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ABSTRACT 
Solar PV-T is a hybrid system that combines solar photovoltaic and solar thermal systems to provide electricity and heat at the 

same time. This article presents a method to study the thermal and electrical characteristics of collectors. Measure air inlet 

and outlet temperature, thermal efficiency, electrical efficiency, and overall system efficiency in Jaipur, India weather 

conditions. This article also performed an exergy analysis. Exergy is the available low-grade energy that can be used for 

conversion. It is found that the total efficiency varies between 30-60% and the maximum exergetic efficiency is 9.72%. The 

results show that compared to separate solar thermal and photovoltaic collectors, more energy can be obtained per unit area. 
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1. INTRODUCTION 
Solar energy is one of the most important 

renewable energy sources the world needs. Once the 

electrical energy is converted, more than 82% of the 

absorbed electrical energy is discharged back into the 

environment [1]. The main applications of solar energy 

can be divided into two categories: thermal systems (T) 

and photovoltaic system cells (PV). In traditional 

photovoltaic systems, the high incident solar radiation 

on the panels (PV) should provide a high electrical 

power [2]. However, a high incidence will increase the 

temperature of the solar cell, thus reducing the 

efficiency of the panel. For every 1 ° C increase in 

temperature, the efficiency decreases by 0.5% [3]. 

Also, the life of the solar cell will be shortened if it is 

exposed to high temperatures for a long time [4]. 

Therefore, to achieve higher battery efficiency and 

higher electrical output, we must cool the battery by 

removing the heat in some way. Therefore, to cool the 

cells of the photovoltaic system, we integrate 

photovoltaic panels with solar air collectors [5]. This 

type of system is called photovoltaic (PVT) or hybrid 

(PVT) collector, the advantage of this system is that it 

can generate heat and electricity at the same time. 

Cooling from photovoltaic energy improves efficiency, 

the heat can be used to heat spaces or for drying 

systems, and is more economical than two independent 

units. This article discusses the design of a photovoltaic 

/ T solar air collector, its performance, and the exergy 

and energy analysis of the design [6-7]. 

2. METHODOLOGY 
2.1 SOLAR PV/T AIR COLLECTOR 

CONSTRUCTION 

Solar PVT is built with 30 W polycrystalline 

silicon solar panels. The panel area is 0.301 square 

meters and it is enclosed in a mild steel box with a 

glass lid on top. The shell acts as an absorbent. The 

12V DC fan is used to circulate air in the system. 

2.2 MEASUREMENTS 

A portable solar energy meter (Tenmars TN-

207, Taiwan) was used to measure the total 

instantaneous global solar irradiance with an 

uncertainty of ± 10%. Use a digital thermometer and 

hygrometer to measure the ambient temperature and 

humidity. The electrical characteristics of PV and PVT 

are measured using a solar module analyzer (MECO 

9009). Inlet and outlet air velocities are measured with 

anemometers. Measure the air inlet and outlet 

temperature with a digital thermometer. The front and 

back temperatures of the photovoltaic and PVT panels 

are measured using infrared thermometers. 
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2.3 EXPERIMENTAL PROCEDURE 

The experiment was carried out in Jaipur, India 

(latitude 26.91º N; longitude 75.78º E) from 10 am to 5 

pm in June 2021. Air is used as a refrigerant in the 

system with a constant mass flow rate of 0.02 kg / sec. 

Measure wind speed, solar intensity, ambient 

temperature, relative humidity, open circuit voltage, 

short circuit current, maximum power, module front 

and rear temperature, fill factor, voltage and current 

maximum power, air inlet and outlet temperature, 

photovoltaic solar energy and PVT solar systems for 1 

hour. Efficiency describes the performance of the air 

collector, including thermal efficiency and electrical 

efficiency. 

 

Photo Electric conversion efficiency, Ƞe =   Im *Vm*FF   (1) 

      GA 

 

Thermal Efficiency, Ƞth = mcp (Tout - Tin)     (2) 

    GA 

 

Overall Efficiency, Ƞo = Ƞth + Ƞe       (3) 

 

Energy saving efficiency, Ƞf = Ƞe/ Ƞpower + Ƞth     (4) 

 

Maximum Power, Pmax = VOC × ISC × FF = Vmp × Imp                  (5)   

 

Exergy Input = Exergy Output + Exergy Loss + Irreversibility    

    
        

       
                     (6) 

3. RESULTS AND DISCUSSION 
In this study, commercial 30 W polycrystalline 

photovoltaic modules were used to build an integrated 

PVT air collector system. The concept of energy 

efficiency has been used to evaluate the energy gain of 

PVT collectors. Current test results show that the 

energy saving efficiency of the hybrid PVT system 

exceeds 50%, which is higher than that of traditional 

solar air heating system. The overall performance of 

the PVT system includes electrothermal conversion, 

which is affected by many factors such as mass flow, 

wind speed, inlet and outlet wind temperature, intensity 

of solar radiation, ambient temperature, the wind speed 

and direction of the system. 

Figure 2 shows the changes in the electrical 

efficiency of the PV and PVT systems. The electrical 

efficiency of the photovoltaic thermal varies between 

5.8% and 6.5%, while the electrical efficiency of the 

photovoltaic varies between 6% and 8.4%. The change 

in electrical efficiency of the two systems is due to 

reflection losses in the PVT system. 

 

 

Figure 1: Variation of various efficiency of PV/T 
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Figure 2: Variation of Electrical Efficiency of PV and PV/T 

 

Figure 3: Exergy Efficiency of PV/T 

 

It can be seen that at a constant mass flow rate 

of 0.02 kg / sec the average thermal efficiency is about 

46.43% and the temperature rise of the flowing air is 

about 116 
0
C. The final air temperature exceeds 58 

0
C. 

The average daily energy efficiency of the photovoltaic 

system is approximately 5.86%, while the average daily 

energy efficiency of the photovoltaic system is 

approximately 7.5%. Average comprehensive 

efficiency and energy saving efficiency exceed 52.30% 

and 47.52% respectively. The maximum exergetic 

efficiency of PVT is approximately 9.92% and the 

mean exergetic efficiency exceeds 7.97%. 

 

4. CONCLUSION 
This article describes the thermal and electrical 

performance of hot air / photovoltaic collectors. The 

experiment was carried out in an outdoor environment 

with a fixed air flow rate of 0.02 kg / sec and different 

initial air temperatures. Under the proposed design and 

operating conditions, the daily energy efficiency is 

approximately 5.86%, the daily thermal efficiency is 

approximately 47.5%, and the total system efficiency 

exceeds 50%. The results show that, compared to using 

PV alone, the overall performance of the PVT system is 

improved by integrating solar PV and thermal energy 

[8]. PVT applications can provide sustainable solutions 

to maximize solar production from building-integrated 

photovoltaic systems. This PVT system is particularly 

suitable for low temperature applications such as mixed 

greenhouses, drying or space heating [9-10]. 

 

REFERENCES 
1. Rawat, P., & Dhiran, T. S. (2017). Comparative 

analysis of solar photovoltaic thermal (PVT) water 

and solar photovoltaic thermal (PVT) air systems. 

International Journal of Civil, Mechanical and 

Energy Science, 3(1), 8-12. 

2. Patware, P., Thakur, G., Rawat, P., & Sudhakar, K. 

(2013). A Roadmap For “Carbon Capture And 

Sequestration” In The Indian Context: A Critical 

Review. Int. J. ChemTech Res., 514, 974-4290. 

3. Adel A. Hegazy (2000) - Comparative study of the 

performances of four photovoltaic/thermal solar air 

collectors. Energy Conversion & Management, 41, 

861-881 

4. Arvind Tiwari_, M.S. Sodha, Avinash Chandra, J.C. 

Joshi (2006)- Performance evaluation of 

photovoltaic thermal solar air collector for 

0

2

4

6

8

10

E
ff

ic
ie

n
cy

 

Time 

Electrical

Efficiency

of PV/t

Electrical

Efficiency

of PV

system

0

2

4

6

8

10

12

0
50

100
150
200
250
300
350
400

1
0

:0
0

1
1

:0
0

1
2

:0
0

1
3

:0
0

1
4

:0
0

1
5

:0
0

1
6

:0
0

1
7

:0
0

Ex
e

rg
y 

Ef
fi

ci
e

n
cy

 

Ex
e

rg
y 

In
 a

n
d

 E
xe

rg
y 

O
u

t 

Time 

Exergy IN

Exergy

OUT

Exergy

Efficiency

http://www.eprajournals.com/


                                                                                                       ISSN (Online): 2455-3662 

 EPRA International Journal of Multidisciplinary Research (IJMR) - Peer Reviewed Journal 

 Volume: 7 | Issue: 7 | July 2021|| Journal DOI: 10.36713/epra2013 || SJIF Impact Factor 2021: 8.047 || ISI Value: 1.188 

 
 

                                        2021 EPRA IJMR    |     www.eprajournals.com   |    Journal DOI URL: https://doi.org/10.36713/epra2013 
264 

composite climate of India. Science Direct, Solar 

Energy Materials & Solar Cells, 90, 175–189 

5. Niccolo` Aste, Giancarlo Chiesa, Francesco Verri, 

“Design, development and performance monitoring 

of a photovoltaic-thermal (PVT) air collector” 

Renewable Energy 33 (2008) 914–927. 

6. Debbarma, M., Rawat, P., & Sudhakar, K. (2013). 

Thermal performance of Low cost solar bamboo 

dryer. International Journal of Chem Tech 

Research, 5, 1041-1045. 

7. Rawat, P., & Purohit, J. (2019, December). A 

review of challenges in implementation of industry 

4.0 in Indian manufacturing industry. In 

International Conference on Recent Trends and 

Innovation in Engineering. 

8. Ebrahim M. Ali Alfegi, KamaruzzamanSopian, 

MohdYusofHj Othman and Baharudin Bin Yatim 

(2007)-  Transient Mathematical Model Of Both 

Side Single Pass Photovoltaic Thermal Air 

Collector. ARPN Journal of Engineering and 

Applied Sciences VOL. 2, NO. 5. 

9. Rawat, P. (2017). EXERGY PERFORMANCE 

ANALYSIS OF 300 W SOLAR PHOTOVOLTAIC 

MODULE. International Journal of Engineering 

Sciences & Research Technology, 6(3), 381-390. 

10. Rawat, P. (2017). Experimental Investigation of 

Effect of Environmental Variables on Performance 

of Solar Photovoltaic Module. International 

Research Journal of Engineering and Technology 

(IRJET), 4(12), 13-18. 

11. Y. Tripanagnostopoulos, M. Bazilianand I. Zoulia, 

R. Battisti- Hybrid pv/t system with improved air 

heat extraction modification. 

12. S.C. Solanki, SwapnilDubey, Arvind Tiwari (2009)- 

Indoor simulation and testing of photovoltaic 

thermal (PV/T) air collectors. Applied Energy, 86, 

2421–2428. 

13. PiotrMatuszewski, MalgorzataSawicka (2010)-

Optimization of solar air collector. 

Aalborg.Shahsavar, M. Ameri (2010) - 

Experimental investigation and modeling of a 

direct-coupledPV/T air collector. Science Direct, 

Solar Energy 84, 1938–1958. 

14. F. Sarhaddi *, S. Farahat, H. Ajam, A. 

Behzadmehr, M. MahdaviAdeli (2010) - An 

improved thermal and electrical model for a solar 

photovoltaicthermal (PV/T) air collector. Applied 

Energy, 87, 2328–2339. 

15. J.K. Tonui, Y. Tripanagnostopoulos(2007) -

Improved PV/T solar collectors with heat 

extractionby forced or natural air circulation. 

Science Direct, Renewable Energy 32, 623–637 

16. Rosen, M. A., F. C. Hoosper and L. N. Barbaris. 

1988. Exergy analysis for the evaluation of the 

performance of closed thermal energy storage 

systems. Transactions of the ASME, Journal of 

Solar Energy Engineering 110, 255−261.  

17. Rosen, M. A. and F. C. Hooper. 1996. Second law 

analysis of thermal energy storage systems. 

Proceedings of the First Trabzon International 

Energy and Environment Symposium: 361−371, 

July 29−31, 1996, Trabzon, Turkey. 

18. Geng L., Cengel Y.A., Turner R.H. Exergy analysis 

of a solar heating system. J. of Solar Energy 

Engineering. 1995, 117(3), 249-251. 

 

http://www.eprajournals.com/

