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ABSTRACT 

Climate change and global warmings are the main challenges for today and the future nations from 
the health and environment perspectives. Energy generation utilizing fossil fuel is the leading cause of 
these issues. On its opposite side, elimination or suppression of fossil fuel utilization by introducing 
clean and abundant renewable energy resources could be the best solution. In general, renewable en-
ergies have  low efficiency and high capital cost compared to conventional fossil fuel-based energy 
supply. Therefore, without considering proper approaches and techniques, it is not encouraging  to 
supply energy through renewable energy resources. Conquering the problem, we need to find the best 
method and ways to create cheap and efficient energy by renewable sources as possible. In this paper, 
a methodology is investigated and proposed to simultaneously save energy and cost considering use-
ful parameters such as the effect of different modules, temperature, location, and tilt angle. An estima-
tion-based tool developed by National Renewable Energy Laboratory (NREL) known as PV Watts, 
which is utilized in this paper. A 10 kW photovoltaic system with three different modules in two dif-
ferent locations Kabul and Kandahar in Afghanistan is selected as a case study. From the results, it is 
found that selection of a specific module for a specific region with different temperatures and appro-
priate title angles has a significant effect on the performance of photovoltaic systems. It is worthy of 
mention that before implementing a photovoltaic system, different aspects of the system should be 
evaluated using proper software/tools in order to achieve optimal energy performance. Finally, better 
energy system performance contributes to the attraction of investment in renewable energy resources 
as a clean and sustainable energy supply option. 
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1. Introduction  

In recent years, photovoltaic systems have been studied 
from different perspectives due to its a number of attrac-
tive technical (easiness in installation, operation, and 
maintenance), financial (scalable based on energy de-
mand), configuration (stand-alone and grid-connected) 
features, and deployment flexibilities (in different size for 
various applications: residential, agriculture, rural, re-
mote, etc.) [1–5]. Therefore the photovoltaic technologies 
have been developed rapidly than fossil fuels these days 
because it seems to be the solution for the future and pro-
vides sustainable energy.  

Global greenhouse gas emissions and renewable energy 
resources are in the vertex of the worldwide trends, and it 
is demanded to provide cheap, sustainable, and eco-
friendly energy [6]. Energy from sunshine in terms of di-
rect photovoltaic and concentrating solar power is getting 
more and more involved as power supply shareholders in 
communities. Photovoltaic technologies application be-
come more viable and accessible due to solving electricity 
shortages in rural areas. There are many challenges for us-
ing  photovoltaic systems such as  more initial cost and 
less economic, operation, and margin of safety efficiencies 
[7]. However, reports indicate a significant 60% drop in 

renewable energy technologies cost since 2011, still pho-
tovoltaics systems do not compete with fossil fuel-based 
generation in large scales [8]. Since photovoltaic made 
several decades ago, there is  much effort to conquer these 
challenges and provide optimal and efficient photovoltaic 
modules or systems harvesting more energy in less money 
and less land. In this research, we want to get the optimal 
photovoltaic system by searching and understanding dif-
ferent issues that affect the cost and efficiency of photo-
voltaic systems. 

A change in power system circumstance is revealed by 
incorporating intermittent renewable energy resources 
such as solar and wind power. The planning and operation 
of a grid power has changed in which more attracts the at-
tention of utility managers towards smart and optimum 
practices in engineering [9]. The photovoltaic system as 
one of the important ways for clean energy generation and 
solution for reducing carbon emission and thus a positive 
impact on climate change does not have a significant per-
formance to cover the energy demand of a country or a 
city. However, it can have an essential role in the reduction 
of dependency to fossil fuel. So, we should seek to find 
ways or methods to convert the energy of the sun to the 
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electricity as efficiently as possible. For this, we need to 
find the factors which  affect the performance of photovol-
taic systems. Research interest in the integration of re-
newable energy into power system has risen significantly 
among researchers. As the renewable energy technology 
is investigated to be more reliable and economically feasi-
ble, a trend has been made to interconnect renewable en-
ergy resources into the existing power system, offering 
more practicability to end-users, such as [10]: 

 reliability improvement and access to electricity;  

 peak load shaving;  

 selling electricity back to utilities or other consumers;  

 power quality improvement 

 To achieve the highest contribution of renewable en-
ergy resources specifically solar power in this research, 
several technical factors should be investigated and ex-
plored. Performance of a photovoltaic system is affected 
by different factors [11], which is interest of current study 
to be analyzed. Among different factors, here four-factors 
are considered to be discussed  which have significant im-
pact on the energy output of photovoltaic systems. These 
factors are different modules which we used for our sys-
tem, effect of temperature, different location with the dif-
ferent weather condition, and optimum tilt angle for our 
photovoltaic system. This research covers general ideas 
about increasing performance and decreasing the cost of 
photovoltaic systems as well as exploring  an optimal 
module  to be used in a specific area. 

2. Problem statement  

There are many issues once considering a photovoltaic 
system as a sustainable energy resource such as; less effi-
ciency of modules, effect of temperature, dependency on 
the location (irradiance), and required optimal tilt angle. 
Different technologies  and methods used to build efficient 
photovoltaic cells and modules. For example, there are us-
ing multi-junction tandem cells semiconductors like Gal-
lium Arsenide and Gallium Indium Phosphide to achieve 
more than 30% efficiency.  However, Its efficiency is ac-
ceptable, but  is costly and not suitable for use in the large-
scale photovoltaic system. Alternatively, there is single-
crystalline silicon with more than 20% efficiency. It has 
the second most share of the photovoltaic market, and its 
cost is appropriate for small and large scale of a photovol-
taic system.  Furthermore, there are technologies like pol-
ycrystalline and amorphous thin-film than its efficiency is 
between 11.5% to 19.5% [12].  The polycrystalline tech-
nology has the largest share of the photovoltaic market be-
cause its cost and efficiency are suitable [13].  

Also, some photovoltaic module's parameters like 
open-circuit voltage, short circuit current, maximum out-
put power, and fill factor affected by temperature [14]. For 
example, open-circuit voltage, maximum output power 
and fill factor decrease by temperature and short circuit 
current increase by temperature, which affect the 

efficiency. The different photovoltaic technologies have 
different temperature coefficients, however, its tempera-
ture coefficients are less and it may vary between -
0.5%/℃ to -0.26%/℃. Furthermore, it can have a large ef-
fect during warm weather and decrease the performance 
of the photovoltaic system [6].  

Moreover, every location has its characteristics like 
sunny hours in a day or sunny days in a year, the temper-
atures during the month and year, and the amount of irra-
diance which absorbs by earth surface as well as the in-
tensity of the sun’s rays. These parameters significantly af-
fect the efficiency of conversion of solar energy to the elec-
tricity by photovoltaic cells. Therefore, the location in the 
design of the photovoltaic system is very important, and it 
directly affects the efficiency of a photovoltaic system 
[15,16]. It means a location with direct radiation of the sun 
and a long period of daylight will receive more isolation. 
Since the more energy or the irradiance of the sun re-
ceived by the photovoltaic module, the more energy it can 
produce as electricity. This dependency of the photovol-
taic system to  location is one of the negative points for 
photovoltaic systems. 

Finally, the angle of solar radiation varies during of 
year, because the sun is not always at the one position and 
its location during the year, month and day varies. Gener-
ally, in the northern hemisphere, the photovoltaic ori-
ented toward the south side and in the southern hemi-
sphere oriented toward the north side and the incident of 
solar radiation depends on the tilt angle of the photovol-
taic module. The tilt angle of photovoltaic modules is an 
important parameter in photovoltaic systems, it depends 
on the location of the sun. And it is very important to 
choose an appropriate tilt angle or use system to track the 
sun to harvest maximum power from the photovoltaic sys-
tem. 

3. Solution mechanisms 

To determine the best possible solution of previously 
mentioned issue following steps are suggested in this re-
search. First, we will seek to find an appropriate photovol-
taic module. It is obvious that if we choose a module with 
high efficiency is good but they are expensive and are not 
suitable to use on large scale plants. Also, a high efficiency 
does not mean to have good performance, there are some 
other factors that should be attained to have the best pho-
tovoltaic system performance and output Such as temper-
ature coefficient, location, and tilt angle.  Therefore, selec-
tion of modules with appropriate efficiency and tempera-
ture coefficient is required in this step. 

Second, after choosing the appropriate module with a 
suitable temperature coefficient, it is time for selection of 
best location for our photovoltaic system. For the selec-
tion of location, we should attain the temperature and the 
sunny hours of the day.  
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Third, we should find an optimum tilt angle for a specific 
location. However, there is a tracking system available to 
move the module in its  maximum irradiance, but is leads 
to high capital cost of  photovoltaic system which  is eco-
nomically not suitable. Therefore, a fixed tilt angle to ob-
tain maximum energy is highly recommended.  

4. Local data analysis  

Finding out the best possible module, location, and instal-
lation tilt angle, a simple method using   an estimation tool 
(PV Watt) is carried out in this research [17]. PV Watt is a 
tool powered by NREL that estimates the energy produc-
tion and cost of energy of grid-connected photovoltaic en-
ergy systems throughout the world. This allows us to esti-
mate the energy production and performance of the pho-
tovoltaic system in a different area. PV Watt is used to es-
timate these important parameters for Kabul and Kanda-
har city of Afghanistan.  

4.1. Effect of different module on performance of photovol-

taic systems 

To investigate how much the different module affects per-
formance of the photovoltaic system on the specific loca-
tion, two different locations in two cities with different 
weather condition are selected. PVwatts is used to esti-
mate the monthly DC output of the proposed 10 kW  pho-
tovoltaic system. Three types of photovoltaic modules for 
our estimation are considered ,which have different char-
acteristics. For example, the first module is crystalline sil-
icon with 15% efficiency and temperature coefficient (-
0.47%/℃). The second module is crystalline silicon with 
19% efficiency and temperature coefficient (-0.35%/℃). 
The third module is a thin film with a 10% efficiency and 
temperature coefficient (-0.20%/℃). After estimation 
based on  PVwatts, DC output of these three modules are 
found as shown in Table 1 and Table 2. 

Table 1:   DC output of different module for Kabul city. 

Month Module 1 (kWh) Module 2 (kWh) Module 3 (kWh) 

Jan 1317.86 1325.10 1331.02 

Feb 1086.02 1085.17 1081.59 

Mar 1588.87 1611.95 1633.83 

Apr 1589.83 1618.90 1648.41 

May 1781.24 1833.85 1891.81 

Jun 1880.96 1944.40 2013.64 

Jul 1855.32 1925.90 2004.07 

Aug 1741.02 1812.11 1890.37 

Sep 1683.02 1752.04 1827.28 

Oct 1676.81 1731.69 1792.06 

Nov 1510.15 1533.41 1557.99 

Dec 1432.17 1443.64 1454.80 

Table 2:   DC output of different module for Kandahar city. 

Month Module 1 (kWh) Module 2 (kWh) Module 3 (kWh) 

Jan 1321.40 1329.02 1334.45 

Feb 1236.63 1244.12 1249.49 

Mar 1688.54 1724.41 1761.08 

Apr 1704.54 1748.45 1794.78 

May 1883.97 1949.14 2020.77 

Jun 1828.33 1912.52 2007.28 

Jul 1772.11 1866.59 1974.81 

Aug 1710.13 1788.38 1877.18 

Sep 1719.81 1790.97 1868.66 

Oct 1784.79 1842.13 1904.75 

Nov 1617.90 1656.11 1698.43 

Dec 1590.01 1605.25 1620.46 

4.2. Effect of Temperature on the performance of photovol-

taic systems: 

Temperature has a significant effect on the performance 
of photovoltaic systems. For finding the effect of tempera-
ture on the output of the photovoltaic system, we need to 
find the temperature of the specific location and estimate 
the performance of photovoltaic systems. For this pur-
pose, we chose Kabul city and Kandahar city with different 
temperatures which are in different climate conditions 
and suitable for a wide range of study. 

At first, we find the ambient temperature of Kabul city 
and Kandahar city by using the NREL estimation Tool 
(PVwatts) and cell temperature of the module on the Ka-
bul city and Kandahar city accordingly. Table 3 and Table 
4summarize the monthly ambient temperature and cell 
temperature of these two cities. Table 3 shows, the maxi-
mum average temperature for Kabul city  27℃ in August, 
and the cell temperature 43℃. The maximum average am-
bient temperature is 33℃ in July, and the cell temperature 
is 50℃ for Kandahar city, as shown in Table 4. 

Table 3:   Ambient temperature and cell temperature of Kabul 
city 

Month Ambient temperature (°C) Cell temperature (°C) 

Jan 2.57 17.58 

Feb 2.70 14.67 

Mar 10.34 24.45 

Apr 12.90 27.89 

May 21.32 35.65 

Jun 25.45 40.13 

Jul 26.99 41.92 

Aug 27.25 42.59 

Sep 23.94 43.51 

Oct 19.11 38.82 

Nov 8.47 26.94 

Dec 3.43 21.20 

Table 4:   Ambient temperature and cell temperature of Kan-

dahar city . 

Month Ambient temperature (°C) Cell temperature (°C) 

Jan 6.05 18.47 

Feb 8.49 19.79 

Mar 15.39 30.51 

Apr 20.64 35.16 
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May 26.22 39.82 

Jun 31.50 47.24 

Jul 33.27 50.44 

Aug 31.16 47.15 

Sep 27.26 44.69 

Oct 19.93 39.02 

Nov 15.34 34.81 

Dec 7.27 24.01 

4.3. Effect of location on performance of photovoltaic sys-

tems 

In this part, we will investigate the effect of a different lo-
cation on the performance of photovoltaic systems. It is 
previously discussed that  two locations with different 
weather conditions, and different insolation are selected. 
These locations have different solar irradiance, and obvi-
ously, the different modules with different characters 
have a specific performance on each location. 

The Kabul city and Kandahar city, which we chose for 
our investigation have 34.55°N latitude and 69.15°E lon-
gitude and 31.65°N latitude and 67.05°E longitude, re-
spectively. Table 5, Table 6, and Table 7 show the DC out-
put of three modules with different characteristics. 

Table 5:   Module 1 DC output of Kabul and Kandahar cities. 

Month Kabul (kWh) Kandahar (kWh) 

Jan 1317.86 1321.40 

Feb 1086.02 1236.63 

Mar 1588.87 1688.54 

Apr 1589.83 1704.54 

May 1781.24 1883.97 

Jun 1880.96 1828.33 

Jul 1855.32 1772.11 

Aug 1741.02 1710.13 

Sep 1683.02 1719.81 

Oct 1676.81 1784.79 

Nov 1510.15 1617.90 

Dec 1432.17 1590.01 

Table 6:   Module 2 DC output of Kabul and Kandahar cities. 

Month Kabul (kWh) Kandahar (kWh) 

Jan 1325.10 1329.02 

Feb 1085.17 1244.12 

Mar 1611.95 1724.41 

Apr 1618.90 1748.45 

May 1833.85 1949.14 

Jun 1944.40 1912.52 

Jul 1925.90 1866.59 

Aug 1812.11 1788.38 

Sep 1752.04 1790.97 

Oct 1731.69 1842.13 

Nov 1533.41 1656.11 

Dec 1443.64 1605.25 

Table 7:   Module 3 DC output of Kabul and Kandahar cities. 

Month Kabul (kWh) Kandahar (kWh) 

Jan 1331.02 1334.45 

Feb 1081.59 1249.49 

Mar 1633.83 1761.08 

Apr 1648.41 1794.78 

May 1891.81 2020.77 

Jun 2013.64 2007.28 

Jul 2004.07 1974.81 

Aug 1890.37 1877.18 

Sep 1827.28 1868.66 

Oct 1792.06 1904.75 

Nov 1557.99 1698.43 

Dec 1454.80 1620.46 

4.4. The optimal tilt angle of photovoltaic module 

The optimal tilt angle as has been discussed in [12] which 
varies from month to month is evaluated based on 
PVwatts. In this section, optimal monthly, seasonal, and 
yearly tilt angle of the photovoltaic module is found which 
is demonstrated Table 8, 9, and 10, respectively.  

Table 8:   Monthly optimal tilt angle. 

City 

Monthly optimal title angle 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Kabul 60 48 36 22 10 4 8 18 34 48 58 62 

Kandahar 56 46 34 20 6 0 4 15 31 46 56 60 

Table 9:   Seasonal optimal tilt angle. 

City 
Winter 
(Dec-Feb) 

Spring    
(Mar-May) 

Summer 
(Jun-Aug) 

Fall          
(Sep-Nov) 

Kabul 58 22 9 46 

Kandahar 55 20 6 44 

Table 10:   Annually optimal tilt angle. 

City Yearly optimal title angle 

Kabul 33 

Kandahar 31 

 

The DC output of proposed 10kW system is analyzed for 
Kabul city and comparatively calculated in each level of tilt 
angle consideration as shown in Table 1. 

Table 11:   Performance of photovoltaic module at optimal tilt 
angle in Kabul city 

Month 

Optimal tilt angle 
(monthly) 
(kWh) 

Optimal tilt angle 
(seasonal) 
(kWh) 

Optimal tilt angle 
(annual) 
(kWh) 

Jan 1317.86 1317.96 1212.64 

Feb 1086.02 1073.72 1059.35 

Mar 1588.87 1547.66 1586.13 

Apr 1589.83 1589.83 1568.85 

May 1781.24 1752.43 1678.30 

Jun 1880.96 1874.36 1698.42 

Jul 1855.32 1854.64 1712.81 

Aug 1741.02 1726.81 1692.25 

Sep 1683.02 1675.76 1682.98 
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Oct 1676.81 1482.48 1629.19 

Nov 1510.15 1385.39 1392.27 

Dec 1432.17 1428.88 1281.18 

5. Result and discussion  

5.1. Effect of different modules on performance of photovol-

taic systems 

For having the better realization of different modules and 
how it performs on the different locations and climate 
conditions, figure 1 to 4 illustrate the performance of each 
module for Kabul and Kandahar, respectively. These 
graphs reveal that how different modules perform, and 
clarify that the thin film with 10% efficiency and temper-
ature coefficient (-0.20%/℃), has the best performance 
for Kabul and Kandahar city. The second-best perfor-
mance is discovered from module 2 which is crystalline 
silicon and has 19% efficiency and with temperature coef-
ficient (-0.35%/℃). Module 1 as crystalline silicon with 
15% efficiency and temperature coefficient (-0.47%/℃), 
has less performance than the module 2 and module 3. 

The estimation of the energy output of 10 kW reveals 
that for Kabul, module 1 generates 19,143.34 kWh, mod-
ule 2 generates 19,618.2 kWh, and module 3 generates 
20,126.93 kWh annually. For Kandahar city, module 1gen-
erates 19,858.22 kWh, module 2 generates 20,457.16 
kWh, and module 3 generates 21,112.21 kWh annually. 
Figure 2 and 4 show the annual energy generation of Ka-
bul  and Kandahar city, respectively.  Finally, Module 3 
(thin film with 10% efficiency and temperature coefficient 
(-0.20%/℃)) is found to be with best results for Kabul and 
Kandahar. Using thin-film module for 10 kW photovoltaic 
system in Kabul city, we achieve 508.73 kWh more energy 
annually than using crystalline silicon with 19% efficiency 
with temperature coefficient (-0.35%/℃). Moreover, it 
can be achieved 983.59 kWh more energy annually than 
using crystalline silicon with 15% efficiency with temper-
ature coefficient (-0.47%/℃).  

In Kandahar city, If we use a thin film module for 10 kW 
photovoltaic system we can achieve 655.05 kWh more en-
ergy annually than using crystalline silicon with 19% effi-
ciency with temperature coefficient (-0.35%/℃). Also, we 
can achieve 1253.99 kWh more energy annually than us-
ing crystalline silicon with 15% efficiency with tempera-
ture coefficient (-0.47%/℃).   

 
Figure 1. Graphs of DC output of different module for the Ka-

bul city. 

 
Figure 2. Annual DC output estimation of different modules 

for Kabul city. 

 
Figure 3. Graph of DC output of different module for Kanda-

har city. 
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Figure 4. Annual DC output estimation of different modules 

for Kandahar city. 

5.2. Effect of temperature on the performance of photovol-

taic systems: 

The cell temperature not only changes with ambient tem-
peratures but also change with insolation on the cells. The 
small part of the insolation is converted to the electricity 
by photovoltaic cell and the other part of insolation ab-
sorbs and changes to  heat.  This causes to having cell tem-
perature more than the ambient temperature [18,19]. Fig-
ure 4 shows the monthly variation of cell temperature for 
Kabul and Kandahar city. We realize that the cell temper-
ature on the Kandahar varies widely  from Kabul city dur-
ing the year.  

 
Figure 5. Cell temperature of Kabul and Kandahar city. 

From this investigation, We found that how much 
power the 10kW photovoltaic system generates when us-
ing different modules with different temperature coeffi-
cients as well as having different temperature conditions. 
For example, in Kabul city, the thin-film module with 10% 
efficiency and (-0.20%/℃ ), generates 4.8%, 2.5% more 
energy than the crystalline silicon modules with 15% effi-
ciency and (-0.47%/℃ ) temperature coefficient and 19% 
efficiency and (-0.35%/℃ ) temperature coefficient. For 
Kandahar city, the thin-film module with 10% efficiency 
and (-0.20%/℃ ), generates 6%, 3.1% more energy than 
the crystalline silicon modules with 15% efficiency and (-
0.47%/℃ ) temperature coefficient and 19% efficiency 

and (-0.35%/℃ ) temperature coefficient.  In result, the 
temperature has a significant effect on the performance of 
the photovoltaic system which a module with 10% effi-
ciency and low-temperature coefficient has better perfor-
mance than the modules with 15% and 19% efficiency 
with temperature coefficient (-0.47%/℃) and (-
0.35%/℃). 

5.3. Effect of location on performance of photovoltaic sys-

tems:  

The output of three modules in Kabul and Kandahar reveal 
that the module with large temperature coefficient (mod-
ule 1 with -0.47%/℃ temperature coefficient) in hot 
weather at Kandahar city has less performance than for 
Kabul city and the performance of module with less tem-
perature coefficient (module 3 with -0.20%/℃ tempera-
ture coefficient) on the hot month of Kandahar city has 
less variation compare to Kabul city. 

5.4. Proposed tilt angle of photovoltaic module: 

Finally, the effect of tilt angle on the output performance 
of photovoltaic systems is found accordingly.  By changing 
the tilt angle monthly for Kabul city, 433.38 kWh more en-
ergy is achievable than the seasonal and annual changing 
options. Also, we can achieve 948.91 kWh more energy 
than the fixed tilt angle during the year (see fig.8). 

For Kandahar city also monthly changing of tilt angle re-
sults on 338.12 kWh more energy than the seasonal 
changing during a year.  1033.77 kWh more energy is 
achievable than the fixed tilt angle during the year as well 
(figure 9).  

 
Figure 6. Graph of DC output of optimal tilt angle of Kabul 

city. 
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Figure 7. Optimal tilt angle. 

6. Cost analysis 

A cost analysis is considered to demonstrate saving from 
the implementation of proposed approach. Three mod-
ules, two locations, different optimal tilt angles, and a 
10kW photovoltaic system are utilized for this analysis. 
First, we find that how much we can save money by using 
the best module, as we found previously. The best module 
with the best performance for Kabul and Kandahar city is 
thin film with 10% efficiency and (-0.20%/℃) tempera-
ture coefficient. The thin-film module has the lowest cost 
as well as the best performance among these three mod-
ules. 

By investigating the cost of energy-saving, using the res-
idential electricity price of DABs (0.038 % per kWh) for 
Kabul city, it reveals that thin-film module saves 
19.33$ more money annually than using crystalline silicon 
with 19% efficiency, and we can save 37.37$ more money 
annually than using crystalline silicon with 15% effi-
ciency. For the case of Kandahar city, it reveals that using 
thin-film can save 24.89$ more money annually than using 
crystalline silicon with 19% efficiency, and we can save 
47.65$ more money annually than using crystalline silicon 
with 15% efficiency.  

For Kabul city, if we change the tilt angle monthly, we 
can save 16.46$ more money than the seasonal changing 
of tilt angle or change the tilt angle of the module four 
times annually. Also, we can save 36.05$ more money than 
the fixed tilt angle during the year. For Kandahar city, if we 
change the tilt angle monthly, we can save 12.84$ more 
money than the seasonal changing of tilt angle. Also, we 
can save 39.28$ more than the fixed tilt angle during the 
year. 

 

7. Conclusion 

In Conclusion, the modules with low and high-tempera-
ture coefficients have a significant effect on the perfor-
mance of photovoltaic systems. As it was found that the 
module with 10% efficiency and with a low-temperature 
coefficient has better performance than the module with 
the 15% and 19% efficiency with a high-temperature co-
efficient. Moreover, the location as another important fac-
tor also is found as a significant effect on the performance 
of the photovoltaic system. For example, the Kandahar city 
generates 715 kWh, 839 kWh, and 985 kWh more energy 
annually than the Kabul city by modules 1, 2, and 3, re-
spectively. Finally, for Kabul city, changing the tilt angle 
monthly, provides 433 kWh and 949 kWh more energy 
than the changing tilt angle seasonal and annually. For 
Kandahar city, if we change the tilt angle monthly, it gen-
erates 338 kWh and 1034 kWh more energy than the 
changing tilt angle seasonal and annually. This study be-
sides preliminary calculations contributes to future con-
sideration of photovoltaic in Afghanistan as well as 
providing background knowledge on factors affecting 
such systems. The future extended version of this study 
will focus on comparing several methods and algorithms 
in the literature to apply in different models as well as 
completing the analysis for rest of the cities in Afghani-
stan. 
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