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 The integration of photovoltaic technology and solar air collector is named  
a photovoltaic thermal (PVT) system. PVT system generates electricity as 

pumping power to fan DC and produces thermal energy together with to 
cooling PV panel. The experimental with the indoor and outdoor evaluation 
of PVT solar air collector have been compared at the chosen solar intensity 
of 820 W/m2. The mass flow rate is range from 0.01 kg/s to 0.05 kg/s.  
The exergy and efficiency exergy accuracy of PVT solar air collector 
between indoor and outdoor evaluation are 98.42%, 98.11% respectively. 
The exergy and exergy efficiency comparison results indicated that the 
indoor and outdoor investigation is suitable.  
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1. INTRODUCTION 

Currently, increasing population and higher demands for energy have caused in the lack of 

predictable fossil oils. The fossil oils produced huge contamination and environmental issue.  

Renewable energy such as solar energy is the perfect substitution for fossil oils. Solar energy interests many 

clients because of fresh, unexhausted, low-priced, simply accessible. [1-3]. Solar energy produced thermal 

and electrical energy. Thermal energy is usually generated from solar collector and electrical energy is 

generated from photovoltaic technology. The hybrid of solar collectors and photovoltaic technology is called 

the photovoltaic thermal system (PVT). PVT system is usually developed by photovoltaic module, lining, 

material border, glass cover, absorber between channel tube of air or water fluid [4-11]. Many researchers 

have studied the PVT system with a theoretical and experimental approach. The configuration of the PVT 

system with photovoltaic panel and glass cover has been conducted by Slimani et al. [12]. This PVT system 
discovered a stimulating application for building and manufacturing practice. The additional glass cover 

improved the energy efficiency of PVT system. The hybrid PVT system between flat plate solar collector and 

Photovoltaic panel have been designed by Michael et al. [13] to assess the electrical and thermal efficiency 

with dissimilar projects. 

The development and combination of the photovoltaic thermal system have been reviewed by Wu et 

al. [14]. Offering critical reviews is used to assess the character of the thermal absorber. The EVA based 

cover method is the best choice than current methods. Nazri et al. [15] established the theoretical approach 

with an energy analysis of photovoltaic thermal thermoelectric for solar air collectors. The complete 

efficiency of photovoltaic thermal integration with thermoelectric was higher than the photovoltaic module 

alone. The use of a V-groove absorber plate to evaluate thermal efficiency has been analyzed by Tadesse et 
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al. [16]. The upsurge in the area of V-groove absorber increased energy performance than the flat plate  

solar collector. 

Aristizabal et al. [17] have presented the building integrated photovoltaic system (BIPVS) with ideal 

control movement prototypical. The experimental investigation has been done in the Bogota condition, 

Colombia. The power flow has been affected by the meteorological data. For 2017, the power generation 

with the experimental investigation was 5.904 kWh/year. Photovoltaic-thermoelectric generator (PV-TEG) 

hybrid system has been conducted by Ruzaimi et al. [18]. The excess heat from the PV module is absorbed 

by the integrated thermoelectric system. The maximum power from the number of TEG arrays reached 119 

Watt. The performances of four photovoltaic technology are compared by Tadjer et al. [19]. The four 

technology of photovoltaic is monocrystalline, amorphous silicon, polycrystalline silicon, and cadmium 
telluride thin film. The best yield of evaluation is thin-film and amorphous silicon module for  

Saharan condition. 

The simulation approach of the integrated hybrid stand-alone photovoltaic-diesel producer system 

has been done by Sulaiman et al. [20]. The project parameters and cost analysis have been simulated by 

HOMER software. The grades of simulation showed that photovoltaic and diesel generator integration is the 

best choice than the photovoltaic panel alone. The examination of photovoltaic efficiencies with different 

daily and monthly has been studied by Njok et al. [21] in Calabar, Nigeria. Two months for experimental are 

April and May with before noon, afternoon and full day time condition. The top-level of photovoltaic 

efficiencies is 77% and 73% at 12:30 for April and May respectively. 

Lari and Sahin [22] informed that photovoltaic energy efficiency performance is 13.2%. Khanjari et 

al. [23] reported that the exergy efficiency, energy efficiency, thermal efficiency, and overall PVT efficiency 
performance of the PVT system are 15%, 10-13.7%, 55%, and 90% respectively. the use of an aluminum 

refrigeration plate with a conventional and helical duct for PVT hybrid has been done by Salem et al. [24]. 

They resulted in the exergy efficiency of 11.1-13.5%. the concentrating collector of the PVT system has been 

analyzed by Tripathi et al. [25] with the enviroeconomic and exergoeconomic analysis based on the energy 

and exergy approach. The examination was made by Syam and Tiwari [26] with a half-transparent 

photovoltaic panel collector. The environmental analysis with energy and exergy assessment of PVT mixed-

mode greenhouse dryer has been designed by Shyam et al. [27]. 

In recent years, the evolving PVT system technology has been developed extensively in numerous 

circumstances with different construction. The use of nanofluids as a cooling method for the PVT system 

[28-30] or phase change materials (PCM) method is the best performance than a representative PVT system 

commonly [31, 32]. The building integrated photovoltaic thermal system (BIPVT) has been reported 

acceptable relatively in the last time with energy and exergy evaluation [33-35]. Nevertheless,  
the performance comparison between the indoor and outdoor investigation of PVT system solar air collector 

is still less for exergy assessment. The objective of this study is to compare the exergy and exergy efficiency 

between indoor and outdoor investigation at The National University of Malaysia condition. 

 

 

2. RESEARCH METHOD  

In this study, the outdoor investigation of the photovoltaic thermal solar collectors has been 

conducted at The University of Malaysia's condition. The PVT system solar collector is developed by 

insulation, photovoltaic with monocrystalline of 100 W, fan DC connected to channel, plate flat collector as 

shown in Figure 1. The indoor investigation of photovoltaic thermal solar collectors conducted at 

Laboratories of technology solar in The National University of Malaysia. Experimental with the indoor 
investigation under solar simulator with 45 halogen lamps, regulators to control the solar intensity of 

simulator, Anemometer DTA 4000 to control the mass flow rate, A pyranometer to control solar radiation, 

ADAM-4019 type to record temperature connected to computer software routinely as shown in  

our paper [36]. 

The maximum beneficial work of the system to achieve a thermal balance state is called the exergy 

of a system [37]. It characterizes the maximum size of energy to make beneficial work to the equilibrium 

condition [38]. Applying the first and second laws of thermodynamic is analyzed by exergy analysis.  

The exergy equation of the PVT system used the second law of thermodynamics [39]. The following 

equation calculates the exergy analysis as shown in Table 1. Where the number of photovoltaic panels is N, 

the solar intensity is S, the sun temperature is Ts (Ts = 5777K), the ambient temperature is Ta , the inlet 

temperature is Ti , the temperature output is To, temperature of photovoltaic panel is Tpv.  
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Table 1. The equation of exergy analysis of PVT solar air collector 
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Figure 1. experimental with indoor investigation of PVT system air solar collector 

 

 

3. RESULTS AND ANALYSIS 

Figure 2 shows the grades of the mass flow rate versus the exergy performance of PVT solar air 

collectors at the solar intensity of 820 W/m2. The PVT exergy is compared between indoor and outdoor 

investigation. The movement of PVT exergy has a similar movement, increases leisurely, and inclines 

between indoor and outdoor investigation. The maximum PVT exergy is 71.90 Watt with the indoor 

investigation. The minimum PVT exergy is 62.08 Watt with the indoor investigation. The grades of PVT 

exergy comparison show that the increase of the mass flow rate increases the exergy of the PVT solar air 

collector system.  

Figure 3 shows the mass flow rate versus the exergy efficiency of PVT solar air collectors at the 
solar intensity of 820 W/m2. The indoor investigation produced the exergy efficiency of 12.80 - 14.82 W.  

the outdoor investigation produced the exergy efficiency of 12.89 – 14.26 W. The movement comparison 

between the indoor and outdoor investigation of PVT exergy has a like movement, rises leisurely.  

Figure 3 displays that the increase in the mass flow rate increases the exergy efficiency of PVT solar  

air collectors. 

Figure 4 shows the Average of PVT exergy with the outdoor investigation at the solar intensity of 

820 W/m2. For the outdoor investigation, the rate of the input, output and loss exergy is 485.05 W, 67.28 W, 

and 417.77 W, respectively and for the indoor investigation, the average of the input, output and loss exergy 

is 485.05 W, 68.21 W, and 416.87 W, respectively as shown in Figure 5.  

Table 1 shows the accuracy comparison of PVT exergy and exergy efficiency of PVT solar air 

collector. The error of PVT exergy between indoor and outdoor investigation is 1.58% or accuracy of 98.42% 
and the error of exergy efficiency is 1.89% or accuracy of 98.11%. From Table 2 show that the indoor 

investigation is suitable with the outdoor investigation. Table 3 displays the previous study's comparison with 

theoretical and experimental approaches. The present study is similar results with other studies with a range 

of 10% to 16 %.  
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Figure 2. The mass flow rate versus PVT exergy 

with the indoor and outdoor investigation 

 

Figure 3. The mass flow rate versus PVT exergy 

efficiency with the indoor and  

outdoor investigation 
 

 

  
 

Figure 4. Average of PVT exergy with the outdoor 

investigation (820 W/m2) 

 

Figure 5. Average of PVT exergy with the indoor 

investigation (820 W/m2) 

 
 

Table 2. The comparison of PVT exergy and exergy efficiency with the indoor and outdoor investigation 
 ̇ 

(Kg/s) 
S (W/m

2
) 

PVT Exergy (W) Exergy efficiency (%) 

Indoor Outdoor Error Indoor Outdoor Error 

0.01 820 62.08 62.51 0.69 12.80 12.89 4.70 

0.02 820 67.66 67.67 0.02 13.95 13.95 0.61 

0.03 820 68.84 68.68 0.24 14.19 14.16 0.03 

0.04 820 70.59 68.37 3.16 14.55 14.09 2.26 

0.05 820 71.90 69.15 3.81 14.82 14.26 1.83 

Average   68.21 67.28 1.58 14.06 13.87 1.89 

 

 

Table 3. The exergy comparison with previous studies 
References Study PVT Exergy efficiency (%) 

[36] Experimental and theoretical 12.66-12.91 

[40] Experimental and theoretical 14.80 

[41] Experimental and theoretical 8.66 

[42] Experimental and theoretical 16.3 

[43] Experimental 10.75 

Present study Experimental 12.80-14.82 

 

 

4. CONCLUSION 

The experiment of photovoltaic thermal solar air collector with the indoor and outdoor investigation 

has been conducted at The National University of Malaysia. The average exergy and exergy efficiency have 

been compared between indoor and outdoor investigation. The average error comparison of exergy and 

exergy efficiency performance is 1.58%, 1.89% respectively or the accuracy of exergy and exergy efficiency 

is 98.42%, 98.11% respectively. 
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