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Abstract: The knowledge of the actual energy performances of a concentrating photovoltaic and
thermal (CPV/T) system with a linear focus optics, allows to evaluate the possibility of adopting
this type of system for cogeneration purposes. Hence, the main aim of this paper is the design,
realization, setting and modeling of a linear focus CPV/T system in the high concentration field.
An experimental linear focus CPV/T plant was created in order to determine its electrical and thermal
performance under different working conditions in terms of environment temperature, sunny and
cloudy conditions, focal length, etc. Moreover, a theoretical model of the linear focus CPV/T system
was also studied. This model evaluates the temperatures of the working fluid that flows in the
cooling circuit of the CPV/T system under several operating conditions. The temperatures of
the triple junction (TJ) cells, experimentally evaluated referring to different solar radiation and
atmospheric conditions, were considered as the input data for the model. The values of the fluid
temperature, theoretically and experimentally determined, were thus compared with good agreement.
The electrical production of the CPV/T system depends generally on the TJ cell characteristics and
the concentration factor, while the thermal production is above all linked to the system configuration
and the direct normal irradiance (DNI) values. Hence, in this paper the electric power obtained by
the linear-focus CPV/T system was evaluated referring to the cogeneration applications, and it was
verified if the TJ cell and the cooling fluid reach adequate temperature levels in this type of system,
in order to match the electrical and the thermal loads of a user.

Keywords: concentrating photovoltaic and thermal system; linear focus; experimental analysis;
theoretical model; cogeneration; energy

1. Introduction

Solar systems [1] have lately been used for different types of applications [2]. For example,
concentrated solar power systems are being widely used [3]. In particular, concentrating photovoltaic
(CPV) systems use optics to concentrate the solar radiation on triple-junction (TJ) cells, causing high
electrical performance, but also higher temperatures of the TJ cell. In addition to electric energy,
concentrating photovoltaic and thermal (CPV/T) systems allow also to obtain thermal energy [4].
Hence, the CPV/T systems present a great potential for use for cogeneration purposes in residential
and industrial applications, also allowing a decrease of the environmental impact in terms of CO2

emissions [5]. For example, in [6] a concentrating photovoltaic and thermal system was used as
a cogenerator which adopts nanofluids for cooling and heating. The authors in [7] have determined the
optimum concentration factor value able to provide a fluid temperature that matches the thermal loads
in several working conditions, reducing the system size of the CPV/T. In [8], a concentrating system
that adopts evacuated tubes was analyzed to determine the thermal energy production in addition
to the electrical production. A point-focus CPV/T system, able to obtain both electrical and thermal
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energy, was studied in [9]. As a consequence, the CPV/T systems allow the combined production of
electrical and thermal energy, reducing the unit costs and increasing the total system efficiency [10].

Different concentrating systems are mentioned above, but the literature does not contain
a standard configuration of a CPV/T system able to match the energy loads of each typology of user.
Rather, their configuration depends on different aspects, such as concentration factor, type of optics,
triple-junction (TJ) cell intrinsic characteristics, cell TJ temperature, cooling system, tracking system,
user, etc. Moreover, the direct normal irradiance (DNI), for which the average values in the world are
reported in Figure 1 [11], plays a key role in the use of CPV/T systems. In [12], an experimental study of
a CPV system modifying the concentration, is presented. A dynamic model of a CPV/T system under
different concentration conditions is presented in [13], using the finite element method. The model
of a linear focus CPV/T system with active cooling is analyzed in [14]. Moreover, the evaluation of
the thermal energy recovered by a CPV/T system depends on the TJ solar cell temperature values,
which are not always easy to determine under each kind of working condition [15] and which are
dependent on the concentration factor [16]. The cell temperature represents the input on which the
cooling fluid temperature depends.
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As a consequence, in the literature there are experimental works that describe parabolic trough
concentrators above all in the low concentration field [17]. For the high concentration field there are
above all theoretical studies, with few experimental works that also evaluate the potential from the
cogeneration point of view of a linear focus CPV/T system. Hence, the main purpose of this paper is to
design, realize, set and model a linear focus CPV/T system in the high concentration field. In particular,
a set of parameters was tested referring to the experimental linear focus CPV/T system with a high
concentration, in order to also analyze its potential from the thermal point of view. The experimental
system has allowed to vary the focal length in order to improve the optics configuration and to analyze
the performance of the solar cell. A TJ solar cell was adopted, the characteristics of which have been
deeply analyzed in the high concentration field, although often silicon cells or double junction cells are
used. Hence, the experimental analysis was focused on the setup of the main parameters of the linear
focus CPV/T system, in order to improve its performance. In particular, the concentration level, the TJ
cell electrical power, the TJ solar cell and the cooling fluid temperatures were monitored to analyze the
CPV/T system’s response under different operating conditions. The linear focus CPV/T system was
also theoretically studied in order to compare the cooling fluid temperatures experimentally obtained
with the theoretical model results.

Finally, the electrical power values of the TJ solar cell were monitored under different working
conditions in terms of DNI. Moreover, it was verified whether the adequate temperature levels of the
cell and cooling fluid were reached in the linear focus CPV/T system under high concentration in
order to match not only the electrical loads, but also the thermal needs of a user.



Energies 2018, 11, 2960 3 of 15

2. Materials and Methods

2.1. CPV/T System Description

A linear focus CPV/T system generally adopts refractive optics or reflective optics consisting
of a parabolic trough concentrator. The experimental CPV/T system presented in this paper, shown
in Figure 2 and realized in the Laboratory of Applied Thermodynamics of the University of Salerno
(Italy), consists of a linear focus configuration, with parabolic optics and triple-junction (TJ) solar cells
(InGaP/GaAs/Ge) with an area of 1.0 × 1.0 cm2. The TJ cell characteristics are reported in Table 1.
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Figure 2. Linear focus experimental plant: (a) Triple-junction solar cell; (b) cooling fluid circuit;
(c) experimental CPV/T system.

Table 1. Cell characteristics [18].

Triple-Junction Cell

parameter value
material InGaP/InGaAs/Ge

dimensions 1.0 cm × 1.0 cm
reference efficiency ηr (at 298 K, 50 W/cm2) 38.7%

temperature coefficient (σt) −0.04%/K

The concentration of the linear focus system took place along a tube with the TJ cells located on
the surface and where the refrigerant fluid flows. In particular, thirty cells are present along a line of
1.2 m. The experimental system also presents a tracking system able to converge the maximum direct
solar radiation on the cells. The TJ cells were placed at a variable distance from the optics and the
focal length is a variable in the experimental analysis. The experimental system allows to move the
parabolic optics on a vertical axis in order to modify its height with respect to the cells, and then the
incident radiation on the solar cells can be modified varying the concentration factor value. The main
parameters that characterize a parabolic optics are its focal length (f), on which depends the size of
the focused image, and the truncation value (a), on which depends the amount of energy that affects
the tube. Hence, the concentration factor will be proportional to the ratio of the two parameters (f/a).
The input data considered in the sizing of the CPV/T system were: C equal to 107x, and the tube
length and diameter respectively equal to 1.2 m and 2.8 cm. By referring to these data, it was possible
to determine the parameters and the characteristic dimensions of the parabola necessary to achieve the
optimal concentration factor. The maximum value of C obtained during the operation hours of the
CPV/T system, which corresponds to the proper focal length, was about 90x.

A mobile structure was necessary in order to support the optics and to move the CPV/T system
either through rotation with its base on a plane, or through rotation around the axis of the tree on
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a plane orthogonal to the first, to enable the tracking system and to always obtain the maximum
concentration factor during the day. The degrees of freedom of the system allow its movement in
the north–south and east–west directions, and the change of the focal length (Figure 3). In particular,
if a plane parallel to the cell area and another tangent to the vertex of the parabola constituting the
concentrator are considered, it is necessary that such planes remain parallel during the movement
of the system. This is because the rotation of the shaft, which allows the concentrator to chase the
sun, does not coincide with the rotation of the tube where the fluid flows, but the rotations tend to be
opposite (Figure 3). Finally, the system thus designed has allowed to modify parameters such as the
focal distance and the positioning of the CPV/T system.
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Some PT100 thermo-resistances, with an accuracy of ±0.2 K, were adopted to measure the fluid,
cell and environment temperatures. The electrical energy production of the CPV/T system was also
evaluated through voltage and current measurement. A pyrheliometer, whose typology is reported
in [19] and with an accuracy of 2%, was adopted in order to measure the solar radiation. Generally,
all the measurements of current and voltage while the CPV/T system was working, were monitored
by means of a data logger (data tracker series DT80, accuracy 2%). The sampling rate for the energy
analysis was 15 s.

2.2. Modelling of the Linear Focus CPV/T System

The CPV/T system performances vary with the concentration factor (C), which is equal to:

C =
Aopt

Ac
· ηopt, (1)

where Aopt and Ac, respectively, are the optics area and the TJ cell area, and ηopt is the optical
efficiency. Corresponding to a same C value and the same TJ cell, the CPV/T system’s electric energy
is equal to [7]:

Eel,CPV/T = DNI · C · Ac · ηc · nc · ηmod, (2)



Energies 2018, 11, 2960 5 of 15

where ηc is the TJ cell efficiency, nc is the number of cells present in the module and ηmod represents
the efficiency of the module that is equal to 0.95 up to 100 cells [20].

The CPV/T system provides electrical energy, but also thermal energy equal to [21]:

Eth,CPVT =
[(

1 − ηel,CPV/T
)
· DNI · nc

]
− Eth,loss, (3)

where the global electric efficiency of the CPV/T system considers the efficiency values of the cells
and module [22]:

ηel,CPV/T = ηc · ηmod ·
(

1 − ppar

)
, (4)

where ppar is a loss factor equal to 0.023 and linked to the radiation [20] and Eth,loss represents the
thermal losses, both convective and radiative, of the CPV/T system [7]. Different CPV/T systems
show similar electrical performance when they present the same number of cells. On the other hand,
the thermal energy depends on the CPV/T system configuration even if the same C value and the
same number and typology of cells are adopted.

In this paper, the thermal performance of a linear focus CPV/T system was analyzed. In particular,
the cooling circuit of the linear CPV/T system was designed by means of the Solidworks 2016 software,
and it was thermally studied adopting a model realized in ANSYS-CFX. The model has evaluated
the temperatures of the cooling fluid, generally water and glycol, that flows in the circuit. A thermal
study of the CPV/T system was conducted, referring to the linear focus experimental configuration
described in the Section 2, where the concentration occurs along a line, including the cells and the tube,
which had the same length as the concentrator. Energy balances were used corresponding to different
control volumes (V) (Figure 4). The thermal exchange occurs between the TJ cell, tube and fluid near
the cell (V1, V2) and it was expressed by means of the following equations:

ρcVccc
∂Tc

∂θ
= C · DNI · Acαc − πdehe(Tc − Te)− AcKc(Tc − Tt), (5)

AtKt
∂2Tt

∂x2 = πdihi(Tt − Tf)− AcKc(Tc − Tt) + ρtVtct
∂Tt

∂θ
, (6)

where αc is the TJ cell absorptivity coefficient, and Te, Tc, Tt and Tf are respectively the environment,
cell, tube and fluid temperatures. Kc and Kt are the cell and tube global thermal conductance and he and
hi are the convective transfer coefficients related to the thermal exchanges with the environment and
fluid. In the insulated zone (V3, V4), the energy balances are represented by the following equations:

C · DNI · Ainsαins + AinsKins
∂2Tins

∂x2 = AinsKins(Tins − Tt) + πdehe(Tins − Te)+

ρinsVinscins
∂Tins

∂θ ,
(7)

AinsKins(Tins − Tt)+AtKt
∂2Tt

∂x2 = πdihi(Tt − Tf) + ρtVtct
∂Tt

∂θ
, (8)

where Tins and αins represent respectively the insulator temperature and absorptivity coefficient.
Hence, the energy balance for the fluid (V5) is [23]:

.
mfcf

∂Tf
∂x

+ πdihi(Tt − Tf) =
.

mfcf
∂Tf
∂θ

, (9)

where cf and
.

mf are respectively the cooling fluid specific heat and the fluid mass flow rate. The thermal
model was expressed in terms of the thermal resistances [24]. The DNI was focused on the TJ cells that
heat the tube and fluid. The insulation was adopted to avoid heat loss in the part of the tube opposite
the TJ cells, while between one cell and another there was no thermal insulation in order to increase
the tube heating. The global thermal conductance was evaluated by means of the conductivity and
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dimension values of the cell, insulator and tube. Hence, the cooling fluid temperature along the tube
was able to be determined.
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Figure 4. Control volumes.

In order to numerically model the linear focus CPV/T system, the ANSYS-CFX software was
used. The geometric configuration of the linear focus CPV/T system (Figure 5) was obtained by
means of Solidworks. Thirty TJ photovoltaic cells, described above, were considered along the tube.
The aim was to evaluate the temperature of the cooling fluid to reduce the calculation time. Once the
boundary conditions were fixed, the numerical method provided the meshing and the solution of
the model. In order to compare the theoretical and experimental fluid results, the experimentally
obtained TJ cell temperature values were used in the model. Other boundary conditions were fixed:
a fluid temperature of 285 K (12 ◦C) at the inlet section, an outdoor temperature equal to 298 K (25 ◦C),
DNI values between 400 W/m2 and 900 W/m2 and a constant concentration factor.
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Figure 5. Domains of the linear focus CPV/T system model.

Different computational domains (Figure 5) were considered: a solid domain for the TJ cells
and the tube and a fluid domain for the cooling fluid. A meshing that uses tetrahedral elements was
adopted in the numerical solution. In particular, the cells were connected to the copper tube by an
epoxy resin, and the thermal insulation was obtained by means of an aerogel. The data related to
insulator and copper were selected from the ANSYS library [25], while the characteristic values of
the TJ cell were derived from the manufacturer [18]. The conservative heat flux condition was set in
the ANSYS-CFX model. In the numerical model, several equivalent resistances values were obtained.
Referring to the TJ cell zone, the model has considered the convective exchange coefficients between
the air and the cell and between the tube and the fluid, and the thermal resistance that links the TJ
cell, epoxy resin and copper tube. Referring to the insulation zone, the model took into account the
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resistance between the aerogel and the copper, and the convective exchange coefficient between the
tube and the fluid. The thermal properties of the cell, resin, copper and insulator are reported in Table 2.

In the CFX software, the boundary conditions related to conductive and convective heat transfer
on several system surfaces were taken into account. As for the thermal exchange between the TJ cell
and the environment, a convective transfer coefficient equal to 6.0 W/m2K was evaluated. For the
domain of the fluid, the boundary conditions were set for the inlet and outlet sections and for the
surface in contact with the tube. The temperature and fluid velocity values at the inlet section were
fixed and updated at every time-step. The contact surface between the fluid and tube was modelled
as a no-slip wall. For the solid domain related to the tube, the boundary conditions were fixed at the
interface with the fluid, the outdoor surface and the two surfaces related to the fluid inlet and outlet
sections. The insulator characteristics were lumped on the tube outdoor surface. For the solid domain
related to the TJ cells, the cell top surface temperature was set, adopting the experimentally measured
values. The cell lateral surfaces were small and modeled as adiabatic surfaces because they were in
contact with the insulator.

Table 2. Thermal properties [18–22].

Thickness (m) Conductivity (W/mK) Thermal Resistance (m2k/W)

TJ cell 1.0 × 10−3 150 6.77 × 10−6

copper 3.0 × 10−3 400 7.47 × 10−6

epoxy resin 1.0 × 10−4 1.40 7.26 × 10−5

insulator 5.0 × 10−3 ÷ 15.0 × 10−3 0.015 variable

In the pre-design stage, a sensibility analysis referring to the time-step size was carried out every
time that the velocity was modified. The purpose was to limit the root mean squared (RMS) of the
residuals limited in the first iterations, and to ensure that the error does not grow with time. As for the
time step considered, the RMS was of magnitude e−4 in the first step, decreasing to e−8 in the first
five steps. A time step of 15 s was fixed. The numerical solution considered two convergence criteria:
10−5 for the continuity and momentum equations, and 10−6 for the energy equation [26]. The model
has evaluated the cooling fluid temperature in the circuit of the linear focus CPV/T system until the
steady-state condition was obtained

3. Results and Discussion

A CPV/T system allows generally to obtain both electrical and thermal energy. The electrical
production depends on the TJ cell characteristics and C; the thermal production depends on the CPV/T
system configuration and the DNI values [27]. Besides, the cell cooling is basic in order to raise
its efficiency. For this, an active cooling, and thus heat recovery, is necessary. Hence, a theoretical
and experimental study of the linear focus CPV/T system was conducted under different operation
conditions and in terms of the cell, tube and fluid temperatures. In particular, an experimental linear
focus CPV/T system that adopts TJ solar cells was introduced and analyzed in this paper under
high concentration and for cogeneration purposes. The input data of this analysis are the DNI and
environment temperature, while the output data are concentration factor, CPV/T system electrical
power, circuit and cooling fluid temperatures (Figure 6).

Firstly, the electrical voltage and current values reached by the TJ cells were experimentally
measured varying the focal length to have a maximum value of C. The focal length is the vertical
distance between the horizontal axis, where the cells are located, and the parabolic mirror focus.
It was varied by means of the experimental linear focus CPV/T system (Figure 2) and a maximum
concentration factor of about 90x was obtained; thus, referring to the value of 107x considered in
the sizing phase, a decrease of the C value of about 15% was noted during the actual operation.
The maximum electrical power of a TJ cell, experimentally measured, was about 12 W corresponding
to voltage and current values were equal to about 3 V and 4 A, respectively. During the experimental
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tests the focal length has been varied, determining the concentration factor values included between
10x and 90x, with an average voltage value equal to about 2.6 V and current values included between
0.5 and 1.2 A. The low electrical power values, besides the variability of the concentration factor,
were also due to other parameters. For example, its oscillation over time was due to the cloudiness
and the presence of wind [22]. As a consequence, it was experimentally observed that corresponding
to 90x, the average real electrical power of the TJ cells was equal to about 6 W. Finally, in Figure 7,
corresponding to the C value of about 90x, the electrical power obtained by means of the experimental
CPV/T system was reported corresponding to thirty TJ solar cells.
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Figure 7. Electrical power of the experimental linear focus CPV/T system.

From a thermal point of view, it has been important to evaluate, first of all, the temperature of the
TJ cells on which the tube and refrigerant temperatures of the circuit depend. In particular, the cell
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temperatures were affected by the solar irradiation and the atmospheric conditions (strong wind,
cloudiness, etc.). Moreover, the heating of the TJ cell could cause a degradation of its performance.
During the operation of the CPV/T system, a variable thermal load was connected to each TJ cell,
and its temperature was monitored. In Figure 8, it is possible to observe that the average TJ cell
temperature, evaluated for example in the month of July, was about 363 K (90 ◦C).

The CPV/T system was experimentally tested to analyze the influence of the cooling fluid,
monitoring the temperature in the circuit both with and without refrigerant fluid (Figure 9). The cell
temperature trends in Figure 9 are different because they were both measured on the same day in July,
but partially under different conditions of solar irradiation due to moments of cloudiness. The lack
of water has caused a considerable increase in cell temperature. This affects the working of the cells
and increases the risk of degradation, determining their inefficiency over time. In particular, it was
noted that without refrigerant fluid, the cell temperature has reached values of about 403 K (130 ◦C),
while when there was fluid in the circuit the cell temperature has assumed values up to 373 K (100 ◦C).
Hence, the cell cooling allows to match different thermal loads and to preserve the cell integrity.
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In this paper, a main aim was also to evaluate, the effects of the cooling fluid along the circuit
and along the diameter of the circuit, as well as the temperature values of both the tube and the
refrigerant fluid. Even if the incident radiation was uniformly focused through the parabolic mirror,
it was possible to observe that the highest temperatures were measured in the central section of the
tube under different working conditions. This was mainly due to the TJ cells that heated the fluid when
it flowed in the circuit. In Figure 10, the experimentally evaluated DNI was reported for two different
climatic situations: sunny days and cloudy days. For sunny days, the average DNI value was equal to
about 900 W/m2, while for a day with high irradiance variability the DNI is varied between 100 W/m2

and 600 W/m2. In the experimental tests, the environment temperature was between 299 K (26 ◦C)
and 307 K (34 ◦C). Corresponding to these DNI values, the refrigerant fluid temperature in the central
section is presented in Figure 11 for a sunny day and for a day with high irradiance variability. It is
possible to note that the temperature difference of the fluid between the sunny and cloudy conditions
is varied between about 278 K (5 ◦C) and 303 K (30 ◦C).Energies 2018, 11, x FOR PEER REVIEW  11 of 16 
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Moreover, the theoretical evaluation of the working fluid temperature along the diameter at the
central section is presented in Figure 12. In particular, the ANSYS screen for the configuration linear
focus was introduced to show the temperature values along the diameter and the difference compared
to the Tc once it had reached the steady-state condition. The reported analysis takes into account
constant values for fluid velocity and insulation thickness, equal to 0.4 m/s and 1.0 cm, respectively.Energies 2018, 11, x FOR PEER REVIEW  12 of 16 
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The different degrees of freedom of the CPV/T system, including the focal length and the
inclination between the mirror and the tube where the TJ cells are placed, were successively
varied. In particular, this analysis was realized to evaluate the incidence of the concentration of
the temperatures along the tube, considering their upper and inferior surfaces. By regulating the
focal length and moving the mirror, the produced effect was to focus the sunlight in the central zone.
It can be noted that the highest temperatures were obtained in the central section and, in particular,
in the inferior part of the tube that faces the mirror. Figure 13 presents a comparison of the theoretical
and experimental results in terms of fluid temperature for a sunny day, for the inferior part of the
tube that faces the mirror. Using the same C value both for the experimental and theoretical analysis,
the TJ cell temperature experimental values [22] were used as input for the ANSYS model, which was
used to calculate the theoretical values of the cooling fluid temperatures. The experimental tests
were conducted on a sunny day of July. With an average irradiance value of about 900 W/m2,
the experimental values of the fluid temperature, which reached up to 360 K (87 ◦C), were obtained.
Moreover, it was noted that the temperature difference between theoretical and experimental results is
varied between about 276 K (3 ◦C) and 285 K (12 ◦C). The second tests were always realized on a sunny
day. Figure 14 compares the theoretical results with the experimental values of the temperature of the
fluid in the superior part of the tube where the cooling fluid flows. It can be noted that, both from
theoretical and experimental point of view, the temperature difference between the inferior and
superior parts of the circuit is generally varied between 276 K (3 ◦C) and 278 K (5 ◦C).

In addition, a comparison with the results reported in the literature was conducted. A first
comparison was realized considering the results in [28], where a CPV/T system was analyzed and
a cooling fluid temperature of about 70 ◦C was obtained, with a Tc of about 85 ◦C. This trend can be
observed in Figure 13 under similar operation conditions. Moreover, the validation was also realized
considering the results from [13], where the cooling fluid temperature was about 70 ◦C, a value that is
comparable with those obtained in this paper.
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Figure 13. Theoretical and experimental comparison for a sunny day corresponding to the inferior part
of the tube that faces the mirror.
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Figure 14. Theoretical and experimental comparison for a sunny day corresponding to the superior
part of the tube.

The electrical and thermal results obtained both theoretically and experimentally in this paper
allow us to understand the possibility of using of a CPV/T system as a cogenerator. In particular,
when sizing a CPV/T system, it is generally assumed that the electrical demands of the user have
to be totally satisfied, thus determining how much can be matched in terms of thermal energy.
Hence, once the user input data are known (electrical load, available space and installation site),
as well as the concentrator area, cell area and concentration factor, and once the necessary value of
nc is determined by means of Equation (2), the linear focus CPV/T system performance in terms of
the thermal energy (Equation (3)) and the number of modules and area occupied can be evaluated.
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For example, for a residential user, where the necessary electrical power is generally about 3 kW,
about five hundred TJ solar cells are necessary in order to match the electrical load by means of the
linear focus CPV/T system analysed in this paper. Moreover, the theoretical and experimental results
obtained in this paper in terms of the working fluid temperature have showed that it is possible to
reach the thermal levels necessary to satisfy the thermal loads of a user by means of a linear focus
CPV/T system under high concentration, as shown in Figure 13.

Finally, the results presented in this paper have showed good electrical and thermal performance
of the experimental linear focus CPV/T system under high concentration, representing an interesting
cogeneration solution. Future developments in the research work will concern the development of
a layout of the CPV/T linear focus system able to match the energy requirements of a specific user,
both from an electrical and thermal point of view.

4. Conclusions

This paper has presented a theoretical and experimental study of a linear focus CPV/T system.
A new experimental linear focus CPV/T plant has allowed the evaluation of its actual performances
from an electrical and thermal point of view, which were then compared with the results of a theoretical
model. The model, realized in ANSYS-CFX, has allowed to determine under different operation
conditions the temperature values of the fluid that flows in the cooling circuit of a CPV/T system.
The experimental values of the TJ cell temperature were adopted as input data of the model.
The maximum value of C obtained experimentally during the operating hours of the CPV/T system
has been about 90x, corresponding to a proper focal length. It has been experimentally observed
that with the 90x value, the average actual electric power of the single TJ cell was about 6 W,
while with thirty cells the electric power was about 190 W. The TJ solar cell, circuit tube and fluid
refrigerant temperatures were experimentally measured under different operation conditions in terms
of environmental temperature, sunny and cloudy conditions, focal length, etc. The theoretically and
experimentally determined values of the fluid temperature, were compared with good agreement.
Experimental values of the fluid temperature up to 360 K (87 ◦C) were obtained, corresponding to
an average DNI value of about 900 W/m2, and the temperature difference between the theoretical and
experimental results are varied between 276 K (3 ◦C) and 285 K (12 ◦C). Finally, the results obtained in
this paper have demonstrated the good electrical and thermal performance of the experimental linear
focus CPV/T system under high concentration, and this type of system can be an interesting solution
from the cogeneration point of view.
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Abbreviations

A area (m2)
C concentration factor
CPV Concentrating Photovoltaic
CPV/T Concentrating Photovoltaic and Thermal
c specific heat (kJ/kgK)
DNI Direct Normal Irradiance (W/m2)
E energy (kWh)
h heat transfer coefficient (W/m2K)

InGaP/InGaAs/Ge
indium-gallium-phosphide/indium-
gallium-arsenide/germanium

K thermal conductance (W/m2K)
.

m mass flow rate (kg/s)
n number
RMS root mean squared
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T temperature (K)
TJ Triple-Junction
V volume (m3)
x space (m)
Greek symbols
α absorptivity coefficient
η efficiency
θ time (s)
ρ density (kg/m3)
Subscripts
c cell
e environment
el electrical
f fluid
i internal
ins insulator
mod module
opt optic
t tube
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