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Abstract: Solar energy is usually considered one of the most viable renewable energies and it exploitation is a promising  for covering a 

variety of energy needs of our society. Moreover, the development of solar conversion systems becomes one of the most important intentions 

of many countries. Solar energy can be exploited for producing simultaneously electricity and heat by the use of  concentrating photovoltaic 

thermal systems CPV/T. Recently, this technology have gained significant attention throughout due to their great performance in terms of 

capturing, converting and storing energy. The present study establishes the modeling of a CPV/T installation in order to analyze its 

performances. A mathematical model and a detailed economic analyze were investigated to evaluate the energy feasibility of the system 

under investigation and to prove it viability under Tunisia conditions. 
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1. Introduction 

 

Energy from the sun can be directly converted into 

electrical and thermal energy by the use of 

Concentrated Photovoltaic Thermal (CPVT) solar 

collectors (CPV/T) technology. These power 

cogeneration systems can offer interesting solution for 

several process that both require PV and 

low/medium/high operating temperature[1]. In the last 

years, a new important aspect of solar cell was 

discovered. A semi-conductor junction stack that 

absorbs solar energy on a wider light spectrum than 

conventional PV cells is used in concentrating solar 

system. CPV/T systems are based on cells with a high 

conversion efficiency, especially those made by III–V 

semiconductor, which can resist to higher temperatures 

[2]. The stack of photoelectrical material (Ga, As, In, 

B, P) constitutes a high performance PV cells and the 

use of triple junction cells is more approved. They have 

an efficiency characteristic; they are less influenced by 

the cell temperature increase and it can be increased 

logarithmically with the concentration ratio. Such type 

of PV cells is commercially accessible nowadays; and 

many advanced researches have recently beaten very 

high efficiencies. Researchers are performing several 

special efforts searching to guarantees a PV/T collector 

with high electrical efficiency providing elevated-

temperature heat. A significant alternative for 

increasing fluid CPV/T outlet temperature without 

decreasing PV electrical efficiency may consist in the 

adoption of an active coolant, which absorbs the heat 

released from the PV cells. The amount of absorbed 

energy by the coolant fluid is very interesting on one 

hand to cool PV cell temperature and by the way to 

maintain a nominal operating voltage at its terminal 

buses junctions. Unlike solar PV system, CPV/T 

technology is not well developed around the world. 

However, several research studies were established to 

investigate CPV/T system in laboratory scale and 

industrial cases. These works studied almost the 

thermal and electrical efficiencies of such technology. 

Numerous researches focused only on the thermal and 

the electrical  side of the CPV/T system. Calise et al [2] 

studied a parabolic trough photovoltaic/thermal 

collector with a triangular linear receiver equipped 

with triple junction cells (InGaP/ In GaAs/Ge) which 

significantly increase the electrical efficiency of the 

system. Systems’ performances were improved by the 

use of this type of PV cells because its efficiency is 

expressively better than the silicon cells, especially 

when the operating temperature is high. The research 

institute of the National University of Australia has 
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carried ou a detailed study on a thermal photovoltaic 

concentration system [3], much work had already been 

done on the design of the collector as well as the 

development of new solar cells. Xu Ji and Ming 

worked on two CPV/T systems with comparison 

between two types of PV cells. Thanks to their low 

resistance in series, the researchers have admitted that 

GaAs cells have the best electrical efficiency; however, 

crystalline cells are characterized by the better thermal 

efficiency. Besides, when the direct solar radiation 

exceeds a certain value, the production performances 

are decreased because of the high series resistance 

leading to high power losses. However, for the GaAs 

cells the performance was always excellent. Coventry 

investigated a parabolic trough photovoltaic thermal 

prototype [4]. The concentration coefficient of the 

system under investigation was 37, the combined 

efficiency has reached 69% (58% elec, 11% th). Due 

to the complexity of the technology, GIBART et al [5] 

have chosen to study a cylindrical reflective surface. 

For a fixed cooling flow rate and two different water 

inlet temperatures, the results showed that the electrical 

and thermal efficiencies are higher than those of a 

conventional system. Moreover, economically, it is 

expected that the system will have a return time of 10.5 

to 12.8 years. S.Quaia [6, 7] at the Center for 

Sustainable Energy Systems (CSES) at the Australian 

National University (ANU) developed a combined 

solar collector (CHAPS). The first commercial scale 

demonstration for this technology was completed by 

the end of 2004 and it provided electricity and hot 

water for the heating of a residential school. The solar 

PV cells mass-produced by ANU were mono-

crystalline silicon cells, it were designed to have a low 

resistance in series around 0.043 Ωcm² and it was 

characterized by a yield around 20% at 25°C (under a 

concentration ratio of 30). The measured results 

showed a combined efficiency of 69%. Linear CPV/T 

performances were studied by N. SHARAN and Al [8], 

three types of absorber shapes: tubular, vertical plate 

and horizontal plate. Comparative performances have 

been presented and discussed. Results showed that the 

efficiency of the solar concentrator system with a 

tubular absorber can be distinctly noticed compared to 

the other configurations, as it provided the maximum 

electrical power, the optimum electrical efficiency and 

the lowest cell temperature.  

Several researchers have also studied distinctive 

applications of CPV/T systems.  

Xu et al[9] analyzed a novel low-concentrating solar 

photovoltaic/thermal system integrating  heat pump 

system with both electrical and thermal output power. 

Experimental results indicated that the output electrical 

efficiency is 17.5% and the system heated the water 

from 30°C to 70°C.  The generated hot water could be 

used for domestic hot water supply, space heating or 

assisting a solar cooling system.  

The perspective of using CPV/T systems with outlet 

high-temperature is very exciting since it extends the 

number of different applications. However, such 

temperature cannot be stretched by conventional PV 

cells since their voltage drops to low values [12]. While 

higher operating temperatures increase the potential 

use of the cogeneration heat, it decreases the electricity 

production [2, 3, 4]. In fact , for high-temperature the 

most suitable PV cells for CPV/T systems is the triple-

junction type, whose nominal efficiency of 40% at 298 

k drops around 20% at 513K.Thus, the use of such 

semi-conductor materials can lead to higher outlet 

temperature at judicious conversion efficiency [13]. 

With regard to this purpose, Mittelman et al [14] were 

interested in the phenomenon of PV cells operating at 

high temperatures. CPV/T can operate at temperatures 

above 100°C and the thermal energy produced can be 

useful for processes such as refrigeration, desalination 

and steam production. The prototype is produced with 

triple junction cells with a nominal conversion 

efficiency of 37%.  In particular, few number of 

researchers [13,14,15] achieved some experimental 

and theoretical surveys dealing with CPV/T plans. The 

operation at high temperature of PV/T installation 

based on a dish concentrator was considered for both 

water desalination [13] and solar cooling applications 

[14]. Jiang and Otanicar [16] proposed an innovative 

CPV/T system that incorporates spectral beam splitter 

and vacuum tube sensors. Results showed that the 

thermal load of the cell can be reduced and the outlet 

temperature can be up to 250 or 300°C. Recently, 

Kribus and Mittelman [17] investigated the 

performance of CPV/T poly-generation systems at 

high temperatures using simplified models.  The 

outcomes revealed that exploit the waste heat of 

CPV/T systems for cooling might lead to greater 

overall efficiency. Among the most important 

foreseeable applications were single effect and double 

effect absorption cooling, water desalination, steam 

production and other industrial process. The results of 

these studies and demonstrations showed that CPV/T 

systems hold very high potential for market penetration 

in the energy sector due to their unique features [17]. 

Indeed, Buonomano and Calise [18] studied CPV/T at 

high temperature, the collector consist on a 

combination of a parabolic dish and high efficiency 

solar photovoltaic cells. The intention of the study was 

the exploration of a concentrating PV/T system 

operating at 453 k with   an acceptable thermal and 
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electric efficiency driving a two-effect absorption 

chiller. Besides to that, several examples consist in the 

use of the high-temperature heat provided by the PVT 

to drive a thermal motor [19], an Organic Rankine 

Cycle (ORC) [20] or a Cooling system (SHC)  and 

Solar Heating[13].  

The most of the studies in the literature were focused 

on the heat transfer improvement of a CPV/T system 

with low outlet temperature and there were a limited 

number of papers in which the outlet temperature was 

medium or high. In the present study, a CPV/T system 

operating at medium/high outlet temperature is 

proposed and its output performances will be evaluated 

before being used in different applications. Differently 

from traditional photovoltaic systems, the CPV/T 

systems with triple junction PV cells, guarantee 

recovering thermal energy with well electrical 

efficiency.  

Detailed analysis will be performed using 2-D 

developed numerical model tool to identify the 

significant parameters affecting the overall 

performance of the CPV/T system. Indeed, the thermal 

and electrical power generation rates are also 

investigated and optimized for several operational 

scenarios.  Thus, the proposed model is applied to 

improve the cogeneration system capacity and to retain 

competitive prices. It will be used to optimize the 

CPV/T system configuration, to evaluate the output 

temperature and power, and to examine, its capacity 

and its economic viability. Therefore, an evaluation 

economic analysis under Tunisia climatic conditions 

have been inspected. 

 

2. Design and dynamic model of the CPV/T 

system 

 

A. CPV/T simulation: Mathematical model 

         

            In this study, we aim to investigate the effects 

of several parameters influencing the performance of a 

CPV/T system. The simulated system in this paper 

consists of a parabolic trough concentrator equipped 

with a rectangular receiver channel and two-axis-

tracking system.  

The CPV/T system is shown in Fig.1. It consists of a 

thermal unit for the extraction of heat by the coolant 

water which circulates through the rectangular pipe. 

This rectangular pipe is constructed and installed in 

contact with the photovoltaic cells, allowing 

simultaneously the cooling of the cells and the 

production of thermal energy. The bottom surface of 

the receiver is equipped with triple-junction cells 

(InGaP/ InGaAs/Ge) and the other surfaces are 

insulated. The sunrays focused on PV cells allow 

reaching a concentration factor of 20. This ensures 

heating of the "selective layer" placed immediately 

beneath the cells to promote conduction/convection 

heat transfer between the metal channel and the fluid.   

 

 
Fig. 1. Schematic representation of concentrating photovoltaic 

thermal system (CPV/T). 

 

      B. Numerical modelling: The Energy Balance 

Equations of the CPV/T System 

 

         The receiver at the focal point of the CPV/T 

comprises three layers as shown in Fig.2. The CPV/T 

loses heat to the surrounding through two different 

ways. The first way is by convection between PV layer 

and the surrounding ambient. In addition, the outside 

surface of the PV cell loses heat to the surrounding sky 

by radiation. As regards the thermal transfer between 

the different layers, the thermal transfer by conduction 

is dominant. 

The upper, the left and the right boundaries of the 

superimposed layers are adiabatic.  At the inlet, the 

fluid is introduced at the inlet temperature (𝑇𝑖𝑛 =

298𝑘).  

 
Fig.2: Schematic design of receiver layers 

 

The simplified models for the calculation of the CPV/T 

performance are available in literature, they cannot be 

applied to the system under investigation due to the use 

of concentrating systems and triple-junction cells. 

Therefore, an appropriate model, based on energy 
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balances of the system has been developed in this 

paper. 

This two dimensional model is based on finite volumes 

method developed in ‘FORTRAN’ which allows a 

simple formulation of equations.  

Various assumptions have been made to facilitate the 

theoretical analysis; the thermal exchanges in the 

absorber are studied according to the following 

assumptions: 

- The flow of the fluid in the receiver tube is 

two-dimensional with a fly velocity, 

- The dimension of the receiver and the surface 

of the collector are constant, 

- The heat transfer of the fluid is 

incompressible, 

- The ambient temperature around the solar 

collector is uniform, 

- The solar flux at the absorber is uniformly 

distributed, 

- The physical properties of the elements are 

constant 

Considering these assumptions, equations governing 

the heat transfer in various components of the CPV/T 

receiver are given as follows: 

 

 Fluid  

𝜌𝑓𝑑 𝑐𝑓𝑑
𝜕𝑇𝑓𝑑(𝑥,𝑦,𝑡)

𝜕𝑡
= −𝑚𝑓𝑑  ̇ 𝑐𝑓𝑑 [

𝜕( 𝑇𝑓𝑑(𝑥,𝑦,𝑡))

𝜕𝑥
+

𝜕(𝑇𝑓𝑑(𝑥,𝑦,𝑡))

𝜕𝑦
] + 𝑘𝑓𝑑 (

𝜕2𝑇𝑓𝑑(𝑥,𝑦,𝑡)

𝜕𝑥2 +
𝜕2𝑇𝑓𝑑(𝑥,𝑦,𝑡)

𝜕𝑦2 ) +

 ℎ𝑓𝑑(𝑇𝑡𝑢𝑏 − 𝑇𝑓𝑑)    (1) 

 Rectangular pipe   

𝜌𝑡𝑢𝑏 𝑐𝑡𝑢𝑏
𝜕𝑇𝑡𝑢𝑏(𝑥,𝑦,𝑡)

𝜕𝑡
= 𝑘 𝑠

𝑡𝑢𝑏
(𝑇𝑠 − 𝑇𝑡𝑢𝑏) − ℎ 𝑓𝑑(𝑇𝑡𝑢𝑏 −

𝑇𝑓𝑑) + 𝑘𝑡𝑢𝑏 (
𝜕2𝑇𝑡𝑢𝑏(𝑥,𝑦,𝑡)

𝜕𝑥2 +
𝜕2𝑇𝑡𝑢𝑏(𝑥,𝑦,𝑡)

𝜕𝑦2 )           (2) 

 Selective layer 

𝜌𝑠 𝑐𝑠
𝜕𝑇𝑠(𝑥,𝑦,𝑡)

𝜕𝑡
= −𝑘𝑝𝑣

𝑠
(𝑇𝑠 − 𝑇𝑝𝑣) − 𝑘 𝑠

𝑡𝑢𝑏
(𝑇𝑠 − 𝑇𝑡𝑢𝑏)  +

𝑘𝑠 (
𝜕2𝑇𝑝(𝑥,𝑦,𝑡)

𝜕𝑥2 +
𝜕2𝑇𝑝(𝑥,𝑦,𝑡)

𝜕𝑦2 )   (3)                             

 PV cells  

𝜌𝑝𝑣 𝑐𝑝𝑣
𝜕𝑇𝑝𝑣(𝑥,𝑦,𝑡)

𝜕𝑡
= 𝑄𝑎𝑏𝑠,𝑝𝑣 − ℎ𝑟𝑎𝑦,𝑝𝑣,𝑎𝑚𝑏(𝑇𝑝𝑣 −

𝑇𝑐𝑖𝑒𝑙) − ℎ𝑤𝑖𝑛𝑑(𝑇𝑔 − 𝑇𝑎𝑚𝑏) − 𝑘𝑝𝑣

𝑠
(𝑇𝑠 − 𝑇𝑝𝑣)  +

𝑘𝑝𝑣 (
𝜕2𝑇𝑝𝑣(𝑥,𝑦,𝑡)

𝜕𝑥2 +
𝜕2𝑇𝑝𝑣(𝑥,𝑦,𝑡)

𝜕𝑦2 ) −  𝑃𝑝𝑣  (4) 

 

The radiative heat transfer between PV cells  and the 

sky can be calculated as follows : 

        ℎ𝑟𝑎𝑦,𝑝𝑣,𝑎𝑚𝑏 =  ɛ𝑣𝜎 (𝑇𝑠𝑘𝑦
2 + 𝑇𝑔

2)(𝑇𝑠𝑘𝑦 + 𝑇𝑔)          

(5) 

 

The external sky temperature 𝑇𝑠𝑘𝑦   could be calculated 

as follows: 

         𝑇𝑠𝑘𝑦 = 0.0522 ∗ 𝑇𝑎𝑚𝑏
1.5               (6) 

 

The following equation represents the heat transfer 

from the receiver to environment:                               

ℎ𝑐𝑣,𝑝𝑣,𝑎𝑚𝑏 = ℎ𝑤𝑖𝑛𝑑 = 2.8 + (3 ∗ 𝑉𝑤𝑖𝑛𝑑)          (7)                  

 

The conduction heat transfer coefficient between two 

layers of component a and b can be expressed by the 

following expressions: 

        𝑘𝑎

𝑏
=

1

𝛿𝑎
𝑘𝑎

+
𝛿𝑏
𝑘𝑏

                                    (8)    

The solar energy absorbed by PV cells 𝑄𝑎𝑏𝑠,𝑝𝑣 is given 

as: 

𝑄𝑎𝑏𝑠,𝑔 = 𝐺𝑐𝐺𝐴𝑟𝑒𝑐𝜂𝑜𝑝         (9)                                       

 

The CPV/T system produces both electrical and 

thermal energy, and each type of the produced power 

is described by a separate expression.  

The electrical efficiency of the triple-junction cells 

(𝜂𝑝𝑣) is related to the concentration ratio and to the PV 

cell temperature and it can be computed by the 

following equation [18]: 

 

      𝜂𝑝𝑣 = 0.298 + 0.0142ln 𝐺𝑐+ 

[0.000715+0.0000697ln 𝐺𝑐] (𝑇𝑝𝑣 − 298) (10) 

 

The concentration ratio (GC) is defined as the ratio 

between the area of the receiver (𝐴𝑟𝑒𝑐) and the aperture 

area (𝐴𝑎𝑝) of the concentrator: 

      𝐺𝑐 =
𝐴𝑟𝑒𝑐

𝐴𝑎𝑝
                     (11) 

Therefore, the electric output net power can be 

estimated as follows [18]:  

      𝑃𝑝𝑣 = 𝐺𝑐𝐺𝐴𝑝𝑣𝜂𝑜𝑝𝜂𝑚𝑜𝑑𝜂𝑖𝑛𝑣𝜂𝑝𝑣  (12) 

The output useful heat absorbed by the coolant can be 

described as [18]: 

𝑃𝑡ℎ  =    𝑚𝑓𝑑  ̇ (𝑇𝑜𝑢𝑡 − 𝑇in)  (13) 

The optical, module and inverter efficiency 

(𝜂𝑜𝑝,𝜂𝑚𝑜𝑑,𝜂𝑖𝑛𝑣) of the concentrator are assumed being 

constant. Finally, in order to evaluate the performance 

of the CPV/T system, the thermal and electrical 

efficiencies ( 𝜂𝑡ℎ, 𝜂𝑒𝑙𝑒𝑐  ) are calculated based on the 

following definitions [18]: 

      𝜂𝑡ℎ =
𝑃𝑡ℎ

𝐴𝑎𝑝𝐺
  =

𝑚𝑓𝑑̇ 𝐶𝑓𝑑(𝑇𝑜𝑢𝑡−𝑇in)

𝐴𝑎𝑝𝐺
    (14) 
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   𝜂𝑒𝑙𝑒𝑐 =
𝑃𝑝𝑣

𝐴𝑎𝑝𝐺
=

𝐺𝑐𝐺𝐴𝑝𝑣𝜂𝑜𝑝𝜂𝑚𝑜𝑑𝜂𝑖𝑛𝑣𝜂𝑝𝑣

𝐴𝑎𝑝𝐺
    (15) 

 

 

3. Results and discussion 

A. Digital Resolution method  

          The final form of the mathematical model is a 

system of discretized equations that cannot be solved 

analytically but rather by numerical methods. 

Currently, there are several numerical methods of 

resolution. These include finite differences, finite 

elements and finite volumes. 

In our case for the modeling of the heat transfer 

phenomenon in the absorber of a CPV/T sensor, we 

adopted the finite volume method in view of the 

simplicity of the physical geometry studied and we 

programmed a simulation code under FORTRAN. 

The methods of finite volumes were among the first to 

reach an advanced stage of development for the 

calculations of stationary and unsteady flows. They 

allowed a full consideration of the effects of 

nonlinearity and compressibility as well as the 

viscosity effects using the Navier-Stokes equations, 

and turbulence. 

In the following paragraph a comprehensive 

parametric study is performed, with the scope to 

analyze the performance of the CPV/T under different 

operating conditions and varying some of its main 

design parameters.  

The following study was performed considering the 

design parameters reported in Table.1.  

Table.1. Geometric parameters of the simulated CPV/T system 

Parameter                                                                         value/unit 

CPV/T  

aperture area 
concentration ratio 

 

4*3 m2 
20 

PV layer   

type 

area    

 

Triple junction 

0.15*4 m2 
Rectangular pipe 

type 
 

Copper 

 

B. Overcome results 

          The model has allowed results evaluation in 

order to identify the main technical characteristics 

necessary for the realization of the most efficient 

CPV/T system. The main input variables of the 

simulation process are: installation site, optics type, 

concentration factor and characteristics of each 

receiver layer (glass, PV cell, selective layer, metallic 

channel and fluid) 

Based on the CPVT model discussed in the previous 

section, electrical and thermal efficiencies were 

analyzed as a function of different parameters. 

The parametric analysis presented in this study 

purposes at evaluating the effect of the variation of 

some of the parameters on the overall performance of 

the system. One of the main parameters is the geometry 

of the receiver. In fact, the variation of the lengths of 

the sides of the receiver significantly affects some 

operating parameters, such as: concentration ratio and 

heat transfer area.  In fact, increasing the length of the 

receiver causes an increase of the operating 

temperature and the heat exchange area, consequently 

determining the increase of heat exchange 

effectiveness.  

In the same context, Fig. 3 clearly shows that an 

increase of the length of the receiver determine an 

increase of fluid and PV cells temperature. Indeed, at a 

certain length of the fluid channel, the temperature of 

the fluid and PV cells will remain constant because a 

thermal balance will be established between gains and 

losses. 

 

Figure 3: CPV/T receiver layers temperature vs channel length 

As shown in Figures 4 and 5, the PV cell and the fluid 

temperature begin to increase from sunrise to midday-

solar from which it will diminish until sunset. It can be 

seen that the maximum of the thermal efficiency and 

the minimum of electrical efficiency of the CPV/T 

system are recorded at midday-sun. This can be 

explained by the variation of the elevation of the sun in 

its apparent itinerary in the sky and which it is 

responsible for the elevation of beam radiation during 

the day. 
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Figure 4: Temporal evolution of PV cell and fluid temperature 

of the CPV/T system 

              

 
Figure 5: Temporal evolution of electrical and thermal 

efficiency of the CPV/T system 

Fig. 6 reports the variation of the thermal and electrical 

efficiency with water temperature. In fact, increasing 

the temperature of water leads to an increase in the 

temperature of the triple-junction PV cells and 

therefore, its electrical efficiency poorly degraded. We 

can conclude that the increase of outlet thermal power 

increase the electrical efficiency. This is due to an 

increase in the level of the absorber temperature, and   

the decline of the thermal losses, which results a better 

cooling of the PV layer. 

 

 
Figure 6: CPV/T thermal and electrical efficiency vs fluid 

temperature. 

Fig.7 reports the variation of the thermal and electrical 

efficiency with the PV cell temperature. Increasing the 

temperature of PV cells leads to an increase in the 

temperature of the cooling fluid and therefore, its 

thermal efficiency increase and the electrical efficiency 

decreases.  

Since the total solar energy is not converted to 

electricity and it is mostly regained as heat, the thermal 

efficiency increases as the PV cells temperature 

increases in spite of higher thermal losses to the 

environment. Nevertheless, the peculiar properties of 

the concentrated photovoltaic cells employed in the 

present concentrator allow the electrical power to 

remain around a good electrical production even at the 

higher temperature.  

 
Figure 7: CPV/T thermal and electrical efficiency vs PV cell 

temperature 

Fig.8 illustrates the fluctuation of the thermal and 

electrical efficiencies for varied fluid velocity. When 

the water velocity is increased, a decrease of thermal 

and electrical efficiency are respectively observed. In 

fact, increasing the flow rate depress  heat transfer 
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between the fluid and the absorber, therefore the 

maximum useful energy absorbed will decrease and it 

will influence the electrical power which reach to  the 

weak . This is explained by the fact that the increase in 

the coolant flow will decrease the residence time of the 

fluid particles in the absorber and its temperature will 

decrease thereafter. 

We note also that the increase in water flow causes a 

decline in PV production. This is because when the 

flow rate increases, the PV cells becomes more 

sophisticated and subsequently PV cells are heated. 

This heating is detrimental to the electrical 

performance of CPV/T concentrators since cell voltage 

drops sharply with temperature. 

 So at high temperatures, it is always interested to 

decrease the flow rate of the coolant. 

 
Figure 8: CPV/T thermal and electrical efficiency vs fluid speed 

Fig. 9 shows the variation of the thermal and electrical 

efficiencies with the inlet water temperature. In fact, 

increasing the inlet temperature of water leads to an 

increase in the temperature of the PV cell and 

therefore, its electrical efficiency decreases. Similarly, 

the thermal efficiency decreases according to an 

increase in water inlet temperature. This is due to an 

increase in the level of the absorber temperature, 

consequently the thermal losses is on the rise. 

 
Figure 9: CPV/T thermal and electrical efficiency vs inlet 

temperature. 

The parametric analysis also includes the variation of 

beam radiation, evaluating its corresponding effect on 

the performance of the CPV/T system. In particular, 

Fig.10 shows that electrical efficiencies decrease when 

the radiation increases on the other hand, the thermal 

efficiencies is proportional to beam radiation. 

The drop of the increase of the thermal efficiency is 

very high whereas the variation of electrical efficiency 

is marginal. In fact, the higher the radiation, the higher 

both radiative and convective losses mainly of the 

increase of the CPV/T operating temperature. In other 

words, when the radiation is scarce, the increase in 

fluid temperature is very low. The useful thermal 

energy is even negative when the radiation is very 

weak. In this case, the fluid outlet temperature is lower 

than the inlet one.  

This analysis shows that the performance of the CPV/T 

system is extremely dependent on the available 

radiation (specially beam). Therefore, the use of such 

technology is profitable particularly for those climates 

where the availability of beam radiation is particularly 

high. 

 
Figure 10: CPV/T thermal and electrical efficiency vs beam 

radiation 
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A study of the receiver insulation effect can consist a 

good tool to evaluate performances of the CPV/T plan.  

In order to analyze this effect, we tested the model with 

and without thermal insulation. The results of this 

analysis showed that the thermal efficiency increased 

considerably with the insulation (Fig.11). This is due 

to the fact that the insulation determines a dramatic 

increase of boundaries surfaces temperature whereas 

the temperature of the lower surface of the receiver do 

not significantly varies. In fact, the thermal insulation 

leads to a large temperature difference between the 

selective layer and epically the upper surface. 

Therefore, this results in a decrease in the electrical 

efficiency. Fig.12 shows that the variation of the 

electrical efficiency is very important especially on 

limits, because on left and right boundaries the 

radiative and convective exchange ensures the cooling 

of the PV cells.  

 

 
Fig.11. thermal efficiency vs insolation  

 

 
Fig.12. Electrical efficiency vs insulation  

 

 

6. Economic investigation of a CPV/T system: 

under Tunisia city conditions 

     

      The numerical model allowed us to evaluate the 

instantaneous thermal and electrical performance of 

the CPV/T plant by identifying its optimal 

characteristics under different conditions.  

With this context, in this part, an analysis of Tunisia 

city is studied where the annual thermal and electrical 

CPV/T output power are evaluated.  

The annual climatic conditions of the region are 

summarized in table.2.  

 

Table 2. Direct normal irradiance and average temperature 

related to Tunisia city. 

Month G: Direct normal 

irradiance (W/m2) 

T:Average daytime 

temperature 

 (°C) 

Jan 402 12 

Feb 468 13 

Mar 608 14 

Apr 700 16 

May 793 19 

Jun 986 22 

Jul 1010 25 

Aug 927 26 

Sep 702 24 

Oct 586 22 

Nov 462 18 

Dec 397 15 

 

Fig.13 illustrate the annual CPV/T power for the city. 

It is noticed that Tunisia has a great thermal and 

electrical performance due to its irradiation solar 

energy and climatic conditions. 

 

 
Fig13. The predicted annual electrical and thermal energy-

outputs of CPV/T system of Tunisia city 
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absorbed solar radiation especially in area rich with 

high irradiation therefore, we can deduce that this 

technology can replaced many conventional systems 

and it has to prove its long-term economic viability. 

Consequently, an economic analysis has to be 

accomplished calculating the cost of the CPV/T 

system.  

The maintenance and operating costs of the system 

respectively(𝐶𝑚𝑎𝑖𝑛𝑡𝑒𝑛𝑎𝑛𝑐𝑒 , 𝐶𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔) are related to 

the installation cleaning, the regulator system and the 

insurance in case of malfunctions due to weather 

conditions or user mismanagement. These costs 

(eq.16) depend on the system dimension and, together 

with the CPV/T system cost constitute the project cost 

[19, 20]: 

 

𝐶𝑝𝑟𝑜𝑗𝑒𝑐𝑡 = 𝐶𝐶𝑃𝑉/𝑇 + 𝐶𝑚𝑎𝑖𝑛𝑡𝑒𝑛𝑎𝑛𝑐𝑒 + 𝐶𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔(16) 

 

Also, the investment cost of the CPV/T system,, is 

estimated by considering the current costs of the 

various parts of the system (PV cells, inverter, pump, 

tank, tracking system, cables, etc.) The cost of the 

CPV/T system (eq.17) takes into account also the 

different necessary devices can be given by the 

following formula [19,20]  

 

CCPV/T = 𝐶𝑃𝑉𝑐𝑒𝑙𝑙𝑠 + 𝐶𝑜𝑝𝑡𝑖𝑐 + 𝐶𝑡𝑟𝑎𝑐𝑘𝑖𝑛𝑔 𝑠𝑦𝑠𝑡𝑒𝑚 

+ 𝐶𝑎𝑑𝑑𝑖𝑡𝑖𝑜𝑛𝑛𝑒𝑙 𝑐𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡𝑠 + 

                𝐶𝑐𝑜𝑜𝑙𝑖𝑛𝑔 𝑠𝑦𝑠𝑡𝑒𝑚 + 𝐶𝑖𝑛𝑣𝑒𝑟𝑡𝑒𝑟+𝐶𝑇𝑎𝑛𝑘+𝐶𝑑𝑒𝑠𝑖𝑔𝑛           

                      (17) 

 

Considering a system life span equal to 20 years, the 

yearly variation of the costs of the various sub-systems 

and the whole system are estimated and the yearly 

trend variations of the generated cash flows are 

described in Table.3. 

From table results, we can calculate the profitability of 

the CPV/T project to assess its potential by calculating 

the net present value (NPV), the internal rate of return 

(IRR) and the pay-pack period (DPB).  

Indeed, in order to have a clearer view of the economic 

performance of the system taking into account the gas 

and electricity costs, an economic efficiency of the 

CPV/T system (𝜂𝑒𝑐) can be  given by the expression 

blow [21]:  

𝜂𝑒𝑐=
𝑃𝑡ℎ∗𝐶𝑔+𝑃𝑒𝑙∗𝐶𝑒𝑙

𝐺∗𝐴
           (18) 

Where 𝑃𝑡ℎ, 𝑃𝑒𝑙  represent respectively the thermal and 

the electrical energy produced by the CPV/T system, 

𝐶𝑔, 𝐶𝑒𝑙are the cost of the electricity and naturel gas.  

Therefore, a discount pay-back (DBP) of about 7 years, 

a NPV of about 39 k€, an IRR equal to 19%, compared 

to a discount rate of 10%, and finally 𝜂𝑒𝑐 equivalent to 

38% have been achieved representing a satisfactory 

and gratifying outcomes. 

 

Table 3: Economic results 

CPV/T module cost CPV/T system cost Prices  

Component Cost(€) 

PV cells  

Optic 

 

Additional 

component 

 

Tracking 

system      

42000 

787 

 

642 

 

 

300 

 

Total  43729 

 

component Cost(€) 

Modules( 1)  

 

Cooling 

system 

 

Inverter 

 

Design  

43729 

 

386 

 

643 

 

1800 

 

total 46558 

 

 Gaz  

0.02€/kWh  

 

Electricity 

0.17€/kWh  

Economic analysis results 

year Cash-

flow  

(€) 

year Cash-

flow 

(€) 

year Cash-

flow 

(€) 

0 

1 

2 

3 

4 

5 

6 

 

-46558 

-37246 

-28781 

-21085 

-14089 

-7729 

-1948 

7 

8 

9 

10 

11 

12 

13 

 

3833 

8611 

12955 

16546 

20136 

23103 

25800 

14 

15 

16 

17 

18 

19 

20 

 

28252 

30481 

32507 

34350 

36024 

37457 

38931 

 

 

 

4. Conclusions  

          In this paper, the potential of the concentrating 

photovoltaic technology has been evaluated from the 

thermal and electrical point of view. The main aims 

have been the simulation of a (CPV/T) system under 

different operating conditions. 

The effect of many factors was examined. Their effects 

on the outlet coolant temperature, the recovered 

thermal power and PV power generation will be very 

useful for optimizing thermal parabolic trough solar 

concentrators. 

The possible range of temperatures is wide enough to 

satisfy the requirements of several attractive thermal 

applications. Besides, under certain conditions, the 

solar cooling is even significantly less expensive than 

conventional system. This is in contrast with solar 

concentrated based on photovoltaic thermal collectors, 

which is found to be significantly more performing 

than conventional cooling system. Subsequently, an 

economic analysis of  the CPV/T system under Tunisia 

conditions has been conducted.  Assuming a CPV/T 

life time equal to 20 years, respect of an initial 

investment of approximately 46 k€, a NPV about  38 

k€, an internal rate of return equal to 19% and an 
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economic efficiency equal to 35%,38% respectively 

for Chambery and Tunisia have been found. Results 

presenting an encouraging outcomes and especially 

with actual unremitting rise of electricity and gas prices 

and the decline in CPV/T technology cost.  
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