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ABSTRACT 
 

Interest in solar energy is growing by the day, because it is clean and unlimited. Concentrated 
photovoltaic-thermal (CPV/T) systems are one of the systems that are attracting a great deal of 
attention among solar energy systems. In this work, a study of a hybrid concentrated photovoltaic-
thermal (CPV/T) system that enables the simultaneous production of electrical and thermal energy 
has been presented. As the experimental realization of such devices is costly, it is necessary to 
develop numerical models.  
The aim of this work is to evaluate the thermal efficiency of the system based on the thermal model, 
using an iterative simulation procedure.  
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Propose a numerical model to evaluate the thermal efficiency of a CPV/T hybrid system. 
Starting from the energy conservation equations, a numerical modelling and simulation of the 
concentrated photovoltaic-thermal hybrid (CPV/T) system is carried out. A parametric analysis is 
carried out to study the influence of concentration, water mass flow rate, cell surface area and 
Reynolds number on the system's thermal and electrical performance. 
The results show that thermal efficiency decreases with increasing Reynolds number and mass flow 
rate. However, it increases when the water mass flow rate is equal to 0.0001kg/s, from 0.4% to 
0.7%, for a flow rate equal to 0.0010kg/s. 
An interesting and useful finding was that the proposed numerical model allow the determination of 
the electrical as well as thermal efficiency of the hybrid CPV/T. 
 

 
Keywords: Numerical; concentration; PV; cell; thermal; hybrid; efficiency. 
 

1. INTRODUCTION  
 
PhotoVoltaic/Thermal (PVT) hybrid solar 
collector was suggested as a solution for 
promoting the PV efficiency and the benefit of 
solar radiation. It is incorporation of solar PV with 
the Solar Thermal Collectors (STC) that serves in 
the simultaneous generation of electricity and 
heat with half the area needed and little extra 
cost [1]. Numerous investigations are conducted 
since the development of solar hybrid systems 
[2-5]. 

 
The surface temperature of photovoltaic panels 
increases due to the low efficiency of solar 
energy into electricity, as not all the energy 
absorbed by the photovoltaic cells can be 
converted into electrical energy. To satisfy the 
law of conservation of energy, the remaining 
solar energy must be converted into heat, which 
is why it is important to develop methods of 
cooling photovoltaic cells to increase output 
efficiency. Several active and passive methods of 
cooling photovoltaic panels have been studied 
and analysed to date [6-8]. From these studies 
came the idea of coupling the standard PV 
system with another thermal system, giving rise 
to a hybrid CPV/thermal system that generates 
electricity and heat at the same time, with a 
higher energy conversion rate from the solar 
radiation absorbed [9-12]. It appears that 
controlling the temperature rise of the 
photovoltaic panels leads to gains in the 
electrical power of the panel [13], and the 
thermal energy extracted from the photovoltaic 
panels is used for a variety of low-temperature 
applications. Several studies in the literature, 
both theoretical and experimental, report on 
electrical and thermal efficiencies [14-20]. 

 
However, these studies do not give the influence 
of certain parameters such as mass flow rate, 

Reynold's number or tube length on these 
efficiencies. 
 
K. Shanks et al [21] Conducted a study on a high 
concentrator photovoltaic with 5800x geometrical 
concentration ratio based on multiple primary 
Fresnel lenses focusing to one central solar cell. 
 
His study was focus on the optical efficiency of 
each component which is simulated as well as 
experimentally measured to ensure the accuracy 
of the simulations. 
 
The contribution of this paper is therefore to 
evaluate the electrical and thermal efficiency of a 
PV/Thermal hybrid collector model under 
concentration as a function of these different 
parameters. 
 

2. MATERIALS AND METHODOLOGY  
 

2.1 Description and Thermal Analysis of 
the Hybrid CPV/Thermal System 

 
2.1.1 System presentation 
 
The hybrid CPV/water heating system studied 
(Fig. 1) is made up of the following essential 
components: 
 

 A concentrator, which concentrates 
sunlight using mirrors or lenses. It 
increases the density of light at the surface 
of the PV cell; 

 A photovoltaic module converts solar 
radiation into electrical energy. It is made 
up of three layers: the first is a layer of 
glass, the front of which is exposed to                 
the radiation, the second layer contains  
the photovoltaic cells and the third                  
layer is the back of the module, made of 
tedlar; 
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 A substrate (heat sink) to absorb the heat, 

 A channel, bonded to the substrate to 
ensure good thermal contact between the 
two elements, through which water 
circulates to remove the heat stored by the 
heat sink; 

 Finally, a layer of insulation to minimize 
heat loss from the system. 

 
A number of assumptions are made when 
studying the system. These assumptions include 
the design of the system, atmospheric 
conditions, the characteristics of the heat transfer 
fluid flow rate and other factors that have an 
impact on the thermal analysis of the collector. 
These assumptions are: 
 

1. Heat transfer from the sides of the heat 
sink is ignored (or heat exchange is 
assumed to be negligible at the sides), 

2. The PV cell is assumed to be at the same 
temperature as the substrate (heat sink),  

3. Heat dissipation is assumed to take place 
by radiation and natural convection, and 
only at the top of the PV cell,  

4. The outlet temperature of the heat transfer 
fluid (water) is that of the substrate solar 
cell.  

 
2.1.2 Thermal analysis  
 
The sun's rays are concentrated by a 
concentrator (mirror or lens) on the solar cell to 
increase the density of light on its surface. The 
PV cell reaches its steady-state temperature 
when the absorbed light power is equivalent to 
the sum of the electrical power supplied to the 
load, the thermal power absorbed by the working 
fluid and the power dissipated in the form of heat. 

 

[7]               (1) 

 

With   

 

  : the transmissivity of the lens or 
concentrator; : the absorptivity 

coefficient of the PV cell surface;  : the 

surface area of the solar cell; : the 

geometric concentration ratio of the 

concentrator (lens) ,  :the energy 

density in standard air conditions mass. 
   

                             (2) 

 
 

  : the conversion efficiency, expressed as:

[1] 

   

                             (3) 

 

the radiating surface; the emissivity of the 

surface; the Stephan Boltzmann constant; 

the ambient temperature. 
 

            (4) 

 

the convection surface;  : the convection 

transfer coefficient which can be calculated by 
the following correlation.:  
   

  [9], [22]       (5) 

Were  
 

,  et  are the Nusselt number, 

Reynolds number and fluid Prandtl number 
respectively. 

 

                                   (6) 

the mass flow rate of the water; : the specific heat; : the initial temperature of the water.  

Thus: 

 

                 (7) 

 
The equation (7) obtained is a degree 4 equation which is solved by Newton's method on the 
MATLAB environment. 
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Fig. 1. The model and components of the CPV/thermal hybrid system 

 
3. RESULTS AND DISCUSSION 
 

3.1 Influence of Concentration Ratio on 
Temperature 

  
Fig. 2 and 3 illustrate the cell temperature 
according to the energy balance equation at 
thermal equilibrium under concentrated 
illumination in the case of laminar flow. The 
temperature of the solar cell increases 
remarkably with increasing concentrated light. 
This increase in cell temperature is due to the 
unconverted heat received by the cell as a result 
of the increase in concentrated light. It rises from 
298K to 909K when the light concentration 
increases from C= 1 Sun to C=100 Sun and for a 
water flow equal to 0.0002kg/s (Fig. 2). These 
maximum temperatures are below the melting 

point of silicon, which is 1710K. It is therefore 
possible to obtain these temperatures whatever 
the water flow rate and for laminar flow 
(Reynolds number less than or equal to 2300). 
The cell temperature as a function of 
concentration becomes almost linear with the 
increase in the flow rate of the working fluid 
(water) and the Reynolds number. This is 
because a large proportion of the heat is 
transported by the fluid (water). For a water mass 
flow rate of 0.005kg/s, the temperature of the 
solar cell rises from 298K to 331K for a 
concentration of C=1 Sun and C=100 Sun 
respectively (Fig. 3). These results show that the 
water flow rate and Reynolds number are key 
factors in the influence of temperature for 
concentrated photovoltaic/thermal (CPV/T) 
hybrid systems. 

 

 
 

Fig. 2. Variation in photocell temperature as a function of light concentration for different 
values of water mass flow rate and for a Reynolds number of 1 
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3.2 Influence of Surface Area on 
Temperature  

 

Fig. 4 illustrates the variation in system 
temperature as a function of cell surface area. 
When the surface area increases from 0.1 to 
0.5m², the temperature increases by 285K for 
C=100sun, 256K for C=80sun and 36K for 
C=10sun. It varies little when the surface area is 
greater than 0.5m² for a given concentration and 
mass flow rate of water. The heat received does 

not raise the temperature of the system to the 
melting temperature of the silicon for a given 
concentration. For a hybrid CPV/T system with 
cooling, whatever the surface area of the cell, the 
heat received has less influence on the 
temperature of the solar cell. This is because 
increasing the cell surface area reduces the 
concentration ratio. To design such a system 
with better thermal and electrical efficiency, the 
surface area of the solar cell should be               
around m² 

 

 
 

Fig. 3. Variation in photocell temperature as a function of light concentration for different 
values of water mass flow rate and for a reynolds number of 1000 

 

 
 

Fig. 4. Temperature profile as a function of cell surface area for different values of light 
concentration and for a water flow rate equal to 0.005 kg/s 
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3.3 The Effect of Water Mass Flow Rate 
on Temperature  

 
The parametric study carried out on the 
temperature of the cell (of the system or of the 
water) by varying the mass flow rate and the 
geometric concentration ratio C for a surface 
area of 0.5m² and a Reynolds number equal to 
1000 shows that the temperature of the solar cell 
decreases and stabilises as a function of the 
mass flow rate and the concentration (Fig. 5). 
This decrease can be explained by the fact that 
by increasing the water mass flow rate for a 
given concentration, the heat transported by the 
fluid is greater than the unconverted heat and 
joule effect losses. In order to reduce the effects 
of temperature when the geometric concentration 
ratio is high and achieve better electrical and 
thermal efficiency, the water mass flow rate is an 
essential parameter to take into account, 
depending on the size of the system. 
 

3.4 Effect of Reynolds Number  
 
Fig. 6 shows the variation in system temperature 
as a function of Reynolds number. As the 
Reynolds number increases, the temperature of 
the system decreases. When the Reynolds 
number increases from 1 to 1000, the 
temperature decrease is 17K for C=100 suns, 
11K for C=70 suns, 9K for C=50 suns. For a 
Reynolds number greater than 2300 (turbulent 
flow) the temperature tends towards a stable 
temperature. The Reynolds number has a 

greater impact on the temperature of the               
system (water or solar cell) because as it 
increases, the heat transported by the fluid 
increases and helps to reduce the temperature of 
the system. 
 

3.5 Electrical and Thermal Performance 
of the System 

 
3.5.1 Electrical efficiency 
 
3.5.1.1 Electrical efficiency as a function of 

concentration 
 
The parametric study carried out on the cell's 
electrical efficiency by varying the geometric 
concentration ratio C of 1-100 suns and the mass 
flow rate shows that the photocell's electrical 
efficiency increases until it reaches a maximum 
value for each given mass flow rate of water. 
Above the concentration corresponding to the 
maximum efficiency, we observe a linear 
decrease in electrical efficiency. This result is in 
line with that found by whatever the water flow 
rate. Temperature has a negative influence on 
the electrical efficiency of the solar cell when the 
geometric concentration increases for a                
constant water flow rate (Fig. 7). This                  
decrease can be explained by the fact that the 
increase in concentration contributes to                    
raising the temperature of the system                            
and consequently the decrease in                        
electrical efficiency, which is given by the 
expression 

 

 
 

 
 

Fig. 5. Variation in temperature as a function of mass flow rate for different values of 
concentration 

  0.298 0.0142 ln( ) 0.715 3 0.697 4 ln( ) 298C E E C T        
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Fig. 6. Variation of temperature as a function of Reynolds number for different values of 
concentration and for a water flow rate equal to 0.15kg/s 

 

 
 

Fig. 7. Electrical efficiency as a function of concentration 
 
3.5.1.2 Electrical efficiency as a function of 

mass flow 
 
The variation in electrical efficiency as a function 
of mass flow rate, illustrated in Fig. 8 shows that 
efficiency increases when the mass flow rate of 
water increases, whatever the value of the 
geometric concentration. In fact, when the water 
mass flow rate is increased for a given 
concentration, the heat transported by the fluid is 
greater than the unconverted heat and joule 
losses. This leads to a reduction in temperature 
and an increase in electrical efficiency. 
 

For a hybrid photovoltaic/thermal concentration 
(CPV/T) system, to achieve acceptable electrical 
efficiency when the geometric concentration is 

high, the water mass flow rate must be 
increased. 
 
3.5.1.3 Electrical efficiency as a function of 

Reynolds number  
 

It is clear that increasing the Reynolds number 
increases the electrical efficiency. When the 
Reynolds number was increased from 1 to 2300 
(laminar flow), the electrical efficiency increased 
from 17.86% to 35.53% respectively for c=100 
sun. Thereafter, the decrease in electrical 
efficiency continued slowly as the temperature 
tended towards a stable value as the             
Reynolds number increased. For a low 
concentration (1 sun) the electrical efficiency 
tends towards 30%.   
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3.5.2 Thermal efficiency  
 

3.5.2.1 Thermal efficiency as a function of 
concentration  

 

In this section, the effect of concentration is 
discussed. Varying the concentration ratio 
significantly affects the temperature of the 
system. This leads to an increase in thermal 
power and consequently an increase in thermal 
efficiency, as shown in Fig. 10. The results of this 
parametric analysis show that the thermal 
efficiency also increases as a function of the 
mass flow rate of the heat transfer fluid (water). 
When the mass flow rate is equal to 0.0001kg/s 
the efficiency increases from 0.4% to 0.7%, for a 
flow rate equal to 0.0010kg/s from 0.4 to 7.17% 
and for a water flow rate equal to 0.010kg/s from 
0.4 to 43.54% for a concentration varying from 1 
-100 suns. The greater the mass flow rate, the 

greater the thermal energy absorbed, hence the 
higher the thermal efficiency. 

 
3.5.2.2 Thermal efficiency as a function of water 

mass flow rate  

 
The mass flow rate of the working fluid is another 
important parameter in the CPV/thermal hybrid 
system with cooling. It governs the fluid outlet 
temperature and affects both thermal power and 
thermal efficiency. The influence of mass flow 
rate on thermal efficiency is shown in Fig. 10. 
The curves in Fig.11 show that the thermal 
efficiency decreases as a function of the 
geometric concentration ratio. For C=100 suns, 
the thermal efficiency decreases from 86.54% to 
36.59% for a flow rate of 0 to 1kg/s; for C=40 
suns, it varies from 87.62% to 37.30% for a mass 
flow rate of 0 to 1kg/s. 
 

 

 
 

Fig. 8. Electrical efficiency as a function of mass flow rate 
 

 
 

Fig. 9. Electrical efficiency profile as a function of reynolds number 
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Fig. 10. Thermal efficiency profile as a function of geometric concentration 
 

 
 

Fig. 11. Thermal efficiency profile as a function of water mass flow rate 
 

 
 

Fig. 12. Thermal efficiency profile as a function of reynolds number 
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3.5.2.3 Thermal efficiency as a function of 
Reynolds number  

 

The variation in thermal efficiency as a function 
of Reynolds number is shown in Fig. 12. It can 
be seen that increasing the Reynolds number 
decreases the thermal efficiency because 
increasing it decreases the temperature of the 
photocell (fluid), as shown in Fig. 5, and 
therefore the thermal power.  
 

4. CONCLUSION 
 

In this paper, we carry out the conceptual design 
of the Concentrated Photovoltaic/Thermal 
(CPV/T) hybrid system and the steady-state 
modelling for the evaluation of temperature, 
electrical and thermal performance. 
 

From the heat balance the fourth-degree thermal 
equation as a function of the photocell 
temperature was solved using MATLAB 
software. 
 

The results show that thermal efficiency 
decreases with increasing Reynolds number and 
mass flow rate. However, it increases when the 
water mass flow rate is equal to 0.0001kg/s, from 
0.4% to 0.7%, for a flow rate equal to 0.0010kg/s. 
 

An interesting and useful finding was that the 
proposed numerical model allows the 
determination of the electrical as well as thermal 
efficiency of the hybrid CPV/T. 
 

The various results which are obtained by 
numerical simulation need to be validated by 
experimental methods. 
 

A forthcoming publication will be devoted to an 
experimental comparative study with those of the 
numerical. 
 

ACKNOWLEDGEMENTS 
 

The ISP, Uppsala University, Sweden is 
gratefully acknowledged for their support to 
project BUF01. 
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 
1. Herez A, Hage HEl, Lemenand T, 

Ramadan M, et Khaled M., Review on 
photovoltaic/thermal hybrid solar 

collectors: Classifications, applications and 
new systems , Sol. Energy. 2020;207: 

1321‑1347. 
DOI: 10.1016/j.solener.2020.07.062 

2. Gaur A, Ménézo C, et Giroux--Julien S, 
Numerical studies on thermal and electrical 
performance of a fully wetted absorber 
PVT collector with PCM as a storage 
medium », Renew. Energy. Août 2017; 

109:168‑187 
DOI: 10.1016/j.renene.2017.01.062 

3. Chow TT, A review on photovoltaic/thermal 
hybrid solar technology », Appl. Energy. 

Févr. 2010;87(2):365‑379. 
DOI: 10.1016/j.apenergy.2009.06.037 

4. Greppi M et Fabbri G, Use of microspheres 
in thermally insulating hybrid solar panels, 
présenté à Energy Procedia. 2018; 

948‑953.  
Available:https://doi.org/10.1016/j.egypro.2
018.08. 090.gre 

5. Shah TR. et Ali HM, Applications of hybrid 
nanofluids in solar energy, practical 
limitations and challenges: A critical 

review. Sol. Energ mai. 2019;183:173‑203. 
DOI: 10.1016/j.solener.2019.03.012 

6. Cui M et al, Thermal test and analysis of 
concentrator solar cells , présenté à 
Photonics Asia Y. Zhao N, Chen VM, 
Andreev J. Singh J, Wu Li L, Fan Y, Zhang 
Y.-H, et Coltrin ME, Beijing Éd, China. 
2007;684117.  
DOI: 10.1117/12.755323 

7. Min C, Nuofu C, Xiaoli Y, Yu W, Yiming B, 
et Xingwang Z, Thermal analysis and test 
for single concentrator solar cells », J. 
Semicond. Avr. 2009;30(4):044011 
DOI: 10.1088/1674-4926/30/4/044011 

8. Ju X, Xu C, Han X, Du X, Wei G, et Yang 
Y, A review of the concentrated 
photovoltaic/thermal (CPVT) hybrid solar 
systems based on the spectral beam 
splitting technology , Appl. Energy. Févr. 

2017;187:534‑563. 
DOI:10.1016/j.apenergy.2016.11.087 

9. Amal H, Hicham EH, Thierry L, Mohamad 
R. et Mahmoud K, Parabolic trough 
photovoltaic/thermal hybrid system: 
Thermal modeling and parametric analysis. 

Renewable Energy. 2020;160‑172. 
10. Herez A, Hage H El, Lemenand T, 

Ramadan M, et Khaled M, Parabolic 
trough photovoltaic/thermal hybrid system: 
Thermal modeling and parametric 
analysis » Renew. Energy Mars 2021; 

165:224‑236. 
DOI: 10.1016/j.renene.2020.11.009 



 
 
 
 

Amadou et al.; Curr. J. Appl. Sci. Technol., vol. 42, no. 43, pp. 34-44, 2023; Article no.CJAST.108496 
 

 

 
44 

 

11. Jia Y, Alva G, et, Fang G., Development 
and applications of photovoltaic–             
thermal systems: A review », Renew. 
Sustain. Energy Rev Mars 2019; 

102:249‑265 

DOI: 10.1016/j.rser.2018.12.030 

12. Tsung-Lin Chou, Zun-Hao Shih, Hwen-Fen 
Hong, Cheng-Nan Han, et Kou-Ning 
Chiang, « Investigation of the thermal 
performance of high-concentration 
photovoltaic solar cell package , in 
International Conference on Electronic 
Materials and Packaging, Daejeon, Korea: 

IEEE. 2007;1‑6.  

DOI: 10.1109/EMAP.2007.4510295 

13. Ceylan İ, Gürel AE, Ergün A, Guma Ali İH, 
Ağbulut Ü, et Yıldız G,  A detailed analysis 
of CPV/T solar air heater system with 
thermal energy storage: A novel winter 
season application , J. Build. Eng. 
2021;42:103097 

DOI: 10.1016/j.jobe.2021.103097 

14. Guo NN, Quan ZH, Zhao YH, Liu HM, Guo 
WF, et D. Yu, The experimental study on 
fresnel lenses concentrator solar cell 
cooling by a novel micro flat plate heat 
pipe », Appl. Mech. Mater. Août. 
2013;353‑356:3101‑3104. 

DOI: 10.4028/www.scientific.net/AMM.353-
356.3101 

15. Elnozahy A, Rahman AKA, Ali AHH, 
Abdel-Salam M, et S. Ookawara, 
Thermal/Electrical Modeling of a PV 
Module as Enhanced by Surface Cooling , 
J. Clean Energy Technol. 2015;4(1):1-7. 

DOI: 10.7763/JOCET.2016.V4.245. 
16. Afzali Gorouh H. et al, Thermal modelling 

and experimental evaluation of a novel 

concentrating photovoltaic thermal 
collector (CPVT) with parabolic 
concentrator », Renew. Energy, Janv. 

2022;181:535‑553.  
DOI: 10.1016/j.renene.2021.09.042 

17. Meneses-Rodrı́guez D, Horley PP, 
González-Hernández JYV. Vorobiev et 
Gorley PN, Photovoltaic solar cells 
performance at elevated temperatures. 

Sol. Energy, Févr. 2005;78(2):243‑250. 
DOI: 10.1016/j.solener.2004.05.016 

18. Costa et VAF. Dias JMS, On the best 
coefficient of performance and specific 
heating or cooling power combination for 
adsorption refrigerators and heat pumps , 
Int. J. Refrig. Août 2023;152:43-49.  
DOI: 10.1016/j.ijrefrig.2023.04.009 

19. Zhang L, Jing D, Zhao L, Wei J, et L. 
Guo.  Concentrating PV/T Hybrid System 
for Simultaneous Electricity and Usable 
Heat Generation: A Review  Int. J. 
Photoenergy. 2012;1-8.  
DOI: 10.1155/2012/869753 

20. Amori et KE. . Taqi Al-Najjar HM, Analysis 
of thermal and electrical performance of a 
hybrid (PV/T) air based solar collector for 

Iraq , Appl. Energy. 2012;98:384‑395.  
DOI: 10.1016/j.apenergy.2012.03.061 

21. Shanks K. et al, A >3000 suns high 
concentrator photovoltaic design based on 
multiple Fresnel lens primaries focusing to 
one central solar cell », Sol. Energy. Juill. 
2018;169:457‑467. 
DOI: 10.1016/j.solener.2018.05.016 

22. Incropera FP, Dewitt Dp, Bergman Tl, et 
Lavine As, Fundamentals of Heat and 
Mass Transfer. John Wiley&Sons. United 
States of America; 2007. 

_________________________________________________________________________________ 
© 2023 Amadou et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 

 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/108496 

http://creativecommons.org/licenses/by/4.0

