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Abstract— The demand for Solar thermal and photo voltaic electricity generation is increasing day by day in market. Research and 

development work on Photo Voltaic Thermal (PVT) technology have been put forward since 1970s for a wide range of application including 

Agriculture, Processing plants and buildings. With PV Thermal panels, sunlight is converted into electricity and heat simultaneously. Per 

unit area the total efficiency of a PVT panel is higher than the sum of the efficiencies of separate PV panels and solar thermal collectors. 

During the last 20 years, research into PVT techniques and concepts has been widespread, but rather scattered. This reflects the number of 

possible PVT concepts and the accompanying research and development problems, for which it is the general goal to optimize both 

electrical and thermal efficiency of a device simultaneously. This study presents a review of different types of PV/thermal collector system 

i.e. flat plate and concentrator type, in which working medium is either liquid or air. After studying all available systems, it can be 

concluded that PV/Thermal are very promising devices and there is a wider scope to improve their performance on the basis of efficiency 

and cost, making them more competitive in the market. 
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I.  INTRODUCTION  

oday there is a need for clean and renewable energy 

sources. Fossil fuels are non-renewable and require 

finite resources which are dwindling because of 

high cost and environmentally damaging retrieval technique. 

So there is a need for cheap and renewable resources. A 

feasible and an efficient option is the ‘Solar Energy’. It is the 

most practical form of energy because of its plentiful 

availability and it is derived directly from Sun [1-3] (Fig. 1). 

A PVT system is a combination of photovoltaic (PV) and 

solar thermal components which produces both electricity and 

heat from one integrated system i.e. co-generation of thermal 

energy and electric energy. So PVT is also called Solar Co-

generation. A solar cell has its threshold photon energy 

corresponding to the particular energy band gap below which 

electricity conversion does not take place. Photons of longer 

wavelength do not generate electron-hole pair but only 

dissipate their energy as heat in the cell. 

PV panels absorb up to 80% of the solar radiation. 

However, only 5 – 20 % of the incident energy is converted 

into electricity, depending upon PV technologies used. The 

remaining energy is converted into heat. This led to extreme 

temperature in cell as high as 500C above ambient 

temperature. This result in- 

 Drop in cell efficiency. 

 Permanent structural damage of PV module if 

thermal stresses remains for longer period of time [4, 

5]. 

In PVT, this heat is extracted from PV panels and made 

available for various uses like: 

 In building, for tap water heating etc. 

 Also by this extraction, Solar cells get cooled, this 

results in improvement in electricity yield [6]. 

So with an optimal design, PVT system can supply 

buildings with 100% renewable electricity and heat in a more 

cost effective manner than separate PV and solar thermal 

system and thus contribute to the long term international 

targets on implementation of renewable energy in the built 

environment [7]. 

 

 
Fig. 1. Sketch of portion of incoming sunlight converted into electricity or 

heat [2] 

II. TYPES OF PHOTO VOLTAIC THERMAL SYSTEM (PVT)  

A. Flat-Plate PVT Collector System 

Flat-plate collectors, developed by Hottel and Whillier in 

the 1950s, are the most common type. They consist of (1). a 

dark flat-plate absorber, (2). a transparent cover that reduces 

heat losses, (3). A heat-transport fluid (air, antifreeze or water) 

to remove heat from the absorber, and (4). a heat insulating 

backing [8-10]. The absorber consists of a thin absorber sheet 

(of thermally stable polymers, aluminum, steel or copper, to 

which a matte black or selective coating is applied) often 

backed by a grid or coil of fluid tubing placed in an insulated 

casing with a glass or polycarbonate cover [11, 12] (Fig. 2). 

 

 
Fig. 2. Main features of flat-plate PVT collector system [3]. 
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Flat Plate PVT Collector System are further classified as- 

1) Air Type PVT Collector System: It is an Air based system 

in which heat transfer fluid is air (Fig. 3). The PV cells 

are either pasted to the interior of cover plate or to an 

absorber or the PV cells are acting as an absorber or cover 

plate itself [13]. The air can be circulated by either natural 

ventilation or by forced ventilation. Heat generated by PV 

module and metal absorber will be transferred to the air, 

hence the PV module, therefore electrical efficiency 

increases [14, 15]. 

In general the air collector is mostly applied if there is a 

demand for hot air, space heat, dry agricultural products or to 

condition the indoor air (air cooling). Using air as a heat 

transport medium compared to air, has significant advantages 

and disadvantages. 

Advantages- 

 No freezing and no boiling of collector fluid. 

 No damage if leakage occurs. 

Disadvantage- 

 Low heat capacity and low conductivity, the result is low 

heat transfer. 

 Low density due to which there is high volume transfer. 

 High heat losses through air leakage. 

2) Liquid type PVT Collector System: In this system, Glycol, 

mineral oil or water is used as a heat transfer fluid [1]. 

Heat transfer fluid runs inside the ducts on the absorber 

and collect heat from the absorber (Fig. 4). Useful thermal 

energy is extracted to one end of the duct where it can be 

utilized. The heat transfer fluid can be circulated by (a) 

Using Pumping System. (b) Difference in Specific gravity 

of heat transfer fluid [16-20]. 
 

 
Fig. 3. Example of an Air-PVT collector 

 

 
Fig. 4. Example of an Liquid-PVT collector 

 

It is to presume that the operating temperature of the cell is 

at a higher temperature than a working fluid. In closed loop 

system, this heat is either exhausted or transferred at a heat 

exchanger. In open loop system this heat is used or exhausted 

before the fluid returns to PV cell [1]. Two types of advanced 

PVT liquid modules are- 

 Uncovered PVT panels 

 Covered PVT collectors 

 
Fig. 5. Uncovered PV thermal panel seen at the front (left) and at the rear side 

 

 
Fig. 6. Prototype of a covered PVT collector 

 

3) PVT integrated Heat Pump (PVT/Heat Pump): This 

system is described as tap water heating system with the 

use of roof size PVT/w array combined with ground 

coupled heat pump. It was found that, the system is able 

to satisfy all the heating demand, while meeting nearly all 

of its electricity consumption and keeping the long-term 

average ground temperature constant [21-23]. 

The required investment is comparable to those of the 

conventional provisions but the PVT system requires less roof 

space and offers architectural uniformity. More recently, 

extensive analysis of the PVT/heat pump system with variable 

pump speed operation has been performed in China. 

B. Concentrator Type PVT Collector System (c-PVT)   

Combination of PV module with solar radiation 

concentration devices is the efficient method to reduce the 

system cost by replacing the expensive cell with a cheaper 

solar radiation concentration system [24]. Here a larger PV 

area is replaced by a cheap mirror area, and this will also 

reduce payback time. The use of concentrated type PVT is 

instead of flat plate type is able to increase in radiation 

intensity on the solar cell thus giving rise to higher efficiency, 

but this is possible only when PV module temperature is 

maintained as low as possible [25]. 
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Fig. 7. Some Concentrator type PVT collector. 

 

Reflective and refractive optical devices are used in 

concentrating solar system and are characterized by their 

concentration ratio (CR). Concentrating System with CR > 

2.5, must use a system to track the sun, while for system with 

CR < 2.5, stationery devices are used [1]. The electrical output 

is affected by mainly two problems: 

 Distribution of solar radiation on the absorber 

surface (PV module). 

 Temperature rise of PV module. 

The uniform distribution of the concentration solar radiation 

on PV surface and suitable cooling adds to an effective system 

operation and achievement of high electric output. Using 

“Liquid” as the coolant is more effective than using “Air” to 

obtain better electrical output [26, 27]. For these reasons, 

reflector type c/PVT system are common for medium/ to high 

temperature hot water system applicable for cooling, 

desalination, or other industrial processes [28]. 

III. PVT RESEARCH AND DEVELOPMENT SO FAR 

The first systematic research into the possibilities of 

combining photovoltaic and solar thermal techniques was 

performed in the early 1980s by a group at MIT [29]. In this 

comprehensive study, several PVT designs were made and 

tested both air-type and water-type. The work was 

discontinued because of a change in government funding. 

The PVT research regained attention in the mid 1990s with, 

amongst others, the PhD work of De Vries at the Eindhoven 

University of Technology [30]. He designed several PVT 

module concepts, of which one was realized and tested. A 

numerical model was developed calculating both electrical and 

thermal performance. The model predictions were found to 

agree with the experimental results [31].The work was 

continued with a development programme at the Energy 

research Centre of the Netherlands ECN [32]. In collaboration 

with industry and the EUT the thermal performance was 

further optimized and a production technology was developed 

[33]. Bakker investigated another PVT concept, a two-

absorber module, at ECN [34]. 

In recent years, several other research groups worked on the 

topic of PVT. At the University of Patras in Greece, a broad 

range of PVT geometries for PVT panels were designed, built 

and tested [35]. PhD research on a PVT design with a 

concentrating reflector is being performed in Sweden [36]. In 

Norway, a concept is developed in which a plastic thermal 

absorber is used [37]. 

Generally speaking, the R&D efforts on the PVT collector 

systems in the first 25 years or so had been on improving the 

cost-performance ratio as compared to the solar thermal and 

PV systems working side by side. For real-building project 

applications, the PVT systems were more readily adopted in 

the European and North American markets though the higher 

efficiency of the PVT/w system has been confirmed. The 

contemporary issues related to the PVT technology, including 

the marketing potentials, were summarized in the expert 

reports of the working teams commissioned by the Swiss 

Federal Office [38, 39] and the IEA (International Energy 

Agency) [40]. An overview of the applications and 

development directions was also presented in Bazilian et al. 

[41]. 

IV. CONCLUSION  

The performance of various PVT collector types had been 

studied theoretically, numerically and experimentally for more 

than three decades. Various researchers and professionals 

showed their work done on the possibility of generating 

electricity and heat energy from PVT system. In this article, 

we have reviewed various PVT systems. These collectors may 

be applied as building integrated elements. In further research, 

it is necessary to identify typical design for building integrated 

for different architectural requirement. PVT modules convert 

sunlight into electricity and heat simultaneously. There total 

efficiency is higher than sum of the efficiencies of solar PV 

and solar thermal system. In case of limited available roof area 

PVT offers a more cost-effective alternative. Moreover, 

through the higher combined yield PVT can contribute to the 

reduction in consumption of fossil fuel in the built 

environment in a more cost-effective way. 

At the present level of activities globally, the number of 

commercially available character and systems are still very 

limited. Measure barriers like product reliability and cost 

remain to break-through. Collaborations have been underway 

among institution or countries, helping to identify suitable 

product material, manufacturing techniques, testing and 

training requirement etc. since PVT system has a much shorter 

economic payback period than the PV counterpart, PVT as a 

renewable energy technology is expected to first become 

competitive with the conventional power generation. Thus, the 

large scale introduction of PVT could help to achieve the 

international goals for PV and solar thermal installation in the 

future, at lower costs.  

REFERENCES 

[1] Deepika chauhan, Sanjay Agarwal, Mahendra Kumar Suman, 
Photovoltaic Thermal System and Their Various Aspects: A Review. 

International Journal of Scientific & Technology Research Volume 2, 

Issue 9, September 2013 Issn 2277-8616. 
[2] Wim G. J. van Helden, Ronald J. Ch. van Zolingen and Herbert A. 

Zondag. PV Thermal Systems: PV Panels Supplying Renewable 
Electricity and Heat, Progress In Photo voltaics: Research And 

Applications Prog. Photovolt: Res. Appl. 2004; 12:415–426. 

[3] T.T. Chow. Review on Photo voltaic/ thermal hybrid solar technology, 
Applied Energy 87 (2010) 365–379. 

[4] J.I. Rosell, X. Vallverdu´, M.A. Lecho´ n, M. Iba´n˜ez. Design and 

simulation of a low concentrating photovoltaic/thermal system, Energy 
Conversion and Management 46 (2005) 3034–3046. 

[5] John Hollick. PV thermal systems - capturing the untapped energy, 

Conserval Engineering Inc.200 Wildcat Road Toronto Ontario. 



 

 
 

 

56 

 
Alankrit Srivastava, Sahil Arora, Varun Dutta, Sanjay Sharma, and Kapil Chopra, “A review on photo voltaic thermal systems,” 

International Journal of Scientific and Technical Advancements, Volume 2, Issue 4, pp. 53-56, 2016. 

International Journal of Scientific and Technical Advancements 
  ISSN: 2454-1532 

 

[6] Miroslav Bosanac, Bent Sørensen, Ivan Katic, Henrik Sørensen, Bruno 

Nielsen, Jamal Badran. Photovoltaic/Thermal Solar Collectors and Their 
Potential in Denmark, Final Report EFP project 1713/00-0014. 

[7] PVT Roadmap – a European guide for the development and market 

introduction of PV-thermal technology; 2006, PVT forum. 
[8] Bergene T, Lovik O. Model calculations on a flat-plate solar heat 

collector with integrated solar cells. Solar Energy1995; 55(6):453–62. 

[9] HEGAZY A.A. Comparative study of the performances of four 
photovoltaic/thermal solar air collectors, Energy Conversion and 

Management, Volume 41, Number 8, pp. 861-881, May 2000  

[10] Florschuetz LW. Extension of the Hottel–Whiller model to the analysis 
of combined photovoltaic/thermal flat plate collectors. Sol Energy1979; 

22:361–6. 

[11] Cox III CH, Raghuraman P. Design considerations for flat-plate 
photovoltaic/thermal collectors. Sol Energy 1985; 35:227–41. 

[12] H.A. ZONDAG, Flat-plate PV-Thermal collectors and systems: A 

review, Renewable and Sustainable Energy Reviews 12 (2008) 891–959. 
[13] Hegazy AA. Comparative study of the performances of four 

photovoltaic/thermal solar air collectors. Energy Convers Manage 2000; 

41:861–81. 
[14] Raman V, Tiwari GN. Life cycle cost analysis of HPVT air collector 

under different Indian climatic conditions. Energy Policy 2008; 36:603–

11. 
[15] Raman V, Tiwari GN. A comparison study of energy and exergy 

performance of a hybrid photovoltaic double-pass and single-pass air 

collector. Int J Energy Res 2009; 33:605–17. 
[16] TOMAS MATUSKA, Simulation Study of Building Integrated Solar 

Liquid PV-T Collectors, International Journal of Photoenergy , Article 

ID 686393, 8 pages, Volume 2012. 
[17] Kalogirou SA, Tripanagnostopoulos Y. Hybrid PV/T solar systems for 

domestic hot water and electricity production. Energy Convers Manage 

2006; 47(18–19):3368–82. 
[18] Dubey S, Tiwari GN. Analysis of PV/T flat plate water collectors 

connected in series. Sol Energy 2009. 
doi:10.1016/j.solener.2009.04.002. 

[19] Tiwari A, Dubey S, Sandhu, Sodha MS, Anwar SI. Exergy analysis of 

integrated photovoltaic thermal solar water heater under constant flow 
rate and constant collection temperature modes. Applied Energy 2009; 

86:2592–7. 

[20] Chow TT, He W, Ji J. Hybrid photovoltaic-thermo syphon water heating 
system for residential application. Sol Energy 2006; 80(3):298–306. 

[21] Bakker M, Zondag HA, Elswijk MJ, Strootman KJ, Jong MJM. 

Performance and costs of a roof-sized PV/thermal array combined with a 
ground coupled heat pump. Sol Energy 2005; 78:331–9. 

[22] Ji Jie, Liu Keliang, Chow Tin-Tai, Pei Gang, He Wei, He Hanfeng. 

Performanceanalysis of a photovoltaic heat pump. Appl Energy 2008; 
85(8):680–93. 

[23] Ji Jie, Pei Gang, Chow Tin-Tai, Liu Keliang, He Hanfeng, Lu Jian-Ping, 

et. al. Experimental study of photovoltaic solar assisted heat pump 
system. Sol Energy 2008;82(1):43–52. 

[24] Segal A, Epstein M, Yogev A. Hybrid concentrated photovoltaic and 

thermal power conversion at different spectral bands. Sol Energy 2004; 
76:591–601. 

[25] Royne A, Dey CJ, Mills DR. Cooling of photovoltaic cells under 

concentrated illumination: a critical review. Sol Energy Mater Sol Cells 
2005; 86:451–83. 

[26] Rosell JI, Vallverdu X, Lechon MA, Ibanez M. Design and simulation of 

a low concentrating photovoltaic/thermal system. Energy Convers 
Manage2005; 46:3034–46. 

[27] Coventry JS. “Performance of a concentrating photovoltaic/thermal 

collector”, Sol Energy 2005; 78:211–22. 
[28] Kribus A, Kaftori D, Mittelman G, Hirshfeld A, Flitsanov Y, Dayan A. 

Aminiature concentrating photovoltaic and thermal system. Energy 

Convers Manage 2006; 47:3582–90.  
[29] Hendrie S. Photovoltaic/thermal collector development program–final 

report. Massachusettes Institute of Technology, Lincoln Laboratory, 

Lexington, Massachusetts, 1982. 
[30] De Vries D. Design of a photovoltaic/thermal combi panel., PhD Thesis, 

Eindhoven University of Technology, Eindhoven, The Netherlands, 

ISBN 90-386-0840-3, 1998. 
[31] Zondag HA, De Vries DW, Van Helden WGJ, Van Zolingen RJC, Van 

Steenhoven AA. The thermal and electrical yield of a PV-Thermal 

collector. Solar Energy 2002; 72(2): 113–128. 
[32] Zondag HA, De Vries DW, Van Helden WGJ, Van Zolingen RJC, Van 

Steenhoven AA. The yield of different combined PV-Thermal collector 

designs. Solar Energy 2003; 74(3): 253–269. 
[33] Van Helden WGJ, Zondag HA. Photovoltaic Thermal panels: on the 

brink of demonstration. Proceedings of PV in Europe–From PV 

Technology to Energy Solutions Conference and Exhibition, Rome, 7–
11 October 2002; 825–828. 

[34] Bakker M, Zondag HA, Van Helden WGJ. Design of a dual flow 

photovoltaic/thermal combi panel. Proceedings of PV in Europe–From 
PV Technology to Energy Solutions Conference and Exhibition, Rome, 

7–11 October 2002; 617–620. 

[35] Tripanagnostopoulos Y, Nousia Th, Yianoulis P. Hybrid 
photovoltaic/thermal solar systems. Solar Energy 2002; 72(3):217–234. 

[36] Brogren M, Roos A, Karlsson B. Design and evaluation of low-
concentrating, stationary, parabolic reflectors for wallintegration of 

water-cooled photovoltaic-thermal hybrid modules. Proceedings of PV 

in Europe–From PV Technology to Energy Solutions Conference and 
Exhibition, Rome, 7–11 October 2002; 551–555. 

[37] Sandnes B, Rekstad J. A photovoltaic/thermal (PV/T) collector with a 

polymer absorber plate–experimental study and analytical model, Solar 
Energy 2002; 72(1): 63–73. 

[38] Affolter P, Gay J, Haller BA, Althaus H, Ruoss D, Toggweiler P. New 

generation of hybrid solar collectors: feasibility study (phase 1). Report 
for project no.56360/16868, Swiss Federal Office for Energy; November 

1997. 

[39] Affolter P, Ruoss D, Toggweiler P, Haller BA. New generation of 
hybrid solar collectors. Final report DIS 56360/16868, Swiss Federal 

Office for Energy; June 2000. 

[40] IEA. Photovoltaic/thermal solar energy systems: status of the technology 

and roadmap for future development. Task 7 report, international energy 

agency, PVPS T7–10; 2002. 

[41] Bazilian MD, Leenders F, Van der Ree BGC, Prasad D. Photovoltaic 

cogeneration in the built environment. Sol Energy 2001;71(1):57–69 

 
 


