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A B S T R A C T

This paper presents a novel hybrid solar cooling system driven by a concentrated photovoltaic/thermal unit
(CPV/T). The electricity of the PV module is used to power the thermoelectric cooler while the thermal energy is
used to run an absorption cooler. The effective cooling of the PV module provides more electricity, but less
thermal energy quality (temperature). Thus, there is more cooling effect from the thermoelectric cooler and less
cooling effect from the absorption cooler. The major aim of this study is to optimize the performance of the PV
panel cooling in order to find the maximum total cooling effect. A mathematical model of the proposed system
has been presented. The model is validated and used to investigate the performance of the system under a wide
range of operating and design conditions. The results showed that less cooling of PV panel provides the max-
imum total cooling capacity, so in order to conduct the optimization process, the COP of the thermoelectric
cooler should exceed 6.4 which implies the figure of merit to be 70. The overall COP of the system at 1000 W/m2

increases from 0.151 to 0.233 when the PV/T outlet temperature increases from 65 to 90 °C.

Introduction

Photovoltaic (PV) is an electrical device used to generate electricity
from sunlight. It is characterized by simple installation, eco- friendly
and low maintenance and running costs. On the other hand, its effi-
ciency is relatively low and it is one of the most expensive renewable
energy technologies.

The photovoltaic efficiency is significantly affected by cell tem-
perature [1].When the temperature increases by one-degree, the PV
efficiency decreases by 0.45% [2]. Photovoltaic thermal (PV/T) is a
technology used to cool the PV cell by capturing this waste energy.
Cooling PV modules leads to reduce the cell temperature; thereby, in-
creasing overall efficiency. Furthermore, it leads to a decrease in the
thermal stress; thereby, increase in the lifetime of the PV cell [3].

The PV/T unit produces electric power and thermal energy.
Collected thermal energy by PV/T can be used for many applications
such as distillation[4–6] and heating [7,8]. Also it can be used to in-
crease the total amount of power produced [9,10]; however, it is not
suitable for those which need high temperature so, a concentrated
technology is needed to achieve suitable high temperatures for other
applications. Manokar [11] et al. studied the performance of a combi-
nation of PVT collector with Parabolic Trough Concentrator. The
system achieved a temperature of about 75 °C at 1000 W/m2. Coventry

[12] investigated trough-concentrating solar PV/T Under concentration
ration (CR) = 37 times. The results indicated that the overall energy
conversion efficiency was 69%.

One of the technologies that use electric and thermal energy pro-
duced by PV/T and related to our topic is solar cooling. Solar powered
cooling systems can be categorized based on the consumed energy to
run them into two main groups: solar electric cooling systems such as
thermoelectric cooling system and solar thermal cooling systems such
as absorption cooling system.

Many researchers have studied solar cooling techniques such as
thermoelectric and absorption cooling. Mazloumi et al. [13] designed a
single stage LiBr–H2O absorption cooling system driven by PTC to
condition a house with a maximum cooling load of 5 TR. Assilzadeh
et al.[14] designed a solar absorption cooling system for Malaysia’s
weather conditions. The optimum system required 35 m2 of evacuated
tube collectors sloped by 200 to achieve 1 Ton of Refrigeration (TR)
.The variable effect solar absorption chiller was simulated [15]. The
average COP of the chiller was 0.88 while the COP of solar was 0.35.

Herrando et al. [16] investigated the integration of PVT collectors
with absorption chiller units through thermal stores in order to provide
heating, cooling and electricity to the Campus of the University of Bari.
The system could cover 55.1% of the cooling demand and 16.3% and
20.9% of electrical and space-heating demands, respectively. Mittelman
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et al.[17] proposed combination of CPVT with absorption cooling
chiller. The results showed that the system required 2690 m2, at 100 °C
coolant outlet temperature, to provide a cooling load of 1000 kW. Heng
et al. [18] investigated the performance of absorption chiller driven by
low concentration PV/T (LCPVT). The cooling capacity was 7.2 kW and
the COP was 0.52.

The thermoelectric cooling device is used to provide cooling which
induced by the flowing of current between two different semi-
conductors. Dai et al. [19] studied the performance of a solar cell
powered thermoelectric refrigerator experimentally. The result in-
dicated that the unit can be operated with COP about 0.3 while keeping
the temperature in the refrigerator at 5–10 °C. Kane et al. [20] designed
an active cooling method for PV module using a thermoelectric cooling
technology in order to improve the PV efficiency and they found that
the improvement ranged between 1% and 18% for solar intensity range
of 800–1000 W/m2.

Dimri et al. [21–23] studied the combination of different types of PV
panels with TEC. Dimri et al.[21] investigated the thermal model of
semitransparent PV/T combined with a thermoelectric cooler (PVT/
TEC). The result indicated that compared to semitransparent PV unit
with and without TEC, the electrical efficiency is higher by 4.723% and
7.266%, respectively. In [22], the authors investigated the performance

of an opaque PV-TEC collector in order to enhance the overall electrical
efficiency. The gain in thermal energy and electrical energy was up to
37.3061 W and 14.9648 W, respectively. In [23], they studied the
comparison between three various types of PV panels combined with
TEC through two different models, namely, artificial neural network
and thermal. The results showed that the overall electrical efficiency of
different PVT-TEC water collectors was the highest for Aluminum base
type, followed by opaque type, followed by semitransparent type.

Yang and Yin [24] studied a hybrid PV/TE/HW solar system. They
concluded that compared to the traditional PV systems and PV/HW, the
proposed system can achieve 30% higher electrical power. He et al.
[25] investigated the combination of PV/T with a thermoelectric
module in summer operation mode. The system provides cooling using
the thermoelectric device with COP higher than 0.45.

The surveyed literature shows that the CPV/T unit has not been
proposed to run absorption cooler and thermoelectric cooler together.
In this research, a hybrid absorption/thermoelectric cooling system
driven by a concentrated photovoltaic /thermal unit is investigated.
But, the more cooling of PV panel implies more electric power and less
thermal energy quality (temperature); thus, more cooling effect from
the TEC and less cooling effect from the absorption cooler. On the other
hand, the less cooling of the PV module implies less electric power and

Nomenclature

Aa Concentrator area (m2)
Ag Area of the glass cover (m2)
Apv Area of the PV module (m2)
An &Ap Legs cross‐sectional area (mm2)
Ct Net cash flow for year t,
Ci Initial investment
COPABS Coefficient of performance of absorption cycle
COPTEC Coefficient of performance of TEC
Cp Specific heat of water (J/kg. K)
CR Concentration ratio
Di Internal diameter of the copper tube (mm)
Do Outside diameter of the copper tube (mm)
Dg Outside diameter of the glass layer (mm)
F' The factor of Collector efficiency
FR Heat removal factor
h Enthalpy (KJ/kg)
HL Head Losses (m)
hr r-g Radiative heat transfer coefficient between the glass layer

and PV (W/m2. K)
hr g-a Radiative heat transfer coefficient between the ambient

and the glass layer (W/m2. K)
hfi Convective heat transfer coefficient inside the copper tube

(W/m2. K)
HW Hot water
hw Convective heat transfer coefficient from glass layer to the

ambient (W/m2. K)
I Electric current (A)
i Interest rate
Id Intensity of Solar radiation (W/m2)
Ka Thermal conductivity of air (W/m.K)
Kc Thermal conductivity of copper tube (W/m.K)
Kw Thermal conductivity of water (W/m.K)
Kt Thermal conductivity of TEC (W/m.K)
LMTD Log mean temperature (K)
Ln&LP Length of legs (mm)
ṁ Mass flow rate (kg/s)
ṁc Mass flow rate of the coolant (kg/s)
N Number of modules
Nc Number of thermocouples

Nu Nusselt number
Ppv Electricity generated by PV cells (W)
PTEC Power of TEC (kW)
Pr Prandtl number
Qd Desorber heat transfer rate (kW)
Qe Evaporator heat transfer rate (kW)
Qu Useful thermal energy (W)
QABS Absorption cooler capacity (kW)
QTEC Thermoelectric cooler capacity (kW)
QTotal Total cooling capacity (kW)
R Electrical resistance of TEC (Ω)
Re Reynolds number
S Seebeck coefficient (V/K)
Tam Ambient temperature (K)
Tg glass cover Temperature (K)
Ti Water inlet temperature (K)
To PV/T outlet temperature (K)
TPV Temperature of PV cell (K)
TR Ton of refrigeration
Tref Efficiency of PV cell at reference temperature
Tsky Sky temperature (K)
UA Overall heat transfer coefficient-area product (W/K)
UL Overall heat loss coefficient from the PV to the ambient

(W/m2. K)
Vw Wind speed (m/s)
Wp Pump work (kW)
X Mass fraction of LiBr
εSHX The effectiveness of solution heat exchanger
β Thermal expansion coefficient (1/K)
Єg Emissivity of glass layer
Єpv Emissivity of PV panel
σ Stephan–Boltzmann constant (W/m2. K4)
μ Dynamic viscosity (Pa· s)
τg Glass transmissivity
ηo Electrical efficiency of PV cells at reference temperature
ηpv Electrical efficiency of PV cells
COPoverall Overall efficiency of system
ρ Water density (kg/m3)
ρn & ρp Electrical resistivity of legs (Ω.cm)
λ Mirror utilization factor
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higher thermal energy quality (temperature) which implies less cooling
effect from the TEC and more cooling effect from the absorption cooler
.So, besides presenting a novel combined solar cooling system, the
novelty of the current study lies in finding the cooling rate of PV panel
at which the maximum total cooling power from both devices (TEC and
absorption cooler) can be achieved, which means prioritizing to a de-
vice over another one in the current system. In other words, to in-
vestigate how both devices compete with each other and which one is
more effective in the proposed system.

System description

In this research, a hybrid absorption/thermoelectric cooling system
driven by a concentrated photovoltaic /thermal will be investigated.
Fig. 1 represents the components of the system. The collected thermal
energy in CPV/T will be utilized to run LiBr–H2O vapor absorption
cooler (VAC) while the generated power from PV unit will be used to
power the thermoelectric cooler (TEC). The Parabolic Trough Con-
centrator (PTC) will be used to concentrate solar radiation on the PV/T
tube in order to increase the outlet temperature obtained from PV/T.
PVT tube consists of glass cover to minimize solar energy losses, PV cell
to generate the electrical power and copper tube to carry water whereas
the space between the PV cell and glass cover is a vacuum to reduce the
convection losses. The heat exchanger (H.X) is employed to cool the
return water from the desorber. The coolant used in the PV/T is water,
and the absorption cycle is water-cooled.

Modeling and simulation

CPV/T collector

For simplifications, the following assumptions are considered:

1. The system runs under steady‐state conditions.
2. The effect of thicknesses of both glass and PV layer is ignored.
3. The absorptivity of the glass is neglected.

The PV unit converts a fraction of solar radiation to electricity .The
amount of electrical power generated by PV cell (Ppv) can be calculated
using [10]:

= λτ τα ηP I A ( )PV d a g PV PV (1)

where Id represents the intensity of solar radiation, Aa represents
aperture area, λ, τg, (τα)PV are mirror utilization factor, transmissivity
of glass and the product of transmissivity and absorptivity for the PV
cells, respectively. ηPV represents the electrical efficiency of PV unit and
it is given by [26]:

= − −η η β(1 (T T ))PV T,ref ref PV ref (2)

Here ηT,ref denotes the efficiency of the PV cells at a reference
temperature, βref represents temperature coefficient (K−1) at 25 °C.
Tpv, Tref are temperature of PV cell and the reference temperature,
respectively.

More than half of incident radiation is converted to thermal energy
and then captured using CPV/T unit. The useful thermal energy pro-
duced can be calculated using [27]:

= − − −λ τ τα ηQu FR((I A ) ( ) (1 ) A U (T T ))d a g PV PV pv L i am (3)

= −mQu ̇ C (T T)c p o i (4)

where APV, Ti and Tam are area of PV panel, inlet temperature and
ambient temperature respectively. FR denotes heat removal factor and
it can be determined using the following equation [27]:

= ⎡

⎣
⎢ − ⎛

⎝
⎜− ⎞

⎠
⎟

⎤

⎦
⎥

m
m

FR
̇ C

A U
1 exp

U A F
̇̇ C

c

c

p

pv L

L pv
'

p (5)

where F' represents collector efficiency factor which can be determined
using[27]:
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Here Di and Do represent the inner and outer diameter of the tube,
respectively and UL is the overall heat loss coefficient from the photo-
voltaic unit to ambient air due to convection and radiation which is
given by [27]:

⎜ ⎟= ⎛
⎝ +
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where Ag is the glass cover area and hw is the convective heat transfer
coefficient from the glass layer to the ambient and it is given by [28]:

=h NuK
Dw

a

g (8)

where Ka is the conductivity of air, Dg is the diameter of glass cover and
Nu represents Nusselt number which can be calculated using the fol-
lowing correlation [27]:

= +
+

+ ⎛
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where Pr represents Prandtl number and Re is Reynold number which is
given by [28]:

=
ρ

μ
Re

VDg

(10)

In Eq. (7), hr g-s, hr PV-g are the radiative heat transfer coefficients

Fig. 1. The schematic diagram of Absorption/Thermo- Electric Cooling Systems Driven by Concentrated PV/T.
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from the glass layer to the ambient and from the PV panel to the glass
layer, respectively which can be calculated using the following equa-
tions [28]:

= + +− σεh (T T )(T T )rg s g sky g
2

sky
2 (11)

=
+ +

+ −
− ( )

σh
(T T )(T T )

1ε ε

rpv g
g pv g

2
pv

2

1 D
D

1
pv

pv

g g (12)

where εg and εpv represents the emissivity of glass layer and PV panel,
respectively and σ represents the Stefan-Boltzmann constant which is
equal to 5.67 × 10−8 W/(m2.K4). Tg is cover glass temperature and
Tsky is sky temperature and it is given by [29]:

=Tsky 0.0552Ta
1.5 (13)

In Eq. (6), hfi is the convection heat transfer coefficient inside the
copper tube which can be determined using the following equations
[28]:
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where f is friction factor, Kw represents the conductivity of water
and ∈ is surface roughness.

Absorption cooler

The main assumptions are:

1. The vapor at the outlet of the desorber is a pure refrigerant.
2. Pump is isentropic.
3. The refrigerant that exits of the evaporator and the condenser is

saturated.

The analysis is conducted by applying the principle of mass and
energy conservation across each component. Eqs. (17)–(19) represents
the mass balance and energy balance across each component [30].

∑ ∑=m ṁ ̇in out (17)

∑ ∑=m ṁ X ̇ Xin in out out (18)

∑ ∑− = −m m W Q̇ h ̇ hin in out out (19)

The heat transfer rate for each heat exchanger is given by [30]:

=Q UA LMTD. (20)

where UA is Overall heat transfer coefficient-area product (W/K) and
LMTD is log mean temperature difference.

The COP of absorption cooling cycle can be determined using the
following equation [31]

=
+

COP Q
Q WABS

e

d p (21)

Thermoelectric cooler

A fraction of PV unit power is used to run the circulation pumps the
rest is used to power the TEC as follows:

= −P P PTEC PumpsPV (22)

= ∗ ∗ +P m H η W( ̇ g )/Pumps c L p p (23)

where g is the acceleration of gravity, HL is the head losses and ηp is the
efficiency of the pump.

The TEC layer properties are assumed as constants (temperature
Independent). The governing equations for the TEC are [5]:

= − +P N SI T T I R( ( ) )TEC h L
2 (24)

= − − −Q N SIT K T T I R(( ) ( ) 0.5 )L TEC L t h L,
2 (25)

= − − +Q N SIT K T T I R(( ) ( ) 0.5 )h TEC h t h L,
2 (26)

= +Q P Qh TEC TEC L TEC, , (25)

where Th and TL are the hot side temperature and cold side tempera-
ture, respectively, I is the electric current, N is the number of TEC
modules and S represents seebeck coefficient for the TEC module which
can be expressed by[5]:

=S N SC NP (28)

In above equations, R and Kt are electrical resistance of TEC and
thermal conductivity of TEC, respectively which are given as [5]:
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The COP of TEC module is the cooling power produced (QL, TEC)
divided by the power supplied to the TEC (PTEC) as follow [32]:

=COP
Q
PTEC
L,TEC

TEC (31)

Overall coefficient of performance

The system uses two forms of energy produced by PVT in order to
produce cooling power by absorption cooler and thermoelectric cooler.
The overall COP of the system can be calculated by:

=
+

COP
Q Q

I Aoverall
L,TEC e

d a (32)

The cooling rate of the PV unit is expressed by the PV/T outlet
temperature where producing a high outlet temperature means less
cooling of the PV panel and vice versa. Varying the PV/T outlet tem-
perature (cooling rate of PV unit) leads to change the cooling load of
the absorption cooler and the cooling load of the thermoelectric cooler,
Thus the total cooling load. The objective of this study is to maximize
the total cooling load as follows:

=Q f TMax. ( )Total O (33)

≤T Ts. t O O
U

≥T TO O
L

where TO
U, TO

L are the upper and lower limits of the PV/T outlet
temperature.

EES software is employed to solve the previous equations to simu-
late the performance of the current system. The quadratic approxima-
tion method is set in an EES program in order to find the maximum
cooling effect.

Simulation input parameters

Input parameters are presented in Tables 1–3. The outlet water
temperature should be adjusted at the required value needed to run an
absorption cycle and therefore the PV/T outlet temperature are ad-
justed between 65 and 90 °C. It is possible to increase the PV/T outlet
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temperature by decreasing the water flow rate. Also, increasing the
CPV/T length will be helpful to achieve the desired temperature. This is
the way, in which inputs of CPVT were selected. The absorption cycle
inputs were chosen according to the recommendations of literature
[31].

Results and discussion

The mathematical modeling of the current system is solved using
EES. The results of the model are discussed and simulated in this sec-
tion. A parametric study is conducted by changing coolant outlet tem-
perature, wind speed, the intensity of solar radiation and the ambient
temperature to find out the impact of these factors on the output of the
system. Then, the optimization procedure is carried out using EES
software to find maximum total cooling load.

Results validation

To validate the model of the absorption cooler used in this work, the
system of Herold et al. [31] is simulated using the current model.
Table 4 shows the input data used in the validation process that are
taken from [31]. Fig. 2 shows the results of the present model and the
theoretical results presented by the authors Herold et al. and it can be
noticed that there is a good agreement with the previous work. Also the
model of the thermoelectric cooler is compared with the results pro-
vided in [33]; the comparison and input data are shown in table 5. It is
clear that the current model results are in good agreement with the
results of [33].

Absorption cooler

Fig. 3 shows the absorption cooler capacity versus PV/T outlet
temperature for different solar radiation intensities. It can be noticed
that when the PV/T outlet temperature (desorber inlet temperature)
increases, the capacity of absorption cooler increases because of the

Table 1
CPVT input parameter [10].

Parameter Value

L 10 m
W 2.5 m
λ 0.95
εc 0.9
εr 0.9
τc 0.87
α 0.9
Dg 90 mm
Dpv 60 mm
Do 50 mm
Di 40 mm
αPV 0.9
τPV 0.92
β 0.004 (1/K)
Tref 25 °C
ηo 0.14
ηp 0.7

Table 2
Absorption cycle input parameters.

Parameter Value

UAa 1.5 (kW/K)
UAd 0.85 (kW/ K)
UAe 1.88 (kW/ K)
UAc 1 (kW/ K)
εSHX 0.64
Desorber inlet temperature (water) (65–90) °C
Absorber inlet temperature (water) 25 °C
Condenser inlet temperature (water) 25 °C
Evaporator inlet temperature (water) 10 °C
Solution pump flow rate 0.05 kg/s

Table 3
TEC module specifications [32].

Parameter Value

Nc 127
SNP 202.17 µV/K
Kn = Kp 1.51*10−2 (W/cm.K)
ρn = ρp 1.01*10−3 (Ω.cm)
Ln = LP 1.25 mm
An = AP 1 mm2

I max 3.9 A
Qc max 34.3 W
V max 14.4 V
ΔT max 67 °C
Number of modules 28

Table 4
Absorption cycle input parameters used in [31].

Parameter Value Parameter Value

UAa 1.8 (kW/ K) Absorber inlet temperature 25 °C
UAd 1 (kW/ K) Condenser inlet temperature 25 °C
UAe 2.25 (kW/ K) Evaporator inlet temperature 10 °C
UAc 1.2 (kW/ K) Desorber inlet flow rate 1 Kg/s
εSHX 0.64 Solution pump flow rate 0.05 kg/s

Fig. 2. Comparison between the current absorption cooling model with pre-
vious work [31].

Table 5
Comparing the present model of TEC with the theoretical results provided by
Chein and Huang [33].

TL = 40 °C, Iopt = 74.75 A

Chein and Huang [33] Current Model

ΔT Qmax (W) COP Qmax(W) COP

−20 167.5 0.618 167.5 0.6179
−10 156.4 0.558 156.4 0.5579
0 145.3 0.502 145.3 0.5016
10 134.2 0.449 134.2 0.4488
20 123.1 0.399 123 0.3992
30 111.9 0.353 111.9 0.3526
40 100.8 0.309 100.8 0.3085
50 89.7 0.267 89.68 0.2669
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increase in the amount of water vapor (refrigerant) leaving the deso-
rber. Also, increasing the intensity of solar radiation leads to an increase
in the capacity of absorption cooler because when the intensity of solar
radiation is high, the amount of thermal energy that enters the desorber
is high.

The COP of absorption cycle increases with both the intensity of
solar radiation and PV/T outlet temperature as shown in Fig. 4. This is
because of the increase in the proportion of water vapor generated in
the desorber. It is known that the capacity of absorption cooler in-
creases with increasing flow rate of refrigerant vapor [31].

The absorption cooler capacity at the same PV/T outlet temperature
increases with the decrease in wind speed as shown in Fig. 5. This can
be explained as the following: the heat losses from the PV/T collector
increase with wind speed which results in reduction the gained energy
inside the collector; thus, reduces the thermal energy entering the
desorber. Fig. 6 shows that the COP does not change with the wind
speed for the same PV/T outlet temperature because of the small
amount of change in the thermal energy that enters into the desorber
mixture.

The effect of ambient temperature on the absorption Cooler capacity
and COP at various PV/T outlet temperatures is illustrated in Figs. 7
and 8. It is found that the lower the ambient temperature, the less
cooling capacity because the high ambient temperature minimizes the
heat losses from PV/T collector resulting in an increase in the thermal
energy entering the desorber; thus, more water vapor leaving the des-
orber. The COP does not change at the same PV/T outlet temperature as
shown in Fig. 8.

Thermoelectric cooler

Fig. 9 shows how the solar radiation intensity affects the thermo-
electric cooler capacity at various PV / T outlet temperatures. It is found
that increasing PV / T outlet temperature leads to a decrease in the
capacity. This can be explained by that as the PV / T outlet temperature
increases, the PV cell temperature increases resulting in a decrease in
the power generated by PV module; thus, reducing the thermoelectric
cooling power. Also, it is noticed that at high solar radiation intensity,
the TEC capacity is high. The same trend was observed in [34].

Fig. 10 shows the COP of thermoelectric cooler versus the PV/T
outlet temperature at various solar intensity radiations. It is found that
the COP becomes higher when the solar intensity is low and the PV/T
outlet temperature is high. This is attributed to the fact that the PV
power increases with decreasing the PV/T outlet temperature and in-
creasing the solar radiation and It is known that when the power sup-
plied to the TEC module is high, the COP is low [35].

Fig. 11 shows the relationship between the TEC capacity and wind
speed at Tam = 25 °C and at various Solar radiations. It is found that the
TEC capacity becomes higher when the wind speed is high. This is
because the heat losses increase as wind speed increases which leads to
an increase in the generated power by PV unit. Based on that, the COP
of TEC module decreases with increasing wind speed as shown in
Fig. 12 since it is previously mentioned that the COP of TEC is low when
the input power is high.

The relationship between the ambient temperature and the TEC
capacity at different solar radiations is shown in Fig. 13. It is noticed
that when the ambient temperature is high, the capacity is low and this
is attributed to the fact that the high ambient temperature minimizes
the heat losses of the collector which results in increasing the PV unit
temperature; hence, reduces the PV power that will be used to run the
TEC module. On the other hand, the COP will be reduced when the
ambient temperature is low as shown in Fig. 14.

Maximum cooling capacity

In this study, the cooling rate of PV unit is expressed by PVT outlet
temperature where producing a high outlet temperature means less
cooling of PV panel and vice versa. The higher PVT outlet temperature
(less cooling of PV unit) implies lower generated power by PV unit and
hence higher cooling load from absorption cooler and lower cooling
power of TEC. On the other hand, the lower PVT outlet temperature
(more cooling of PV unit) implies higher generated power by PV unit
and hence higher cooling power of TEC and lower cooling load of ab-
sorption. As a result, the total cooling effects from both cooling devices
should be optimized.

Fig. 15 shows the cooling effect versus the PV/T outlet temperature.
It is noticed that the maximum total cooling effect (5.84 kW) can be
achieved at maximum PV/T outlet temperature (90 °C). This can be
explained by that the COP of TEC is less than the COP of absorption as
well as the absorption cooler is extremely affected by the desorber inlet
temperature and that is clear from the slope of the absorption cooling
effect in Fig. 15. Also, as the PV/T outlet temperature decreases, the PV
power which is supplied to the TEC increases; thus, the COP of TEC
decreases and this is why the slope of TEC cooling effect shown in the
Fig. 15 is almost zero. So, it is better to focus on producing higher outlet
temperature rather than getting higher electricity (less cooling of PV
unit). Which means giving the priority for absorption cooler in our
system, under the current specifications of TEC.

Accordingly, in order to conduct the optimization process, the COP
of TEC should exceed 6.4 which implies the figure of merit to be 70.

Fig. 3. The variation of the PV/T outlet temperature with absorption cooler
capacity at different solar radiations, Vw = 5 m/second and Tam = 25 °C.

Fig. 4. The variation of the PV/T outlet temperature with absorption cooler
COP at different solar radiations, Vw = 5 m/second and Tam = 25 °C.
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Fig. 5. The relationship between the absorption Cooler capacity and wind
speed at various PV/T outlet temperatures, Tam = 25 °C and I = 1000 W/m2.

Fig. 6. The relationship between the absorption Cooler COP and wind speed at
various PV/T outlet temperatures, Tam = 25 °C and I = 1000 W/m2.

Fig. 7. The relationship between the absorption Cooler capacity and ambient
temperature at various PV/T outlet temperatures, Vw = 5 m/s and I = 1000 W/
m2.

Fig. 8. The relationship between the absorption Cooler COP and ambient
temperature at various PV/T outlet temperatures, Vw = 5 m/s and I = 1000 W/
m2.

Fig. 9. The variation of the PV/T outlet temperature with thermoelectric cooler
capacity at different solar radiations, Vw = 5 m/s and Tam = 25 °C.

Fig. 10. The variation of the PV/T outlet temperature with thermoelectric
cooler COP at different solar radiations, Vw = 5 m/s and Tam = 25 °C.
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Fig. 11. The relationship between the thermoelectric cooler capacity and wind
speed at various Solar radiations, To = 90 °C and Tam = 25 °C.

Fig. 12. The relationship between the thermoelectric cooler COP and wind
speed at various Solar radiations, To = 90 °C and Tam = 25 °C.

Fig. 13. The relationship between the thermoelectric cooler capacity and am-
bient temperature at various Solar radiations, To = 90 °C and Vw = 5 m/s.

Fig. 14. The relationship between the thermoelectric cooler COP and ambient
temperature at various Solar radiations, To = 90 °C and Vw = 5 m/s.

Fig. 15. Total cooling capacity at various PV/T outlet temperature and
I = 1000 W/m2.

Fig. 16. Total cooling capacity at various PV/T outlet temperature and
COPTEC = 6.4, I = 1000 W/m2.
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Fig. 16 shows that when the COP of TEC is 6.4, the maximum total
cooling effect occurs at 89 °C (optimal value).Therefore, the more COP
of TEC exceeds 6.4, the maximum total cooling load can be achieved at
lower PV/T outlet temperature (more cooling of PV unit).Hence, under

the current commercial specifications of TEC that have COP ranging
from 0.3 to 0.7 and since the main objective is cooling, no problem if
we sacrifice a part of electricity in order to produce the maximum total
cooling effect.

System performance

The performance of the system components at I = 1000 W/m2 is
illustrated in Fig. 17. It is noticed that as the PV/T outlet temperature
increases from 65 to 90 °C, the efficiency of PV, the COP of absorption
cooler, the COP of TEC and the overall COP varies from 0.113 to 0.098,
0.696 to 0.726, 0.407 to 0.459 and 0.151 to 0.233 respectively.

Case study

The Mediterranean climate was taken as a case study. The perfor-
mance of the current system is investigated over a period of 6 months
(cooling season). Fig. 18 shows the absorption cooling capacity and PV/
T outlet temperature over the period. It is noticed that the absorption
cooler reaches its peak value of 5 kW in July where the PV/T outlet
temperature is 90 °C. On the other hand. The capacity cooling of the
TEC unit is shown in Fig. 19 while the capacity increases from May until
July reaching its peak value and then decreases until October. Fig. 20
represents the total cooling capacity and the overall COP. It can be seen
that the overall COP changes but in the range of 0.143–0.232.

Economic analysis

The economic study of the current system is carried out to de-
termine its feasibility. The proposed system is compared to the con-
ventional vapor compression system. It is assumed that current system
runs from May to October (cooling season). The main incentive to
implement technologies such as VAC and TEC is the price of electricity,

Fig. 17. Performance of System components at I = 1000 W/m2 and different
PVT outlet temperatures.

Fig. 18. Monthly absorption cooler capacity and PVT outlet temperature under
Mediterranean climate.

Fig. 19. Monthly thermoelectric cooler capacity and PV power under
Mediterranean climate.

Fig. 20. Total cooling capacity and overall COP of the system under
Mediterranean climate.

Table 6
Payback period, Net present value the system for the various electricity prices
and i = 5%.

Electricity price ($/Kw) PBP (Years) IRR (%) NPV ($)

0.15 ـــــ ـــــ ـــــ
0.17 20 6.7 1,823.87
0.18 18.3 7.2 2,445.06
0.2 16.1 8.3 3,654.21
0.25 12 10.8 6,751.84
0.3 9.3 13.1 9,849.47
0.35 7.3 15.2 12.947.1
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so the countries in which the specific price of electricity is high can
guarantee an attractive payback period. The Payback period is given by:

∑=
+=

C C
i(1 )i t

N t
t1

PB

(34)

In this study, the interest rate and inflation rate are considered as
5% and 3%, respectively. According to the literature the cost of ab-
sorption cooler is 250 $/kW while the cost of the TEC unit is 8.5 $ per
unit [35]. The economic benefit can be determined using Net Present
Value method (NPV) where the NPV is given by:

∑= +
+=

NPV C C
i(1 )i t

N t
t1 (35)

The company pricing of the CPVT cost including installation is 7350
$. It is assumed that the operation and maintenance cost is 2% of the
total capital cost. The economic viability of the system is studied for a
range of electricity tariffs from 0.15 $/kWh to 0.35 $/kWh. The esti-
mated electrical load saved with the use of the current system during
the period of 6 months is 3260 kWh. The equipment lifetime is 25 years.
Table 6 shows the NPV and the Payback period (PBP) for the various
electricity prices of the current system. It can be noticed that the system
is feasible when the price of the electricity is above 0.18 $/kWh.

Conclusion

A hybrid absorption/thermoelectric cooling system driven by a
CPV/T is introduced. The proposed system utilizes both thermal energy
and electrical energy which are obtained from the PV/T collector to
provide cooling. Attempting to optimize the performance of the PV
panel cooling to find maximum cooling capacity was conducted. It is
found that under the current design conditions, the maximum total
cooling capacity can be obtained at the maximum PV/T outlet tem-
perature (90 °C). Consequently, in order to conduct the optimization
process, the COP of TEC should exceed 6.4 which implies the figure of
merit to be 70. Therefore, the more COP of TEC exceeds 6.4, the
maximum total cooling load can be achieved at lower PV/T outlet
temperature (more cooling of PV unit).

The effect of several factors has been studied such as, wind speed,
coolant outlet temperature, solar radiation intensity, and the ambient
temperature on the system performance. The results indicated that solar
radiation and PV/T outlet temperature are the most influential factors
on the cooling capacity of the system. On the other hand, the ambient
temperature and wind speed have an insignificant effect on the total
cooling capacity. The overall COP of the system ranges from 0.143 to
0.232 in the cooling season under the Mediterranean climate. The
economic analysis indicated that the current system is feasible when the
price of the electricity is above 0.18 $/kWh.
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