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10 Abstract: Due to an increase of the monocrystalline PV systems installations, for a drive towards
11 the sustainable smart cities in the hot arid developing country such as Pakistan, pose challenges of
12 the performance and degradation issues. Monocrystalline PV module efficiencies are declining and
13 damaging under the continuous exposure to higher surface day-time temperatures in the different
14 parts of the country. A MATLAB simulations were performed based on the validated mathematical
15 approach. This paper investigates the hot arid surface temperature impacts on the performance of
16 PV modules during the summer and winter seasons in Pakistan. The investigations are performed
17 examining the power generating efficiency of the PV system. This paper also investigates the
18 influence of installations of PV-system in the North, South, East and West regions of Pakistan. It
19 was examined that the northern areas of Pakistan are more suitable for maintaining the long-term
20 durability of the PV system. Investigations are performed for the peak summer and peak winter
21 days. During summer months, cooling strategies have to be implemented to overcome the heating
22 effects whilst reducing degradation effect on installed PV-system.
23 Keywords: photo-voltaic; monocrystalline; energy efficiency; hot-arid climate; smart cities;
24 MATLAB simulations.
25

26 1. Introduction

27 Substantial efforts in tackling the energy shortage are being applied with the rollout of Photo-
28  voltaic (PV) panels in all regions of Pakistan in reducing the carbon emissions [1-2] with a drive
29  towards the sustainable smart cities as a developing country. It is well-known that electrical energy
30  demand in Pakistan is consistently increasing imposing fuel poverty in rural areas, so far a shortage
31  of 4000 MWh in Pakistan causing many hours of load-shading and damaging the economic growth
32 [3-4]. Most of the urban areas are suffering through 10-12 hours of power load-shedding. In rural
33  areas, the load-shedding occur between 16 and 18 hours a day [5]. The energy generation from
34  conventional sources has already been identified as insufficient in overcoming the energy demand.
35  The utilisation of a large amount of fossil fuel produces the carbon emissions resulting climate-change
36 [6, 7]. To reduce this effect, renewable energy resources are one of the solutions [8, 9]. Among
37  renewable energy, PV integrated buildings plays a significant part, because buildings are responsible
38  of over 60% of total energy consumption. The installations of PV panels in the domestic buildings of
39  Pakistan are relatively new and are growing faster due to greater benefits of shunning the energy
40  supply-demand gap [10]. In recent years, Pakistan shifted its environmental and energy policies
41  towards sustainable and renewable energy economic policies. Due to this, a large number of PV

42 systems are being implemented across the country [11-13]. The PV systems installed are of two types,
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43  on-grid and off-grid systems. In the grid-connected system PV panels are connected directly to the
44 grid by using DC/AC power electronics converters. The major component to convert the DC
45  generated power into AC power with required voltage is the inverter. Maximum power point
46  tracking (MPPT) algorithm makes PV units capable of generating the power at full capacity. It does
47  not move the panel towards sun to extract power instead it varies the electrical properties of the PV
48  panel for achieving the maximum power and improving the efficiency of the PV panel by maintaining
49  the voltage and current at an appropriate level. MPPT calculates the energy values to apply the
50  correct duty cycle to achieve the required results. It is typically suitable for charging up battery banks
51  because it increases the efficiency of battery charging rate. The off-grid system is autonomous and is
52 not connected to the grid. [14-16].

53

54 A recent study shows the results obtained from the 69 metrological stations over the recent 30
55  years period that the more than 70% area of Pakistan receives the average yearly solar radiation of
56 5.5 kWh/m?day as shown in Fig.1 [17]. The data collected by the Pakistan metrological department
97  for the five major cities of Pakistan show that the west of Pakistan (Quetta) located in Baluchistan
58 receives 21.6 MJ/m?/day. The annual average in the other cities of Pakistan such as Lahore receives
59 19.25 MJ/m?/day, Karachi has 18.7 MJ/m2/day, Multan has 18.36 MJ/m?/day and Peshawar receives
60  the 17.0 MJ/m?/day. The investigations were carried out by using the temperature ranges between
61  minimum and maximum in that area and by considering the duration of irradiation. The estimate in
62  this is compared with the National renewable energy laboratory (NREL) of USA and shows that
63  Dbatter average capacity of 5.5kWh/m?/day to 7.5kWh/m?/day [18]. While the National Renewable
64  energy laboratory of US indicates the average solar power from 5kWh/m?2/day to 7kWh/m?/day [19].
65 Some cities in the province of Baluchistan and Sindh such as Larkana, Quetta receives the 5.5
66  kWh/m?/day [20-22].
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82 Figure 1. Pakistan annual direct solar radiations [23]
83 Power generation from the PV system is dependent on the environmental conditions due to the

84  variations in surface temperatures across different parts of Pakistan. During summer months,
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85  consistent higher temperatures reduce the power generation capacity of the PV system, ultimately
86  damaging the performance of PV panels and in winter temperature fall to a low level where PV
87  panels perform under nominal temperatures [24].To address the overheating issue, the temperature
88  regulatory system is required with high reliability and fast real-time features and improving the
89  durability of the PV system to its rated duty cycle [25]. PV system is becoming an important
90  renewable energy source for power generation in Pakistan. Pakistan is situated in the region where
91  some areas receive the higher solar radiation in the summer months, it allows harnessing the large
92  amount of solar energy [26], despite the fact the PV systems are not completely rolled out because of
93  the recent crises of overheating of the PV panels and significant financial loss to consumers [27]. Thus,
94 it is required to investigate the higher potential smart cities. Pakistan council of appropriate of
95  technology and Pakistan national institute of silicon technology established the Pakistan council of
96  renewable technologies in 2001. But this council did not investigate the suitable areas for installations
97  of solar farms and never built any mega solar project for a drive towards smart cities [28]. The
98 installations of solar energy at residential sectors and in an appropriate region with smart national
99  grid connection would provide relief from severe load shedding.
100
101 This paper investigates the influence of hot arid climate temperatures on the PV panel
102  performance for the investigation of the developing smart cities to avoid overheating and strategies
103  toreduce the hot-arid climate impact on the energy efficiency of the PV panels by utilising validated
104  MATLAB modelling approach for predictions. This paper contributes to investigate the suitable solar
105  sites where the performance of PV system is analysed which influences the long-term durability of
106  the solar power plants in Pakistan. This paper also contributes to quantitatively compare the
107  performance of PV systems across the country and strategies in maintaining the reliability of PV

108  systems and avoiding overheating of PV systems by introducing cooling strategies.

109 2. Materials and Methods

110 A PV monocrystalline system is designed and modelled with the nominal power generation
111  capacity of 295W and nominal power point output voltage 31.5 VDC for the residential sector in
112 several areas of Pakistan. A schematic diagram of the model is shown in Fig.2 and the system is
113  validated by analysing the simulation results in MATLAB and Simulink. The output power is
114  calculated at different temperatures across several areas of Pakistan such as North-East, North-West,
115  South-East and West side of Pakistan. The efficiency of the power generation from the PV system is
116  predicted for winter and summer months.

117 The sunlight incident onto the monocrystalline PV cells can be absorbed or reflected or pass
118  through the cells. The absorbed light by the cells generates electrical power also known as solar power
119  [29, 30]. PV cells achieve better efficiency when operated under nominal temperatures and it is
120  important to examine the hot arid climate changes in several areas of Pakistan before considering the
121  installation of the PV system [31]. For every degree rise temperature above 25°C, an efficiency of the
122 PV panels could be reduced to 0.25% for amorphous cells and 0.4-0.5% for crystalline cells [32].
123 During summer months, most areas of Pakistan reach 45°C that reduces the efficiency of the panels.
124 An increase of cumulative surface temperatures causing over 60 ‘C reduces the voltage generation

125 by the PV system that impacts the overall power generation and minimises efficiency.
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126
127 Figure 2. Illustrates the schematic model of the typical monocrystalline PV cell. The measurements
128 are used to examine the output at different temperatures.
129 The power supplied by the PV modules is dependent on the internal resistance Rs and the

130  external irradiance and incident temperatures. The temperature and irradiance directly affect the
131  power generation from the PV system [33]. The nominal parameters of the implemented PV system
132 are detailed in Table 1. The relation of the solar photovoltaic current to the temperature is described
133  byeq.1.[34]

134 Ipn = (loen + KiAT) - (1)
135 Where I, isthe current generation at the suitable conditions i.e 25°C and 1000W/m?. AT is the
136  difference between the actual temperature and nominal temperature received by the monocrystalline

137 PV module. Ipy is the photo voltaic current. S is the actual irradiation on the monocrystalline PV

138  module and S, is the nominal irradiance [35].

139 The temperature effects on the diode saturation current I, can be described as eq.2.

3 [9EGo(1 1
140 Io = Ion (Tl) e Nsak(Tn T)] (2)
141 Where I,,the saturation is is current, Eg, is the bandgap semiconductor energy, Ny is the total

142 number of solar cells which are linked with series in the parallel as shown in eq.3 [36]

143 I, = __Iscn*KAT (3)

e((Vocn+KyAT)/VT)

144 Where I, is the nominal saturation current that is improved by including the K; and K,
145 coefficients. Where K; and K, are the current and voltage coefficients. This modification is used to
146  determine the voltage at the several ranges of temperatures. The I, saturation current is dependent
147  on the temperature. Efficiency of power generation depends on the temperature of the (PV) panel.
148  Lower or nominal surface temperatures and higher irradiance enhances the efficiency to generate
149  maximum power from the PV panel using eq. 4. In the morning/evening during winter months, the
150  solar irradiation reduces but the average surface temperatures are suitable that tends to generate the
151  power at its achievable efficiency.

152 P, =1,V = IscVye @)


https://doi.org/10.20944/preprints201909.0080.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 7 September 2019 d0i:10.20944/preprints201909.0080.v1

153 Where V, is open circuit voltage and Ig¢ is the short circuit current. P, is the maximum
154 power generated by the PV panel at the weather temperature. A decrease in voltage, short circuit
155  current and so efficiency can be calculated when increasing the surface temperature using eq.5 [37]
156 Ne = Nrref[1 = Brer(Te — Trer)] ®)
157 Where 1, is correlation efficiency of the PV panel, T is the reference temperature, nrr is the
158  panel electrical efficiency at the applied temperature and irradiance where the maximum power is

159  generated, B.ef is the temperature coefficient calculated using eq. 6 [38].

1
160 Bref = To_—Tref (6)
161 Where T, is the maximum temperature at which monocrystalline PV module efficiency shown

162  in Table 1. The relative efficiency is calculated by comparing the reference temperature of 25°C with

163  the other temperatures. It shows the temperature effect on efficiency of the PV panel.

164 Table 1. Nominal parameters of the implemented PV system (relative efficiency calculations using 25°
165 Cand 1000 W/m? as a reference point).
Parameters Values
166 Nominal Peak Power Output 295 W
167 Maximum power point voltage 31.5 VDC
Maximum output current (A) 571 A
168 Open circuit voltage 40.0 VDC
Short circuit current 10.10 A
169 Maximum power point current 9.45 A
170 Panel efficiency 17.59%

171 2.1. Weather temperatures across Pakistan

172 Temperature is one of the major property which conclude the climate of any area. Any change
173 in temperature results in the change of climate of the region affecting the power generation from the
174 PV system [39]. Most of the areas in Pakistan experienced higher weather temperatures influencing
175  higher surface temperatures elevating above 45 °C during summer months. During winter months
176  the temperature goes to —15°C in the northern area [40]. Fig. 3(a) shows the temperature across
177  several areas of Sindh (Southern Pakistan) where Thar and Larkana are suffering through the highest
178  temperature during the summer months. These areas are also in the high temperature ranges during
179  winter months. Fig. 3(b) illustrates the surface temperature in Gilgit Baltistan and Azad Kashmir
180  (North East Pakistan) where the winter temperature goes to very low —15°C and the summer
181  temperature remains between 30°C and 40 °C. The temperature in the area of Khyberpakhtoonkhaw
182  (North West Pakistan), as shown in Fig. 3(c), varies across several areas. Fig. 3(d) demonstrates the
183  temperature in the province of Baluchistan (West Pakistan) in which during winter months some
184  areas are predicted to be at lower temperature of -15°C. Temperature values in Punjab (East
185  Pakistan) are shown in Fig. 3(e) where the summer temperature remains between 40 °C and 50 °C.
186  The average temperatures in several areas of Pakistan are listed in Table 2 distributed across summer,
187  spring and winter months. As the performance of the PV module is linked with temperature, hence

188  the average temperature influence on PV panels in different areas of Pakistan need to analysed [41].

189
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221 Figure 3. Peak summer and winter temperature measurements of (a) Southern, (b) North East, (c)
222 North West, (d) West, & (e) Eastern regions of Pakistan.
223 Table 2. Average Ambient temperatures in most of the areas of Pakistan [41]

Parameters North average South average East average West average
ambient ambient ambient ambient
temperature temperature temperature temperature

Summer 45 55 50 49

Winter -15 -3 -15 -13

224
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225  3.Results and discussion

226 The parametric data plotted to determine the correlation between power (W), current (I) and
227  voltage (V) with cumulative extreme temperatures range of —40°C and 90°C. Higher temperatures
228  are due to the overheating of the PV panel. Fig. 4 (a) illustrates the voltage reduction by the increase
229  in surface temperatures. It shows the output voltage from the PV system in the range of 1000W/m?.
230  The desired voltage is 31.5 VDC and the achieved voltage is reduced to 25.2VDC when increasing the
231  temperature but at the range between 0°C and 50°C, voltage was predicted to be very close to the
232  nominal voltage. As the weather temperatures are dynamic, it was necessary to predict the PV system
233  at the lower-temperature areas or by using cooling techniques which then increases the energy cost.
234  However, it will increase the output efficiency of the power generation when operating the PV system
235  under nominal weather conditions. Fig. 4(b) shows an influence of increasing the surface temperature
236  on the output power of the modelled PV system. For every degree rise in temperature above 25°C, a
237  decrease in the efficiency of the PV panel 0.25% is predicted for amorphous cells and 0.4-0.5% for
238  crystalline cells. The output energy generated is reduced due to the increase of surface temperature
239  effects on the PV panels. Fig.4 (c) shows the temperatures effects on the output current from the PV

240  system, illustrating the output current for several temperature ranges.
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242 Figure 4. (a) Illustration of the temperature effects on the voltage. (b) Temperature vs output electrical
243 power from the modelled PV system. (c) Output current variations at different temperature.
244 The simulation is carried out validating the temperature effects on the PV system where the
245  voltage (V), current (A) and Power (W) are analysed and the simulation of the system is shown in
246 Fig. 5.
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247 -
248 Figure 5. The model of the simulated monocrystalline PV module tested at dynamic surface

249 temperatures.
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250  3.1. PV Panel Performance in East Pakistan

251 Investigations are performed to investigate the conversion of the solar radiations into electrical
252  energy and to achieve the desired output power at different temperatures, PV orientation and
253  irradiation levels. In order to investigate the power flow from the PV system, current-voltage linkage
254  isanalysed. PV modules can be designed in parallel and series to achieve the required output power
255  [39]. The current-voltage and efficiency are investigated in Eastern Pakistan to examine the
256  temperature power flow, a similar approach is used in [27]. In this study, degree day (24 hours)
257  temperature analysis is carried out for peak summer and winter months. The performance of PV
258  array is changing according to the forecast horizon. The day-light hours in summer months are more
259  considerable for the PV system due to severe changes in temperature, air speed and humidity.
260  Therefore the different weather forecast focused to predict the power generation efficiency from the
261  modelled PV system. This analysis can be used for energy management of integrated buildings across
262  Pakistan. The installations cost of the PV system [11] can be minimised with the help of temperature
263  analysis with accuracy. Investigations are carried out in Eastern Pakistan to examine power
264  generation efficiency from PV system. The output power, short circuit current and voltage are
265  recorded against temperatures. It is observed during the cold season, the energy efficiency of the PV
266  system modelled has remained closer to the achievable nominal values. By increasing surface
267  temperatures, a reduction in voltage and current are observed causing a decrease in maximum output
268  power as detailed in Table 3.

269 Table 3. The output power losses compared to the nominal power output from the modelled PV
270 system in the Eastern region of Pakistan.
Days Average Power loss (W)
11 January 28
30 June 56
271
272 Fig.6 (a) shows the electrical output parameters of the PV panels for a peak cold day in the month

273  of January. The results are performed in the eastern Pakistan where the capital of eastern Pakistan
274  ’'Lahore’ is taken for investigations. The recorded data voltage (V), power (W) and Current (I) are
275  used to plot and investigate the variations in these parameters. It is noticed that the Power output is
276  decreasing with the increase of temperature. The voltage is also reducing by increasing in
277  temperature. Output current Ig. affected through marginal changes. The power generation
278  efficiency during the peak summer day in the month of June is lower than the peak cold day. Higher
279  temperatures are recorded during summer months which are decreasing the energy efficiency of the
280 PV panels. The Fig.6 (b) shows the temperature on the power generation efficiency of the PV system

281  simulated during the summer months for the eastern region of Pakistan.
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Figure 6. Temperature effects on the performance of simulated PV panel in the eastern city of Lahore

(a) for a peak winter day and (b) peak summer day.

3.2. PV Panel Performance in West Pakistan

The performance of the PV system with real time peak day temperatures were analysed for
winter and summer months in the Western region of Pakistan, a capital city Quetta is chosen for
investigating the PV system performance, current/voltage and efficiency against the surface
temperature of the PV panel as shown in Fig. 7. It shows PV panel output performance is closer to
the nominal values with an achievable maximum voltage of 29.50 VDC, short circuit current of 8.1A.
Here the short circuit voltage and current are considered to examine the voltage/power drops at
different temperatures as detailed in Table 4. Average power losses 108 W were recorded for the
coldest day (11th Jan) and 136 W for the hottest day (30th Jun).

Table 4. The output energy losses from the modelled PV system in western region of Pakistan.

Days Average power losses (W)
11 January 24
30 June 52
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Figure 7. Temperature influences on the reduction of the performance of simulated PV system in

Quetta, West of Pakistan (a) for a peak summer day (b) Peak winter day.

3.3. PV panel performance in South Pakistan

An off-grid PV system in the southern area of Pakistan show a reduction output power, detailed
in Table 5. During the investigations, the data has been collected for the 24 hours, to investigate the
weather effects on the PV system to compare the efficiency of the system during winter and summer
months. The maximum temperature observed in the southern region (Thar) during the winter season
is 29°C and the temperature remains between (30-55) °C during summer months. The results showed
that this area required cooling systems of PV panels in both summer and winter seasons and the PV
array performance could be severely reduced because of the temperature remains higher during both
seasons. The voltage is dropped to 29.31 VDC compared to the nominal voltage of 31.5 VDC. The
average power losses, compared to the nominal power output, was noticed 116 W and 153 W for the
peak cold day and peak hot day, respectively, between 5am and 9pm. Fig.8. shows the power flow

analysis on the Thar, Southern region of Pakistan.
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Table 5. The output Power losses compared to the nominal power output from the modelled PV

system in the Southern region of Pakistan.

Days Average Power losses (W)
11 January 32
30 June 57
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Figure 8. Temperature influences on the reduction of the performance of simulated PV system in Thar,

South of Pakistan (a) for a peak summer day (b) Peak winter day.

3.4. PV panel performance in North Pakistan

PV panel works efficient at a certain temperature and the best temperature for the PV panel is
25°C, average power losses are detailed in Table 6. There are needs to design new ways to improve
the efficiency of the PV system during the non-optimal temperatures such as cooling techniques. In
this section, investigations are performed to examine the solar power generation at North Pakistan
Gilgit area. This is the mountainous area where the temperature remains between (-5 to 33)°C
throughout the year. This area is more suitable to install the PV modules because of efficient
temperature. Fig. 9 illustrates the temperature effects on the power generation at Gilgit, North

Pakistan. The PV power generating efficiency and voltage are improved as being closer to the
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nominal values. This is the best area that shows the improved results for the PV panel throughout a

year.

Table 6. The output energy losses from the modelled PV system in the northern region of Pakistan

Days Average energy losses (W)
11 January 17
30 June 48
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Figure 9. (a) Power generation from the PV system in Gilgit, North Pakistan, during winter season
shows PV system generates the power/voltage efficiently and better than the rest of the regions of

Pakistan. (b) Power analysis on the hottest day of 30 June.

3.5. Comparative analysis of PV panel for the different regions of Pakistan

The northern areas of Pakistan, as shown in Fig. 10, have the lower power reduction at all
weather conditions. In other parts, during the summer losses are increasing with a temperature rise
that areas are not perfect for installations of PV system. The effect can be minimized by implementing
cooling techniques that reduce the temperature effects during summer months. During this day, all

of the areas are showing better performance for the power generation from the PV panel.
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355 Figure 10. Comparative energy efficiency analysis on the (a) peak day (11th January) of the winter
356 months (b) peak day of the summer months (30th June)
357 4. Cooling strategies for the PV panel overheating
358 Higher temperature reduces the efficiency of the PV panel to generate nominal electrical energy.

359  Hence it is necessary to apply the cooling techniques to maximise the energy generation from the PV
360  system. To implement the cooling techniques there is separate system required to reduce the heat
361  effects on the PV system. There are two types of cooling techniques can be used such as passive
362  cooling and active cooling. The active cooling technique is water cooling and the passive system uses

363  conduction system to remove the heat from the PV system.

364  4.1. Active cooling

365 This method is very efficient for the PV panel cooling such as water cooling methods or air
366  cooling. It is considered of using the electrical energy continuously because a water pump or a fan is
367  required for implementing water circulation. This improves the energy generation capacity of the PV
368  system but the energy consumption by fan/pump needs to be considered. This method can be
369 efficiently applied for the concentrated solar cells that use less cooling fluid and a reduced amount
370  of energy is required to run the system. Two polycrystalline cells are compared to determine the
371  energy extraction by applying these methods. An aluminum casing is used on the back side of the
372 cooling cell to perform as a flow canal. Water cooling method performs batter then the other methods.

373  This technique can be applied at both sides of the PV system and also assist in cleansing of the PV
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374  panel. By applying water the temperature was limited to 30 °C in the summer seasons that has
375  increased the energy output to 20% that means the overall efficiency is improved by 9% and a
376  temperature is decreased by 12°C.While by implementing the fan system, an improved efficiency of
377 13.5% is noticed and temperature of the PV panel is reduced by 15°C.

378  4.2. Passive cooling

379 A Passive cooling is categorised into three types; conductive cooling, water and air passive
380  cooling. The transfer of heat from the PV panel is conductive in nature. Two PV polycrystalline cells
381  are tested in different conditions. One PV cells consists of aluminium sheet with thermal grease used
382  asaheatsink and the other without any sheets. Irradiation is changed from 1000 W/m2. An improved
383 efficiency is achieved by the usage of heat sink by passive cooling methods. It means that the passive
384  cooling has a major impact on the energy extraction from the PV system. It is noticed that 0.085 length-
385  depth ratio heats up the PV panel by 6°C by comparing it on a regular environment. The
386  implementation of passive cooling technique shows the reverse effects on the PV panel heating. Phase
387  change material is a special type for the conductive cooling. It maintains the required temperature
388  for the PV panel to increase its efficiency. In this process heat is removed conductively and no
389  additional work is needed to dissipate the heat. By selecting the correct material for the conduction
390  process, a reference temperature for the PV panel can be obtained. The efficiency is improved by 10%
391  compared to the actual temperature applied at the PV panel without any conduction. The decrease
392  intemperature is observed from 55 °C to 35 °C.

393 Another method is a heat pipe cooling method that is applied by the combination of convection
394  cooling system along with phase change cooling. It removes the heat by going through evaporation
395  and expansion on one side cooling system and release the heat by condensation on the other side of
396  the cooling system. It completes the phase by continuous movement of the liquid by capillary pipes
397  and evaporates. The stable output energy is noticed by using the cooling of heat pipes with water.
398  The energy efficiency is improved by 8.4%. Another cooling technique for reducing the temperature
399  of PV panel is the thermoelectric cooling method that is used to transfer heat in the specific direction.
400 Tt produces cooling on one side of the junction and heating effects on the other side. The intensity of
401  the heating and cooling material depends on the nominal output power. The higher output power
402  creates more heat and vice versa. This method is useful for specific PV cells where these cells required

403  maintaining cooling.

404 5. Conclusions

405 Photo-voltaic (PV) system is a reliable technology and is commercially available across Pakistan
406  with collaboration of China for a long term growth with high potential. The conditions for
407  installations of PV systems with a drive towards smart cities in Pakistan due to higher irradiance and
408  suitable temperatures across the country. The main advantage of installing the PV system is to
409  reduce load shedding in the residential sectors and to minimise overloading the National grid. This
410  will reduce the gap between the energy supplies and consumed and will leave positive impact on the
411  country economy. However, most of the urban areas in Pakistan stay hot and humid in the entire
412  year. Consistent solar irradiation at higher temperatures is one of the major factors that affect the
413  power generation performance of the monocrystalline PV modules. Since all the locations in Pakistan
414  have different temperatures, so before installing the PV system temperature analysis needs to be

415  carried out. The conclusive remarks from this study are:
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416 A simulation is carried out to examine the thermal effects on the monocrystalline PV system. As
417  part of the investigations; degree day (24 hours) analysis were performed for the four provinces of
418  Pakistan where the worst cold and hot day’s temperatures are taken for investigations.

419 A decline in power generating efficiency by monocrystalline PV panels due to the rise in surface
420  temperature was investigated. It is found that during summer months, the southern and eastern
421  regions of Pakistan, voltage is dropped to 25.20 VDC and the efficiency reduced to 14.16%.

422 It is analysed that the areas in the North region of Pakistan such as Gilgit have an achievable
423  better performance where the voltage/power generation efficiencies of the PV panel are closer to the
424 nominal values than the other regions throughout the year and is a suitable region for the installations
425  of monocrystalline PV modules. This area is found efficient because of suitable temperature ranges
426  between 0-30°C throughout the year.

427 During the summer months, the rest of Pakistan’s temperature goes very high that decreases the
428  power generation from the monocrystalline PV modules. But during the winters, the achievable

429  efficiencies are considerably better throughout Pakistan.
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Nomenclature
S Actual irradiance [W/m?]
R, Solar panel internal resistance [Q]
Isen Solar current generation [A]
T Time [s]
AT Change in temperature difference [°C]
S Nominal irradiance [W/m?]
Ipn Photovoltaic current [A]
K, Temperature coefficient [°C]
I, Saturation current dependent on temperature [A]
Ion Nominal saturation current [A]
T Temperature [°C]
Vos Open circuit voltage [V]
Py Maximum power [W]
Isc Short circuit current [A]
Nc correlation efficiency [%]
NTref panel electrical efficiency [%]
Tref Reference temperature [°C]
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Bref Temperature coefficient [°C]
T, Temperature increment [°C]
I Maximum current [A]
Vin Maximum voltage [V]
Abbreviations
MWh Electricity generated in Mega-Watt Hour
VDC DC Voltage
AK Azad Kashmir
KP Khyberpakhtoonkhaw
PV Photo-voltaic
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