
International Journal of Science and Research (IJSR) 
ISSN: 2319-7064 

SJIF (2022): 7.942 

Volume 11 Issue 5, May 2022 

www.ijsr.net 
Licensed Under Creative Commons Attribution CC BY 

Performance Optimization of Photovoltaic Thermal 

System under UAE Climate Condition: 

Experimental and Simulation Analysis 
 

Shaikhah Al Shaaer 
 

The British University in Dubai, Dubai-UAE 
*Corresponding author Email: 2016139112[at]student.buid.ac.ae 

 

 

Abstract: One of the worldwide challenges is reducing energy consumption to reduce greenhouse gas (GHG) emissions that are 

associated with energy production and use. This research focused on evaluating and assessing both electrical and thermal performance 

of the PVT system, under UAE climate conditions, in the first phase of the study. Then, enhance the performance of PVT, by optimizing 

some of the design parameters. In the first part, the performance of PVT, in comparison with PV panel, was tested experimentally. The 

collected data from the experiment were utilized to develop a simulation model to represent PVT by using TRNSYS software. The 

simulation model was used to optimize the PVT performance by changing some of the design parameters. The design parameters were: 

number of collector tubes, tubes diameter, and PVT panel area, and water flow rates. Experimental results showed that the enhancement 

in electrical efficiency of PVT in winter was 0.7%, which is equal to 5% more in comparison with PV. The results in summer were 1.2%, 

which is equal to 8.9% more in comparison with PV panel. The overall PVT efficiency in winter was 53.8%, and in summer the overall 

PVT efficiency was 57.1%. The simulation results showed that the optimum number of collector tubes was 12 tubes; the optimum tube 

diameter was 0.04 m; and the water flow rate was 2.5 GPM in both winter and summer. In addition, results showed that changing the 

PVT area was not feasible. There was no enhancement in the overall efficiency. Based on the identified optimum values of design 

parameters, the optimized model was created. The results from the optimized model showed further enhancement in comparison with the 

reference model. The percentage of electrical efficiency enhancement of PVT was 7.2% in winter and 7.5% in summer, compared to the 

reference model. In addition, the research compared the electrical performance of the PV panel with the PVT optimized model. The 

electrical efficiency of the PVT optimized model provided higher electrical efficiency than the PV panel by 6% during winter and 10% 

during summer. 
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1. Introduction 
 

Globally there are increasing concerns related to the 

catastrophic effect of increasing CO2 emission. During the 

United Nations Climate Change Conference, COP 21, in 

2015, over 190 countries signed an agreement to keep global 

warming below 2
o
C by 2050 (Guarracino, 2017). The 

agreement goal cannot be achieved unless all the countries 

locally limit CO2 emission. Accordingly, many countries 

around the world initiated green agendas to mitigate the 

effects of increasing CO2 concentration. The agenda 

included initiatives that focus on energy conservation and 

the use of renewable energy sources.  

 

The UAE is committed to the COP 21 agreement, through 

establishing Energy Strategy 2050 (National Climate 

Change Plan of the United Arab Emirates 2050, 2017). The 

UAE energy strategy aims to produce energy from mixed 

renewable sources (solar and nuclear) sources. Therefore, 

the UAE increased the renewable energy share by 

implementing a series of initiatives on different scales 

(Kazim, 2015). One of the best renewable energy solutions 

is solar energy, as it is available in the UAE and GCC areas 

all around the year.  

 

Despite the fact that earth receives a huge amount of solar 

energy on daily basis (Bagher & others 2015), utilization of 

solar energy is marginal.  Mainly sun light can be utilized in 

two ways; either generating electricity by using 

photovoltaic, or heat by using a solar collector. In the case of 

a water collector, working fluid is used to transfer the 

absorbed heat from solar radiation to be utilized in different 

applications. The type of application determines the type of 

solar collector that needs to be used. Solar collectors and 

photovoltaic both have a variety of types available in the 

market, with different specifications and efficiencies. 

Boubekri (2009) stated that, at the peak time the highest 

efficiency of PV panels can reach only up to 20%. The rest 

of the absorbed solar energy is wasted as heat. The wasted 

heat affects the PV panel's electrical performance negatively 

(Sciubba and Toro, 2011). The electrical efficiency of the 

PV panel loses about 0.25% to 0.5% if the surface 

temperature of the panel increases by 1 degree Kelvin above 

the reference temperature. 

 

Therefore, the idea of attaching PV panels with solar 

collector panels was initiated. The panel is called PVT 

hybrid which can produce both electrical and thermal energy 

simultaneously (Allan, 2015). Coupling PV panel with solar 

collectors, removes the excess heat from the back of the 

panel, which results in higher produced voltage. Figure 1.1 

PVT Hybrid basic components.                     
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Figure 1: PVT Hybrid basic components 

(www.solarpowerworldonline.com) 

 

Since the UAE has the vision to achieve 50% clean energy 

by 2050, adopting a system such as PVT, would be feasible. 

However, PVT performance is affected by changing 

geographical location and climate conditions. Geographical 

location affects the solar intensity and climate condition 

affecting the surface temperature of the PVT panel. The 

UAE has hot climate conditions. There are inadequate 

studies performed in the UAE to study the performance of 

the PVT system. Therefore, the current study will focus on 

testing PVT under UAE climate conditions. In addition to 

the performance evaluation, optimization for PVT will be 

conducted in the same study.  This study aims to main 

activities experimental test for two panels the PVT panel and 

conventional PV panel in Dubai. The experiment will be 

conducted twice during summer and winter to compare the 

performance during different season. Then, Develop 

simulation model on TRNSYS by using the collected data 

from the field experiment. The simulation model will be 

used to assess the impact of some of design on overall PVT 

performance. 

 

2. Data and Methodology 
 

2.1 Experimental test and Data Collection 

 

The methodology followed in order to achieve project 

objectives is divided into two parts. The first part was a field 

experiment of a PVT system in comparison with PV. The 

second part is developing a simulation model based on the 

data collected from part one (experimental test). The test 

procedure for the field test was developed based on (BS 

EN12975-2:2006 and IEC 61215-1-1). Up-to-date, there is 

no defined standard to evaluate the PVT performance. 

Hence, the best way to evaluate the performance of the PVT 

is to assess both the electrical and thermal performance of 

the system separately. The adapted method for evaluating 

the thermal performance of the PVT was the steady-state. 

The steady-state suggests that all the solar collector 

characterization remains constant with time during the test. 

EN12975-2:2006 standard was used to develop the thermal 

test procedure.  IEC 61215-1-1 was used to evaluate the 

electrical output of the system. In the experiment, two PV 

and PVT were used with identical electrical specifications 

and areas. The data were collected and used to develop the 

TRNSYS model. In this section, the experimental setup will 

be explained in detail. Data were collected in two seasons 

summer and winter. The comparison between collected data 

was conducted based on the electrical performance, thermal 

performance, and overall performance. In the simulation 

part, the developed model was optimized by changing 

design parameters of PVT such as number of water tubes, 

water tubes diameters, PVT panel Area, and water flow. The 

objective of changing design parameters is to further 

enhance and optimize PVT performance. Finally, all the 

optimized parameters were combined in one model, and the 

results will be compared with the original model.  

 

2.2 Test Rig Description: 

 

The test rig consisted of a PV panel and PVT panel fixed on 

the same frame with the same tilt angle and with the same 

fixation height. Both (PV and PVT) panels are identical in 

size with a 1.2 m
2
 gross area and the same electrical 

specification. The only difference is that one of them is 

attached to the solar collector to form PVT. The main aim of 

the field test is to collect sufficient realistic data to develop a 

simulation model and validate it. Therefore, the test rig was 

connected to the data logger and storage batteries. Both 

panels were connected to batteries to store the generated 

power and separate energy meters. The batteries were 

connected to a light fixture as a load. Each one of the panels 

is connected to an energy meter to record the generated 

power instantly (voltage, current, and output power). The 

inlet and outlet water temperature of the PVT panel were 

measured by using thermocouples. Thermocouples were 

connected to the data logger. In addition, a pump and flow 

meter were installed at the inlet line of the PVT panel. Two 

water storage tanks were attached to the PVT. The 

experimental setup is mainly open-loop test type as there is 

no feedback water return to the feeding water tank. The data 

collected every two minutes started from 07:00 AM time 

and ended at 18:00. Data for the full two days were collected 

one day during the winter season on 07/02/2020 and the 

second day during the summertime on 24/08/2020. The aim 

of the testing during the different seasons with the same 

setup was to compare the performance of PVT in both 

weather conditions and find the enhancement in the 

electrical and thermal performance. These two days were 

selected as one of the coldest days during winter and one of 

the warmest days during summer. Both days represent the 

least and highest weather temperatures all over the year in 

the UAE. Weather data were collected on site. The 

measurements such as air temperature (ta) was recorded 

onsite by using weather station. In addition to the ambient 

temperature the wind speed, wind direction, and diffuse 

solar radiation have been recorded. Experimental Test- setup 

Schematic Diagram in Figure 2 and Field test arrangement 

in Figure 3. 
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Figure 2: Experimental Test- setup Schematic Diagram 

 

 
Figure 3: Field test arrangement 

 

The actual useful power extracted from the solar collector is 

calculated from the following equation. The same equation 

was used to calculate the useful power generated from the 

PVT panel as per EN 12975-2:2006 (Kovacs, 2012): 

)1.......(..................................................
..

TcmQ f 

Where: 
.

Q  - useful power  

𝑐𝑓  – Mean fluid temperature  
.

m  - Mass flow rate  

T - Difference between outlet temperature and inlet 

temperature 

Output electrical power calculated by following equation. 

)2.(..............................IVP   

Where: 

P - Electrical Power 

I – current 

V – Voltage. 

2.3 Simulation Model 

 

The second part of the methodology was the simulation 

phase. In the simulation part, the collected data from the 

experiment were used to develop a simulation model in 

TRNSYS 18. TRNSYS is a simulation tool that has 

powerful capabilities to mimic or simulate the behavior of 

both electrical and thermal performance of the PVT. In the 

current research, simulation model was developed. For PVT 

as shown in Figures 4. In this case, Type 560 was used to 

represent the PVT. Type 560 is the component that 

represents the unglazed type of PVT in TRNSYS. The 

reason for choosing the type PVT mentioned earlier in this 

research in the literature review. Additionally, a plotter of 

Type 65d is used to plot the results in comparison to input 

data.  Type 25
o
C was used to print out the results file after 

running the simulation. The full model is shown in Figure 4.  
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Figure 4: PVT system TRNSYS Model 

 

3. Discussion of Results 
 

3.1 Filed Experiment Results 

 

The first objective of this research is to test and evaluate the 

electrical efficiency of PVT in comparison to standard PV 

during winter and summer. Table 1 and Table 2 show the 

results from the field experiment during summer and winter.   

 

Table 1: Summary of experimental input data and 

output results for winter 
  Parameters Value Unit 

Input 

data 

water flow rate  0.5 GPM 

Date of test  07-Feb-20   

start time  06:00 AM 

End time  06:00 PM 

Test Duration  12 hr 

Sun rise  06:58 AM 

Sun Set  06:05 PM 

flow rate 0.031467 kg/s 

Cp 4179 J/kg·K 

Area 1.2 m2 

Output 

data 

(Results) 

Maximum Electrical power  PVT  119.196 W 

Electrical Efficiency  PVT 14%   

Maximum Thermal  power  PVT  494.2577 W 

Maximum Thermal  Efficiency  

PVT 
53.80%   

Average Thermal  Efficiency PVT  42.50%   

Maximum Electrical power  PV 115.5 W 

Average Electrical power  PV 62.9 W 

Electrical Efficiency  PV 13.30%   

 

Table 2: Summary of experimental input data and output 

results for summer 

 
Parameters Value Unit 

Input 

data 

water flow rate 0.5 GPM 

Date of test 24-August-20 
 

start time 6:00 AM 

End time 6:55 PM 

Test Duration 12.00 hr 

Sun rise 6:00 AM 

Sun Set 6:05 PM 

Cp 4179 J/kg·K 

Area 1.2 m2 

Output 

data 

(Results) 

Maximum Electrical power  PVT 127.59 W 

Electrical Efficiency  PVT 13.40% 
 

Maximum Thermal  power  PVT 584.163 W 

Maximum Thermal  Efficiency  PVT 83.0% 
 

Average Thermal  Efficiency PVT 57.1% 
 

Maximum Electrical power  PV 120.375 W 

Average Electrical power  PV 64.122 W 

Electrical Efficiency  PV 12.2% 
 

 

3.2 Simulation Results 

 

The simulation model results were compared with the data 

collected from the field experiment to investigate the 

accuracy of the simulation model. In the literature review, it 

has been mentioned the accurate simulation model must 

produce results within 5% error in comparison with the 

experimental results. The compatibility between the 

experiments results and simulation results is shown in 

Figures 5 and 6. The comparison has been conducted 

between experimental and simulation results of (Tout, output 

thermal power, and output electrical power). 

 

 

 

 

 
Figure 5: TRNSYS model results during winter in comparison with input data 

(Experimental results) 
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Where: 

 
 

 
Figure 6: TRNSYS model results during summer in comparison with input data 

(Experimental results) 

 

3.2.1 PVT Optimization Results 

The optimization was done by changing each of the 

mentioned design parameters and assessing the impact of 

change on the (Electrical efficiency, Thermal Efficiency, 

and overall Efficiency). The selected design parameters to 

be checked were: 

a) Number of water tubes. (Results shown in Figures 7&8) 

b) Diameters of water tubes. (Results shown in Figures 

9&10) 

c) Water flow rate. (Results shown in Figures 11&12) 

d) PVT panel Area.(Results shown in Figures 13&14) 

 

 

 
Figure 7: Effect of changing number of water tubes on overall PVT Efficiency in winter 

 

Paper ID: SR22524194159 DOI: 10.21275/SR22524194159 1930 



International Journal of Science and Research (IJSR) 
ISSN: 2319-7064 

SJIF (2022): 7.942 

Volume 11 Issue 5, May 2022 

www.ijsr.net 
Licensed Under Creative Commons Attribution CC BY 

 
Figure 8: Effect of changing number of water tubes on overall PVT Efficiency in summer 

 

 
Figure 9: Effect of change in tubes diameter on overall PVT Efficiency during winter 

 

 
Figure 10: Effect of change in water tubes diameter on overall PVT Efficiency during summer 
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Figure 11: Effect of changing flow Rate on overall PVT Efficiency during winter 

 

 
 

 
 

3.2.2 Complied Optimized Model 

After identifying individual optimized parameter in the 

previous steps. Simulation for the optimized model has been 

tested compiling all the optimized values in one model. The 

optimized design parameters shown in below Table  

 

Table 3: List of optimize design parameters 
Parameters Optimum value Unit 

Number of water tubes 12 Number 

Diameters of water tubes 0.040 m 

Water flow rate 2.5 GPM 

 

Table 4: Comparison between the reference model and Optimized model during winter 

Model 

Electrical 

efficiency 

(Average) 

Thermal 

efficiency 

(Average) 

T cell 

Temperature 

Average C 

T cell 

Temperature 

Maximum C 

Overall PVT 

efficiency 

Percentage of 

Enhancement in overall 

efficiency of PVT 

Reference model 14.04% 42.11% 30.00 40.17 56.14% 
7.2% 

Optimized Model 14.15% 46.38% 28.50 37.50 60.53% 

 

Table 5:  Comparison between the reference model and Optimized model during summer 

Model  

Electrical 

efficiency 

(Average) 

Thermal 

efficiency 

(Average) 

T cell 

Temperature 

Average C 

T cell 

Temperature 

Maximum C 

Overall 

PVT 

efficiency 

Percentage of 

Enhancement in overall 

efficiency of PVT 

Reference model  13.47% 57.10% 43.27 55 70.57% 
7.5% 

Optimized Model  13.57% 62.73% 41.41 52.55 76.29% 
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Table 6: Compassion between PV panel Experimental 

results and Optimized model 

 
Optimized 

Model 
PV 

Enhancement in 

Electrical Efficiency 

Electrical Efficiency 

in Winter 
14.15% 13. 3% 6% 

electrical Efficiency in 

Summer 
13.57% 12.2%. 10% 

 

4. Discussion 
 

4.1 Experimental Results 

 

Experimental results during winter gave a maximum 

electrical power generated from PVT of 119.2 W with a 

maximum electrical efficiency of 14% during the day. In 

comparison with the conventional PV panel, the maximum 

generated power was 115.5 W with a maximum electrical 

efficiency of 13.3%. Therefore, the enhancement of 

electrical efficiency in PVT was due to the cooling effect of 

water on the PVT cells (surface temperature). The cooling 

effect of water enhanced the output voltage from the PVT 

panel. Photovoltaic power output is affected mainly by two 

factors:  

a) Weather conditions.  

b) PV cell temperature.  

 

The enhancement in the efficiency was equal to 0.7% 

between the PVT and the PV that is equal to 5%.  

 

In addition to the electrical power, PVT generated thermal 

power of 494.25 W with a maximum thermal efficiency of 

53.8% and average thermal efficiency of 42.5% during the 

test day; the test day was 7
th

 Feb 2020. The maximum 

ambient temperature was around 24
o
C degrees during 

noontime and the highest global solar radiation was 1005 

W/m
2
. All the mentioned results are shown in Table 5.1.  

 

During summer the test was conducted on 24
th 

August 2020; 

the highest ambient temperature reached around 46
o
C 

degrees and the highest global solar radiation was 1014 W/ 

m
2
.  

 

The maximum electrical power generated from the PVT was 

127.59 W and the maximum electrical efficiency was 

13.40%. The maximum power generated from the PV panel 

was 120.375 W and the highest electrical efficiency was 

12.2%. Accordingly, the enhancement in the electrical 

efficiency of PVT in comparison to PV and due to the effect 

of water cooling during summer was 1.2% that is equal to 

8.9%. The PV’s electrical efficiency has an inverse 

relationship with increase PV cell temperature.  

 

The generated thermal power was 584.163 W with a 

maximum thermal efficiency of 83% and Average thermal 

efficiency of 57.1 %. Thermal efficiency, in general, 

depends on several factors as inlet water temperature, 

ambient temperature, and global solar radiation. All of the 

above results are summarized in Table 5.2. 

 

From the results, PVT thermal performance was higher 

during summer more than in winter due to two reasons: 

 

a) High ambient temperature. 

b) Higher solar radiation.  

 

On the other hand, the electrical efficiency of PVT during 

summer was less than the electrical efficiency during winter 

due to an increase in PVT cell temperature which resulted in 

decreasing the electrical efficiency.  

 

However, the enhancement of the PVT electrical efficiency 

during summer was 1.2% more than in winter at 0.7%.   

 

4.2 Simulation Results 

 

4.2.1 Changing number of PVT collector tubes 

Simulation results showed that increasing the number of 

tubes resulted in enhancing both the electrical and thermal 

efficiency of the PVT.  This was due to an increase in the 

area of contact between the collector tubes and the working 

fluid. Accordingly, heat transfer enhanced and the PVT 

overall performance improved. The optimum number of 

tubes was 12 tubes as per the setup criterion. The electrical 

efficiency was enhanced from 13.24 % for 2 tubes to 

13.49% due to water cooling effect the PVT cell temperature 

from 47.73
o
C to 42.80

o
C on average and 62.82

o
C to 54.84

o
C 

in maximum PV cell Temperature. 

 

In addition, increasing the number of tubes from 2 to 12 

results in thermal efficiency enhancement from 31.82% for 2 

tubes to 43.18% for 12 tubes. The overall efficiency 

increased from 45.59% to 57.25%. 

 

For summer results, the optimum number of tubes was 12. 

The electrical efficiency was enhanced from 13.24 % for 2 

tubes to 13.49% due to water cooling effect the PVT cell 

temperature. The thermal efficiency was enhanced from 

43.35% for 2 tubes to 58.53% for 12 tubes. Accordingly, the 

overall efficiency was enhanced by almost 15.18 % for an 

increasing number of tubes. 

 

4.2.2 PVT Collector Tubes Diameter Changes 

By increasing the diameter of the tubes, the area of contact 

with working fluid increases. As a result, the heat transferred 

between the collector and the working fluid is enhanced.  

 

The optimum tube diameter in both winter and summer was 

found to be 0.04 m. In winter, electrical efficiency was 

14.09%, Thermal efficiency was 44.32%, and the overall 

PVT efficiency was 58.42%.  

 

During summer, the thermal performance was better. 

However, the electrical performance was less during winter 

due to an increase in PV cell temperature. Electrical 

efficiency was 13.52%, thermal efficiency 60.04% and, 

overall PV thermal efficiency was 73.56%.  

 

4.2.3 Water Flow Rate Changes 

The water flow rate was changed to a range of values: 0.125, 

0.25, 0.5, 1, 1.5, 2, 2.5,….. and 5. According to the 

simulation model results, the optimum flow rate for winter 

and summer was 2.5 GPM. The efficiency kept increasing 

with increasing the water flow rate due to the decreasing the 

temperature of PV surface. 
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During winter, electrical efficiency was 13.94%, thermal 

efficiency was 35.82%, and overall efficiency was 49.76% 

at a water flow rate of 0.125 GPM. The efficiency was 

enhanced at the optimum flow rate of 2.5 GPM as electrical 

efficiency reached 14.10%, Thermal efficiency reached 

42.29%, and overall efficiency 56.39%.  

 

In summer analysis, with a water flow rate of 0.125 GPM, 

electrical efficiency was 13.36%, thermal efficiency 50.53%, 

and overall efficiency 63.89%. In optimum water flow rate 

2.5 GPM, electrical efficiency was 13.50%, thermal 

efficiency was 59.03%, and the overall PVT efficiency was 

72.54%.  

 

4.2.4 PVT Panel Area Changes 

PVT panel gross area was changed with a range of 0.914, 

1.2, and 1.5 m
2
. The results showed that the electrical and 

thermal efficiency both slightly decreased when the PVT 

area increased. In winter, the PVT panel area increase from 

0.914m2 to 1.5 m
2
. The electrical efficiency kept constant at 

14.10%. The main reason was that the PV surface 

temperature changed slightly from 29.14
o
C to 29.19

o
C on 

average. However, thermal efficiency decreased slightly 

from 42.4% to 42.27%. In summer, electrical efficiency 

slightly decreased from 13.48% to 13.46% with increasing 

the PVTarea. This is due to an increase in PV surface 

temperature from 43.05
o
C to 43.45

o
C on average. Thermal 

efficiency as well decreased slightly from 57.65% to 

57.10%. Accordingly, the overall efficiency slightly 

decreased from 71.13% to 70.56%. By increasing the panel 

area, the instance solar energy falling on the PVT panel 

increase that led to decrease in efficiencies.  In addition, 

electrical and thermal efficiency have an inverse relation 

with the area. 

 

4.2.5 Optimized Model 

In the optimized model where all the optimum parameters 

were compiled the results are shown in Tables 4 and 5. 

Winter results showed that the optimized model has a 7.2% 

increase in overall efficiency than the reference model, the 

electrical efficiency increased from 14.04% to 14.14%, and 

thermal efficiency enhanced from 56.14% to 60.53%. 

 

Summer results showed that the optimized model has a 7.5% 

increase in overall efficiency than the reference model. The 

electrical efficiency increased from 13.47% to 13.57%, and 

the thermal efficiency increased from 57.10% to 62.73%.   

 

In addition, the enhancement in the electrical efficiency 

between conventional PV panels and the optimized model in 

the winter was 6% and in summer was 10% as shown in 

Table 6. 

 

5. Conclusions 
 

In the current research, the study has been carried out 

through two main parts (experimental part and simulation 

part) in order to achieve the study objectives. The first 

objective was to test and evaluate the electrical efficiency of 

PVT in comparison to standard PV during winter and 

summer. Hence, in the experimental part PVT panel and PV 

panel have been tested under the same weather conditions to 

study the performance. The experiment was conducted twice 

during winter and summer. In winter, the enhancement in 

the PVT electrical efficiency was 5% (as the increase was 

0.7%) compared with the PV panel. In summer, the 

enhancement in electrical efficiency was 8.9% (as the 

increase was 1.2 %) compared to the PV panel of the 

identical electrical specification. On the other hand, thermal 

performance in both winter and summer was acceptable as 

in winter was 53.8% and in summer 57.1%. Since there was 

a tangible improvement in the electrical efficiency, PVT 

consider being a feasible system being used under UAE 

climate conditions. 

 

In the second part of the research, the experimental data was 

utilized to develop a simulation model. The software which 

was used to develop the model was TRNSYS. The TRNSYS 

component used to represent PVT was Type 560.  

 

The optimization of PVT performance was done by 

changing selected parameters such as (number of tubes, 

diameters of tubes, PVT panel area, and water flow rate) in 

winter and summer.  

 

The results showed that an increasing number of tubes 

enhanced both the electrical and thermal efficiency of the 

PVT. The optimum number of tubes was found to be 12 

number with overall PVT efficiency of 57.25% during 

winter and 72.02% during summer. 

 

The second parameter was the diameter of the tubes. The 

optimum size of collector tubes was 0.04 m. The optimum 

size of tubes resulted in 58.42% of overall PVT efficiency 

during winter and 73.56% during summer.  

 

The third selected parameter was the PVT panel area, the 

results showed that increasing the gross area decreases both 

thermal and electrical efficiency. The overall efficiency in 

winter decreased from 56.53% to 56.37% with increasing 

the PVT areas from 0.941 m2 to 1.5 m2. In summer, the 

overall efficiency decreased from 71.13% to 70.56%. 

Therefore, increasing the panel is not a feasible option. 

 

For the change in flow rate, the optimum flow rate was 2.5 

GPM. The overall PVT efficiency during winter was 56.39% 

and during summer was 72.54%. 

 

Lastly, all the optimized parameters were combined and 

used in one model. In the optimized model, the overall 

efficiency in winter was 60.53%, and in summer, the overall 

efficiency was 76.29%.  

 

In comparing PV electrical efficiency resulting from the 

experiment with the electrical efficiency of the optimized 

model, the results that the electrical efficiency of the PVT 

optimized model was better than PV by 6% more during 

winter and 10% more during summer.   

 

In addition, it can be concluded that PVT performance was 

higher during summer than winter.  The most influenced 

parameter among the studied ones was water flow rate. From 

mentioned results, it can be concluded that PVT is 

considered a feasible system in countries with the same 

weather conditions as the UAE. 

 

Paper ID: SR22524194159 DOI: 10.21275/SR22524194159 1934 



International Journal of Science and Research (IJSR) 
ISSN: 2319-7064 

SJIF (2022): 7.942 

Volume 11 Issue 5, May 2022 

www.ijsr.net 
Licensed Under Creative Commons Attribution CC BY 

References  
 

[1] Abdalla Ghoneim, A., and Mohammedein  (2016), 

Experimental and Numerical Investigation of 

Combined Photovoltaic-Thermal Solar System in Hot 

Climate, British Journal of Applied Science & 

Technology, 16(3), 1-15. doi: 

10.9734/bjast/2016/26151. 

[2] Allan J. Alla. (2015), The Development and 

Characterization of Enhanced Hybrid Solar 

Photovoltaic Thermal Systems, School of Engineering 

and Design, Brunel University. 

[3] Amna Alzaabia, Nadine Badawiyeha, Hind Hantousha, 

A. K. Hamidb (2014), Electrical/thermal performance 

of hybrid PV/T system in Sharjah, UAE, International 

Journal of Smart Grid and Clean Energy, doi: 

10.12720/sgce.3.4.385-389 

[4] Amrizal Nalis, (2012), Quasi-Dynamic 

Characterization of Hybrid Photovoltaic/Thermal 

(PV/T) Flat-Plate Collectors, Dipòsit Legal: L.973-

2012 

[5] Chao-Yang Huang, Hsien-Chao Sung, and Kun-

Lung Yen (2012), Experimental Study of 

Photovoltaic/Thermal (PV/T) Hybrid System, 

International Journal of Smart Grid and Clean Energy 

[6] Farzad Jafarkazemiand S.Ali Saadabadi(2012), 

Optimum tilt angle and orientation of solar surfaces in 

Abu Dhabi, UAE, Islamic Azad University, South 

Tehran Branch, No. 209, North Iranshahr St., Tehran 

11365-4435, Iran 

[7] Hassan Hejase. and Ali Assi, (2013), Global and 

Diffuse Solar Radiation in the United Arab Emirates, 

International Journal of Environmental Science and 

Development, Vol. 4, No. 5, October 2013 

[8] http://ec.europa.eu/eurostat/statisticsexplained/index.p

hp/Glossary:Primary_energy_consumption visited on 

[02/03/2018] 

[9] http://www.powerfromthesun.net/Book/chapter01/chap

ter01.html, visited on [02/03/2018] 

[10] Ilaria Guarracino, (2017), Hybrid photovoltaic and 

solar thermal (PVT) systems for solar combined heat 

and power, Imperial College London Department of 

Chemical Engineering 

[11] Mahmoud Boubekri, Abla Chaker, and Malek Ali, 

(2009), Numerical approach for performance study of 

hybrid PV/ Thermal collector, Laboratory of 

Valorization of Renewable Energies and Environments 

Aggressive, Algeria. 

[12] Maryam Rahou, Mohd Yusof Othman, Mat Sohif, and 

Adnan Ibrahim, (2014), Performance Study of a 

Photovoltaic Thermal (PV/T) System with an 

Oscillatory Flow Design, Journal of Solar Energy 

Engineering. February 2013 

[13] Michele Pressiani, (2016), Photovoltaic and thermal 

hybrid solar collector: TRNSYS analysis and possible 

improvements, KTH Industrial Engineering and 

Management. 

[14] Mohammad Alobaid, Ben Hughes, John Kaiser 

Calautit, Dominic O'Connor, Andrew Heyes (2018), 

Improving thermal and electrical efficiency in 

photovoltaic thermal systems for sustainable cooling 

system integration. Journal of Sustainable 

Development of Energy, Water and Environment 

Systems, 6 (2). 305-322. ISSN 1848-9257. 

[15] Mohammad Bagher, Abadi Vahid Mirzaei, Mirhabibi 

Mohsen, (2015), Types of Solar Cells and Application. 

American Journal of Optics and Photonics. Vol. 3, No. 

5, 2015, 94-113. doi: 10.11648/j.ajop.20150305.17 

[16] Mohsen Mahdavi Adeli, Fatemeh Sobhnamayan, Said 

Farahat, Mahmood Abolhasan Alavi and Faramarz 

Sarhaddi , (2012), Experimental performance 

evaluation of a photovoltaic thermal (PV/T) air 

collector and its optimization, Journal of Mechanical 

Engineering 58, no. 5 (2012) 309-318. 

[17] Mostafa Kaya, (2013), Thermal and Electrical 

Performance Evaluation of PV/T Collectors in UAE, 

School of Industrial Engineering and Management 

Energy Technology EGI-2013-037MSC Division of 

Applied Thermodynamics and Refrigeration 

[18] Muhmmed Kazim, (2015), ―Performance of PV Panel 

Mounting Structure for Flat Surface and Roof-Top in 

UAE Climatic Conditions‖, Int. J. of Sustainable 

Water & Environmental Systems Volume 7, No. 1 

(2015) 

[19] Omar Ali Shaneb, Abdulla Abouda, Mohammed Taha 

and M. Abdullrahem,(2017), Performance Evaluation 

of Solar Photovoltaic Thermal Air Collector Based on 

Energy and Exergy Analysis, The International 

Journal Of Engineering And Information Technology 

(IJEIT), VOL. 3, NO. 2 

[20] Saffa B. Riffat and Erdem Cuce, (2011), A review on 

hybrid photovoltaic/thermal collectors and systems, 

International Journal of Low-Carbon Technologies, 

6(3), 212-241. doi: 10.1093/ijlct/ctr016. 

[21] Sanjay Sharma, Syed Rabia, Aditya Chuahan and A. 

K. Pathak, (2012), Photovoltaic Thermal (PV/T) and 

Its Recent Developments, Department of Energy 

Management, Shri Mata Vaishno Devi University, 

Reasi, J&K, India-182320 

[22] Sciubba, E., Toro, C., (2011), Modeling and 

Simulation of a Hybrid PV/Thermal collector, Dept. of 

Mechanical & Aerospace Engineering, University of 

Roma ―La Sapienza‖ Via Eudossiana 18, 00184, 

Roma, Italy 

[23] Shruti Sharma, Jain, K., Ashlesh Sharma, (2015), 

―Solar Cells: In Research and Applications—A 

Review‖, Materials Sciences and Applications, 2015, 

6, 1145-1155 Published Online December 2015 in 

SciRes. 

http://www.scirp.org/journal/msahttp://dx.doi.org/10.4

236/msa.2015.612113 

[24] Swapnil Dubey, Jatin Narotam Sarvaiya, 

Bharath Seshadri (2012), Temperature Dependent 

Photovoltaic (PV) Efficiency and Its Effect on PV 

Production in the World – A Review, Energy 

Procedia, Vol. 33, 311-321. 

 

 

 

Paper ID: SR22524194159 DOI: 10.21275/SR22524194159 1935 

https://www.researchgate.net/profile/Farzad-Jafarkazemi?_sg%5B0%5D=Hk3EKoto6ZV8SWqNzdtm9HLA3HTQ_o_F3ziJOiT6Bdo1sj-OBbYxs0_-36giZpSaJn9NjY8.na1jBD5dqou_S9_ZWvi2GrZ4xAXsigd1Nm9bWjkMQuMDfEe00jtGlWZWmFBo-qKxW_NjhtnRZdQVguAAgcoozA._QAVB9uBEoEbfbmWD-8IkocI6iIQKQva9MgbSqwH67UmXvh1xd2MDPsgiDn4KQUM1qx8QSu_wWvdbCyXA--ADA&_sg%5B1%5D=fwbpDo_A1AM81uz9AXyR-sSzIF-_e3-v1lRpSe9pcu23-isPXpI9zceh9bFOYq6q-rk-uQc._-sb2pMHhJOjmIcCgZAYsWaV7-CFrQXd43qXXiWvXlI0Hley8ekkoEYn2Y8Hl3EWkNSEu8jxiZkfAu0GcoZsMA
https://www.researchgate.net/profile/Sali-Saadabadi?_sg%5B0%5D=Hk3EKoto6ZV8SWqNzdtm9HLA3HTQ_o_F3ziJOiT6Bdo1sj-OBbYxs0_-36giZpSaJn9NjY8.na1jBD5dqou_S9_ZWvi2GrZ4xAXsigd1Nm9bWjkMQuMDfEe00jtGlWZWmFBo-qKxW_NjhtnRZdQVguAAgcoozA._QAVB9uBEoEbfbmWD-8IkocI6iIQKQva9MgbSqwH67UmXvh1xd2MDPsgiDn4KQUM1qx8QSu_wWvdbCyXA--ADA&_sg%5B1%5D=fwbpDo_A1AM81uz9AXyR-sSzIF-_e3-v1lRpSe9pcu23-isPXpI9zceh9bFOYq6q-rk-uQc._-sb2pMHhJOjmIcCgZAYsWaV7-CFrQXd43qXXiWvXlI0Hley8ekkoEYn2Y8Hl3EWkNSEu8jxiZkfAu0GcoZsMA
http://ec.europa.eu/eurostat/statisticsexplained/index.php/Glossary:Primary_energy_consumption
http://ec.europa.eu/eurostat/statisticsexplained/index.php/Glossary:Primary_energy_consumption
http://www.powerfromthesun.net/Book/chapter01/chapter01.html
http://www.powerfromthesun.net/Book/chapter01/chapter01.html
https://www.researchgate.net/profile/Maryam-Rahou?_sg%5B0%5D=eZCTHdqrTq1eN7uc90p878eog9PYme28V-fnPCT9QhBIyV1ryH8HDlwBDhzXIPm7sp3aUjc.eStz5Z1EJDWuQ_G9HOs16xvt-mnJwJ-yikA3lwNoR9-byRHskZh7oZAqssx2x2AcwlsT8Avn5Jsezlusd-pd_w.23Cql5lMSKoeR35F8gK5ngsDQJwVHTn6Yybe5IMYF0g5VaINtAtTQhNSvoSUkQamoi47R2kmSxaw24B9i3UKxA&_sg%5B1%5D=4Vea3_Gqq-3n6M6uhOZUCX2dlDMBrNLOMqmmvCIcHPsUhmUXXRagdCVtHY_uWdyQYLlsIk8.Ru68BUlHKzQrs-MescjmtliMHo7lpoYQUpAmsw3n1NeJlNrslpW0UAn06WA0a5Smyrf-nsAmrjWaF5PreINvxg
https://www.researchgate.net/profile/Mohd-Othman-24?_sg%5B0%5D=eZCTHdqrTq1eN7uc90p878eog9PYme28V-fnPCT9QhBIyV1ryH8HDlwBDhzXIPm7sp3aUjc.eStz5Z1EJDWuQ_G9HOs16xvt-mnJwJ-yikA3lwNoR9-byRHskZh7oZAqssx2x2AcwlsT8Avn5Jsezlusd-pd_w.23Cql5lMSKoeR35F8gK5ngsDQJwVHTn6Yybe5IMYF0g5VaINtAtTQhNSvoSUkQamoi47R2kmSxaw24B9i3UKxA&_sg%5B1%5D=4Vea3_Gqq-3n6M6uhOZUCX2dlDMBrNLOMqmmvCIcHPsUhmUXXRagdCVtHY_uWdyQYLlsIk8.Ru68BUlHKzQrs-MescjmtliMHo7lpoYQUpAmsw3n1NeJlNrslpW0UAn06WA0a5Smyrf-nsAmrjWaF5PreINvxg
https://www.researchgate.net/profile/Mat-Sohif?_sg%5B0%5D=eZCTHdqrTq1eN7uc90p878eog9PYme28V-fnPCT9QhBIyV1ryH8HDlwBDhzXIPm7sp3aUjc.eStz5Z1EJDWuQ_G9HOs16xvt-mnJwJ-yikA3lwNoR9-byRHskZh7oZAqssx2x2AcwlsT8Avn5Jsezlusd-pd_w.23Cql5lMSKoeR35F8gK5ngsDQJwVHTn6Yybe5IMYF0g5VaINtAtTQhNSvoSUkQamoi47R2kmSxaw24B9i3UKxA&_sg%5B1%5D=4Vea3_Gqq-3n6M6uhOZUCX2dlDMBrNLOMqmmvCIcHPsUhmUXXRagdCVtHY_uWdyQYLlsIk8.Ru68BUlHKzQrs-MescjmtliMHo7lpoYQUpAmsw3n1NeJlNrslpW0UAn06WA0a5Smyrf-nsAmrjWaF5PreINvxg
https://www.researchgate.net/profile/Adnan_Ibrahim?_sg%5B0%5D=eZCTHdqrTq1eN7uc90p878eog9PYme28V-fnPCT9QhBIyV1ryH8HDlwBDhzXIPm7sp3aUjc.eStz5Z1EJDWuQ_G9HOs16xvt-mnJwJ-yikA3lwNoR9-byRHskZh7oZAqssx2x2AcwlsT8Avn5Jsezlusd-pd_w.23Cql5lMSKoeR35F8gK5ngsDQJwVHTn6Yybe5IMYF0g5VaINtAtTQhNSvoSUkQamoi47R2kmSxaw24B9i3UKxA&_sg%5B1%5D=4Vea3_Gqq-3n6M6uhOZUCX2dlDMBrNLOMqmmvCIcHPsUhmUXXRagdCVtHY_uWdyQYLlsIk8.Ru68BUlHKzQrs-MescjmtliMHo7lpoYQUpAmsw3n1NeJlNrslpW0UAn06WA0a5Smyrf-nsAmrjWaF5PreINvxg
https://www.researchgate.net/profile/Mohammed_Taha21
https://www.researchgate.net/profile/Mohammed_Taha21
https://www.researchgate.net/profile/Mohammed_Taha21
https://www.researchgate.net/profile/Mohammed_Taha21
https://www.researchgate.net/profile/Mohammed_Taha21
https://www.researchgate.net/profile/Mohammed_Taha21
https://www.researchgate.net/profile/Mohammed_Taha21
https://www.researchgate.net/scientific-contributions/Saffa-Riffat-72853194?_sg%5B0%5D=DAA7iTQvk41LAUiHsZ9m2WIJaVb8JREymjcL9-4amggLCqd50p5Lm7xWRoqHPt4W7wd82KY.Fy2PYwbQpcMu_3QNJv25HN45ulfFPSl2oH5Q8YCFo9wxkWsj5fgw4Q4odbJEVgxdIFn9_HPivJ0uqwm9mcF3XA.EYC-xL_i6Z7Ppt6dLVTekXWSL3woJDp9qn-GagTyYok_guTVhBetgT0zxRI9BMl51m1HlY90Pg8AyOJgHSForw&_sg%5B1%5D=plK_Lpjvajyp2wEBw9tXeyzR2x6ZzQBf1W2OA_bUcuuc-ynSw-VhRr2ZWu3zwtySRkxr57s.Kew0iJwFmA7Zh115PbkV5_xtjoV7nH2_ZjGubemTzihxsDMwXz2yI396mq8GvXhLuuOd15Pn2bo3U4_Asx45KA
https://www.researchgate.net/profile/Erdem-Cuce?_sg%5B0%5D=DAA7iTQvk41LAUiHsZ9m2WIJaVb8JREymjcL9-4amggLCqd50p5Lm7xWRoqHPt4W7wd82KY.Fy2PYwbQpcMu_3QNJv25HN45ulfFPSl2oH5Q8YCFo9wxkWsj5fgw4Q4odbJEVgxdIFn9_HPivJ0uqwm9mcF3XA.EYC-xL_i6Z7Ppt6dLVTekXWSL3woJDp9qn-GagTyYok_guTVhBetgT0zxRI9BMl51m1HlY90Pg8AyOJgHSForw&_sg%5B1%5D=plK_Lpjvajyp2wEBw9tXeyzR2x6ZzQBf1W2OA_bUcuuc-ynSw-VhRr2ZWu3zwtySRkxr57s.Kew0iJwFmA7Zh115PbkV5_xtjoV7nH2_ZjGubemTzihxsDMwXz2yI396mq8GvXhLuuOd15Pn2bo3U4_Asx45KA
http://www.scirp.org/journal/msa
http://www.scirp.org/journal/msa
http://www.scirp.org/journal/msa



