
 54 
 

 
 
 
 

Optimising concentrated thermal photovoltaic energy  
systems for green and sustainable energy generation 

Olufunmilayo Alice Mafimidiwo1,2*, Akshay Kumar Saha2 

          
1Department of Electrical/Electronics Engineering, School of Engineering, Yaba College of Technology, 2 Hussey 
Street, Herbert Macaulay Way, P.M.B. 2011, Yaba Lagos, Nigeria 
2Electrical, Electronic and Computer Engineering, School of Engineering, Howard College Campus, University of 
KwaZulu-Natal, Durban 4001, South Africa 
  
 
 
Abstract 
Electricity generated from a concentrated thermal 
photovoltaic system can be improved upon for opti-
mum output. This investigation considered the vari-
ous options of optimising system operation via effec-
tive control of the operating conditions. It examined 
various options of varying the system configurations 
for optimised system efficiency and power output 
and at minimum operating costs. The number of 
mirrors and photovoltaic cells for use in the concen-
trated thermal photovoltaic system were set at eight 
as standard for the system operation. This number 
was varied down and up (from eight to six and then 
from eight to ten) to study the effects of these varia-
tions on the concentrated thermal photovoltaic sys-
tem efficiency and generated power output. A novel 
thermal model was built in two dimensions and was 
used to simulate the thermal performance of the 
concentrated thermal photovoltaic modules. The pa-
rameters used for the materials involved were de-
fined and the appropriate physics applied in the 

study of various operating conditions that affected 
the system performance for the two-dimensional 
system were stated. The results showed that temper-
ature rise was least in the ten mirrors configuration 
and highest in the six mirrors configuration. The six 
PV cells-mirrors configuration, however, generated 
the highest power output of the three different con-
figurations considered. The six PV cells/mirrors con-
figuration utilised the least numbers of mirrors and 
PV cells out of the three configurations, ultimately 
translating to reduced-materials cost for the opera-
tion. Based on these findings, the choice of the lower 
number of six mirrors and six PV cells was consid-
ered the most economical and, therefore, most de-
sirable. 
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1. Introduction 
Solar energy irradiation can be converted directly 
into electricity through the use of photovoltaic (PV) 
systems or, as in the case of concentrated photovol-
taic (CPV), through the use of concentrating devices 
to produce high temperature heat which are focused 
on the PV module for electricity generation. In CPV 
plants, solar radiation is not focused directly on the 
PV module but through the concentrators. The re-
ceiving devices used to concentrate the sun's radia-
tion on the PV cells are called concentrating solar 
collectors or, simply, concentrators, which are either 
mirrors or lenses; and the irradiation is in the form 
of heat. In concentrating thermal photovoltaic 
(CTPV) systems, the prospect of the CPV technol-
ogy is being assessed from the thermal point of view. 
The concentrated light is converted to high temper-
ature heat which drives a heat engine (usually a 
steam turbine) connected to an electrical power gen-
erator and electricity is generated (Renno & Petito, 
2013). The plants, then, consist of two stages: the 
first collects solar energy and converts it to high tem-
perature heat, the second converts the heat energy 
to electricity, as represented in Figure 1. This is dif-
ferent from what obtains in CPV plants, where the 
CPV plant generates power by focusing solar radia-
tion using concentrators (usually parabolic dish mir-
ror systems or a large array of flat Fresnel lenses) 
onto a PV module, which converts the radiation di-
rectly to electricity. The direct current electricity gen-
erated by the PV cells is then converted to alternat-
ing current using a solid state inverter. The four types 
of concentrating (thermal) photovoltaics available 
are the parabolic dish, the parabolic trough collec-
tor, the power tower (heliostat field focusing on a 
central receiver) and the compact linear Fresnel re-
flector (CLFR) (Zhang et al., 2013). 

The CPV or CTPV solar energy is relatively new 
when compared with PV solar energy, but it has 
been in existence since 2010 and steady progress is 
being made (Hoeven, 2014), evidenced by the con-
centrated solar power generated in 2009 and 2013 
respectively, as given in Table 1. The most devel-
oped technology in a concentrated (CPV or CTPV) 
system is the parabolic trough, with over 20 years of 
operation in California (Zhang et al., 2013). The 
other concentrated technology options were only 
constructed in the last few years, but appear prom-
ising as well. For instance, the CLFR types are much 
simpler to build and are potentially cheaper on a 
large scale (Singh, 2013; Marcucci et al., 2011). 
Concentrated solar power looks appropriate as a so-
lar energy option for reducing climate change; it 
generates electricity and produces no greenhouse 
gas emissions, so it could be a key technology. In 
addition, CSP plant is flexible and enhances energy 
security as it has thermal storage ability that ensures 

firm electric capacities and time-shifting electricity 
generation. 

 
Table 1: Progress in concentrating solar plants 

since 2009 (Hoeven, 2014, Marcucci et al., 2011).  

Description End of 2009 End of 2013 

Total installed capacity 600 MW 3.6 MW 

Annual installed capacity 100 MW 882 MW 

Annual investment USD 1.8  
billion 

USD 6.8  
billion 

Number of countries  
with 50 MW installed 

2 5 

STE generated during  
the year 

0.9 TWh 5.5 TWh 

STE = Solar thermal electricity 

 
The cumulative CSP capacity is 2304 megawatts 

(MW) to date (Hoeven, 2014), with Spain leading, 
followed by the United States and United Arab Emir-
ates (Zhang et al., 2013). Other plants in the con-
struction stage are in Morocco and South Africa, and 
there are smaller solar fields regularly integrated in 
larger fossil fuel plants in Algeria, Australia, Egypt, 
Italy, Iran and Morocco. The rest of the world is yet 
to consider the CSP option (Hoeven, 2014).  

The CSP plants, unlike PV technologies, can use 
steam turbines to provide all the needed ancillary 
services and dispatchable energy, such as voltage 
support, frequency response, ramping reserves, reg-
ulation and spinning reserves (Hoeven, 2014). 
These plants, moreover, have an inherent capacity 
to store thermal energy for later conversion to elec-
tricity. When CSP is combined with thermal storage 
capacity of several hours of full-capacity generation, 
the CSP plants can continue to produce electricity, 
undisturbed even when clouds block the sun, or af-
ter sundown, or in the early morning when power 
demand steps up (Greenhut, 2010; Hoeven, 2014). 
The different technologies deployed in CSP plants 
to generate electricity are indicated in Table 2. They 
possess significant potential for supplying specialised 
demands such as process heat for industry, co-gen-
eration of heating, cooling and power; and water de-
salination (Hoeven, 2014).  

The purpose of the present work is to model, 
simulate and analyse the CTPV system for best sys-
tem operation performance. This involves determin-
ing the two-dimensional (2D) temperature distribu-
tions in the CTPV panel, interpreting the obtained 
results and applying it as a guide in similar work en-
vironment. The aim is to maximise radiation heat in 
order to improve efficiency. Low efficiency is at-
tributable to inherent radiation losses, which are not 
converted to electric power, and the PV cells’ in-
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Table 2: Operating characteristics of concentrating solar power technologies  
(Greenhut, 2010, Tester et al., 2008). 

CSP technology Concentration 
ratio 

Tracking require-
ment 

Operating  
temperature 

Average, solar to 
electric efficiency 

Unit size 

range 

Installed cap- 
acity 2009 

Power tower 500–1000 2-axis heliostats 400-600 °C 12–18% 30–200 MWe 40 MW 

Parabolic 
Trough 

10–100 1-axis reflector 100-400+ °C 8–12% 30–100 MWe 500 MW 

Dish-engines 600–3000 2-axis 600-1500 °C 15–30% 5–50 kWe 0.5 MW 

CLFR <100 1-axis reflector 100-300 °C <10% 1–50 MWe 5 MW 

Note: CSP = Concentrating solar power, CLFR = Concentrating linear Fresnel reflector  

 
creased temperature. These two factors are undesir-
able combinations (Dubey and Tiwari, 2008; Sar-
haddi et al., 2010) that need to be minimised by us-
ing high-efficiency PV cells, although the high cost is 
a challenge. In order to reduce costs, engineers and 
researchers now try to work with smaller-area PV 
cells and then use mirrors to focus the radiation on 
the PV cells. There is, however, a limit to the inten-
sity of beams that can be focused safely on these 
cells: if the radiation intensity becomes too high, the 
cells could overheat and burn out. The need to op-
timise system geometry and operating conditions to 
achieve maximum performance and power output 
is, therefore, the motivating factor for this study.  

The method adopted was the use of modelling 
and simulation in designing and developing the 
CTPV system. The tool flow in COMSOL Multiphys-
ics was used to achieve this and to solve the various 
related scientific and engineering equations. Various 
studies were performed to evaluate the electrical and 
thermal performances of the module under heat 
transfer with surface-to-surface radiation, using the 
developed model. The basic modelling workflow in 
COMSOL provided a powerful integrated desktop 
environment with a model builder where the full 
overview of the model and access to all functionality 
was obtained. The conventional model was ex-
tended for the type modelled with its physics inte-
grated into Multiphysics models that can solve cou-
pled physics phenomena. This possesses built-in 
physics interfaces and advanced support for mate-
rial properties. The models were built in two dimen-
sions, and the relevant physical quantities, such as 
material properties, and the underlying equations 
were defined. The variables, expressions, or num-
bers were directly applied to solid and fluid domains, 
boundaries, edges, and points independently of the 
computational mesh.  

For high-efficiency cell designs, the 2D and/or 
3D simulations are required as they are necessary 
for correct interpretation of 2D/3D finite element 
analysis of electrical, optical and thermal properties 
of compound and silicon semiconductor devices 
and are reliable for achieving accurate results 

(Kuhlmann et al., 2000). One-dimensional simula-
tions are usually inadequate for conventional geom-
etry solar cells, especially at high intensities.  

2. Energy analysis of a concentrating ther-
mal photovoltaic system 

The working conditions of the CTPV system are pri-
marily influenced by the cell temperature and its ef-
ficiency. The efficiency of a CTPV device normally 
ranges from 1–20% (COMSOL, 2015). The inherent 
radiation losses not converted to electric power con-
tributed to the PV cells’ increased temperature, so 
PV efficiency is inversely related to the operating 
temperature. Furthermore, heat transfer through 
conduction taking place in the system also brings 
about increased cell temperature, so the CTPV 
would not be able to maximise radiation heat trans-
fer for improved efficiency. This condition of in-
creased cells temperature is to be minimised as 
much as possible. The temperature determination is 
complex because of the illumination characteristics 
and the cell construction technology involved. 
Based on some experimental results obtained by 
Renno and Petito (2013), equations that could 
uniquely express the cell temperature in terms of the 
concentration factor C, were made possible through 
the derived equations. The cell temperature is ex-
pressed as given in Equation 1 (Luque et al., 1998). 

     𝑇𝑇𝑐𝑐 =  𝑇𝑇𝑜𝑜 +  𝑉𝑉𝑜𝑜𝑜𝑜(𝑇𝑇𝑜𝑜,𝐶𝐶)− 𝑉𝑉𝑜𝑜𝑜𝑜(𝑇𝑇𝑜𝑜,𝐶𝐶𝑜𝑜) 
𝛽𝛽(𝐶𝐶)

    (1) 

where 
𝑇𝑇𝑐𝑐 = cell temperature 
𝑇𝑇𝑜𝑜 = environment temperature 
𝑉𝑉𝑜𝑜𝑐𝑐(𝑇𝑇𝑐𝑐 ,𝐶𝐶) = open circuit voltage function of the cell 
temperature and concentration factor 
𝑉𝑉𝑉𝑉𝑉𝑉(𝑇𝑇𝑜𝑜,𝐶𝐶𝑜𝑜) = open circuit voltage function of the 
environment temperature with concentration factor 
of 1 
𝛽𝛽(𝐶𝐶) = voltage thermal coefficient 

 

The knowledge of the parameters in Equation 1 
were empirically obtained from the experimental di- 
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agrams of the variables examined by Steiner et al. 
(2011). The open circuit voltages were found to be 
dependent on the cell temperature that represents 
the unknown. This problem was overcome by Cotal 
et al. (2009) and Renno and Petito (2013) who de-
duced a graphical relationship where 𝑉𝑉𝑜𝑜𝑐𝑐 was found 
to depend only on the concentration factor. Hence 
𝑉𝑉𝑜𝑜𝑐𝑐 is expressed as given in Equation 2. 

     𝑉𝑉𝑜𝑜𝑐𝑐(𝐶𝐶) = 2.5847 +  0.085283 . 𝑙𝑙𝑙𝑙(𝐶𝐶)   (2) 

According to Steiner et al. (2011), the voltage ther-
mal coefficient also depends on C and it is calculated 
according to Equation 3. 

     𝛽𝛽(𝐶𝐶) =  −0.006424 + 0.00036233 . 𝑙𝑙𝑙𝑙 (𝐶𝐶)  (3) 

Based on these assumptions, the cell temperature is 
given by Equation 4. 

     𝑇𝑇𝑐𝑐 =  𝑇𝑇𝑜𝑜 +  𝑉𝑉𝑜𝑜𝑜𝑜(𝐶𝐶)− 𝑉𝑉𝑜𝑜𝑜𝑜(𝐶𝐶𝑜𝑜) 
|𝛽𝛽(𝐶𝐶)|

  (4) 

Once the cell temperature becomes known, then, 
cell efficiency could be determined. Similarly, in or-
der to define a theoretical equation between the 
quantities examined, some experimental diagrams 
obtained by Steiner et al. (2011) were used. These 
show that the efficiency decrease when the concen-
tration factor increases at the same cell temperature. 
The cell efficiency is given by Equation 5. 

     𝜂𝜂𝑐𝑐 −  𝜂𝜂𝑟𝑟 =  𝑑𝑑𝑑𝑑
𝑑𝑑𝑇𝑇

. (𝑇𝑇𝑐𝑐 −  𝑇𝑇𝑟𝑟)  (5) 

where 
𝑇𝑇𝑟𝑟 = reference temperature and it is equal to 25 °C 
or 298 K 
𝜂𝜂𝑟𝑟 = reference efficiency corresponding to the con-
centration factor chosen.  
𝑑𝑑𝜂𝜂
𝑑𝑑𝑇𝑇

=  −0.09167 + 0.005787. ln  (𝐶𝐶) 

The 𝑑𝑑𝑑𝑑
𝑑𝑑𝑇𝑇

 is only applicable for C factors greater than 
30 (where C > 30) and in accordance to the curves 
analysed.  

3. Thermal model implementation of CTPV 
through the use of COMSOL Multiphysics 

The CTPV system utilises a concentrating medium 
to generate electricity from the combustion of fuel 
and through radiation. Figure 1 shows the operating 
principle of a CTPV system in which heat is con-
verted to electricity by transfer through a medium 
(COMSOL, 2015), while Figure 2 is the modelled 
version of the CTPV system in Figure 1. It depicts its 
geometry and the general operating principle 
wherein the CTPV cell generates electricity from the 
combustion of fuel, through radiation of heat (flame) 
at the centre on the concentrators. Similar CTPV 

systems were modelled in 2D to study the operation 
and temperature distribution effects on CTPV sys-
tems, as shown in Figures 3(a), (b) and (c). The fuel 
burned from inside an emitting device that radiates 
the heat intensely and the PV cells captured the ra-
diation and converted it to electricity. The material 
properties involved had to be defined, as the tem-
perature distributions depend on the materials in 
general (Yahyavi, et al., 2010). The materials in-
volved for this modelling were: the heater, emitter, 
PV cell type, the mirrors, the insulation attached to 
the PV cells, and the prevailing environmental con-
ditions. The type of material used determines the PV 
cells’ limited operating temperature. The influence 
of operating conditions (flame temperature) on CTPV 
system efficiency and the temperature of compo-
nents in the CTPV system were investigated by using 
the heat transfer application, which uses surface-to-
surface radiation interface (Peter et al., 2015). 

Figure 1: Operating principle a concentrating ther-
mal photovoltaic system (COMSOL, 2015).  

The PV cells were assumed to be water-cooled 
on their back-side (the interface with the insulation) 
to reduce the temperature. Since there was flow of 
heat on the different boundaries, then heat transfer 
by conduction was present. The emitter was simu-
lated with a specific temperature, Theater, on the inner 
boundary by the model as indicated in Table 3. Ra-
diation (surface-to-surface) in the boundary condi-
tion was taken into consideration at the outer emitter 
boundary. The global definition for the PV cell is 
specified as indicated in Table 4. The mirrors were 
simulated by taking radiation into account on all 
boundaries and applying a low emissivity to it as in-
dicated in Table 5. 

Radiation boundary conditions were applied to 
the inner boundaries of PV cells, as well that of the 
insulation. The PV cells, however, have a higher 
emissivity than that of the insulation. The PV cells, 
furthermore, convert a fraction of the irradiation to 
electricity instead of heat. Heat sinks were situated 
on their inner boundaries to account for a boundary 
heat source, q, which is defined in Equation 6. 

     𝑞𝑞 =  −𝐺𝐺𝜂𝜂𝑝𝑝𝑝𝑝   (6) 
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where 
G = irradiation flux (W/m2) 
 𝜂𝜂𝑝𝑝𝑝𝑝 = voltaic efficiency of the PV cell.  

4. Methodology 
Modelling and simulation of CTPV system  
The defined geometry, definition, dimensions and 
meshing were initiated in a 2D model using COM-
SOL Multiphysics, version 5.1. The 2D model of the 
thermal CTPV was first modelled as a circle and the 
other materials were also modelled as shapes repre-
sented and shown in Figure 2. The materials geom-
etries and dimensions of the CTPV system modelled 
for study are as presented in Figures 3(a), (b) and 
(c). The PV cells were water-cooled on their back-
side (the interface with the insulation) to reduce the 
temperature. Conduction was always present since 
there was flow of heat on the different boundaries. 
The emitter was simulated with a specific tempera-
ture, Theater, on the inner boundary by the model as 
indicated in Table 3. Radiation (surface-to-surface) 
in the boundary condition was taken into consider-
ation at the outer emitter boundary.  

The global definition for the heater is presented 
in Table 3, while the global definition for the PV cell 
is specified as presented in Table 4. The material 
properties presented in CTPV modelling, such as the 
mirrors, PV cells, insulation and emitter are as de- 

fined in Table 5 and were simulated by taking radi-
ation into account on all boundaries. 

Figure 2: Geometry and dimensions of a modelled 
thermal PV system (COMSOL, 2015).  

Materials specifications 
The materials described in Table 5 were used for the 
modelling and simulation. These consist the emitter 
having a specific temperature, Theater, on the inner 
boundary and the mirrors that take radiation into ac-
count on all boundaries with assumed low emissiv-
ity. Furthermore, the PV cells were assigned with a 
high emissivity value and the insulation with a low 
emissivity value. Their relevant material properties 
are appropriately referenced in Table 5. 

Table 3: Global definition for the heater. 

Parameter’s name Expression Value Description 

T_heater 1000 [K] 1000 K Temperature, emitter inner boundary 

Table 4: Global definition for the PV cell. 

Name Expression Units Description 

eta_pv  if(T<1600[K], 0.2*(1 - (T/800[K] - 1)^2), 0) – Voltaic efficiency, PV cell 

q_out ht.Gm*eta_pv W/m2 Electric output power 

Note: eta = voltaic efficiency, PV cell, T = temperature, (25 °C) or (298.13 K)  

Table 5: Material properties used in CTPV modelling (COMSOL, 2015). 

Component k [W/(m·K)] ρ (rho) [kg/m3] Cp [J/(kg·K)] ε 

Emitter 10 2000 900 0.99 

Mirror 10 5000 840 0.01 

PV cell 93 2000 840 0.99 

Insulation 0.05 700 100 0.1 

Table 6: Global definition for the heater. 

Parameter’s name Expression Value Description 

T_heater 1000 [K] 1000 K Temperature, emitter inner boundary 
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Heat transfer and associated equations 
The heat transfer equations for solid and fluid do-
mains are defined by Equations 7 and 8 (Siddiqui et 
al., 2012). 

     𝑞𝑞 =  −𝑘𝑘𝑘𝑘𝑇𝑇   (7) 

     𝜌𝜌𝐶𝐶𝑃𝑃𝑢𝑢.∇𝑇𝑇 + ∇. 𝑞𝑞 = 𝑄𝑄 +  𝑄𝑄𝑡𝑡𝑡𝑡𝑑𝑑  (8)  

The voltaic efficiency of the PV cells, 𝜂𝜂𝑝𝑝𝑝𝑝, is a func-
tion of the ambient temperature T, and it is defined 
by Equation 9. 

    𝜂𝜂𝑝𝑝𝑝𝑝 =  �0.2 � 1 −  � 𝑇𝑇
800 𝐾𝐾 

− 1�
2
�  𝑇𝑇 ≤ 1600 𝐾𝐾 

 0 𝑇𝑇 > 1600 𝐾𝐾
�  (9) 

where 
ρ = the density  
Cp = specific heat capacity  
T = temperature, t is the time  
k = thermal conductivity  
q = heat transferred by conduction  
Q = internal heat generation  
u = fluid velocity 

 
A percentage of the absorbed solar radiation is 

converted to electrical energy, while the remaining 
energy raises the temperature of the PV cells. The 
absorbed solar radiation is applied to the heat trans-
fer equation of the PV cell layers as an internal heat 
generation, Q, which can be determined using 
Equation 10 (Siddiqui et al., 2012). 

     𝑄𝑄 =  �1− 𝑑𝑑𝑝𝑝𝑝𝑝� 𝑥𝑥 𝑆𝑆 𝑥𝑥 𝐴𝐴𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
𝑉𝑉𝑝𝑝𝑜𝑜.𝑜𝑜𝑝𝑝𝑝𝑝𝑝𝑝 

 (10) 

where 
𝜂𝜂𝑝𝑝𝑝𝑝 = the electrical efficiency of the PV panel 
𝐴𝐴𝑝𝑝𝑝𝑝𝑝𝑝𝑡𝑡𝑝𝑝 = the front area of the PV panel  
𝑉𝑉𝑝𝑝𝑐𝑐.𝑐𝑐𝑡𝑡𝑝𝑝𝑝𝑝  = the volume of the PV cells in the panel 

 

Heat transfer with surface-to-surface radiation in-
terface application was used to investigate and study 
the influence of operating conditions (flame temper-
ature) on system efficiency and electric output 
power in a typical CTPV system. The influence of 
geometry changes on the system, such as the num-
ber of materials used or the specifications given on 
these materials, was also considered. In addition, the 
effects of varying the number of mirrors used on the 
temperature distribution, the efficiency and the elec-
trical power output of the CTPV system was investi-
gated.  

The model simulated the emitter with a specific 
temperature, Theater, on the inner boundary. At the 
outer emitter boundary, (surface-to-surface) radia-

tion was taken into account in the boundary condi-
tion. The mirrors were simulated by taking radiation 
into account on all boundaries and applying a low 
emissivity on the mirror. Conduction is always pre-
sent on the different boundaries. The inner bounda-
ries of the PV cells and of the insulation also utilised 
radiation boundary conditions. The PV cells with as-
signed high emissivity value were made to convert a 
fraction of the irradiation to electricity instead of 
heat, while the insulation was assigned a low emis-
sivity value as indicated in Table 5.  

The heat sink on the inner boundaries of the PV 
cells simulated water-cooling on the PV cells to con-
vert a fraction of the irradiation to electricity instead 
of heat. This was made possible by accounting for a 
boundary heat source, q, as defined in Equation 6 
within the ambient temperature as indicated in 
Equation 7. The efficiency of the PV cells, 𝜂𝜂𝑃𝑃𝑉𝑉, is a 
function of the local temperature as defined by 
Equation 9. The local temperature of 800 K was ap-
plied. The PV cell’s voltaic efficiency is a function of 
this temperature and, therefore, turned out to have 
a value of 0.2 at this temperature, from its general-
ised equation.  

At the outer boundary of the PV cells, the con-
vective water-cooling was applied by the model to 
avoid PV cells from over-heating by setting the pa-
rameters as in Equations 11 and 12. 

     ℎ = 50𝑊𝑊/(𝑚𝑚2 .𝐾𝐾)  (11) 

     𝑇𝑇𝑝𝑝𝑎𝑎𝑎𝑎 = 273 𝐾𝐾  (12) 

At the outer boundary of the insulation, convective 
cooling was applied with parameters given by Equa-
tions 13 and 14. 

     ℎ = 5𝑊𝑊/(𝑚𝑚2 .𝐾𝐾)  (13) 

     𝑇𝑇𝑝𝑝𝑎𝑎𝑎𝑎 = 293 𝐾𝐾  (14) 

A variety of physics applied in the modelling 
work and the equations governing the applications 
to various selections such as domains, boundaries, 
edges and points on the materials used as found ap-
plicable, are put in tabular form as indicated in Table 
7. 

Two-dimensional (2D) thermal modelling 
and simulation of a CTPV system 
For cost control purpose, a small area of PV cell was 
sufficiently utilised in the 2D thermal modelling and 
simulation of the CTPV system. The material prop-
erties for each of the CTPV configurations modelled 
were the same as summarised in Table 5. The aim 
was to optimise system geometry and operating con-
ditions to achieve maximum performance (efficiency
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Table 7: Governing physics on the models, using heat transfer with  
surface-to-surface radiation. 

Selection Physics applied Where applied to Governing equation 

Domain 
(Solid part - 

opaque) 

Heat transfer in solid 1 
(Heat conduction, 

 solid) 
 

PV cells and insulation, 
mirrors, emitter and flame 

𝜌𝜌𝐶𝐶𝑃𝑃𝑢𝑢 .∇𝑇𝑇 + ∇.𝑞𝑞 = 𝑄𝑄 +  𝑄𝑄𝑡𝑡𝑡𝑡𝑑𝑑 
𝑞𝑞 =  −𝑘𝑘∇𝑇𝑇 , 
 𝑃𝑃𝐴𝐴 = 1 [𝑎𝑎𝑎𝑎𝑚𝑚]  
k, ρ, 𝐶𝐶𝑝𝑝 = values are obtained from materials 
specifications 

Boundaries Thermal insulation 1 All (not applicable) −𝑙𝑙 . 𝑞𝑞 =  0  

Domain 
(Solid part - 

opaque) 

Heat transfer in fluids 
1 

Air (4) 𝜌𝜌𝐶𝐶𝑃𝑃𝑢𝑢 .∇𝑇𝑇 + ∇.𝑞𝑞 = 𝑄𝑄 +  𝑄𝑄𝑝𝑝 +  𝑄𝑄𝑝𝑝𝑑𝑑 
𝑞𝑞 =  −𝑘𝑘∇𝑇𝑇 , 
 𝑃𝑃𝐴𝐴 = 1 [𝑎𝑎𝑎𝑎𝑚𝑚]  = 𝑎𝑎𝑎𝑎𝑎𝑎𝑉𝑉𝑙𝑙𝑢𝑢𝑎𝑎𝑎𝑎 𝑝𝑝𝑝𝑝𝑎𝑎𝑎𝑎𝑎𝑎𝑢𝑢𝑝𝑝𝑎𝑎  
Fluid type = Gas/liquid  
k, ρ, 𝐶𝐶𝑝𝑝 = values are obtained from materials 
specifications 

Boundaries Diffuse surface 1 
(surface-to-surface ra-
diation) 
 

Mirrors −𝑙𝑙 . 𝑞𝑞 =  𝜀𝜀 �𝐺𝐺 −  𝑎𝑎𝑎𝑎(𝑇𝑇)� 
(1 −  𝜀𝜀 )𝐺𝐺 = 𝐽𝐽 −  𝜀𝜀 𝑎𝑎𝑎𝑎(𝑇𝑇)  
𝐺𝐺 =  𝐺𝐺𝑎𝑎 (𝐽𝐽) + 𝐺𝐺𝑝𝑝𝑎𝑎𝑎𝑎 +  𝐺𝐺𝑡𝑡𝑥𝑥𝑡𝑡 
𝐺𝐺𝑝𝑝𝑎𝑎𝑎𝑎 =  𝐹𝐹𝑝𝑝𝑎𝑎𝑎𝑎 𝑎𝑎𝑎𝑎 (𝑇𝑇𝑝𝑝𝑎𝑎𝑎𝑎) 
𝑎𝑎𝑎𝑎 (𝑇𝑇) =  𝑙𝑙2 𝜎𝜎 𝑇𝑇4 
𝜀𝜀 = 𝑈𝑈𝑎𝑎𝑎𝑎𝑝𝑝 𝑑𝑑𝑎𝑎𝑑𝑑𝑑𝑑𝑙𝑙𝑎𝑎𝑑𝑑 =  0.01 
Surface radiosity, 𝐽𝐽𝑖𝑖𝑝𝑝𝑖𝑖𝑡𝑡 𝑖𝑖𝑝𝑝 𝑊𝑊/𝑎𝑎2 

 
Boundaries 

Heat flux 1 
(Convective heat flux) 
 

Insulation outside bound-
ary 
(These are the outer 
boundaries of the model-
ling domain) 

−𝑙𝑙 . 𝑞𝑞 =  𝑞𝑞0 
𝑞𝑞0 = ℎ . (𝑇𝑇𝑡𝑡𝑥𝑥𝑡𝑡 − 𝑇𝑇) 
ℎ = 𝐻𝐻𝑎𝑎𝑎𝑎𝑎𝑎 𝑎𝑎𝑝𝑝𝑎𝑎𝑙𝑙𝑎𝑎𝑑𝑑𝑎𝑎𝑝𝑝 𝐶𝐶𝑉𝑉𝑎𝑎𝑑𝑑𝑑𝑑𝑑𝑑𝑉𝑉𝑑𝑑𝑎𝑎𝑙𝑙𝑎𝑎

= 5 𝑊𝑊/𝑚𝑚2. 𝑘𝑘  
𝑇𝑇𝑡𝑡𝑥𝑥𝑡𝑡 = 𝐸𝐸𝐸𝐸𝑎𝑎𝑎𝑎𝑝𝑝𝑙𝑙𝑎𝑎𝑙𝑙 𝑇𝑇𝑎𝑎𝑚𝑚𝑝𝑝. = 293.15 [𝐾𝐾] 

𝑞𝑞0 =  
𝑝𝑝0 
𝐴𝐴  = 𝑂𝑂𝑂𝑂𝑎𝑎𝑝𝑝𝑎𝑎𝑙𝑙𝑙𝑙 ℎ𝑎𝑎𝑎𝑎𝑎𝑎 𝑇𝑇𝑝𝑝𝑎𝑎𝑙𝑙𝑎𝑎𝑑𝑑𝑎𝑎𝑝𝑝 𝑝𝑝𝑎𝑎𝑎𝑎𝑎𝑎 

Boundaries Diffuse surface 2 
(surface-to-surface ra-
diation) 

Insulation outside bound-
ary 

−𝑙𝑙 . 𝑞𝑞 =  𝜀𝜀 𝜎𝜎(𝑇𝑇𝑝𝑝𝑎𝑎𝑎𝑎
4 −  𝑇𝑇4) 

𝑇𝑇𝑝𝑝𝑎𝑎𝑎𝑎 = 𝐴𝐴𝑚𝑚𝑎𝑎𝑑𝑑𝑎𝑎𝑙𝑙𝑎𝑎 𝑇𝑇𝑎𝑎𝑚𝑚𝑝𝑝𝑎𝑎𝑝𝑝𝑎𝑎𝑎𝑎𝑢𝑢𝑝𝑝𝑎𝑎
= 293.15 [𝐾𝐾] 

𝜀𝜀 = 𝑆𝑆𝑢𝑢𝑝𝑝𝑑𝑑𝑎𝑎𝑉𝑉𝑎𝑎 𝑎𝑎𝑚𝑚𝑑𝑑𝑎𝑎𝑎𝑎𝑑𝑑𝑂𝑂𝑑𝑑𝑎𝑎𝑒𝑒 = 𝑈𝑈𝑎𝑎𝑎𝑎𝑝𝑝 𝑑𝑑𝑎𝑎𝑑𝑑𝑑𝑑𝑙𝑙𝑎𝑎𝑑𝑑
= 0.1 

Boundaries Diffuse surface 3 
(surface-to-surface radi-
ation) 
 

PV cells connecting links 
(These are the arc-shaped 
boundaries connecting the 
PV cells) 

−𝑙𝑙 . 𝑞𝑞 =  𝜀𝜀 �𝐺𝐺 −  𝑎𝑎𝑎𝑎(𝑇𝑇)� 
(1 −  𝜀𝜀 )𝐺𝐺 = 𝐽𝐽 −  𝜀𝜀 𝑎𝑎𝑎𝑎(𝑇𝑇)  
𝐺𝐺 =  𝐺𝐺𝑎𝑎 (𝐽𝐽) + 𝐺𝐺𝑝𝑝𝑎𝑎𝑎𝑎 +  𝐺𝐺𝑡𝑡𝑥𝑥𝑡𝑡 
𝐺𝐺𝑝𝑝𝑎𝑎𝑎𝑎 =  𝐹𝐹𝑝𝑝𝑎𝑎𝑎𝑎 𝑎𝑎𝑎𝑎 (𝑇𝑇𝑝𝑝𝑎𝑎𝑎𝑎) 
𝑎𝑎𝑎𝑎 (𝑇𝑇) =  𝑙𝑙2 𝜎𝜎 𝑇𝑇4 
𝑇𝑇𝑝𝑝𝑎𝑎𝑎𝑎 = 𝑇𝑇 [𝐾𝐾] 
𝜀𝜀 = 𝑆𝑆𝑢𝑢𝑝𝑝𝑑𝑑𝑎𝑎𝑉𝑉𝑎𝑎 𝑎𝑎𝑚𝑚𝑑𝑑𝑎𝑎𝑎𝑎𝑑𝑑𝑂𝑂𝑑𝑑𝑎𝑎𝑒𝑒 = 𝑈𝑈𝑎𝑎𝑎𝑎𝑝𝑝 𝑑𝑑𝑎𝑎𝑑𝑑𝑑𝑑𝑙𝑙𝑎𝑎𝑑𝑑 =
0.1 
Initial values 𝐽𝐽𝑖𝑖𝑝𝑝𝑖𝑖𝑡𝑡  ℎ𝑡𝑡 . 𝐽𝐽𝑖𝑖𝑝𝑝𝑖𝑖𝑡𝑡 𝑊𝑊/𝑎𝑎2 

Boundaries Boundary heat source 1 PV cell, top surface 
(These are the outward-fac-
ing PV-cell boundaries) 

−𝑙𝑙 . 𝑞𝑞 =  𝑞𝑞0  
𝑄𝑄𝑎𝑎 = 𝑈𝑈𝑎𝑎𝑎𝑎𝑝𝑝 𝑑𝑑𝑎𝑎𝑑𝑑𝑑𝑑𝑙𝑙𝑎𝑎𝑑𝑑 

𝑄𝑄𝑎𝑎 = 50 �
𝑊𝑊

𝑚𝑚 2 ∗ 𝑘𝑘
� ∗ 

𝑄𝑄𝑎𝑎 =  𝑂𝑂𝑂𝑂𝑎𝑎𝑝𝑝𝑎𝑎𝑙𝑙𝑙𝑙 ℎ𝑎𝑎𝑎𝑎𝑎𝑎 𝑎𝑎𝑝𝑝𝑎𝑎𝑙𝑙𝑎𝑎𝑑𝑑𝑎𝑎𝑝𝑝 𝑝𝑝𝑎𝑎𝑎𝑎𝑎𝑎 =  𝑃𝑃𝑏𝑏
𝐴𝐴
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Selection Physics applied Where applied to Governing equation 

Boundaries Diffuse surface 4 
(surface-to-surface radi-
ation 

PV cell, inner surface 
(These are the inward-facing 
PV-cell boundaries) 

−𝑙𝑙 . 𝑞𝑞 =  𝜀𝜀 �𝐺𝐺 −  𝑎𝑎𝑎𝑎(𝑇𝑇)�  
(1 −  𝜀𝜀 )𝐺𝐺 = 𝐽𝐽 −  𝜀𝜀 𝑎𝑎𝑎𝑎(𝑇𝑇)  
𝐺𝐺 =  𝐺𝐺𝑎𝑎 (𝐽𝐽) + 𝐺𝐺𝑝𝑝𝑎𝑎𝑎𝑎 +  𝐺𝐺𝑡𝑡𝑥𝑥𝑡𝑡  
𝐺𝐺𝑝𝑝𝑎𝑎𝑎𝑎 =  𝐹𝐹𝑝𝑝𝑎𝑎𝑎𝑎 𝑎𝑎𝑎𝑎 (𝑇𝑇𝑝𝑝𝑎𝑎𝑎𝑎)  
𝑎𝑎𝑎𝑎 (𝑇𝑇) =  𝑙𝑙2 𝜎𝜎 𝑇𝑇4  
𝑇𝑇𝑝𝑝𝑎𝑎𝑎𝑎 = 𝑇𝑇 [𝐾𝐾]  
𝜀𝜀 = 𝑆𝑆𝑢𝑢𝑝𝑝𝑑𝑑𝑎𝑎𝑉𝑉𝑎𝑎 𝑎𝑎𝑚𝑚𝑑𝑑𝑎𝑎𝑎𝑎𝑑𝑑𝑂𝑂𝑑𝑑𝑎𝑎𝑒𝑒 = 𝑈𝑈𝑎𝑎𝑎𝑎𝑝𝑝 𝑑𝑑𝑎𝑎𝑑𝑑𝑑𝑑𝑙𝑙𝑎𝑎𝑑𝑑 =
0.99 
Initial values, 𝐽𝐽𝑖𝑖𝑝𝑝𝑖𝑖𝑡𝑡  (ℎ𝑡𝑡 . 𝐽𝐽𝑖𝑖𝑝𝑝𝑖𝑖𝑡𝑡) 𝑑𝑑𝑙𝑙 𝑤𝑤/𝑚𝑚2  

Boundaries Boundary heat  
source 2 

PV cell, inner surfaces 
 

− 𝑙𝑙 .𝑞𝑞 =  𝑄𝑄𝑎𝑎  
General source 
𝑄𝑄𝑎𝑎 = 𝑈𝑈𝑎𝑎𝑎𝑎𝑝𝑝 𝑑𝑑𝑎𝑎𝑑𝑑𝑑𝑑𝑙𝑙𝑎𝑎𝑑𝑑 =  −𝑞𝑞𝑜𝑜𝑜𝑜𝑡𝑡  𝑊𝑊/𝑚𝑚2  
Overall heat transfer rate, 𝑄𝑄𝑎𝑎 =  𝑃𝑃𝑏𝑏

𝐴𝐴
  

Boundaries Diffuse surface 5 
(Surface-to-surface  
 radiation) 

Emitter outside surface 
(These are the outward-fac-
ing emitter boundaries) 

−𝑙𝑙 . 𝑞𝑞 =  𝜀𝜀 �𝐺𝐺 −  𝑎𝑎𝑎𝑎(𝑇𝑇)� 
(1 −  𝜀𝜀 )𝐺𝐺 = 𝐽𝐽 −  𝜀𝜀 𝑎𝑎𝑎𝑎(𝑇𝑇)  
𝐺𝐺 =  𝐺𝐺𝑎𝑎 (𝐽𝐽) + 𝐺𝐺𝑝𝑝𝑎𝑎𝑎𝑎 +  𝐺𝐺𝑡𝑡𝑥𝑥𝑡𝑡 
𝐺𝐺𝑝𝑝𝑎𝑎𝑎𝑎 =  𝐹𝐹𝑝𝑝𝑎𝑎𝑎𝑎 𝑎𝑎𝑎𝑎 (𝑇𝑇𝑝𝑝𝑎𝑎𝑎𝑎) 
𝑎𝑎𝑎𝑎 (𝑇𝑇) =  𝑙𝑙2 𝜎𝜎 𝑇𝑇4 
𝑇𝑇𝑝𝑝𝑎𝑎𝑎𝑎 = 𝑇𝑇 [𝐾𝐾] 
𝜀𝜀 = 𝑆𝑆𝑢𝑢𝑝𝑝𝑑𝑑𝑎𝑎𝑉𝑉𝑎𝑎 𝑎𝑎𝑚𝑚𝑑𝑑𝑎𝑎𝑎𝑎𝑑𝑑𝑂𝑂𝑑𝑑𝑎𝑎𝑒𝑒 = 𝑈𝑈𝑎𝑎𝑎𝑎𝑝𝑝 𝑑𝑑𝑎𝑎𝑑𝑑𝑑𝑑𝑙𝑙𝑎𝑎𝑑𝑑 =
0.99 
 𝐽𝐽𝑖𝑖𝑝𝑝𝑖𝑖𝑡𝑡 = 𝑆𝑆𝑢𝑢𝑝𝑝𝑑𝑑𝑎𝑎𝑉𝑉𝑎𝑎 𝑝𝑝𝑎𝑎𝑑𝑑𝑑𝑑𝑉𝑉𝑎𝑎𝑑𝑑𝑎𝑎𝑒𝑒 =
 (ℎ𝑡𝑡 . 𝐽𝐽𝑖𝑖𝑝𝑝𝑖𝑖𝑡𝑡) 𝑑𝑑𝑙𝑙 𝑊𝑊/𝑚𝑚2  

Boundaries Temperature 1 Emitter inner boundary 
(These are the inward facing 
emitter boundaries). 

𝑇𝑇 =  𝑇𝑇0 
𝑇𝑇0  = 𝑇𝑇 −  𝑇𝑇ℎ𝑡𝑡𝑝𝑝𝑡𝑡𝑡𝑡𝑟𝑟   𝑑𝑑𝑙𝑙 [𝐾𝐾] 

Note: G = irradiation flux, (W/m2), T = temperature, (25 °C ) or (298.13 K) 
 
 

and power output) at minimum material costs. As 
earlier illustrated in Figure 2, the mirrors were used 
to focus the radiation from the heat source on these 
PV cells for greater concentration and intensity. 
However, there was a limit to how much of the light 
beams that could safely be focused on the PV cells 
because too high radiation intensity could overheat 
the cells. In order to study the effects of this variation 
on the CTPV system efficiency and generated power 
output, the number of mirrors and PV cells used 
were varied from eight to six and then to ten. To 
achieve this, the PV system was assigned a higher 
emissivity value while the insulation and the mirrors 
were assigned lesser emissivity values (Table 5). The 
effect of change in configuration in the number of 
mirrors and PV cells used was examined. The find-
ings are displayed in Figures 3 to 6 and the results 
were discussed upon and the conclusions were 
drawn. 

5. Results and discussion 
Behaviours of the modelled 2D configura-
tions 
The results in Figures 3(a), (b) and (c) show the vis-
ual temperature distribution (stationary) for the 

CTPV systems with eight, six and ten mirrors, re-
spectively, that were subjected to operating emitter 
temperature conditions of 2000 K. The structure 
with eight numbers of mirrors was set as the stand-
ard and the geometry was built with initial same 
number of eight numbers of mirrors and PV cells 
and other materials. The results showed that the 
CTPV system experienced a remarkable tempera-
ture distribution that varied almost linearly with the 
operating conditions. The stationary temperature 
distributions are graphically represented in Figures 
4(a), (b) and (c), where the PV cells reached temper-
ature values of 1820, 1880 and 1700 K for the sys-
tems with eight, six and ten mirrors respectively. 
These were significantly higher than their best oper-
ating temperatures of 780, 1300 and 1300 K for the 
respective eight, six, and ten mirrors, if extrapolated 
with 𝑇𝑇ℎ𝑡𝑡𝑝𝑝𝑡𝑡𝑡𝑡𝑟𝑟  of 1200, 1600, and 1800 K respectively. 
These yielded a system output power of 7800, 
31800 and 29800 W/m2 as shown in Figures 6(a), 
(b) and (c) respectively at the operating temperature 
of 1200, 1600, and 1800 K. Above each of these 
𝑇𝑇ℎ𝑡𝑡𝑝𝑝𝑡𝑡𝑡𝑡𝑟𝑟 values, their corresponding output power be-
gan to drop sharply and eventually came to zero at 
1400, 1800 and 2000 K for the eight, six and ten 
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mirror configurations in Figures 6(a) (b) and (c) re-
spectively and their photovoltaic efficiency collapsed 
to zero accordingly in each case, as shown in Figures 
5(a), (b) and (c). The graphs in Figures 6 illustrate 
𝑇𝑇ℎ𝑡𝑡𝑝𝑝𝑡𝑡𝑡𝑡𝑟𝑟  at which the system attained the maximum 
electric power output for the system with eight, six 
and ten mirrors respectively. 

(a) 

(b) 

(c) 

Figure 3: Stationary temperature distribution in a 
CTPV system with (a) eight, (b) six and (c) ten mir-

ror/PV cell configurations. 

Analytic comparison of 2D CTPV geometry 
with eight number of mirrors and PV cells 
In the CTPV system with eight mirrors/PV cells con-
figuration, Figure 3a indicates the stationary temper-
ature distribution on CTPV system with the eight 
mirrors configuration with temperature range of 
1400 K from the source of the heat (centre) down to 
the insulation (outer boundary) with temperature of 
800 K. Figure 4a is where the PV cells experienced 
 

(a) 

(b) 

(c) 

Figure 4: Temperature distribution in a concentrat-
ing thermal photovoltaic system with (a) eight, (b) 

six and (c) ten mirror/PV cell configurations. 

 temperature distribution from 500 K to approxi-
mately 1800 K. Figure 5a shows that 𝑇𝑇ℎ𝑡𝑡𝑝𝑝𝑡𝑡𝑡𝑡𝑟𝑟  was 
1400 K, already indicated on Figure 3a, which is ap-
preciably higher than the maximum temperature of 
1200 K. The increase of the operating temperature 
to above 1200 K as in Figure 6a caused a sharp de-
cline in the output power of the CTPV system from 
7800 W/m2 to zero at an operating temperature of 
1400 K and above. The optimum operating temper-
ature for the heater, at which the CTPV system 
achieved maximum electric power output, was 1200 
K, as shown in Figure 6a. At this temperature, the 
PV cells reached a temperature of approximately 
780 K, as shown in Figure 4a, which they could 
withstand. The best operating condition (emitter 
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temperature) and the PV cells temperature for opti-
mal output power (7800 W/m2) were, therefore, re-
spectively 1200 and 780 K. It can be inferred that 
any system operation outside these temperature 
ranges is a waste of resources because the output 
power becomes zero and therefore needs to be 
avoided. The optimal efficiency obtained was 
19.8% as shown in Figure 5a. 

(a) 

(b) 

(c) 

Figure 5: Voltaic efficiency distribution in a con-
centrating thermal photovoltaic system with (a) 

eight, (b) six and (c) ten mirror/PV cell configura-
tions. 

Analytic comparison of 2D CTPV geometry 
with six number of mirrors and PV cells 
In the CTPV system with six mirrors/PV cells config-
uration, Figure 3b indicates the stationary tempera-
ture distribution on the system with the eight mirrors 
configuration with temperature range of 1800 K 
from the source of the heat (centre) down to the in-
sulation (outer boundary) with temperature of 900 K.  
 

(a) 

(b) 

(c) 

Figure 6: Electric output power in a concentrating 
thermal photovoltaic system with (a) eight, (b) six 

and (c) ten mirror/PV cell configurations. 

The PV cells in Figure 4b experienced a temperature 
distribution from 600 K to approximately 1900 K. 
The operating temperature in Figures 5b, was 1800 
K, already indicated on Figure 3b, which is appre-
ciably higher than the (heater) maximum tempera-
ture of 1600 K. An increase in the operating temper-
ature above 1600 K as in Figure 6b resulted in a 
sharp decrease in the output power of the CTPV sys-
tem from 31800 W/m2 to zero at an operating tem-
perature of 1800 K and above. The optimum oper-
ating temperature (for the heater), at which the 
CTPV system achieved maximum electric power 
output, was 1600 K as shown in Figure 6b. At this 
temperature, the PV cells reached a temperature of 
approximately 1300 K, as shown in Figure 4b, 
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which they could withstand. The best operating con-
dition (emitter temperature) and the PV cells tem-
perature for optimal output power (31800 W/m2) 
were, consequently, 1600 K and 1300 K respec-
tively. It can similarly be inferred that any system op-
eration outside these temperature ranges is only a 
waste of resources because the output power be-
comes zero and should, therefore, be obviated. The 
optimal efficiency obtained was 19.8% as shown in 
Figure 5b. 

Analytic comparison of 2D CTPV geometry 
with ten number of mirrors and PV cells 
Figure 3c in the CTPV system with ten mirrors/PV 
cells configuration indicates the stationary tempera-
ture distribution on CTPV system with the eight mir-
rors configuration with temperature range of 2000 K 
from the source of the heat (centre) down to the in-
sulation (outer boundary) with temperature of 1000 
K. The PV cells in Figure 4c experienced a tempera- 

ture distribution from 450 K to approximately 1700 
K. The operating temperature of 1800 K in Figures 
5c, already indicated on Figure 3c, is appreciably 
higher than the (heater) maximum temperature of 
1800 K. Increasing the operating temperature above 
1800 K as in Figure 6c caused an acute decrease in 
the output power of the CTPV system from 31800 
W/m2 to zero at an operating temperature of 2000 K 
and above. The optimum operating temperature 
(for the heater) at which the CTPV system achieved 
maximum electric power output was 1600 K as 
shown in Figure 6b. The PV cells at this temperature 
recorded a temperature of approximately 1300 K, as 
shown in Figure 4b, which they could withstand. 
The best operating condition (emitter temperature) 
and the PV cells temperature for optimal output 
power of 29800 W/m2 were respectively 1800 and 
1300 K. A similar inference to that in Sections 4.2 
and 4.3 can be made. The optimal efficiency ob-
tained was 19.8%, as shown in Figure 5c. 

Table 9: Case one: Summary of the results on using different mirror configurations 
 for the 2D TCPV system. 

 Parameters CTPV* with 
eight mirrors 

CTPV with 
six mirrors 

CTPV with 
ten mirrors 

Subjected operating condition (emitter temperature) (K) 1400  1800  2000  

Heater temperature range for the operation (K) 1000–2000  1000–2000 1000–2000  

Best operating condition (best emitter temperature) (K) 1200 1600 1800 

Attained PV cells temperature (K) 1820 1880 1700 

Best PV cells temperature (K) 780 1300 1300 

Output power (W/m2) 7800 31800 29800  

CTPV system attained efficiency (%) 19.8 19.8 19.8 

Temperature deviation (increase) on PV cells (%) 133 45.0 31.0 

Percentage temperature deviation (increase) on operating condition 
(emitter) (%) 

16.7 12.5  11.1 

* CTPV = concentrating thermal photovoltaic. 

 
 

6. Conclusions 
The results in Figures 3 to 6(a, b and c) showed that, 
in all cases, the CTPV system attained the same ef-
ficiency of 19.8%. From the summary and analysis 
given in Table 9, and the fact that all configurations 
use the same defined modelling parameters, the bet-
ter option is between the six mirrors and the ten mir-
ror configurations. The power generated in the six 
mirrors was 31800 W/m2 and that of the ten mirrors 
was 29800 W/m2. Furthermore, the percentage tem-
perature deviation increased by 45% and 31% for 
the six and eight mirrors respectively. In addition, 
comparison of the temperature deviation on the 
subjected operating conditions with those consid-
ered as the best operating conditions, indicated that 
the percentage increase deviations were 16.7, 12.5 

and 11.1% respectively for the eight, six and ten mir-
ror configurations. Thus, the ten PV cells/mirrors 
had the least temperature rise, which is desirable. 

The six PV cells/mirrors configuration, however, 
generated the highest power output of the three con-
figurations. In addition, the configuration used the 
least numbers of mirrors and the PV cells out of the 
three configurations, with a subsequent reduction in 
materials costs. The use of mirrors to intensify radi-
ation made the choice of lower number of six mir-
rors and six PV cells the most desirable.  
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