an energy generation system from a
low-grade heat source (solar energy). They used monocloro benzene at the maximum temperature of (140-150°C) with
power capacity in the range of 2-10 KW. A 3-kW prototype ORC was exhibited at United Nations conference on new
sources of energy in Rome. The first ORC power plant by the geothermal source was installed in 1967 in the Kamchatka
peninsula of the Soviet Union[6]. R-12 was used as working substance and this power plant had capacity of 680kW[7].
Another study related to ORC cycle was carried out by Davidson in 1977 with the design and analysis of prototype for
solar applications. Nowadays, more than 700 ORC systems are identified with over 2700 MW cumulated installed
capacity[8] and this number is increasing at faster rate than ever before.
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1.2. Comprehensive Literature Review
In the research, different studies suggest that ORC is sustainable and has low maintenance. One study suggests that
small-scale organic Rankine cycle designed, fabricated and now operational by using R-245fa as a working fluid. In this
study, a scroll compressor is used instead of the turbine to generate a minimum electrical output of 1.016 KW with
0.83kW of net electrical output[9]. Another paper has been studied which presents the ORC system by utilizing lowgrade heat sources. An initial prototype existed, which produced less than the input power. Investigations were done in
different areas including pipe sizing, component sizing, heat source requirements, and net positive suction head
requirements. Two fluids, R-134a and R-245fa, were considered for the performances of the ORC system[10].
Nowadays the study presents the Organic Rankine Cycle which operates with organic fluids is one of the leading
technologies for “Waste heat recovery”. Large numbers of studies have been carried out to identify the most suitable
fluids. The working fluids such as CO2, R-134a and R-245fa have been considered according to study[11].
It is essential to use mixture of different working fluids CFC’s & HCFC’s to increase efficiency of the ORC System
from 7.6% to 12.3%[12]. If waste heat is not present a better option of line focusing solar parabolic trough collector of
ORC system is used to utilize maximum solar irradiance and generate electricity for remote areas in developing
countries[13].
1.3.

Purpose of the paper

In this paper, the purpose of study is to introduce sustainable technology in Pakistan. The prime advantage of Organic
Rankine cycle is that it works on different applications of heat sources like Biomass, waste heat and solar energy. These
sources of ORC are specified region wise in Pakistan. In Southern Pakistan, solar insolation value is high. Temperatures
reach to maximum levels in the summer; the mean temperature during June is 38 °C in the plains, the highest
temperatures can exceed 47 °C therefore; Solar Parabolic trough collectors can be used for the source input. Whereas;
Waste heat can be recovered from the industrial hub of Pakistan as large amount of heat is released from industries
which leads to environmental degradation. Biomass is another application which can be utilized in central areas of
Pakistan.
2.

System design of ORC

The system is designed after the selection of working fluid. After calculating all the equations, pump condenser and
evaporator have been selected. As turbine is not available in the markets for low power generation, in this regard different
research papers were studied and then founded scroll compressor. By few modifications it has been converted into an
expander.
2.1.

Selection of Working Fluid

For the design of ORC after an extensive literature review, potential of working fluids has been determined. Different
working fluids including R-245fa, R-134a and ammonia have been considered which works on low-grade heat sources.
R-245fa and ammonia[14] have good performance but these fluids are not readily available in the markets whereas; R134a is cheap (as compared to R-245fa) and readily available in the markets. The organic fluid R-134a is used in our
proposed ORC system due to its low-temperature phase changing property, non-toxic, non-flammable behaviour[15]. It
shows good expansion at low temperature and creates high pressure to produce good mechanical work at expander. It is
also inexpensive (as compared to R-245fa) and readily available in the market which made it feasible for our proposed
ORC system. R-134a is high pressure working fluid so it dis-advantage is that it will leaks from the fittings. Other reason
for its use is expander because expander which is used is working only in that working fluid.
Note: Thermo physical properties of R-134a are used from EES for calculations.
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Table 1. Properties of R-134a

Parameter
Boiling Point
Auto Ignition Temperature
Critical temperature
Global warming potential
Ozone depletion level

Values
-26.1◦C
770◦C
122◦C
1300
Zero

2.2. Processes involved in ORC

Fig.1: T-S Diagram

1-2 Isentropic compression:
In Isentropic compression, pump converts low pressure (116 psi) of working fluid into the high pressure (250 psi) and
maintain a flow rate of fluid in the ORC cycle. In the proposed cycle positive displacement pump is used. A positive
displacement pump makes a fluid move by trapping a fixed amount and forcing that trapped volume into the discharge
pipe. The mass flow rate is controlled by regulating valve used between pump and evaporator.
𝑊𝑖𝑛 = 𝑉1 (𝑃2 – 𝑃1 )

(1)

2-3 Isobaric expansion
In an Isobaric expansion, the evaporator is used to convert Liquid phase to vapour phase keeping the pressure constant.
Isobaric expansion takes place at that device.

𝑄𝑖𝑛 = ℎ3 – ℎ2

(2)
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Reynolds number is calculated as
Re =

4𝒎.
3.142 𝒅𝑖𝑛𝑠𝑖𝑑𝑒 µ3

(3)

3-4 Isentropic expansion
In an isentropic expansion, expander is used to convert kinetic energy of fluid into mechanical work. Due to
unavailability and high cost of turbine, the scroll compressor is used as an alternate. After the review of Literature, scroll
compressor has been converted into expander by using it opposite to the working of compressor[16]. Compressor has
been used in reverse function as an expansion device, inlet diameter is smaller and outlet diameter is larger. When fluid
discharged from larger diameter it expands.

𝑊𝑜𝑢𝑡 = ℎ3 – ℎ4

(a)

(4)

(b)
Fig. 2: Illustration of expander (a) internal view of scroll (b) external view of expander.

4-1 Isobaric condensation
In isobaric condensation, condenser is cooling device used to change the vapour phase into the liquid phase. For the
isobaric condensation, air cooled condenser has been used.

𝑄𝑜𝑢𝑡 = ℎ4 – ℎ1

(5)

2.3. Thermal Efficiency
Thermal efficiency for an ORC system is main factor and it is calculated as:
ɳ𝑡ℎ = [1-Qout / Qin]

(6)

The theoretical thermal efficiency calculated for this ORC system is 7.4%. The efficiency of an ORC system is typically
very low due to the low-grade heat source. Thermodynamic efficiency is not the only consideration for designed system
but also maintenance, availability of equipment’s, system expense and environmental impact all needs to be considered
while designing the system.

2.4. Thermal Heat for evaporator
𝑄𝑡ℎ = Pelectrical*100 / ɳ𝑡ℎ

(7)
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𝑖𝑓 𝑤𝑒 𝑑𝑒𝑠𝑖𝑔𝑛 1 𝐾𝑊 𝑂𝑅𝐶 𝑠𝑦𝑠𝑡𝑒𝑚 𝑡ℎ𝑎𝑛
2.5. Mass flow rate of the system
m. = Qth / Qin

(8)

2.6. Condenser capacity calculation
𝑄𝑡ℎ,𝐶𝑜𝑛 = 𝑄𝑜𝑢𝑡 * m.

(9)

3. Fabrication of ORC system
Prototype of this system has been fabricated after the theoretical design of each component and their specifications. All
components have been assembled according to schematic diagram.
The volume of the system given by (Length x Width x height) = (3ft x 2ft x2.5ft)

(a)

(b)
Fig. 3 Schematic diagram of proposed system (a) Fabricated System (b)

Starting from the pump, procon pump is used. For heat source Water tank is installed water is heated by electric heater
in which evaporator is immersed. Reason behind hot water tank is to operate prototype easily. Here other types of heat
sources can be used but that can be difficult and expensive for initial fabrication of system. Second hand car compressor
is used as an expander coupled via small DC generator. Finally, air-cooled condenser is installed to release heat into
environment.

Table.2: Specifications of Fabricated Evaporator and Condenser

Parameters

Evaporator

Condenser

Rated capacity
No. of turns
No. of tubes
Length of each tube

13.98 kW
18
36
14”

12.98 kW
17
34
14”
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Table.3: Specifications of Fabricated Expander

Parameters

Value

Suction diameter
Discharge diameter
Pressure Range

10 mm
12 mm
1600-3500 KPa
Table.4: Specifications of Fabricated Pump

Parameters

Value

Body
Capacity
Nominal Speed
Max. Discharge Pressure
Self-Priming
Power

Stainless Steel
15-140 gph
1,725 rpm
250psi
6 ft. max. Lift
1/3 HP

All the selected components are connected with the copper pipes. The diameter of the pipe is taken 10 mm on the behalf
of assumption for the theoretical calculations. There is an inlet pipe for fluid injection. Two liquid indicators have been
installed for the detection of vapour and liquid phase. One liquid indicator is installed after the evaporator and one after
condenser. Two thermometers (connected with outside copper tube wall) and two Pressure gauges are installed for the
measurement of temperature and pressure respectively. A bypass line has been fixed after the evaporator to check the
vapour phase of fluid. The aim of bypass line is to confirm that the fluid is purely in vapour form at the evaporator outlet
and then to open expander loop for the mechanical work.
For leakage checking initially, nitrogen gas was filled in the system. Leakages were detected through the soap solutions.
Though there are different ways for detection of leakages. Some efficient ways are through fluorescent dyes, soap
solution, electronic leakage detectors, and ultrasonic leak detectors. Bypass line has been fit for the safety of Scroll
expander. A relief valve has been fit for the safety to prevent of burst and release the pressure if crosses from safety
limits when heated.
4. Results and Discussion
The System has been successfully run but its output results are incomplete due to bellow reasons
i) Unavailability of measuring instruments for output parameters such as: Torque meter, generator etc.
ii) Instrumentation and control systems are very expensive such as high-pressure thermo-couples, flow rate
meter, variable frequency drive etc.
iii) No any help from any institution where we can execute our research and conduct experiments on work
shop where gas welding and gas recovery unit is required for again and again results.
5. Conclusion
The paper presents the design and fabrication process required for the development of a small-scale ORC running at
low-grade heat sources. The working fluid R-134a is used as it is considered as most suitable fluid for low-temperature
applications driven by heat source temperature between 80-150°C. Expander plays important role in the definition of
system’s Performance and reduce the overall cost of system. This paper also provides an overview of state of art in ORC
technology for low power applications. The net power output of the design system is not clear due to not presence of
right and efficient components (via: generator) and precision measuring instruments (such as torque meter, flow rate
meter, thermo-couples, etc.), calculated theoretical thermal efficiency of the system is 7.4% but after experiment
efficiency is not cleared. The efficiency of the system can be enhanced through proper insulation, by increasing source
temperature, by using a mixture of different working fluids, efficient components (expander, plate type evaporator and
condenser) and by selection of précised equipment. Further research and experiment is required in this ORC system to
achieve maximum efficiency and used solar as a heat source.
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Abstract
Offshore facilities like oil and gas requires electrical power in scope of 10 kW to 10 MW. Due to increase in exploration
of oil and gas in distant and farther areas in the sea, the need of power is also increasing swiftly. There is dire need of
utilization of different power generation options to cope with future requirements. Various energy generation options
are available at offshore facilities with different selection criteria. This research comprises of comparative analysis of
different types of electrical energy generation options on offshore facilities considering multiple selection criteria i.e.
Cost Comparison, power demand of platform, suitability for unmanned platform and minimal maintenance
requirements. This work includes both conventional and alternative energy generation systems. The Cost-benefit
analysis of generating systems for use at an oil facility in Abu Dhabi is performed using HOMER Pro tool with output
power capacity of around 2 MW; the inputs include costs of equipment, maintenance, operation costs and salvage costs.
HOMER Pro takes wind speed and solar irradiation data according to the coordinates through US Renewable Resource
Data Center and NASA's Surface Solar Energy Data Set respectively and discount rate of 2.25% and inflation rate of
3.8% are taken as inputs in tool for computation purpose. Analysis has been made for employing different power
generation options at offshore facility.
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and Environmental Engineering Research Group (EEERG), Mehran University of Engineering and Technology, Jamshoro, Pakistan.
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1. Introduction
The power requirement on oil and gas facilities is expanding quickly as the industry is step by step moving towards
profound and far-away offshore advancement [1]. The weight, space and cost requirement allied with power generation
units have also increased considerably. For drifting design structure and offshore field advancement power generation
has been a crucial element. Due to issues of change in climate and hazardous gas emissions, the more suitable solutions
for non-conventional energy is getting to be inescapable. Re-visiting of the offshore industry for the potential of
powering their facilities, renewable energy is no more a thought, however is now practical and sustainable. Usually, offgird platforms are electrified using conventional electrical energy resources, but owing to floating gasoline prices,
increased maintenance and operation expenses and COx and NOx emissions from non-renewable resources, their use is
considered as unsustainable [2].
Petroleum industry facilities are intensive energy using systems, single facility utilizes huge amount of energy which
ranges in MW to hundreds MW of energy, depending on the oil and gas properties, export specifications and lifetime of
facility [3]. Wind speeds are higher in sea areas, hence promising to use wind as form of energy for offshore power [4].
Solar PV energy replacing conventional fuel based generating systems attracted interest for electrical power generation
[5]. Small power needs could be fulfilled on offshore facilities by use of solar power mainly due to weight restrictions
and lack of space [6].
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This work assesses the cost-benefit analysis of different power generation options with a generating capacity of 2 MW
in-use at a unit of an offshore oil and gas facility of The Abu Dhabi Company for Petroleum Operations Ltd. Total Net
Present Cost (NPC) is estimated for 25 years lifespan of the project including capital, operation and maintenance, fuel,
replacement and salvage costs. The research aims to compute cost-benefit analysis of 04 different electrical power
generation models and their comparative analysis based on different types of costs. The best-suited model in terms of
net present cost and reliability is suggested for implementation.
2. Methodology
In this research work, HOMER Pro tool is used for simulation purpose, which collects Wind speed and Solar irradiation
data by US Renewable Resource Data Center and National Renewable Energy Laboratory (NREL) respectively. The
discount rate of UAE i.e. 2.25% is taken for computation of costs over its complete lifespan [7]. The tool uses three
generic cost computation equations for calculating the net present cost, capacity recover factor and salvage cost which
are given in Eq. (1), (2) & (3). Net present cost is computed by use of Eq.(1), in which capacity recovery factor(CRF)
and annual costs for computation for present costs. Further, CRF as mentioned in Eq.(2) is calculated by using discount
rate and project’s total lifetime. At the end of project’s lifetime, a residual value known as salvage cost of equipment in
terms of cost is paid back, as shown in Eq. (3) [8].
The total cost of project is computed using appended equation in HOMER, which gives us NPC.

CNPC 

Cann ,tot

CRF  i, R proj 

(1)

In the equation above Cann,tot, i, Rproj and CRF are the net annual cost, discount rate, total lifetime of project and recovery
factor of capital respectively.

i (1  i) N
(1  i) N  1
In capacity recovery factor computation i and N are discount rate and number of years respectively.
CRF  i, N  

(2)

Salvage cost of each technology is computed for complete lifespan of project, by HOMER using following equation.

S  Crep

Rrem
Rcomp

(3)

In computation of salvage cost, the above equation takes S, Crep, Rrem and Rcomp as salvage value, replacement cost,
equipment’s remaining life and equipment’s life respectively. In this paper, three electrical power generation
technologies i.e. Diesel Generator, Solar Photo Voltaic (PV), Wind Turbine and their Hybrid model are simulated in
HOMER Pro. For cost-benefit analysis different inputs are considered, which were used for optimization and sensitivity
analysis of the simulation results. The HOMER tool takes multiple inputs for computation of NPC, which includes but
not limited to discount rate, diesel price, project lifetime, replacement period for each technology, daily avg power
consumption, avg wind speed and solar irradiation at the specific site. Three different technologies are used, which are
also mentioned in Table 1.
Table 1. Inputs and Variable for Different generation technologies
Inputs/ Variables
Discount Rate
Project Lifetime
Replacement Period
Daily Avg Power Consumption
Avg Wind Speed
Solar Irradiation
Diesel Price

Diesel Generator
2.25%
25 years
2 years
24000 kWh
$ 0.75 per liter

Solar Photo Voltaic
2.25%
25 years
25 years +
24000 kWh
6.3kWh/m2 per day
-

Wind Turbine
2.25%
25 years
20 years
24000 kWh
4.8 m/s
-
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The simulation computes cost-benefit analysis, emissions, fuel usage and capacity factor of stated generating systems.
3. Simulation Models in HOMER Pro tool
This paper presents the simulation model of different electrical power generating technologies for offshore power
generation, hence the viable options were simulated including conventional and renewable energy resources. The models
are explained in appended sub sections.
3.1. Diesel Generator(DG) Model
Diesel Generator set was simulated for the purpose of cost-benefit analysis, which takes initial capital cost of $1.05 Mn
for purchase of equipment of 2.1 MW generating capacity. However, as it is operated on fuel(diesel), the cost is also
accounted for consumption of the fuel. The Schematic model is shown in Fig.1.

Fig. 1. Schematic diagram of Diesel Generator
(DG) model

3.2. Solar Photo Voltaic (PV) Model
Solar PV has high initial capital cost, but low operating and no fuel costs, as the capacity factor of lesser compared DG
therefore the rated capacity has to be increased for achieving the required production. The total initial cost for Solar PV
and its associated system computed as $ 40.73 Mn.

Fig. 2. Schematic diagram of Solar PV model

3.3. Wind Turbine Model
The Wind Turbine, likewise the Solar PV, has high initial capital cost amounting $ 44.69 Mn. As the wind and solar
energy are intermittent, therefore an additional cost is incurred on battery and converter devices for the uninterrupted
power supply.
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Fig. 3. Schematic diagram of Wind Turbine model

3.4. Diesel Generator, Solar PV and Wind Turbine Hybrid Model
A hybrid model consisting of all three technologies was simulated and their cost-benefit analysis was computed, the
total generating capacity was same as of the individual models, however the cost was reduced considerably. The initial
capital cost of the system including all three generating technologies and associated devices computed as $ 13.2 Mn.
The fuel charges are also incurred due to the use of diesel generator.

Fig. 4. Schematic diagram of hybrid model

4. Results and Discussion of Simulated Models
In this section cost-benefit analysis of different simulated models i.e. DG, Solar PV, Wind Turbine and their hybrid
model is elaborated. Costs are computed for the whole project lifespan of 25 years, in which different cost are analyzed
including initial capital costs, operation and maintenance costs, replacement costs and salvage costs. The NPC is
computed based on all these costs. The costs computed through HOMER Pro simulations are appended in the Table 2.
Diesel Generator has minimal capital cost of $1.05 Mn and its replacement cost is $11.18 Mn which is also least amongst
the simulated models. However, the fuel cost of the diesel generation is highest, which is not in case of Solar and Wind
technology. The initial capital cost of Wind turbine is highest amongst the simulated models.
Table 2. Costs on different generating technologies (in million dollars)
Generating
Technology
Diesel Generator
Solar PV
Wind Turbine
Hybrid Model

Initial Capital
Cost
1.05
40.73
44.70
13.20

Replacement
Cost
11.18
16.42
37.49
11.16

Operation and Maintenance
Cost
10.46
5.52
20.62
7.90

Fuel
Cost
33.78
14.32

Salvage
Cost
(0.24)
(0.14)
(15.40)
(3.66)

NPC
Cost
56.23
62.53
87.40
42.91

The total NPC of the different generating technologies are computed through simulations, which are then compared in
the Fig 5. The costs of four simulated models is labeled in the figure, in which hybrid model have the least NPC.
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Cost Comparison of Different
Technologies in Mn Dollars
100
50

87.4
56.23

62.53
42.91

0
Diesel
Generator(DG)

Solar PV

Wind Turbine

Hybrid

Cost Comparison of Different Technologies in Mn Dollars
Fig. 5. NPC comparative analysis

The NPC of each technology is computed considering the discount rate of UAE, which in turn gives us the possible
cost estimates for the project for its whole lifespan of 25 years.
5. Conclusion
In this paper the cost-benefit analysis of different generating technologies was analyzed using HOMER Pro energy
optimization software tool, for the use at an offshore oil facility in Abu Dhabi. Considering the capacity factor of
generating systems, which varies from place to place as the wind speed and solar irradiation varies at each location. For
meeting the power requirement, all stated technologies with different rated capacity may be used. For instance, we
cannot rely solely on Solar PV or Wind turbine due to their intermittent type of generation, which is not only costlier
but also cannot supply electrical power to larger loads(for solar PV). Thus, a hybrid model consisting of all three
technologies, could be used for cost savings and better reliability. As a result, it can be deduced that, a hybrid model
consisting of Diesel Generator, Solar PV and Wind Turbine could be cost-effective with its NPC of $ 42.91 Mn, further,
COx and NOx emissions could be reduced by approximately 50% as half of the electricity produced would be from
renewable resources.
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Abstract
“The urbanization is primarily responsible for the continuous change of climate. The high rise buildings create heat
island and produces adverse effect on the microclimate of the area, resulting in thermal discomfort for occupants. The
aim of this study is to analyze the impact of high rise buildings on the microclimate, and the impact of high rise
builidings were calculated through hygrometer and environmental meter. The study is based on 4 months data
collection in Qasimabad, Hyderabad for microclimatic factors (temperature and humidity). The result shows that high
rise buildings create heat island phenomenon and temperature is higher than surrounding areas. The mean and standard
deviation of indoor house is (28.02oc & 6.66 temperature, 38% & 12.03 relative humidity), indoor apartment’s mean
and standard deviation is (25.460c & 4.62 temperature, 42% & 12.03 relative humidity), outdoor temperature’s mean
and standard deviation is (27.640C &6.93 temperature, 44% & 14.02 relative humidity) consecutively. It is
recommended that construction and management of high rise buildings should be in that manner which avoids heat
accumulation”.
© 2018 Kalsoom Ali1,Raheela Laghari2,Noor ul Huda3, Shakeel Ahmed Shaikh4

Keywords: “ impact; high rise buildings; microclimate;heat island”
1.

Introduction

The urbanization is primarily responsible for the continuous change in climate. Nowadays, the high rise construction is
in trend around the world, because tall structures show the reputation, wealth, evolution in architecture and aesthetic
exterior appearance. However, the basic motivation behind construction of tall structure is to aggregate together a
huge group of people in a confined space. The growth of tall buildings adds worth to the surroundings. On the other
hand, the effect of urban development on the climate, general well being, urban planning, and environment are
important for research [1]. Today, tall structures are an image for advancement, progress and modernity without any
consideration of the environment and the tenants who are fascinated by attitude and distinctiveness [2]. Research in
this field is very important to conclude the impact of microclimate on the residents.
The aim of this study is to analyze the impact of high rise buildings on the microclimate and nearby dwellers. The
research objective is to determine the impact of high rise buildings on the microclimatic factors.
1.1 Microclimate of cities
Microclimate is a local set of atmospheric conditions that differ from those in the surrounding areas, often with a slight
difference but sometimes with a substantial one [3].
1.2 The Urban Microclimate
The climatic characteristics of populated areas are local and quite distinct, these are the outcome of unintended climate
modification on a comparatively small scale. The climate is modified by urban area in different means as
mentioned below.
•
•

Relative humidity Temperature.
Precipitation.
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•
Fogs.
•
Thunderstorms.
•
Winds.
•
Pollution.
The bigger the populated region, the more prominent will be the alteration of its atmosphere. The world’s 80%
population will live in urban territories in 2025, estimated by UN [4].This urbanization may keep on taking spot in
hotter atmospheres, since conditions in populated regions are probably going to wind up progressively severe.
Microclimate is defined within a specific territory in which temperature and humidity are two fundamental parameters.
A source of a drop in temperature and/or humidity can be attributed to different sources or influence [5].
1.3

High rise buildings creating Heat island

The Luke Howard was 1st who investigate and described the phenomenon in 1810. An Urban Heat Island (UHI)
is a metropolitan area that is significantly warmer than its surrounding rural areas due to human activities, and is most
apparent when wind is low. During the summer and winter season UHI is most noticeable. The main source of urban
heat island effect is modification of land surfaces, secondary contributor is Waste heat generated by energy usage
[6].The population centre grows and has a tendency to extend its zone because of increase in average temperature. The
term heat island refers to any area, urbanized or not, which is consistently hotter than the neighbouring area. There are
several causes of an urban heat island (UHI).The elevated structures inside many populated territories give different
surfaces to the reflection and retention of daylight, expanding the productivity in which urban zones are warmed. In
some areas the high rise buildings surround the low rise house buildings and create adverse effect on the occupant by
creating heat islands [7].
2. Materials and Methods

STUDY AREA

DATA COLLECTION
THROUGH
INSTRUMENTS

DATA
ANALYSIS

COMPARISON OF
&
Fig.INDOOR
1 Research methodology
OUTDOOR TEMP: &
R/H

M.S EXCEL
LINE GRAPHS

Fig. 1 Research methodology

2.1

Study Area

The area of the research is Qasimabad situated western side of Hyderabad. Population of Qasimabad according to
2017 census is 115,374. Instead of numbered unit system Qasimabad is developed in haphazard and mix mode. Every
year thousands of people from rural settle to the Qasimabad City. The land is expensive and the population is
increasing day by day, that’s why high rise buildings are constructed in Qasimabad in a broad extent. These tall
buildings have a large impact on the nearby structures and climate of the area. The houses near these high rises have
an environmental issue. These high rise buildings create heat island and produces adverse effect on the microclimate
of the area.
The study area is near Jijal maan hospital, Abdullah pride apartments having 8 floors which surround the houses of
Anun housing society.
Examination of the average temperatures and humidity between the high rise buildings, low rise buildings (house) and
outsides in the duration of 4 months shows the highest temperature in the area creating heat island.
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(a)

(b)
Fig: 1 view of the site and selected measurement points(a) and instruments used for data collection (b)

3. Data Collection Through Instruments
The study is based on 4 months data collection in Qasimabad, Hyderabad for microclimatic factors(temperature and
humidity). To compare the consequence, different data collection sites were chosen; the research Point 1is located
inside high rise buildings, the data collection Point 2 is inside the house buildings and the point 3 is outside the highrise buildings. To collect the temperature and humidity data hygrometer and environmental meter is used.
Temperature and humidity meter having temperature range: -50+70(-58+1580F), humidity range 10% 99% RH.
Resolution is, temperature: 0.10C (0.1 0F), humidity: 1% RH. Accuracy is, temperature: _+0.10C (1.80F) and humidity:
1% RH.
Measurements are taken on 3 different times in a day that is 8a.m, 2p.m and 8p.m to find out the impact microclimatic
factors. The outdoor temperature and humidity is taken by the Hyderabad metrological department. The outdoor
temperature and relative humidity readings are not same as compared to indoor temperature and relative humidity.
4. ANALYSIS OF DATA
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The temperature readings are taken inside the apartment area (point 1), inside the house area (point 2) and outside
temperature (point 3) shown in fig 1(a).
Comparative analysis of apartment in door temperature and outdoor temperature shown in fig 2(d),results high
temperature of outdoor as compare to apartment. Fig 2(c) shows the higher temperatures in house areas as compare to
outdoor. Fig 3(e) shows that higher temperature in house areas as compare to apartment. Indoor house temp: it’s mean
and stdev (28.020c & 6.66), indoor apartment temp: its mean and stdev (25.46 0c & 4.62), outdoor temp: it’s mean and
stdev (27.640c &6.93) consecutively.
Comparison of R/H in fig 3 (f) shows that apartment R/H is greater than outer R/H. fig 4 (g) shows that outer R/H is
greater than house R/H.fig 4 (h) shows that house R/H is lower than apartment R/H. Indoor house R/H it’s mean and
stdev (38% & 12.03), indoor apartment R/H its mean and stdev ( 42% & 12.03), outdoorR/H its mean and stdev (44%
& 14.02) consecutively. The overall conclusion is that the house area has higher temperatures as compare to apartment
and outdoor. The R/H is lower in house areas as compare to apartment and outdoor which means heat island is created
by high rise buildings
Table: 1Temperature and humidity of apartment, house and outdoor (average of months)
TP0C
Measurement
Inside house
Inside apartment
Out side

JAN
22.21
20.16
20.83

FEB
23.34
24.7
24.32

MARCH
29.59
28.49
30.82

APRIL
36.95
28.48
34.58

JAN
41
41
47

R/H %
FEB
51
43
46

MARCH
38
38
40

APARIL
24
44
45
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Table shows that in January, February and march temperature increased by 2 0c and in April increased by 7 0c. R/H
also decreased in January, February and March but April month shows lowest of R/H.

5.

Conclusion
This study shows that from some measurement points taken in any urban area provides the dynamic behaviour of this
area. Analysis shows the microclimate of particular areas. Thus high rise buildings create heat island and worse living
conditions for the residents. The urban planners and architects will be carefully dealing with the densely populated
areas. Before creating high rise building, it is very important to consider location of site in that manner so that low rise
house buildings should not be surrounded and enclosed by high rise.
Environmental protection and urban planning are two most important issues for authorities nowadays these are in
continuous danger due to urban growth in the development of high- rise buildings and their negative impact in the
production of heat island. This research will provide new information regarding the impact of high-rise on the
microclimate. The outcome of this study may be used for future planning and development.
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Abstract
Electricity is a secondary form of energy and most basic ingredient for economic growth and development. Electricity has become a
basic need of human life. Continuously increasing electricity demand and lack of electricity supply in Pakistan caused a substantial
widening gap between electricity demand and supply. Pakistan has led to prolonging supply failures to all sectors of electricity
consumption particularly residential and industrial sectors because these sectors contribute to a major share of electricity consumption
which was around 46.14% and 26.47% by the year 2016. Energy efficiency improvement, utilization of efficient appliances and
energy conservation are the most practical ways to reduce the electricity crisis. These are the only short-term remedy to severe power
cuts of Pakistan, based in two basic methodologies one is by improving device’s efficiency or replace the old appliances with efficient
appliances and second is energy conservation or change in consumer’s behavior through public awareness. This study evaluates the
energy saving potential in the residential and industrial sector in order to mitigate the energy crisis and also analyzing their impact on
environmental behavior. Thus, implementing these two methodologies can help in bridging the gap between demand and supply to a
greater extent. It is also estimated that one unit of electricity spared at the consumer side decreases the requirement of new capacity
addition by two units. Energy efficiency and conservation could be a significant contribution to the energy policy in terms of security
of energy supply and affordability of energy by lowering demand of consumers. This study suggested to energy planner, researcher,
and policymaker to formulate the long-term planning for the year 2037 based on energy efficiency and conservation measure.

© 2018 "Insert names of Authors here." Selection and/or peer-review under responsibility of Energy and Environmental Engineering Research Group
(EEERG), Mehran University of Engineering and Technology, Jamshoro, Pakistan.
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1. Introduction
The population of Pakistan was around 173 million in 2007 which made it the sixth most populated country and it is
still on the 6th rank in Population. About 38.4% of population out of total (207.7 million in 2017) live in the urban side
and remaining 62.6% live in the rural side [1]. Currently, Pakistan is facing serious electricity crises enforcing electricity
shutdown across all consumer’s categories. This electricity shortfall causes decreased economic productivity, GDP and
also affects the social structure of society [2]. Further, the rapid urbanization, GDP growth, and the number of consumers
are key parameter which is responsible for the increasing the electricity demand.
The total electricity consumption across all consumer groups and power outages continuously increases in Pakistan.
Pakistan’s electricity demand increased exponentially because of major change in GDP growth, which stabilized at 6%
per annum during the first five years in the country. Currently, Pakistan's power outages have critically affected its
already crumbly economy. Due to continuously increasing in electricity demand caused electricity shortfall which
reaches as high as 7,000 Megawatts (MW) during the peak demand period in summer, causing 8-10 hours of power cuts
per day [3]. It has become a major challenge for Pakistan to bridge the gap between electricity demand and supply [4].
Nowadays, electricity has become a most demanded form of the secondary product. The demand of electricity is
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increasing day by day due to a rapid increase in population and development in industries, thus its generation needs to
be managed appropriately. This increasing population is also the source of increasing electricity demand [5]. In the
following years, the country faced severe power cuts which resulted in a 2.5% GDP loss, unemployment of 0.535 million
industrial workers and loss of exports worth $1.3 billion in 2010 [4].
The causes of electricity outages are the inability, lack of transparency, transmission & distribution losses and electricity
theft due to which electricity supply is unable to meet the electricity demand. Highly dependence on imported and
expensive fossil fuels is also responsible for severe power cuts. Due to high dependence on imported fossil fuel the
economy of Pakistan is getting down day by day. Energy efficiency and conservation is a practical way of meeting the
electricity demand. The utilization of efficient appliances such as LED bulb, inverter A.C, and inverter Refrigerator etc.,
and modern technologies could overcome the gap of demand and supply. Energy can also be saved through energy
conservation measures. Further, through following ways energy can be conserved such as: Turning off unnecessary
lights (when lighting and appliances are not in use), using natural light (turn off lighting during the day), using task
lighting, unplugging electronics devices, when not in use and replace the desktop computer by laptop.
These conservation measures can also be responsible for the reducing the electricity demand. Both energy efficiency
and conservation together can reduce the gap between demand and supply which has been created due to lack of
electricity supply. The impact of fossil fuels consumption on climate are the main drivers of energy conservation
research. In particular, energy production and consumption (primarily involving fossil fuels) are major sources of GHG
emissions. These GHG emissions contribute to the greenhouse effect, which causes the Earth’s surface temperature to
rise. This is also called “global warming.” International governments and policymakers recognized the significances of
fossil fuels based energies and are giving attention and focus to resolve the issue by considering the free carbon energies
and reduction of carbon emissions, especially in electricity domain and power system. This is also expected to resolve
the energy crisis. [6]. This literature review summarizes some relevant work with major focus regarding electricity
saving potential on the consumer side of Pakistan. Hanan et al. [5] in scenario-based electricity demand under DSM
scenario of this study forecasted to be 267 TWh by year (2035). The total demand reduced by 13.5% in 2035 as compared
with the reference scenario’s demand of 303.7 TWh. Maryam Gul et al. [2] developed the model for the residential
sector and electricity demand forecasted to be 180 GWh by 2030 in the baseline scenario and only 81GWh in the energy
efficiency scenario by utilizing therein the electricity saving potential for the end-use appliances. Bhutto et al. [4] have
perceived the energy sparing potential in the residential sector of Pakistan. The study concluded that viable measures
would realize significant energy sparing and thus cost saving related to consumer and society. Usama et al. [4] have
estimated the electricity demand using the LEAP model during study period 2011-2030. This study acknowledges
electricity conservation potential of consumer groups which is around 30% in the domestic sector, 25% in the industrial
sector, 25% in the commercial sector and 20% in the agriculture sector under demand-side management scenario.
Faisal Mirza et al.[9] evaluated and analyzed the post-changes proficiency elements of electric dissemination utilities of
Pakistan from 2006 to 2013. It is deduced in this examination that productivity of electric utilities can be enhanced by
adjusting their general sizes of task and size at division and sub-division level to adequately oversee activities to
accomplish energy efficiency outcome. Faisal Mirza et al.[10] In another examination endeavored to research the effect
of different power protection strategies on esteem expansion in the industry and service division in Pakistan. It was
found that policies that persuade improvement in energy efﬁciency will positively effect on the sectoral output over the
long run. Syed Ali Raza et al [11] has investigated the energy growth exchange succession in Pakistan by using the
yearly time arrangement information data for the years of 1973-2013. This investigation observes that energy
conservation approaches will diminish the trade execution.
Gordhan Valasai et al. [12] provides an analysis of the energy situation, discussion pertaining to policy drivers and plans.
For reducing the power shortage in country four steps are concluded and recommended One step is “undertaking energy
conservation and eﬃciency Programs”. This step provides that the huge energy potential can be achieved from energy
conservation and energy efficiency across all consumers group.
As per UNIDO – Pakistan [13] the aggregate energy use in the modern area was around 15.03 million tons of oil
counterparts (TOE) in FY 2011 which was diminishing from 16.8 million TOE in FY 2008. (Service of Petroleum and
Natural Resources, 2013). As such, utilization of power was narrowed by 1.8 million TOE amid this period. According
to this report, an aggregate of 1983 kTOE energy can be spared the modern segment.
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It is concluded from brief the literature review pertaining to some important studies on energy efficiency and
conservation potential of Pakistan that:
It is concluded from the literature that:




There is vast energy saving potential across all groups of Pakistan’s electricity consumer and a number of
studies have been undertaken to identify such potential.
However, an effective study on modeling and examining the impacts of energy saving potential on electricity
sector of Pakistan is not evident in the literature.
This study, therefore, would update the assessment of the energy saving potential and develop energy efficiency
and conservation model, for Pakistan’s electricity sector, to establish the same as the sustainable energy
pathway.

The major portion of energy needs of the country are met from imported fuels resulted in global warming that’s why the
Energy efficiency and conservation measures are essential for Pakistan as International Energy Agency (IEA) [14] has
suggested in its report that countries that depend on imports for matching their energy demand can avail energy
efficiency and conservation to enhance the energy security thus reducing their dependence on imports of coal, oil, and
gas. IEA report assessed that almost 50 billion USD use on energy imports were spared by different countries with
proficiency enhancements somewhere in the range of 2000 and 2016.
2. Power sector of Pakistan
Pakistan’s organizational structure of electric power sector consists of four main division including WAPDA (Water
and power development authority), IPP (Independent power plants), GENCO (Generation companies). The Power
division was rebuilt constantly 1998 with the foundation of PEPCO (Pakistan Electric Power Company). Prior to 1998,
at that time there were two vertically coordinated utilities, i.e, KESC, which served the Karachi area and WAPDA which
served the country other than Karachi. Later on, WAPDA’s power wing has been structured into distinct corporate
entities comprising of 4 GENCOs (GENCO-I, GENCO-II, GENCO-III, and GENCO-IV) 10 DISCOs (LESCO,
GEPCO, FESCO, IESCO, MEPCO, PESCO, HESCO, QESCO, TESCO, and SEPCO) and one Transco (NTDC). These
ten DISCOs Company are responsible for distribution of power to the end users. K-electric meet the its electricity
demand with its own electricity generation and purchase from IPPs, NTDC as well as from Karachi nuclear power plant.

Fig. 1. Power system Structure of power sector

The institutional structure of Pakistan’s power sector is a complex set of various departments with ambiguous and
overlapping functions. Fig. 1. Show that WAPDA, PEPCO (GENCOs), PAEC, K-Electric and IPP’s are key players.
Which have a responsibility to generate electricity while NTDC and CPPA are tasked with power dispatch, and related
function and DISCOs are responsible for distribution of electricity? Except for K-Electric and IPPs, all other departments
mentioned above are working under the umbrella of the Ministry of Water and Power. K-electric is the vertically
integrated electric company responsible for electricity generation and distribution in Karachi [15].
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3. Electricity demand and supply situation in Pakistan

Megawatt

The total electricity demand in Pakistan is divided into five consumer groups i.e. domestic, commercial, industrial,
agriculture and others. The domestic sector is the largest sector of electricity consumption which consumed around
43.54 TWh of electricity in 2016 and followed by industrial, agriculture, commercial and others government sectors
with an electricity consumption of 24.97 TWh, 8.525 TWh, 7.09 TWh, and 10.21 TWh respectively [16]. The total
electricity consumption has increased at an annual growth rate of 3.8% [17]. Pakistan's electricity consumption is around
90.363 TWh in 2016 which is increasing rapidly with growing urbanization, improvement in living standards, rural
electriﬁcation, GDP, and population growth. These are the parameters which are responsible for the high demand. Thus,
high demand and lack of supply created a gap between electricity demand and supply resulting in power shortfall as
shown in Fig. 2.
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Fig. 2. Power generation capability and demand [16, 18]

Highly dependence on expensive imported fossil fuels, lack of planning, T&D losses and transparency are also
responsible for the power shortfall. The total installed capacity in Pakistan is around 22,928 MW which is not enough
to meet the increasing demand. A major share of electricity supply in Pakistan comes from thermal power plants which
is around 67.74 %. The electricity generation from hydropower is around 28.67% and remaining 3.17% and 0.43%
comes from nuclear and renewables.

Installed capacity in
%
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Fig. 3. Power generation capacity addition of last 25 years [19]

Fig. 3. shows lower installed capacity installation in percentage from the year 1991 to 2015.The maximum electricity
generation capacity was added in 1994 followed by in 1997 and recently in 2015 only 11.8% installed capacity added
for electricity generation. This capacity addition could not prove satisfactory to reduce demand-supply gap over the
years and consumer faced electricity load shedding. Pakistan is, therefore, challenging serious electricity shortfall from
the past 10 years. The gap created between demand and supply caused power shortages. Pakistan is always encountering
force crises as very nearly 33% of interest for power, amid a year ago couldn't be met in perspective of supply
requirements. Then again, Pakistan has too much high potential to spare power, in any case, the nonattendance of viable
energy efficiency policy, execution structure, and cautious government, and in addition, partner, couldn't make its vast
majority
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4. Electricity’s consumption improvement at the consumer side
Energy-saving possibilities in Pakistan covers opportunities for both; energy efficiency and conservation. While
efficiency relates mainly to the introduction of energy-efficient appliances, conservation consists mainly of behavioral
changes at individual and collective levels to reduce energy consumption. The potential benefits both in terms of
financial returns and meeting pressing social needs will be addressed. The global trends in energy efficiency and
conservation, which are mostly integrated with the adoption of renewable energy, are covered, giving some overall
global trends.
In this study, energy saving potential of end user devices utilized in order to reduce the electricity demand in domestic
and industrial sectors. Domestic sector further divided into lighting, refrigerator, a.c, fan, air cooler, heating, electric
iron, and other devices. The lighting end uses option is further divided into end-user devices such as IBs, CFLs, FTLs,
and LEDs and other end-use option into existing and efficient. The per capita electricity consumption of end uses the
device is calculated by using light points, operating hour, and power consumption of each device. There are 160 million
light points in Pakistan in which a 36% share of IBs, 42% share of CFLs and 22% share of FTls [20]. The power
consumption and operating hour of appliances are given in the Table 1.
Table:1. Appliances power’s consumption and operating hours

The other appliances also contain energy saving potential such as consumption of AC can be reduced to 40%, refrigerator
to 67%, fan to 25% and electric iron 25% [20]. Similarly, in the industrial sector, the 50% energy consumption can be
in the iron and steel industry, 50% in textile and 35% in other industry. In order to bridge the gap between demand and
supply, energy efficiency and conservation is most practical way. The utilization of energy efficient appliances and
changing the consumer's behavior are also responsible for the reducing the demand. Which may also help in reducing
the fuel consumption as well as GHG emissions [21].
5. Methodology
LEAP (Long-range Energy Alternative Planning) is a scenario-based integrated energy modeling software. It’s scenarios
based on a comprehensive accounting of how energy is consumed, transformed and produced in given region or
economy under a choice of alternative assumptions such population, GDP, technology, per capita income etc. With its
adaptable information structures, LEAP takes into account investigation as wealthy in innovative particular and endutilize detail as the as the user choose.
In LEAP software, the data set consists of different modules such as Key Assumption module, in this module, it allows
to provide the independent variable of model such as demographic parameters, data pertaining economy and related
entries. Demand module: In this module, different groups and demand sectors of energy system are specified.
Transformation module: It involves different supply and transformation technologies of the model. All the essential and
optional energy resources relating to the model are specified in the resource module [7].
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The data for electricity demand projections are accumulated hierarchically in three tiers: sector level (domestic and
Industrial), end-use options (lighting, refrigerator, a.c, fans, air cooler, heating, electric iron, and others etc.) in domestic
sector and (Iron and steel, pulp and paper, textile, sugar, others) in industrial sector, and finally end-users based on
device (IBs, CFLs, FTLs and LEDs bulb) or existing and efficient devices [8] Fig. 4. Presents the structure of the
Pakistan sector-wise electricity consummation demand tree that was applied in this study to project Pakistan’s electricity
demand.

Fig. 4. Electricity demand tree for demand projection

Total electricity consumption across all demand sectors can be calculated by the LEAP model as follow.
𝐸𝐶 = ∑ ∑ 𝐴𝐿𝑖𝑗 𝐸𝐿𝑖,𝑗
𝑖

𝑗

Where,
AL = Activity Level,
EI = Electricity Intensity,
i and j = Represent Demand Sectors and end Uses respectively.
𝑨𝒏𝒏𝒖𝒂𝒍 𝒆𝒏𝒆𝒓𝒈𝒚 𝒔𝒂𝒗𝒊𝒏𝒈 (𝒌𝑾𝒉) = 𝒏 ∗ (𝑷𝟏 − 𝑷𝟐) ∗ 𝑻/𝟏𝟎𝟎𝟎
Where,
n= No. appliances
P1= Power consumption of the existing appliance
P2= Power consumption of the efficient appliance
T= Time of operation
In this study, LEAP model tool is used to estimate the future electricity demand, supply, generation capacity, and CO2
emission during study period 2016-2037. In this study, 2016 is considered as a based year and 2037 as end year. In order
to forecast the electricity demand and supply, three demand and supply-demand side scenario have developed. This all
supply side scenarios meet the electricity demand. The first scenario is reference scenario which is based on the current
government’s policy and plan, means there will not be any change in the future. The other three scenario alternatives
developed to forecast the demand underutilization of modern and efficient appliances and supply side scenario
alternatives catch this demand. The data pertaining to the subcategories of domestic sectors have taken from different
report and paper. The per capita consumption of lighting (IBs, CFL, FTLs, and LED) have been calculated according to
their Light points, operating hours and power consumption [20]. The data pertaining electricity consumption, number
of consumers, population, and GDP are taken form NERPA (report 2016), NTDC (report 2016), Pakistan economic
survey 2016, and NTDC report regression analysis (2014) [16, 18].
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6. Scenario Development
In this study, four scenarios have been developed that are REF (Reference scenario), EEC1 (Energy Efficiency and
Conservation 1), EEC2 and EEC3. The electricity demand, supply, generation capacity, and CO 2 emissions estimate in
each scenario. A detailed discussion of this scenario is given below section.
6.1

Reference Scenario

In this study, four scenarios have been developed that are REF (Reference scenario), EEC1 (Energy Efficiency and
Conservation 1), EEC2 and EEC3. The electricity demand, supply, generation capacity, and CO 2 emissions estimate in
each scenario. A detailed discussion of this scenario is given below section.
6.2

EEC1

Energy efficiency and conservation is an alternative scenario in which electricity consumption reduce to 14% by the
year 2037 as compared to electricity consumption in the reference scenario. In this scenario, 5.75 million of IBs bulb
replace with LED. The 30% consumers electrified with efficient refrigerator, ac, fan and electric iron. In the industrial
sector 15% reduction in electricity in iron and steel, 15% in textile and 10% in other industries by improving the
efficiency of technologies.
6.3

EEC2

In EEC 2 scenario, electricity consumption reduces to 25% by the year 2037 as compared to electricity consumption in
the reference scenario. There are 11.5 million IBs bulb replaced with LED bulb. The 50% consumers electrified with
efficient refrigerator, ac, fan and electric iron. In the industrial sector 30% reduction of electricity in iron and steel, 30%
in textile and 20% in other industries by improving the efficiency of technologies.
6.4

EEC3

In EEC 3 scenario, electricity consumption reduces to 39% by the year 2037 as compared to electricity consumption in
the reference scenario. All the IBs bulbs (57.54 million IBs bulb) replaced with LED. The 100% consumers electrified
with efficient refrigerator, ac, fan and electric iron. In the industrial sector, 50% reduction of electricity in iron and steel,
50% in textile and 35% in other industries by improving the efficiency of technologies.
7. Results and Discussion
The four electricity demand scenarios forecasted under different scenario during the year 2016 - 2037 and four supplyside scenario alternatives meet this demand. Electricity generation requirement and CO2 emissions also projected in this
study. Detailed discussion pertaining results are given in section, 8.1, 8.2 and 8.3.
8. Electricity demand and supply projection
In REF scenario, the total electricity demand of the domestic and industrial sector is around 65.32 (000, GWh) by the
year 2016 in which 34.9% share of industrial and 65.1% share of domestic sector. This electricity demand is projected
to be 357.44 (000, GWh) at 2037 as shown in Fig. 5. The contribution of end uses appliances under the domestic sectors
such as lighting, refrigerator, a.c, fan, air cooler, heating, electric iron and others appliance in electricity consumption
are 34.6% ,7.1%, 2.7%, 33.5%, 0%,5.1%,8.1% and 7.1% at end year respectively. Similarly, the contribution of end
uses option such as iron and steel, pulp and paper, textile, sugar, and other industries of industrial sector are 13%,2.8%,
25.7%,0.7%, and 57.8% by the year 2037.
In the EEC1 scenario, the electricity demand is projected to be 308.7 (000, GWh) which is 14% less than the REF
scenario as shown in Fig. 5. The electricity demand is projected to be 269.35 (000, GWh) under the EEC2 scenario.
The projected demand under EEC2 scenario is 25% less than the reference scenario as shown in Fig:5..Similarly,
electricity demand is projected to be 219.74 (000, GWh) under EEC3 scenario which is 39% less than the reference
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scenario as shown in Fig. 5.

Fig. 5. Electricity demand for all scenario alternatives

The supply side scenario meets this electricity demand. The electricity generation requirement of the reference scenario
is projected under government plan in which future power plants and retirement of power plants have considered.
Electricity generation of oil-based power plant and gas open cycle power is reduced to 0 after 2035 because as per
government plan oil based and gas open cycle power shall not be in operation after 2035. The electricity generation is
projected to be 358.12 (000, GWh) under REF scenario by the year 2037.
Under the EEC1 scenario, electricity generation requirement is projected to be 309.51 (000, GWh). Due to lower
electricity demand, the requirement of electricity shall also be lower which can save the fuel consumption.
Similarly, in the EEC2 and EEC3 scenario, the electricity generation requirement is projected to be 271.24 (000, GWh)
and 221.34 (000, GWh) at 2037 as shown in the Fig. 6.

Fig. 6. Electricity generation for all scenario alternatives

7.1

Generation Capacity

Fig. 7. shows that Installed capacity of various type of power plant under REF, EEC1, EEC2, and EEC3 scenario
alternatives. The installed capacity of REF scenario is projected to be 112.47 (000, MW). In this way, demand projected
under EEC1, EEC2, and EEC3 are around 102.31 (000, MW), 96.17 (000, MW), and 84.36 (000, MW).
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Fig. 7. Generation capacity for all scenario alternatives

7.2

CO2 Emissions

In this study, CO2 emissions estimated of thermal power plants by linking with IPCC tier 1 which already given in the
LEAP model. The CO2 emissions from the power plants under REF, EE1, EEC2, and EEC3 scenario alternatives of this
study are shown in Error! Reference source not found. 8 . The fossil fuel consumption in thermal power plants is
responsible for the CO2 emissions. The additions of thermal power plant capacities under all scenarios a great challenge
to contain CO2 emission to a minimum level.CO2 emission under REF scenario is around 101.23. CO 2 emission under
EEC1, EEC2 and EEC3 scenario is around 88.61 million tons, 77.81 million tons and 64.55 million tons. The lower
demand caused the less electricity generation which are responsible for the reduction in fossil fuel consumption. As
consumption of fuel decrease, CO2 emissions shall also be decreased as shown in Fig. 8.

Fig. 8. CO2 emissions under all scenario alternatives

9. Conclusion and Recommendation
It is concluded that by replacement of old appliances with efficient and modern technology additionally improvement
in efficiency of technologies can reduce the electricity consumption. In lighting branch of domestic sector the total light
points for IBs is around 57.54 million, by replacing 5.75 million IBs bulb with LED bulbs the electricity consumption
of lighting is reduced to 13.47% under EEC1 scenario in this way by replacing 11.5 million and 57.54 million IBs bulb
with LED bulbs then 31.96% and 49.45 % electricity can be saved under EEC2 and EEC3 scenarios. The electricity
improvement potential in the refrigerator is around 67%. Under EEC1 scenario it is considered that if 30% of consumer
utilize this potential then electricity demand of refrigerator shall reduce to 20.1% at the end the year as compared with
the REF scenario. Similarly, electricity improvement potential of fan, electricity iron and a.c which is around 25%, 25%,
and 40%. Electricity consumption can be reduced to 7.5%, 7.54 and 11.89% by end year under the EEC1 scenario if
30% consumers out of total electrified consumer with these old appliances replace with efficient appliances. Hence, if
60% and 100% consumers electrify with efficient appliances the electricity consumption of fan, electric iron and a.c
reduced to be 15%, 15%, 24% and 25%, 24.98%, 39.87% under EEC2 and EEC3. In the industrial sector, Electricity
saving potential exists 50%, 50% and 35% in iron and steel, textile and other industries. Under EEC1, EEC2 and EEC3
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scenario alternatives, the electricity demand reduced to 21.14%, 35.1% and 53.6% in iron and steel. Similarly, 21.14%,
35.1% and 53.6% reduction of electricity consumption in textile and 16.5%, 25.8% and 39.7% in other industries. The
total electricity demand under REF, EEC1, EEC2, and EEC3 scenarios is estimated to be 357.44 (000, GWh), 308.87
(000, GWh), 269.35 (000, GWh) and 219.74 (000, GWh) and supply side scenario alternatives meet this electricity
demand. The installed capacity can be saved 10.16 (000, MW), 16.3 (000, MW) and 28.11 (000, MW) under EEC1,
EEC2 and EEC3 as compared to REF scenario by the year 2037. The CO2 emissions can be reduced to 12.57 million
tons, 23.55 million tons and 36.62 million tons under EEC1, EEC2 and EEC3 scenarios by end year as compared to
REF scenario. This study suggested that energy efficiency and conservation scenario is a sustainable energy pathway
for Pakistan because by a reduction in electricity demand the electricity generation requirement and CO2 emissions can
be reduced.
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