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 Solar radiation can be converted to the electrical energy and thermal energy 
by photovoltaic panel and solar collector. In this experiment, PV/T collector 
was designed, fabricated and tested its performance. The experiment 
conducted on PV/T collector with water flow at mass flow rate 0.012 kg/s to 
0.0255 kg/s. The water flow with the stainless stell absorber help the PV/T 
collector in increasing the convection of thermal heat transfer. The power 
output increase with increase of radiation. The efficiency of PVT varies with 
different intensity of radiation which stated in this experiment for 750 W/m2 
and 900 W/m2. The analysis of energy and exergy are excuted and results 
show energy output for water based PV/T collector are 346 W for solar 
radiation 700 W/m2 and 457 W for solar radiation 900 W/m2.  Meanwhile the 
total exergy output compared to the PV panel without stainless stell absorber, 
which the exergy increased by 22.48% for 700 W/m2 and 20.87% for 
900 W/m2. 
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1. INTRODUCTION  

Many researches towards the solar energy occur all over the word to the concern of global crisis on 
oil and gas prices. According to some experts, oil has ready started to peak. Gas and coal reserves are bigger 
than oil, will tend to be progressively replaced by the former, which should attenuate a price explosion. 
Nevertheless this process will push energy prices higher, until sustainable sources replace dependency on 
fossil fuels as major source of energy. The sustainable energy such as solar energy has been identified as one 
of the promising source of energy to replace the de-pendency on fossil fuels. Solar energy is a clean energy 
which has the potential to meet a significant proportional of the world’s energy needs.  It can be broadly 
classified into two systems; photovoltaic (PV) energy system which converts solar energy into electrical 
energy, and thermal energy system which converts solar energy into thermal energy. The PV is one of the 
technology used to harness solar energy. Recently, the integration of photovoltaic and solar thermal collector 
provide the system to produce heat and electrical energy from solar energy simultaneously. The problem of 
temperature of PV surface raising causes the efficiency to decerease was overcome by adding a heat recovery 
system to a photovoltaic module. Generally, type of PV/T devided based on fluid in thermal storage, air 
based or water based. PV/T consist of PV module, glass cover, absorber collector and the insulator [1]-[10].  

The researcher have evaluated range of parameters such as design of tube collector, type of insulator 
and type of PV in order to increase of PV efficiency. Chow et al. [11] investigated energy and exergy 
analysis of a PV/T water based collector system with and without glass cover, Bahaidarah et al. [12] 
performed an evaluation of a PV module by back surface water cooling and concluded that PV panel 
efficienecy increased by 9% under water active cooling. Many experiment studies focused on the size, 
arrangement and type of fluid used for cooling in PV/T.  
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Exergy analysis has become an essential tool in the system design, analysis, and optimization of 
thermal systems [13]-[20]. The main objective of this study is to investigate the efficiencies of water based 
PV/T collector  base on energy and exergy analysis. The effect of different mass flow rate on the generation 
electrical and thermal energy is evaluated too. The overall energy and exergy output are calculated from 
thermal and electrical energy presented. 
 
 
2. MATERIAL AND METHODS 

The set up of PV/T system during the indoor experiment under solar simulator is shown in Figure 1. 
A standard polycrystalline 80 W photovoltaic module represented as a flat plate unglazed sheet attached on 
the top. The collector made up of single unilateral channel for the fluid to flow is inserted underneath the PV 
module. The size of PV/T collector surface is 0.5 wide and 1.2 m long. K-type thermcouple used with data 
logger to collect the inlet and outlet fluid and that PV panel surface temperature. The change of temperature 
during the experiment can be tracked and recorded in short step time (1 minute). The total incident radiation 
on the system is measured by pyranometer. A flow meter (1-4 G/M) mounted at the opening of fluid inlet for 
controlling of mass flow rate.  

The experiment was conducted under indoor testing facility using solar simulator. The simulator 
consist of 40 halogen lamps and the intensity of solar radiation controlled by variable voltage controller. 
The PV/T system has been exposed to the solar radiation of 900 W/m2 for 40 minutes before collecting data 
to ensure the equilibrium state of radiation. The change of voltage are recorded using electric load under 
different mass flow rate and volume concentration of nanofluid. The mass flow rate of water was set to the 
range of 0.01 to 0.0255 kg/s. The temperature of the system collected from thermocouple stored in the 
ADAM Data Acquisition System for every 1 minute and later used to calculate the electrical and thermal 
efficiency for the collector. The water was circulated around the system using the pump and heat exchanger 
used for cooling the fluid in the cloosed loop system.  
 
 

 
 

Figure 1. The set up of water based PV/T collector under solar simulator 
 
 

The energy and exergy analysis were used to evaluate the overall performance of the PV/T collector. 
The energetic and exergetic analysis measures quantity and quality respectively. The energy analysis 
comprised of thermal efficiency and electrical efficiency. The ratio of electrical and thermal energy gain to 
the solar radiation incident on the PV/T system described the efficiencies. The total efficiency of PV/T 
performance can be expressed as below [21], [22]. 

 
𝜂 = 𝜂 + 𝜂           (1) 
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The thermal efficiency can be calculated as  
 

𝜂 =           (2) 

 
Where the rate of useful thermal energy can be calculated as follows 
 

𝑄 = 𝑚 𝐶 𝑇 , − 𝑇 ,         (3) 
 
Where 𝑚  is the fluid mass flowa rate,  𝐶  is the fluid specific heat capacity and 𝑇 ,  and 𝑇 ,  are the fluid 
inlet and outlet temperatures. The electrical efficiency of the PV module which is a function of PV module 
temperature given by [2] [10]: 
 

𝜂 = 𝜂 1 − 𝛽(𝑇 − 𝑇 )        (4) 
 
Where 𝜂  is the reference efficiency of PV module (𝜂 = 0.12), 𝛽 is the temperature coefficient 
(𝛽 =0.0045 °C), 𝑇  is cell temperature and 𝑇  is the reference temperature. The rate of electrical energy 
gained from PV/T collector is given as 
 

 Ė ,  = 𝜂 × 𝐴 × 𝐼       (5) 
 
Considering the electrical energy is a high-grade form of energy gain, the net electrical energy should be 
converted to the thermal energy using convevrsion effeciency of thermal power plant, 𝐶  as follows 
 

∑ 𝑄 , = ∑ 𝑄 , +
∑ Ė

.
      (6) 

 
Where  𝐶  can be taken as 0.38 for good quality of coal.  
 

Thermal energy cannot produce work until a temperature difference exist between a heat source and 
a heat sink while electricale energy can ber completerly transform into work. The exergy analysis include 
Carnot efficiency for a qualitative and standardized evaluation of the hybrid performance. The overall exergy 
output of the PV/T system can be express in the form given 

 
∑ 𝐸𝑥 =  ∑ 𝐸𝑥 + ∑ 𝐸𝑥        (7) 

 
where  
 

𝐸𝑥 = 𝑄 1 −           (8) 

 
and 
 

𝐸𝑥 = 𝜂 𝐴 𝑁 𝐼          (9) 
 
where 

𝐼 = 𝐸𝑥 = 𝐼𝐴 1 − +       (10) 

 
where 𝐼 is solar radiation, 𝑇  is ambient temperature and 𝑇  is sun temperature (𝑇 = 5777𝐾), and from 
equation above, we can calculated exergy efficiency. 

 
 

3. RESULT AND DISCUSSION 
In this study, the effect of mass flow rate and solar radiation on the performance of PV/T collector 

are obtained. The experimental results for the variation of temperatures (ambient, inlet, outlet and PV) under 
different mass flow rate are shown in Figure 2 and Figure 3. The surface PV temperature reduction are higher 
with increasing mass flow rate. At 700 W/m2, the surface reduction recorded at 0.026 kg/s compared to that 
of PV is 15.28 °C, while the surface reduction at 900 W/m2 is 8.48 °C. 
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Figure 2. Temperatures (ambient, inlet, outlet, and PV) of water based PV/T collector for 
a solar radiation of 700 W/m2 

 
 

 
 

Figure 3. Temperatures (ambient, inlet, outlet, and PV) of water based PV/T collector for 
a solar radiation of 900 W/m2 

 
 
Table 1 and Table 2 shows thermal, electrical and PVT efficiencies calculated at solar radiation 700 

W/m2 and 900 W/m2 under mass flow rate range from 0.012 kg/s to 0.0255 kg/s. The thermal efficiency 
produced from about 57 to 65% at 700 W/m2. The thermal efficiency increase about 2% from 700 W/m2 to 
900 W/m2 solar radiation. This result indicated that higher mass flow rate increase the heat transfer rate from 
the fluid to the surface PV module. The electrical and PVT efficiency produced from about 10.33 to 10.40% 
and 67 to 75% at 700 W/m2, respectively. For 900 W/m2, electrical and PVT efficiency produced from about 
9.80 to 9.85% and 70 to 77% at 700 W/m2, respectively. 
 
 

Table 1. Energy Analyisis of Water Based PV/T 
Collector at Solar Radiation of 700 W/m2 

m Efficiency (%) 
(kg/s) Thermal Electrical PVT 
0.012 57.012 10.328 67.340 
0.017 61.156 10.357 71.513 
0.020 63.624 10.391 74.015 
0.026 64.984 10.399 75.383 

 

Table 2. Energy Analyisis of Water Based PV/T 
Collector at Solar Radiation of 900 W/m2 
m Efficiency (%) 

(kg/s) Thermal Electrical PVT 
0.012 59.789 9.799 69.588 
0.017 63.000 9.815 72.815 
0.020 64.230 9.825 74.055 
0.026 66.912 9.849 76.761 

 

 
 

The thermal and electrical output are calculated from (3) and (5) for the both cases of solar 
radiation. The thermal and electrical output for 700 W/m2 radiation are 299.73W and 46.67 W. For 900 W/m2 
radiation, the thermal and electrical output are 398.32W and 59.15 W, as shown in Table 3. The reference 
system in this experiment is referred to PV panel wihout cooling system. From Table 3, the reference PV 

0
10
20
30
40
50
60
70

0.010 0.015 0.020 0.025 0.030
Te

m
pe

ra
tu

re
 (o

C)

Mass flow rate (kg/s)

Ambient Inlet Outlet PV

0

20

40

60

80

0.010 0.015 0.020 0.025 0.030

Te
m

pe
ra

tu
re

 (o
C)

Mass flow rate (kg/s)

Ambient Inlet Outlet PV



                ISSN: 2088-8708 

Int J Elec & Comp Eng, Vol. 9, No. 1, February 2019 :  118 - 125 

122

electrical efficiencies is 9.37% for 900 W/m2. The increase in electrical efficiency compared to the reference 
system is 5.05% at 900 W/m2 solar radiation. 
 
 

Tables 3. Energy Analysis of PV Panel and Water Based PV/T Collector 
 Solar Radiation 

(W/m2) 
ηth  
(%) 

ηel  
(%) 

Thermal Output 
(W) 

Electrical Output 
(W) 

Distilled Water 700 64.98 10.39 299.73 46.67 
900 66.91 9.84 398.32 59.15 

PV (reference) 700 - 9.55 - 42.84 
900 - 9.38 - 56.31 

 
 

The exergy analysis was conducted using (7) to (10) for the both cases of solar radiation. 
The thermal and electrical exergy for 700 W/m2 radiation are 5.786 W and 46.534 W. For 900 W/m2 
radiation, the thermal and electrical output are 8.858W and 58.828 W, as shown in Table 4. The PVT exergy 
are 52.32 W and 67.68 W for 700 W/m2 and for 900 W/m2 respectively. 
 
 

Tables 4. Exergy Analysis of PV Panel and Water Based PV/T Collector 
Solar Radiation 

(W/m2) 
Exergy thermal 

(W) 
Exergy 

electrical 
(W) 

Exergy PVT  
(W) 

700 5.786 46.534 52.32 
900 8.858 58.826 67.68 

 
 
4. CONCLUSIONS 

The performance of water based PV/T collector can be depicted by the combination of efficiency 
expression. It comprised of the PV efficiency and thermal efficiency. The total of the both efficiencies, which 
is known as PV/T efficiency was used to evaluate the overall performance of the system. Based on the testing 
performed on the collector, it was proved that both efficiencies increased when the mass flow rate increased. 
Therefore, the total efficiency (PV/T efficiency) increased concurrently when the mass flow rate increased. 
The water based PV/T collector produced PV/T efficiency about 67 to 77% with 9.8 to 10.4% PV efficiency 
and of 57-67% thermal efficiency. On the other hand, the PV/T exergy is between 52 W and 68 W with 
thermal exergy of 5.8W to 8.9W and electrical exergy of 46.5 to 58.8W.   
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