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ABSTRACT 
 
This paper is based on total energy shortfall in Pakistan, a feasibility analysis of 
three scenarios that have been developed with the RET screen expert (Clean 
Energy Management Software) which includes Photovoltaic Project Model, Wind 
turbine project model and combination of some percentage of solar and wind 
energy to overcome the electricity shortfall in Pakistan. In the first case 10,000 
MW was generated using only PV model, keeping electricity price at  0.13 $/kWh 
(10.16 Rupees/kWh) without assigning the credit of greenhouse gasses (GHG) 
reduction, therefore, equity payback (Profitable  cash flow) has been 18 years. In 
the second case 10,000 MW was generated using wind turbine with the same price 
of electricity, that is, 0.13 $/kWh (10.16 Rupees/kWh), which resulted in an equity 
payback (Profitable cash flow) of 19.2 years. Thirdly, in the last scenario 10,000 
MW was generated using 50% Photovoltaic and 50% wind turbine retaining the 
same electricity price of 0.13 $/kWh (10.16 Rupees/kWh) and the equity payback 
(Profitable  cash flow) was 18.5 years. 
 
Keywords: RET screen expert, total energy shortfall in Pakistan, solar and wind 
energy. 

 
 
INTRODUCTION 
 
In Pakistan, severe electricity shortage took place over the 
last decade. With the passage of time electricity shortfall 
increased from 6,000 to 10,000 MW with installed capacity 
standing at 22,000 MW till 2016. Load shedding and power 
outages effect the nation economic growth with high impact 
on employment, poverty and trade. Due to such influence of 
short fall in electricity economic statistics of Pakistan rises 
the graph low GDP growth rate, whereas when electricity 
growth will pick up there will be an increase in GDP growth 
rate. The industrial sector of Pakistan is totally reliable on 
Power. If the power shortage is not controlled in the 
coming years the shutdown ratio of industries and factories 
might increase from 45% and huge percentage of labor will 
suffer in this crisis (Afia, 2012). 

If efforts are made to install renewable energy sources 
like solar and wind projects then, their will be a huge 
chance to overcome the existing shortfall of the country. 
Pakistan is the country where the average amount of daily 

sunlight and its irradiance ability is nine and a half hours 
even in the wettest regions. According to the survey, more 
than eight power generation plants have been installed and 
eleven are in various stages of completion. Further 
feasibility studies have been carried out. In the last month 
of 1981, the first solar system which was located 
in Mumniala was commissioned (a 60 km distance away 
from Islamabad). Other four solar PV systems has been 
commissioned in Khukhera (Lasbela district), Ghakar 
(Attock district), Malmari (Thatta district) (now that 
system is unserviceable) and Dittal Khan Leghari, Digri 
(Mirpurkhas district). After the announcement made by 
Punjab government with collaboration partner country, 
China, the establishment of Quaid-e-Azam Solar Park over 
an area of 6,500 acres in Bahawalpur was with an overall 
capacity of 1000 MW whose first phase phase was 
completed of 100 MW with the second phase of 300 MW 
into the commissioning mode and the last phase of 600 MW  
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planned. There are certain wind power plants in developing 
phase located at Jhimpir, Gharo, Keti Bandar and Bin 
Qasim in Sindh Province (Afia, 2012). 

In Pakistan, the average tariff unit retail price of 
electricity is 9.25 Rupees/kWh which is supported by the 
Federal Government according to the law of targeted 
subsidies plan announced. These rates vary with the time 
for the residential and commercial electricity consumption 
in four different slab categories: 
  
1) First slab for consumption of 50 kWh will have a rate of 4 
rupees/kWh;  
2) Second slab for consumption of 50 to 100 kWh will be 
charged for 9 rupees/ kWh;  
3) Third slab for consumption of 100 to 300 kWh will be 
charged on a rate of 11 rupees/ kWh; 
4) Fourth slab for consumption of 300 to 700 kWh will have 
a rate of 13 rupees/ kWh. 
 

One major reason of electricity shortfall in the country is 
the effectiveness of fuel price for generating electricity and 
exportation. Pakistan’s electricity production by fossil fuel 
is 64.5%, by hydro is 31% and total nuclear is 4% and less 
than 1% production using renewable energy. This shows 
that there is a huge opportunity of large scale renewable 
energy projects. During the last decade there has been a 
rising development in renewable energy sector including 
the research and small scale implementations all over 
Pakistan, but we need projects on large scale that could 
help in eliminating the short fall and would not affect our 
installed grid stability (http://www.iea.org/ website 
[accessed 15.12.16). For this purpose, we considered a 
large scale PV and Wind based project which will overcome 
the energy crisis of Pakistan. Finally, it can be concluded 
that the intermittency related equilateral costs can become 
a milestone for the development of renewable sources. A lot 
of financial support and promotion schemes are required to 
boost up the Renewable energy sector in county. The 
involvement of private sector is also necessary (Iacobescu 
and Badescu, 2011). 
 

 

RET screen software 
 

RET screen is known as clean energy management software 
and is used for the benchmark, feasibility and performance 
analysis of different facilities which include power plants, 
buildings, agriculture sector and combination of different 
energy generating technologies. It provides the user with 
all the information needed for a quick feasibility analysis of 
a project. It gives a clear image of all the financial scenarios 
and the risk involved in the project (Alireza and Mirza, 
2012). 

RET screen expert is the latest version of this software 
which was launched in September, 2016; it is available in 
the viewer mode free of cost but needs a subscription for 
access to all the features. Before RET screen software  

 
 
 
RETscreen4 which was an MS excel based software was 
used and all three components benchmark, feasibility and 
performance analysis were not available 
(http://www.retscreen.net/ang/centre.php[accessed15.12.
16). RET screen has everything integrated in it. It contains a 
global data base of all the climate data parameters like daily 
solar radiations and wind speed etc of different locations of 
the world including Pakistan. This climate data helps in the 
analysis of renewable energy projects.  
 
 

Main activities 
 

The main activities of RET screen are: 
 

- It provides a quick analysis project analysis for 
professionals; 
- It integrates multiple analysis approaches under single 
platform which includes benchmark, feasibility and 
performance analysis; 
- Provides a global database of all the climate data available 
of multiple regions around the world; 
- It provides a link to open source data available from 
different sources like NASA and ground sources; 
- Integrates all the aforementioned things under sections 
known as Virtual Energy Analyzer; 
- Provides training materials for students and 
professionals; 
- In a REEEP priority country it conducts pilot testing; 
- Generates the final report of the project analysis in thirty 
eight different languages. 
 
 

Expected impact 
 

- It highlights and provides and an idea of clean energy 
investments; 
- It causes a reduction in the project time and financial cost 
by identifying the parameters affecting them and by 
predicting the equity payback time; 
- It provides substantial reduction in greenhouse gases 
according to stats of about 50 MT CO2 per year emissions;  
- Provide contribution in the economic status improvement 
fighting global warming and fulfilling the energy gap in 
energy sector;  
- According to stats it will provide $20 billion user saving by 
year 2022; 
- $100 billion of project investment has been done by using 
RET screen software.  
 
 

MATERIALS AND METHODS 
 

PV modules 
 

PV stands for photovoltaic. PV cell is made up of semi-
conductor material which is usually silicon as it is readily 
available in the form of sand. Sand is purified and silicon is  
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extracted from it by a different process. The purer the 
silicon the more expensive it is and better result. This semi-
conductor material placed in two or more layers is to make 
the PV cell which are connected together to form a PV 
panel. 

When exposed to light the incident light energy excites 
the free electrons in the material and the charge movement 
starts and current stats to flow across the PN junction 
which can be conducted further by metal contacts in the 
form of DC current. The output generated though a single 
cell is extremely small and is not capable to be used for 
charger purpose, hence, multiple cells are connected in the 
form of strings which increased the level of DC generated. 
These strings are encoded behind a glass and cased by an 
aluminum frame; this complete set-up is known as PV 
panel. PV panel is the most important thing in the PV 
system as it converts the incident solar radiation from the 
sun into electrical energy and different types of PV panels 
exists depending on the material type used in the 
manufacturing of their cells (Dincer, 2011). 
 
 

Monocrystalline silicon PV panels 
 

Silicon crystals are purified in the cylindrical bars and then 
cut in slices to form the cells and their cells are arranged in 
the form of string to make this type of panels. They are 
black in color as they contain more purified form of silicon 
and hence are more efficient around 15% or more. It has a 
complex manufacturing process and that is why they are 
expensive than other PV panels.  
 
 

Polycrystalline silicon PV panels 
 

The cells are squares in shape and are usually blue in color 
which indicates their impure nature and hence they are less 
efficient usually 12 to 13% and due to their simple 
manufacturing process are also cheaper then 
monocrystalline type PV panels. The cells used in these 
panels are also known as multi crystalline cells. 
 
 

Thick-film silicon PV panels 
 

These are much similar to polycrystalline PV panels, the 
cells are all same and the only difference is that continuous 
process is used to deposit the silicon onto a material used 
as a base which gives a fine grained and shiny look. It is also 
insulated in transparent polymer, glass cover and 
aluminum frame. 
 
 

Amorphous silicon PV panels 
 
It contains a thin deposit of silicon onto a substrate directly. 
It has the capability of absorbing solar radiations more  

 
 
 
efficiently as compared to crystalline silicon. This technique 
makes the cell very thin hence it is also known as ‘thin film’ 
PV. Substrate can be of many material types which can be 
flexible as well as rigid hence these panels can be made in 
curved shape also. There efficiency is very low usually 6% 
but are very easy and cheap to make. It is large and is 
available; these panels are a good and cost effective option. 
 
 
Other thin film PV panels 
 
These panels are similar to amorphous silicon PV panels in 
terms of structure the only difference is that instead of 
silicon other materials are used which includes cadium 
telluride (CdTe) and copper diselenide (CIS). Their 
manufacturing process is very cheap and still gives a 
moderate level of efficiency around 10 to 13% in the case of 
CIS and 8 to 9% in the case of CdTe material. Both materials 
are toxic, hence, requires proper care, controlled 
manufacturing and proper disposal. 
 
 
The inverter 
 
It is a device which converters direct current (DC) into 
alternating current (AC). As PV panels provides a DC output 
to connect to grid or to be used in homes and we are 
required to convert it into AC which is done using an 
inverter, hence, inverter is a very important component of 
the PV system. The greater the efficiency of the inverter the 
lesser the energy loss becomes. RET screen has the option 
of adding the inverter efficiency and for the analysis of our 
project we have selected a 95% efficient inverter. Inverters 
are of two types depending on the output waveform one is 
pure sine wave inverter and the other one is modified sine 
wave inverters. Pure sine wave inverters are complex to 
build and hence are much more expensive. 
 
 
Wind 
 
Wind energy occurs due to pressure difference on earth’s 
surface. The greater the pressure differences the faster the 
wind blows. This energy of the wind was being harnessed 
from ages using windmills. The latest form of harnessing 
this wind energy is the wind turbines which can be of two 
types in terms of orientation vertical axis wind turbine and 
horizontal axis wind turbine. Horizontal axis wind turbines 
are mostly used as they are simpler in design and are more 
practical systems that require fewer footprints and are 
commercially available. 

There are certain locations in Pakistan which have a huge 
potential of wind. The areas includes coastal belt of Sindh, 
Balochistan. This renewable energy source has not so far 
been utilized significantly. Alternative Energy Development 
Board (AEDB) analyzed and collected wind data of the 
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Figure 1: Climate data of Gwadar, Pakistan. 

 
 
coastal belt of Pakistan distance is 60 km wide (Gharo, Kati 
Bandar) and 180 km long (up to Hyderabad). This corridor 
has wind ability to generate 50,000 MW in total. There is 
also wind corridor in coastal areas of Balochistan. By 2014, 
1,700 MW wind power generation projects were issued 
licenses. Generation licenses of seven more companies are 
under process for 50 MW project each through wind energy 
(Muhammad, 2014).  
 
 
RESULTS AND DISCUSSION 
 
The feasibility analysis was done on three different 
systems.  
 
 
10,000 MW Generated through PV at Gwadar Pakistan 
 
The site selected for the PV power plant was Gwadar. It 
receives total annual DSR (daily solar radiation horizontal 
of 5.19 kWh/m2/day. Figure 1 shows the details of climate 
data taken from NASA’s satellite source, while Figure 2 
shows a graphical presentation. 

The power plant which is analyzed using RET screen 
expert software is a 10,000 MW PV power stem. Installed 
system configuration is as follows:  
 

The analysis of energy production shows that the solar 
tracking mode is kept fixed flat plate systems, with a slope 
angle of 30 degree respectively. The photovoltaic is mono-
silicon having a power capacity of 10,000 w over all. Its 
efficiency is almost 13.09% with nominal operating cell 
temperature of up to 45°C with losses of 15%. The inverter 
used has an efficiency of 95% conversion rate with a rated 
output capacity of 9 kW with almost 1% losses. The 
capacity factor is 16.7% with an initial costs of 2,600 $/KW 
and  O  and  M cost  (savings)  is  up  to  34 $/kW-year.  The 

electricity export rate is considered as 0.13 $/KW annually. 
According to the parameters assigned to the software the 

proposed initial cost is almost 26,130,000,000$. The 
operational and maintenance cost will be approximately 
$341,700,000$. The Green House Gasses (GHG) emission 
factor is reduced to 93% as a result of the base case 
emission being higher than the proposed case with a total 
output difference of 6,011,875.2 tCO2 (Figure 3). 

In the review of the project a financial analysis was 
prepared in which the cost of the total electrical load power 
by the photovoltaic power plant is discussed. The inflation 
rates were kept equal to 2% based on the consumer price 
index (CPI) in Pakistan’s Province city, Gwadar. Other 
financial figures for analysis include discount rate of 9%. 
The debt ratio was taken to be 70% with the interest rate of 
5% with return time period of 15 years. According to the 
financial analysis report the total equity payback time 
period of only solar voltaic project is 18 years (Figure 4) 
with simple payback financial visibility of 16.7 years 
(Figure 5). 
 
 

10,000 MW Generated through wind at Gwadar 
 

According to the RET Screen software different wind 
parameters were taken to achieve the desire output power 
of 10,000 MW at Gwadar Pakistan. The climate data 
predicted a yearly wind speed calculations which showed 
that the average of almost 4.1 m/s speed of wind was 
achieved at the selected location of Pakistan (Figure 6). This 
wind speed remains constant for almost five to six months, 
thus, making it feasible to set up a wind based power plant. 

The wind turbines that have the capacity to generate 
power of 10,000,000 kW with a wind speed of 4.1 m/s  at a 
height of 10 m were used which resulted a total output 
electricity of almost 13,180,150 MWh. 

The Green House Gases (GHG) emission effect in base
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Figure 2: Representation of Daily solar radiation at Gwadar, Pakistan. 

 
 
 
 

 

 
 

Figure 3: GHG emission comparison 
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Figure 4: Cumulative Cash flow graph.                               

 
 
 

 
 

Figure 5: Pre-tax Cash flow graph. 
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Figure 6: Wind speed at Gwadar, Pakistan. 

 
 
case emission was higher than the proposed case with a 
total output difference of 5,392,138.5 tCO2 equivalent to 
987,571.1 in which the transportation effect that is, 
1,052,436.7 cars and light trucks were neglected or not 
used. The Green House Gases (GHG) emission when barrels 
of crude oil were not consumed gave a total value of 
5,392,138.5 tCO2 equivalent to 12,539,856.9. 

According to the cost analysis the total initial costs of the 
project is $20,000,000,000. The annual costs and debt 
payments for 15 years’ time period was $1,948,792,027 
which included the operation and maintenance (savings). 
The annual electricity export revenue was estimated as 
$1,713,419,307. 

The financial viability report indicated an equity payback 
period of 19.2 years (Figure 7) and simple payback of 18 
years (Figure 8). The graphical of annual and cumulative 
cash flow shows that the equity payback will start after 
mentioned time period which will increase rapidly etc. 
 
 
10,000 MW Generated through PV and wind at Gwadar 
 
In this case, an equal amount of both PV and Wind energy 
was used to achieve the 10000 MW benchmark. By using 
the RET screen software the feasibility report indicated that 
the climatic data which included both daily solar radiation 
in kWh/m2/day and the wind speed in m/s have a constant 
variation of solar light energy and wind speed for entire 
year but has maximum output potential within five to eight 
months (Figure 9). 

When the photovoltaic of capacity 5,000 MW was 
considered according to the RET screen software, we 

achieved the produced output electricity of 7,457,158 MWh 
at a PV capacity of 5,100,000 kW. Similarly, wind system of 
capacity 5000 MW at a height of 10 m designed resulted in 
a total output electricity of 6,602,034 MWh with the same 
wind turbine capacity. In the combinational project of wind 
and solar the Green House Gasses (GHG) emission factor 
was reduced to 93% as a result of the base case emission 
which was higher than the proposed case with a total 
output difference of 6,011,875.2 tCO2. The Green House 
Gases (GHG) equivalence emission when barrels of crude 
oil were not consumed gave a total value of 5,751,764.4 
tCO2 (Figure 10) equivalent to 13,376,196.3 barrels of crude 
oil not consumed. 

According to the cost analysis the total initial costs of the 
combine project is $23,260,000,000. The annual costs and 
debt payments for 15 years time period was 
$2,042,045,127 which included the operation and 
maintenance (savings). The annual electricity export 
revenue was estimated up to $1,827,694,941. 

The financial viability report indicated equity payback of 
18.5 years (Figure 11) and simple payback period of 17.2 
years (Figure 12). The graphical annual and cumulative 
cash flow shows that the equity payback will start after 
mentioned time period which will rapidly increase etc. 
 
 
CONCLUSION 
 
In terms of initial cost, all wind system is the least 
expensive costing an initial cost of 20,000,000,000$ but has 
the highest operation and maintenance cost of 
600,000,000$  due  to  which  the  equity  payback  time  has  
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Figure 7: Cumulative cash flow graph. 

 
 

 
 

Figure 8: Pre-tax cash flow graph. 
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Figure 9: Daily solar radiation & wind speed at Gwadar, Pakistan. 

 
 
 

 
 

Figure 10: GHG emission comparison. 
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Figure 11: Cumulative Cash flow graph 

 
 
 

 
 

Figure 12: Pre-tax cash flow graph. 
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Table 1: Detailed comparison of all three systems. 
 

10,000 MW Generation type 
Initial cost 

($) 

O and M cost 

($) 

Total annual 
revenue ($) 

Electricity export 
rate ($/kWh) 

Equity payback 
time (Years) 

PV 26,130,000,000 341,700,000 1,910,348,395 0.13 18 

Wind 20,000,000,000 600,000,000 1,713,419,307 0.13 19.2 

Half PV-half wind 23,260,000,000 473,400,000 1,827,694,941 0.13 18.5 

 
 

Table 2: Results of sensitivity analysis. 
 

                        D.R 

E.E.R 

D.R = 70% D.R = 60% D.R = 50% 

E.P.T (years) E.P.T (years) E.P.T (years) 

E.E.R All PV 18 17.5 17 

0.13 $/KWh  All Wind 19.2 18.6 18.1 

10.07 PKR/kWh PV/Wind 18.5 18 17.4 

 

E.E.R All PV 13.7 13 12.5 

0.16 $/kWh All Wind 14.4 13.5 12.9 

12.39 PKR/kWh PV/Wind 14 13.2 12.7 

 

E.E.R All PV 9.7 9.9 10 

0.18 $/kWh All Wind 9.6 9.8 9.9 

13.94 PKR/kWh PV/Wind 9.7 9.8 9.9 

 
 
raised to 19.2 years which is greater than the other two 
proposed systems. Half PV and half wind system has the 
moderate initial cost of 23,260,000,000$ and O and M cost 
is 473,400,000$ which is less than that of all wind system; 
due to this the equity payback time is 18.5 years. All PV 
system has the highest initial cost of 26,130,000,000$ but 
minimum operational and maintenance cost of 
341,700,000$ and gives the highest total annual revenue of 
1,910,348,395$ due to which we get the best equity 
payback time of 18 years as compared to other two 
scenarios. The PV system would be costing us 2.6$ per watt 
and Table 1 shows detailed comparison of all three 
systems.  

After performing the sensitivity analysis with the 
parameters like maximum electricity generating capacity of 
10,000 MW, inflation rate 2%, discount rate 9%, project life 
30 years, debt interest rate 5% and debt term of 15 years 
the result is found by  varying the debt ratio (D.R) and 
electricity export rate (E.E.R) and equity payback time 
(E.P.T) (Table 2). It is clear from the sensitivity analysis 
results that the equity payback of all wind system is the 
least, that is, 9.6 years provided that the debt ratio is taken 
as 70% and the electricity export rate is  0.18 $/kWh. 
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