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Abstract 

 The solution of the environmental problems because of fuel fossil is to use new and renewable 
energy. There are many studies about energy analysis of solar collector with v-groove but exergy analysis 
of photovoltaic thermal system with v-groove is still less especially by theoretical study. Photovoltaic 

thermal with v-groove collector has been conducted the exergy analysis by theoretical assessment. The 
matrix inversion methods were used to analyze the energy balance equation. The theoretical assessment 
was conducted under the solar intensity of 385 W/m

2
, 575 W/m

2
, and 875 W/m

2
 and mass flow rate 

between 0.01 and 0.05 kg/s. The maximum exergy efficiency and exergy of PVT system with v -groove 
collector were 17.80% and 86.32 Watt at the solar intensity of 875 W/m

2
. 
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1. Introduction 

The burning of the fossil fuels to generate energy is still dominantly worn around the 
world. The burning of the fossil fuels produces some carbon dioxide into the air. The increased 
carbon emissions could increase the greenhouse effect, and the greenhouse effect is a major 

cause of climate change. Therefore, the developed and developing countries have thought of 
alternative energy to reduce the use of the fossil fuels by utilizing the new and renewable 
energy. The Indonesia country has an abundant source of the new and renewable energy. Solar 

energy is one of renewable energy that has great potential in Indonesia. The solar energy 
reserves in Indonesia are about 112 GWp [1].  

The system that generates electrical and thermal energy simultaneously is called 

photovoltaic thermal (PVT) system. The electrical and thermal analysis of photovoltaic thermal 
collector with v-groove collector has been conducted by Zohri et al. [2]. The exergy and energy 
studies of photovoltaic thermal with  -groove by theoretical and experimental investigation have 

been analyzed by Fudholi et al [3]. The experimental results were reliable with the theoretical 
approach results. The thermal and electrical performance of photovoltaic thermal with and 

without fins collector by mathematical model have been designed by Zohri et al. [4]. The 
electrical and thermal performance of PVT system with fins collector is more efficiency than 
without fins collector. The experimental investigation of photovoltaic thermal with  -groove with 

thermal and electrical analysis has been conducted by Zohri et al.  [5]. The theoretical and 
simulation study of photovoltaic cell by Matlab-Simulink situation have been conducted by 

Kumari and Babu [6]. The simulation and representing study of off-grid power generation 
system by the photovoltaic have been done by Sharma et al. [7]. To improve the model of the 
photovoltaic array along with the implementation of fuzzy logic has been analyzed by 

Mohammad et al. [8]. The purpose of this study was to analyze the influence of solar radiation 
and integration of photovoltaic generator has been done by Aminullah et al. [9].  

The quality of energy or helpful energy (accessibility) is called exergy. The exergy 

method is able to assess thermodynamic system effectively [10]. To optimize the 
thermodynamic system usually used exergy analysis [11]. Faizal et al. [12] have conducted the 
study of a flat-plat solar collector with energy, exergy, economic and environmental analysis 

with SiO2. It was establish that exergy and energy performances of nanofluids were higher than 
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base fluids. Tiwari et al [13] have analyzed the energetic and exergetic performances of 

photovoltaic thermal with flat plate collector integrated solar cleansing system. It was 
accomplished that the solar collector system could get together the water and electrical control 
during sundown hours. Chamoli [14] have investigated the exergy analysis of flat-plat solar 

collector using MATLAB Simulink. For the maximum exergy inflow, the parameter such as inlet 
temperature, outlet temperature, the mass flow rate and absorber plat have been maximized.  

The mainstream of the theoretical approach obtainable in references mainly focuses on 

solar collector using v-groove. The use of theoretical approach for photovoltaic thermal with v-
groove collector was still few as specially for exergy analysis. The use of v-groove solar 
collector was widely used for maximum thermal efficiency to decide the necessary heat for the 

drying procedure. The process heat transfer with v-groove is higher thermal performance than 
without v-groove because of the expanded collector surface [15-19]. The purpose of this study 
is to predict the exergy performance of photovoltaic thermal with v-groove collector before doing 

experimental investigation. 
 
 

2. Theoretical Analysis 
Figure 1 shows the design of photovoltaic thermal with v-groove collector. The 

schematic design of v-groove collector was explained in Figure 2 with the coefficients of heat 

transfer. The length and height of v-groove collector were 1.2 m and 0.05 m. The triangle for 
each side was the 60

o
 angle.  

 

 

 
 

Figure 1. Design of Photovoltaic Thermal with v-groove Collector 

 
 

 
 

Figure 2. The Heat Transfer Coefficients of PVT System with v-groove Collector 
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For module PV 
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The Equation from 1 to 5 above is able to structure with 5 x 5 matrixes as follow;  
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The heat transfer coefficient according to Ong [20] is 
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where    is heat transfer coefficient due to wind and V is the wind velocity [21] 
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where, Tsis the sky temperature, Tc is the photovoltaic panel temperature. 

 
           

    (26) 

 
Resolve of heat transfer coefficient for symmetrical V-groove collector follows Equation  

in ref. [20].  
 

          (27) 

 
where, Nu is the Nusselt number, and e is the half-height of the V-groove (m). 
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The following relationships for different flow conditions is suggested by Hollands  [22]. For 
laminar flow (Re <2800): 
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For transition flow (2800 ≤ Re ≤ 10

4
): 
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For turbulent flow (          ):  
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              (33) 

 
The second law of thermodynamics is called Exergy analysis, the exergy rate balance is 

expressed as [21] 
 

∑  ̇       ∑  ̇        ∑  ̇              (34) 

 
∑  ̇       ∑( ̇          ̇             )  ∑ ̇               (35) 

 
where,  
 

 ̇         ̇          ̇               (36) 

 

 ̇                     (37) 

 

 ̇          ̇ (     ) (  
      

      
)     (38) 

 

 ̇            [  
 

 
(
  

  
)  

 

 
(
  

  
)
 
]  (39) 

 

        
 ̇       

 ̇      
  (40) 

 
where, Ac is the area of collector, Nc is the number of collector, G is the intensity of solar,  
Ta is the temperature of ambient, and Ts is the temperature of sun (Ts = 5777 K). 

 
 
3. Results and Discuss 

Figure 3 shows the mass flow rate in opposition to exergy with different the solar 
intensity. The exergy maximum is 86.31 Watt at the solar intensity of 875 W/m

2
 and the exergy 

minimum is 67.88 watt at the solar intensity of 385 W/m
2
. The exergy in the mass flow rate of 

0.05 kg/s is almost the same each solar intensity. Furthermore, the exergy increase from the 
mass flow rate 0.04 kg/s to 0.01 kg/s. Figure 3 indicates that the exergy value will increase if the 
mass flow rate is decreased.   

Figure 4 shows the exergy efficiency versus the mass flow rate with the different solar 
intensity. The exergy efficiency results of PVT system with v-groove collector by Theoretical 
approach decrease from 17.80% to 13.86% in the solar intensity of 875 W/m

2
. The exergy 

efficiency also decreases from 15.18% to 13.54% and from 14.00% to 13.59% in the solar 
intensity of 575 W/m

2
 and 385 W/m

2
, respectively. The Figure 4 indicates that the increase in 

the mass flow rate and solar intensity makes the exergy efficiency drop in the PVT system.  

 
 

 
 

Figure 3.  Exergy versus the Mass Flow Rate in Different Solar Intensity 
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Figure 4. Exergy Efficiency Versus the Mass Flow Rate in Different Solar Intensity 
 

 
Figure 5 explains the average exergy input, output, and destruction of the photovoltaic 

thermal system with v-groove collector at the solar intensity of 385 W/m
2
. The average of exergy 

input, output and destruction is 484.81 W, 66.52 W, and 418.28 W. respectively. For solar 
intensity of 575 W/m

2
, the exergy destruction and output were 415.94 Watt and 68.87 Watt , 

respectively as shown in Figure 6 and for solar intensity of 875 W/m
2
, the exergy destruction 

and output are 409.42 Watt and 75.39 Watt, respectively as shown in Figure 7. Furthermore, the 
average input exergy was 484.81 Watt for all solar intensity. The exergy output or PVT exergy 
maximum between solar intensity was 75.39 Watt  at solar intensity of 875W/m

2
. The exergy 

output minimum was 66.52 Watt at solar intensity of 385W/m
2
. The most of input exergy was 

exergy destruction because of the convection and radiation heat losses.  
 

 

  
Figure 5. Exergy versus the Average of Exergy 

(385 W/m
2
) 

   
Figure 6. Exergy versus the Average of exergy  

(575 W/m
2
) 

 
 

 
 
 

 
 
 

 
 
 

 
 
 

Figure 7. Exergy versus the average of exergy (875 W/m
2
) 
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Table 1 shows the comparison between exergy efficiency present study and previous 

studies.  In this present study, the exergy efficiency maximum is 17.80%. It is shown that this 
result very close to the results by Joshi and Tiwari [24]. The exergy efficiency is determined by 
the value of the output exergy. If the output exergy value increases then the exergy efficiency 

value also increases. 
 
 

Table 1. The Comparison of Exergy Analysis with Previous Studies 
Designs of PVT system PVT exergy eff iciency References 

PVT Based on air collector T and E: 10.75% [23] 
PVT Parallel-plate air collector T and E: 12.00% - 15.00% [24] 
PVT integrated greenhouse system T and E: 4.00% [25] 
PVT solar collector T and E: 13.50% [26] 

PVT w ith  -groove T: 11.72 - 13.06% 
E: 12.44 - 13.26% 

[3] 

PVT w ith v-groove T: 14.00% - 17.80% Present study 

*T= theoretical and E= experimental  
 

 
4. Conclusion 

The exergy analysis of photovoltaic thermal with v-groove collector has been conducted 

by the theoretical study. PVT system with v-groove collector has been calculated with a matrix 
inversion method to explain the temperature equation for each element. The average exergy 
efficiency at the solar intensity of 385 W/m

2
, 575 W/m

2
, and 875 W/m

2
 was 66.52 Watt, 68.87 

Watt, and 75.38 Watt, respectively. The maximum exergy efficiency of PVT system was 17.80% 
at a solar intensity of 875 W/m

2
. The mass flow rate and the solar intensity make the exergy 

efficiency drop in the PVT system. 

 
 
Nomenclature 

A area     m
2
 

C specific heat of air   J/kg.
o
C 

d channel high    m 

h heat transfer coefficient   W/m
2
.
o
C 

L length collector    m 
G intensity    W/m

2
 

w width collector    m 
Pr Prandtl number  
Re Reynold number  

T Temperature    
o
C 

 
Greek letters 

  emissivity  
  transmission coefficient   

  absorption coefficient  

  dynamic viscosity  
  efficiency 

Subscripts 

i inlet 
o outlet 
f air 

s sky 
r radiation 
c photovoltaic  

b bottom plate 
a ambient  
v v-groove 
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