
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

VOLUME 6    NUMBER 2   December 2017 

Journal of Mechanical and Industrial 

Engineering Research 

ISSN 2304-7445 (Print)  

ISSN 2304-7461 (Online) 

 



Journal of Mechanical and Industrial Engineering Research, Vol. 6, No.2, 2017                                    
 

 

ISSN 2304-7445 

i

Journal of Mechanical and Industrial Engineering Research  
 

ABOUT JOURNAL 

The Journal of Mechanical and Industrial Engineering Research ( J. mech. ind. eng. res. / JMIER ) was 

first published in 2012, and is published semi-annually (May and November). JMIER is indexed and 

abstracted in: ProQuest, Ulrich's Periodicals Directory, EBSCO Open Access Journals, Scientific 

Indexing Service, getCITED, ResearchBib, IndexCopernicus, NewJour, Electronic Journals 

Library, Directory of Research Journals Indexing, Open J-Gate, CiteFactor, JournalSeek, WZB 

Berlin Social Science Center. Since 2013, the JMIER has been included into the ProQuest, one of the 

leading full-text databases around the world. 

The Journal of Mechanical and Industrial Engineering Research is an open access peer-reviewed 

international journal to be of interest and use to all those concerned with research in various fields of, or 

closely related to, mechanical and industrial engineering disciplines. Papers reporting original research or 

extended versions of already published conference/journal papers are all welcome. Papers for publication 

are selected through peer review to ensure originality, relevance, and readability. 



Journal of Mechanical and Industrial Engineering Research, Vol. 6, No.2, 2017                                    
 

 

ISSN 2304-7445 

ii

Journal of Mechanical and Industrial Engineering Research 
 

Publisher: Elite Hall Publishing House 

 

Editor in Chief:  

Dr. Mohammad Mohsin (India) 

E-mail: mmohsinind@gmail.com 

 

 

Editorial Board: 

Mr. Nachimani Charde 

Department of Mechanical, Material and Manufacturing 

Engineering, The University of Nottingham Malaysia Campus 

E-mail: keyx9nac@nottingham.edu.my 

 

Dr. Jake M. Laguador 

Professor, Engineering Department 

Lyceum of the Philippines University, Batangas City, 

Philippines 

E-mail: jakelaguador@yahoo.com 

Dr. Sudhansu Sekhar Panda  

Assistant Professor, Department of Mechanical Engineering 

IIT Patna, India 

Email: sspanda@iitp.ac.in 

 

Dr. G Dilli Babu 

Assistant Professor, Department of Mechanical Engineering, 

V R Siddhartha Engineering College, Andhra Pradesh, India 

Email: gdillibabu@gmail.com 

 

Mr. Jimit R Patel 

Research Scholar, Department of Mathematics, 

Sardar Patel University, India 

Email: patel.jimitphdmarch2013@gmail.com 

 

Dr. Jumah E, Alalwani 

Assistant Professor, Department of Industrial Engineering, 

College of Engineering at Yanbu, Yanbu, Saudi Arabia 

Email: jalwani@taibahu.edu.sa 

 

Dr. Swarup Kumar Nayak 

Assistant Professor, School of Mechanical Engineering, KIIT 

University 

Bhubaneswar, India 

Email: swarup.nayakfme@kiit.ac.in 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Web: http://jmier.elitehall.com 

ISSN 2304-7445 (Print)  

ISSN 2304-7461 (Online) 

 



Journal of Mechanical and Industrial Engineering Research, Vol. 6, No.2, 2017                                    
 

 

ISSN 2304-7445 

22

PV/THERMAL TECHNOLOGY: A TYPICAL REVIEW ON 

SOUTH-ASIAN RENEWABLE SECTOR 

 

Prosenjit K. Karmoker
1
*, Md. S. R. Al-Nahian

2
, Md. Jasem

3
, Md. Zahid Hasan

4
 

1*, 2, 3, 4 Dept. of Mechanical Engineering, Rajshahi University of Engineering and Technology, Rajshahi, Bangladesh  

E-mail: pk.karmoker53@gmail.com* , nahian76@gmail.com , jasemme15@gmail.com , jewelmdzahidhasan@gmail.com  

 

 

Abstract 

With regards to environmental change on the planet at the worldwide level, different moves are made for the advancement of 

sustainable power source and especially sunlight based vitality which has potential for future vitality applications. The current 

famous innovation changes over sun oriented vitality into power and energy independently. The photo-voltaic heating (PVT) 

framework is intended to create heating and electrical vitality all the while. Noteworthy innovative works take a shot at the 

photo-voltaic heating (PVT) innovation has been done since most recent 30 years. Distinctive sorts of sunlight based heating 

gatherer and new materials for PV cells have been created for productive sun oriented vitality usage. The photo-voltaic (PV) 

cells endure productivity drop as their working temperature increments particularly under high disengagement levels. The 

general electrical proficiency of the photo-voltaic (PV) module can be expanded by lessening the temperature of the PV 

module by pulling back the heating vitality related with the PV module. Both water and air either by constrained or normal 

stream has been utilized for PV cooling through a heating unit joined to the back of the module yielding photo-voltaic heating 

(PVT) authority. The principle motivation behind heat extraction unit is to remove heating from the photo-voltaic framework 

and keep its temperature at attractive level with the goal that it can work productively. Till date numerous analysts have done a 

considerable measure of work and number of studies has been done in outlining, recreation, demonstrating, and testing of these 

frameworks. This paper surveys on the state and improvement of PVT innovation around the globe however the examinations 

incorporates trial and systematic are principally centered around photo-voltaic heating advancements at South Asian region. 

 

Keywords: 

PV, Photo-voltaic heating, Temperature control, Renewable energy. 

 

1. Introduction 

 

The sun based energy is an inexhaustible, eco cordial and uninhibitedly accessible energy asset on earth. Its utilization will 

guarantee the protection of customary energy sources and in the meantime its application shields the earth from its debasement. 

Among all the accessible inexhaustible choices, sun based energy is by all accounts all the more encouraging, economical 

energy assets. Along these lines, the sun based energy based frameworks can meet energy requests to some degree and keep the 

balance in the biological system. Sun oriented radiations can be changed over into either warm energy or electrical energy or 

both [1]. Sunlight based warm energy gatherers are unique sort of heat exchangers that change over sunlight based radiation 

into warm energy through a vehicle medium and additionally moving liquid. The major segment of any nearby planetary group 
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is the sun powered authority. This is a gadget which assimilates the approaching sun oriented radiation, changes over it into 

warm energy, and exchanges it through a liquid (typically air, water, or oil) for valuable reason/applications. For the most part, 

they are utilized as air dryer/warmer for drying the rural items or potentially heating/cooling applications in blend with the 

helper radiators for cooling of structures [2].  

Photo-voltaic (PV) is the most valuable method for using sun oriented energy by straightforwardly changing over it into power. 

Energy change gadgets, which are utilized to change over daylight to power by the utilization of the photoelectric impacts, are 

called sun based cells. A photo-voltaic framework comprises of sun based cells and subordinate parts. It changes over the sun 

based radiation specifically into power. In 1954, analysts at the Bell Telephone Laboratories exhibited the primary down to 

earth change of sun powered radiation into electric energy by utilization of a p–n junction sort sun powered cell with 6% 

effectiveness [3]. With the approach of the space program, photo-voltaic cells produced using semiconductor grade silicon 

rapidly turned into the power wellspring of decision for use in satellites. The regular sun based power change efficiency in the 

about 15 and 20% [4]. In any case, today another zone has risen consolidating both the techniques for energy transformation, 

which can be called photo thermal transformation [5]. The sun based energy transformation into power and warm with a 

solitary gadget called half breed photo-voltaic warm authority (PVT) as represented in Figure. 1. Along these lines, warmth 

and power are delivered at the same time and it appears a legitimate plan to create a gadget that can follow the two requests. A 

compression audit of all current improvement and applications of PVT are displayed in this work. 

 

 

 

Figure.01: Various Solar Technologies (Schematic) [6] 

 

2. Concept of PVT System 

 

A PV– thermal (PVT) gatherer is a module in which the PV isn't just delivering power yet in addition fills in as a warm 

safeguard. Thus both warmth and power are delivered all the while [2]. The schematic of the PVT advances is exhibited in 

Figure. 1. The double elements of the PVT result in a higher general sun powered transformation rate than that of exclusively 

PV or sunlight based authority, and accordingly empower a more compelling utilization of sun oriented energy. Since the 

interest for sun oriented warmth and sunlight based power are frequently supplementary, it is by all accounts a coherent plan to 
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build up a gadget that can agree to the two requests. Photo-voltaic (PV) cells use a small amount of the episode sunlight based 

radiation to deliver power and the remaining is handed primarily into squander warm over the cells and substrate raising the 

temperature of PV subsequently, the effectiveness of the module diminished. The photo-voltaic warm (PVT) innovation 

recuperates some portion of this warmth and utilization it for handy applications.  

The concurrent cooling of the PV module keeps up electrical effectiveness at acceptable level and along these lines the PVT 

gatherer offers a superior method for using sun based energy with higher general productivity. There are elective 

methodologies in PVT reconciliation. Among numerous others, there can be choices among air, evaporative gatherers, 

mono-crystalline/poly-crystalline/nebulous silicon (c-Si/pc-Si/a-Si) or thin-film sun oriented cells, level plate or concentrator 

sorts, coated boards, characteristic or constrained liquid stream, independent or building-coordinated highlights, and so on. A 

noteworthy innovative work take a shot at the PVT innovation has been led in the previous couple of years with a slow 

increment in the level of exercises. The appealing highlights of the PVT framework are [6]:  

 

• It is double reason: a similar framework can be utilized to create power and warmth yield.  

 

• It is productive and adaptable: the consolidated proficiency is constantly higher than utilizing two free systems and is 

particularly alluring in Building Incorporated PV (BIPV) when rooftop board separating is restricted.  

 

• It has a wide application: the warmth yield can be utilized both for warming and cooling (desiccant cooling) applications 

relying upon the season and basically being appropriate for local applications.  

 

It is shoddy and handy: it can be effectively retro-fitted/incorporated to working with no significant adjustment and supplanting 

the roofing material with the PVT framework can decrease the payback time frame. Diverse sorts of PV Thermal gatherer are 

being utilized by and by, for example, PVT/air, PVT/water and PVT concentrated authority [7]. The following area of this 

survey article is concentrate on improvement of the PV Thermal innovation and application. 

3. Sorts of PVT systems 

 

3.1. Fluid PVT collector 

 

Like level plate gatherer water warming framework, fluid photo-voltaic warm (PVT) authorities are utilized to warm up the 

water and at the same time power generation for different local and mechanical applications [8]. The local water radiator for 

the most part utilizes level plate gatherers in parallel association and run naturally with the thermo-siphon activity while the 

mechanical water warming framework various level plate authorities in arrangement are utilized and subsequently, it utilizes a 

photo-voltaic driven water pump to keep up a stream of water inside the authority. A schematic chart of a PVT water gatherer 

is appeared in Figure.2 (b) [9].  
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(a) Fluid/Air Collector 

 

 

(b) Water Collector 

Figure.2: PV/T (a) air & (b) water collector. [10, 11] 

 

The Absorber materials by and large utilized as a part of fluid level plate PVT authorities are metallic sheet-and-tube safeguard, 

while the utilization of water and at the same time power generation for different household and modern applications [8]. The 

household water radiator for the most part utilizes level plate authorities in parallel association and run naturally with the 

thermo-siphon activity though the modern water warming framework various level plate gatherers in arrangement are utilized 

and consequently, it utilizes a photo-voltaic driven water pump to keep up a stream of water inside the authority. A schematic 

graph of a PVT water gatherer is appeared in Figure. 2(b) [9].  

The Absorber materials for the most part utilized as a part of fluid level plate PVT gatherers are metallic sheet-and-tube 

safeguard, while the utilization of co-polymer safeguard was additionally inspected widely. This option offers a few favorable 

circumstances:  

 

i. The decrease in weight prompts less material use and simpler establishment.  
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ii. The assembling procedure is disentangled as a result of the less parts included.  

 

iii. The speculation can be brought down because of the diminished material and establishment costs. 

 

3.2 PVT air collector 

 

The fundamental air-cooled configuration utilizes an empty, conductive metal lodging to mount the photo-voltaic (PV) boards. 

Warmth is emanated from the boards into the encased space, where the air is either circled into a building HVAC framework to 

recover warm energy, or rises and is vented from the highest point of the structure.  

While energy exchange to air isn't as productive as a fluid authority, the foundation required has bring down cost and 

multifaceted nature; fundamentally a shallow metal box. Position of PV boards can be vertical or calculated. [12]  

 

 

(a)Unglazed air PVT 

 

(b)Single Glazed air PVT 

 

 

(c)Double glazed air PVT 
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(d)Glazed air PVT 

Figure.3: Schematic of different types of PVT system: (a), (b), (c) and (d) [13] 

 

Air and water both have been utilized as warmth move liquids in handy PVT sun based authorities, yielding PVT/air and 

PVT/water warming frameworks, individually. PVT/water frameworks are more productive than those of PVT/air frameworks 

because of the high thermo-physical properties of water when contrasted with air, However, PVT/air frameworks are used in 

numerous commonsense applications because of low development (negligible utilization of material) and working expense 

among others. It is introduced in Figure.2 [2, 10 and 11]. Figure.3 outlines different kind of PVT air gatherers [13]. 

 

3.3 PVT concentrator (CPVT) 

 

A concentrator system has the advantage to diminish the amount of photovoltaic (PV) cells required, with the end goal that 

somewhat more costly and efficient multi-junction photovoltaic cells can be utilized that will amplify the ratio of created 

high-esteem electrical power versus bring down esteem thermal power. A noteworthy limitation of high-concentrator (i.e. 

HCPV and HCPVT) systems is that they maintain their advantage over conventional c-Si/mc-Si collectors just in areas that 

remain consistently free of atmospheric vaporized contaminants (e.g. light mists, brown haze, etc.). Concentrator system 

execution is particularly debased on the grounds that 1) radiation is reflected and scattered outside of the little (often under 

1°-2°) acceptance point of the collection optics, and 2) absorption of particular components of the sun powered spectrum 

causes at least one arrangement junctions within the MJ cells to underperform.  

Concentrator systems additionally require solid control systems to accurately track the sun and to protect the PV cells from 

harming over-temperature conditions. Under perfect conditions, about 75% of the suns control directly incident upon such 

systems can be gathered as electricity and heat. For more details, see the discourse of CPVT within the article for concentrated 

photo-voltaic. [12] Figure.4 shows a graphical representation of concentrator based PVT system. 
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Figure.4: PVT concentrator. [14] 

 

3.4. Building-integrated air PVT (BIPVT) 

 

From a holistic viewpoint, Bazilian et al. abridged the potential applications of PVT cogeneration in the built environment. The 

multi-functional external façade/rooftop was identified useful for PVT installation that produces heat, light and electricity 

simultaneously. Other than the utilization of wind stream behind the PV modules, a PVT system intended for light transmission 

requires no additional system cost except for ambient light sensors to optimize the pickup from day lighting as appeared in 

Figure.5 [15]. Wei et al. have reviewed the applicability of domestic sun powered water heater (DSHW) and rooftop type 

building integrated photo-voltaic (BIPV) systems for China [16]. The review was conducted in 96 tests in the Xi'an city, China. 

The photograph of the system is appeared in Figure.6. The optimal spaces required for DSWH 3– 4 m2 however for BIPV 

require least 6 m2. Study demonstrates that 84 % houses have rooftop about 3– 4 m2 thus for this DSWH however just 18% of 

the houses are suitable for the installing rooftop type BIPV.  



Journal of Mechanical and Industrial Engineering Research, Vol. 6, No.2, 2017                                    
 

 

ISSN 2304-7445 

29

 

 

 

Figure.5: Schematic of BIPVT system. [17] 

 

 

Figure.6: Photograph of DSWH roof type BIPVT. [16] 

 

3.5. Heat-pipe-based PVT 

 

Heat funnels are viewed as efficient heat transfer components that join the standards of both thermal conductivity and stage 

transition. A typical heat pipe, as indicated in Figure.7 [18], consists of three sections to be specific, evaporated section 

(evaporator), adiabatic section and dense section (condenser), and gives a perfect solution to heat evacuation and transmission.  
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Figure.7: Schematic of a conventional Heat Pipe. [18] 

 

 

Figure.8: Schematic of three types of heat pipe (flat sort) with array channel. [19] 

 

This prototype module includes a photo-voltaic layer and a flat plate heat pipe containing various miniaturized scale channel 

clusters acting as the evaporation section of the heat funnels. The flip side of the heat pipe is the condensation section which 

discharges heat to the passing liquid and the liquid within the section is dense owing to the heat release [19] as appeared if 

Figure.8. The flat-plate geometry is more efficient because of the excellent thermal contact between the PV cells and heat 

extraction gadgets, which results in a littler thermal resistance and higher general sunlight based transformation proficiency. In 

this way, the PV proficiency could increment by 15– 30% contrasted with the sole PVs, if its surface temperature is controlled 

to around 40– 50 1C. The general sun based transformation effectiveness of the module was around 40%. 

 

4. Comparative analysis on different PVT systems studied 

 

Table-1 represents the comparative analysis about different types of PVT systems studied: 

 

Sl. No. Author(s) Type Analysis 

01 Tyagi et al. [20] Solar air heating PVT A study has been 

conducted on the solar air 

heater in the three different 

conditions namely without 
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phase change material 

(PCM) - paraffin wax, with 

PCM and with hytherm oil. 

Study shows that 

efficiency in the paraffin 

wax condition is the 

highest as compared to 

other two conditions. 

02 Touafek 

et al. [21] 

|| A new improved design of 

hybrid solar collector for 

hot air supply have been 

fabricated and studied. 

Study shows better thermal 

and electrical performance 

as compared tradition solar 

air heater. It has thermal 

efficiency of 48%. 

03 Amori et al. [22] || Different solar PV 

collectors of different 

configurations have been 

tested in the outdoor 

conditions. Mathematical 

model has been developed 

to predict the performance 

of these collectors. 

04 Al-Alili et al. [23] Concentrator PVT In this study concentrator 

photovoltaic system is 

applied to power the hybrid 

desiccant assisted air 

conditioner. Result shows 

that it provides better 

thermal comfort as 

compared to vapour 

compression system. 

05 Ota et al.[24] || In a concentrator 

photovoltaic system, the 

anti- soiling layer was 

coated on PMMA. This 

happens due to 



Journal of Mechanical and Industrial Engineering Research, Vol. 6, No.2, 2017                                    
 

 

ISSN 2304-7445 

32

electrostatic charge. The 

system shows better 

performance than 

traditional parboiled PVT 

concentrator. 

06 Li et al. [25] || A new static incorporated 

CPC-PV/T system have 

been designed and tested. 

Mathematic model to 

predict optical efficiency 

under outdoor conditions 

have been developed and 

was validated with 

experimental values. 

Results show good 

agreement with them 

07 Yin et al. [26] Building integrated air 

PVT system 

It is observed that airport 

structured received 90–95 

% of global solar radiation. 

Hence PV Technologies 

can be used to generate 

power. BAPV shows lower 

peak power capacity and 

lower annual energy 

density. 

08 Vats et al. [27] || A study has been conduct 

with different photovoltaic 

material and different 

packing factors for BIPV 

system with air duct. The 

packing factor 0.62 shows 

superior thermal and 

electrical performance as 

compared to packing factor 

0.83. 

09 Ibrahim et al. [28] || The energy and energy of 

the BIPVT solar collector 

have been conducted. 

Authors have presented 
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new absorber design for 

the system. The energy 

saving efficiency has 

increased from 73% to 

81%. 

10 Moradgholi et al. [29] Heat-pipe-based PVT A novel concept of cooling 

of the solar panel by the 

array of heat pipe is 

presented. It enhances the 

electrical efficiency of the 

system. 

11 Gang et al. [30] || A new heat pipe based 

photovoltaic thermal 

system has been designed 

and developed. It is 

compared with existing 

water system. Proposed 

system shows better 

performance than existing 

system. 

12 Zhang et al. [31] || An innovative concept to 

incorporate heat pipe to 

PVT system. System was 

tested in the outdoor 

conditions for seven 

continuous days. The 

proposed system shows 

better performance than 

existing solar air system. 

 

Table-1: Comparative analysis of Different PVT 

 

5. Recent trend on PVT systems 

 

Tripanagnostopoulos made some more improvements in the existing system by introducing an unglazed PVT/double system 

with both water and air cooling modes and found that by attaching water tubes at the back surface of PV gives better thermal 

productivity [32]. By including a thin metal sheet (TMS), balances (FIN) and a combination of TMS with ribs (RIB) (TMS at 

the center of the air duct and RIB at the opposite side of the PV surface) he contrasted the three changed systems and the 

reference PVT/double (water tube attached at back surface system and found a significant increment in thermal proficiency for 
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the air heat extraction, which is respectively approximately 23, 33 and 36% higher for the said systems depicted previously. 

Utilization of an additional booster diffuse reflector (REF) which further enhances electrical execution 12% for the low (about 

0 1C) operating temperatures, with electrical proficiency of 16.5 and 18.5% for the typical PV and the PV with booster diffuse 

reflector, respectively. This expansion in electrical execution percentage is more significant for higher (about 55 1C) operating 

temperatures, as it happens more often than not in PVT collectors, thus the electrical execution can be higher by about 18% as 

electrical proficiency is 13 and 11%, respectively, for the PV also, the PV with booster diffuse reflector systems.  

Tonui et al. constructed an air-based PVT sun powered collector which connected two ease ways to deal with upgrade heat 

transfer between the wind current and PV surface [33]. It is discovered that the initiated mass stream rate and thermal 

productivity diminish with expanding ambient temperature and increment with expanding tilt plot for a given insulation level. 

Solanki et al. composed and constructed a PVT sun based air heater, and studied its execution over different operational 

parameters under steady indoor conditions [34]. They found that the thermal, electrical and general proficiency of the sunlight 

based heater obtained at indoor condition was 42%, 8.4% and half, respectively. Dubey et al. built up an analytical model with 

four different configurations [35]. It was discovered that the glass to glass PV module with duct gives higher electrical 

effectiveness and the higher outlet air temperature among the each of the four cases. The yearly normal productivity of glass to 

glass type PV module with and without duct was reported 10.41% and 9.75%, respectively. Ji et al. built up a novel sun 

oriented PVT heat pump (PVTSAHP) system that joined a Rankine refrigeration cycle with a PVT sun powered collector [36]. 

The results indicated that the PV electrical proficiency and evaporator thermal effectiveness are around 12% and half 

respectively amid the testing time frame in Hefei, China.  

Shahsavar and Ameri outlined and tested a direct-coupled PVT air collector with and without glass cover at Kerman, Iran [37]. 

They presumed that setting glass cover on photovoltaic boards prompts an expansion in thermal proficiency and diminishing in 

electrical effectiveness of the system. Zhao et al. planned a novel PVT rooftop module to act as the rooftop element, electricity 

generator and the evaporator of a heat pump system [19]. Under a typical Nottingham (UK) operating condition, the modules 

would accomplish 55% of thermal proficiency and 19% of electrical productivity, while the module based heat pump system 

would have a general effectiveness of over 70%. It was additionally tended to that the integration of the PV cells and 

evaporation curl into a prefabricated rooftop would prompt vast sparing in both capital and running costs over separate 

arrangements of PV, heat pump and rooftop structure.  

Touafek et al., have configuration, created and demonstrated the PVT collectors with the end goal of air heating and power 

generation [21]. It gives great thermal and electrical effect when contrasted with the established mixture collectors. Amrizal et 

al. have presented dynamic model for cross breed PVT sun based collector [38]. This model is found to predict the thermal and 

electrical execution of the collector. It was validated with experimental data and observed to be great agreement. Bakar et al. 

have redesigned the outline of photovoltaic/thermal sunlight based collector by integrating a roundabout-shape copper tube 

underneath the tedler of the PV board [39]. It gives both hot air and water alongside increment the electric production per unit 

when contrasted with the typical PV board. 

 

Conclusion 

 

The sustainable power source end up noticeably forthcoming prominent energy sources because of following reasons in 

particular fast rate of depletion of petroleum products, volatile bring up in cost of fuel and environmental pollution. Among all 

sustainable power sources, the sun oriented photo-voltaic technologies is observed to be a standout amongst the most 
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encouraging. Because of this, intense research work is going on this field and this prompts significant enhancement of its 

execution. A detailed audits both historical and present trend of the sun powered photo-voltaic thermal technologies have been 

presented. The different application of the sunlight based photo-voltaic system, for example, building integrated air PVT 

system, sunlight based air heating PVT system, fluid PVT collector, concentrator PVT system, and heat-pipe-based PVT are 

additionally presented. Presently different PVT applications on business level are there but still it is limited due product 

reliability and cost. Consequently significant research is required in the field of PVT for the most part in thermal safeguard 

outline and fabrication, material and coating selection, energy change and its effectiveness, cost minimization, execution 

testing, control and the reliability of the system. 

 

Acknowledgement 

 

Firstly I would like to thank Dr. Mohammad U. H. Joardder, Asst. Professor, Dept. of Mechanical Engineering, RUET; for 

being very much supportive to us. We are also highly indebted and like to acknowledge with due respect and humble for the 

undeniable help and support received from Mr. Soumya Mandal, Lecturer, Dept. of Mechanical Engg., RUET. 

 

References: 

[1] Tiwari, Arvind, et al. "Energy metrics analysis of hybrid–photovoltaic (PV) modules." Applied Energy 86.12 (2009): 

2615-2625. 

[2] Tyagi, V. V., S. C. Kaushik, and S. K. Tyagi. "Advancement in solar photovoltaic/thermal (PV/T) hybrid collector 

technology." Renewable and Sustainable Energy Reviews 16.3 (2012): 1383-1398. 

[3] Kim, Jin-Hee, and Jun-Tae Kim. "The experimental performance of an unglazed PVT collector with two different 

absorber types." International Journal of Photoenergy 2012 (2012). 

[4] Zondag, H. A., et al. "The yield of different combined PV-thermal collector designs." Solar energy 74.3 (2003): 

253-269. 

[5] Grant, Christian D., et al. "Characterization of nanocrystalline and thin film TiO 2 solar cells with poly (3-undecyl-2, 

2′-bithiophene) as a sensitizer and hole conductor." Journal of electroanalytical Chemistry 522.1 (2002): 40-48. 

[6] Kumar, Anil, Prashant Baredar, and Uzma Qureshi. "Historical and recent development of photovoltaic thermal 

(PVT) technologies." Renewable and Sustainable Energy Reviews 42 (2015): 1428-1436. 

[7] Hsu, Hsiang-Lin, et al. "Two-step thermal annealing improves the morphology of spin-coated films for highly 

efficient perovskite hybrid photovoltaics." Nanoscale 6.17 (2014): 10281-10288. 

[8] Parida, Bhubaneswari, S_ Iniyan, and Ranko Goic. "A review of solar photovoltaic technologies." Renewable and 

sustainable energy reviews 15.3 (2011): 1625-1636. 

[9] Charalambous, P. G., et al. "Photovoltaic thermal (PV/T) collectors: A review." Applied Thermal Engineering 27.2 

(2007): 275-286. 

[10]  http://solarwall.com/media/images-main/2-products/pvt/howitworks (Last accessed: 10/22/2017)  

[11]  http://ars.els-cdn.com/content/image/1-s2.0-S0196890413007383-gr3.jpg (Last accessed: 10/22/2017) 

[12] https://en.wikipedia.org/wiki/Photovoltaic_thermal_hybrid_solar_collector#PV.2FT_air_collector (Last accessed: 

10/22/2017) 



Journal of Mechanical and Industrial Engineering Research, Vol. 6, No.2, 2017                                    
 

 

ISSN 2304-7445 

36

[13] Zhang, Xingxing, et al. "Review of R&D progress and practical application of the solar photovoltaic/thermal (PV/T) 

technologies." Renewable and Sustainable Energy Reviews 16.1 (2012): 599-617.  

[14] Renno, Carlo. "Optimization of a concentrating photovoltaic thermal (CPV/T) system used for a domestic 

application." Applied Thermal Engineering 67.1 (2014): 396-408. 

[15] Chow, Tin Tai. "A review on photovoltaic/thermal hybrid solar technology." Applied energy 87.2 (2010): 365-379. 

[16] Wei, Haokun, Jian Liu, and Biao Yang. "Cost-benefit comparison between Domestic Solar Water Heater (DSHW) 

and Building Integrated Photovoltaic (BIPV) systems for households in urban China." Applied Energy 126 (2014): 

47-55. 

[17] Pereira, Ricardo Jorge da Silva. Design and optimization of building integration PV/T systems (BIPV/T). MS thesis. 

Universidade de Évora, 2015. 

[18] Udell, Kent S. "Heat transfer in porous media considering phase change and capillarity—the heat pipe 

effect." International Journal of Heat and Mass Transfer 28.2 (1985): 485-495. 

[19] Zhao, Y. "Photovoltaic cell radiating and combined heat and power system." Patent CN 200820123998 U 4.08 

(2008). 

[20] Tyagi, V. V., et al. "Thermal performance evaluation of a solar air heater with and without thermal energy 

storage." Journal of thermal analysis and calorimetry 107.3 (2012): 1345-1352. 

[21] Touafek, Khaled, Mourad Haddadi, and Ali Malek. "Design and modeling of a photovoltaic thermal collector for 

domestic air heating and electricity production." Energy and Buildings 59 (2013): 21-28. 

[22] Amori, Karima E., and Mustafa Adil Abd-AlRaheem. "Field study of various air based photovoltaic/thermal hybrid 

solar collectors." Renewable Energy 63 (2014): 402-414. 

[23] Al-Alili, A., et al. "A high efficiency solar air conditioner using concentrating photovoltaic/thermal 

collectors." Applied Energy 93 (2012): 138-147. 

[24] Ota, Yasuyuki, et al. "Reduction in Operating Temperature of 25 Series-Connected 820X Concentrator Photovoltaic 

Module." Japanese Journal of Applied Physics 52.4S (2013): 04CR03. 

[25] Li, Guiqiang, et al. "Optical evaluation of a novel static incorporated compound parabolic concentrator with 

photovoltaic/thermal system and preliminary experiment." Energy Conversion and Management 85 (2014): 204-211. 

[26] Yin, H. M., et al. "Design and performance of a novel building integrated PV/thermal system for energy efficiency of 

buildings." Solar Energy 87 (2013): 184-195. 

[27] Vats, Kanchan, Vivek Tomar, and G. N. Tiwari. "Effect of packing factor on the performance of a building 

integrated semitransparent photovoltaic thermal (BISPVT) system with air duct." Energy and Buildings 53 (2012): 

159-165. 

[28] Dincer, Ibrahim. "Renewable energy and sustainable development: a crucial review." Renewable and Sustainable 

Energy Reviews 4.2 (2000): 157-175. 

[29] Moradgholi, Meysam, Seyed Mostafa Nowee, and Iman Abrishamchi. "Application of heat pipe in an experimental 

investigation on a novel photovoltaic/thermal (PV/T) system." Solar Energy 107 (2014): 82-88. 

[30] Gang, P., Huide, F., Huijuan, Z., & Jie, J. (2012). Performance study and parametric analysis of a novel heat pipe 

PV/T system. Energy, 37(1), 384-395. 



Journal of Mechanical and Industrial Engineering Research, Vol. 6, No.2, 2017                                    
 

 

ISSN 2304-7445 

37

[31] Zhang, Shaoqing, Long Ye, and Jianhui Hou. "Breaking the 10% Efficiency Barrier in Organic Photovoltaics: 

Morphology and Device Optimization of Well‐Known PBDTTT Polymers." Advanced Energy Materials 6.11 

(2016). 

[32] Tripanagnostopoulos, Y. "Aspects and improvements of hybrid photovoltaic/thermal solar energy systems." Solar 

energy 81.9 (2007): 1117-1131. 

[33] Tonui, J. K., and Y. Tripanagnostopoulos. "Performance improvement of PV/T solar collectors with natural air flow 

operation." Solar Energy 82.1 (2008): 1-12. 

[34] Solanki, S. C., Swapnil Dubey, and Arvind Tiwari. "Indoor simulation and testing of photovoltaic thermal (PV/T) air 

collectors." Applied energy 86.11 (2009): 2421-2428. 

[35] Dubey, Swapnil, and G. N. Tiwari. "Thermal modeling of a combined system of photovoltaic thermal (PV/T) solar 

water heater." Solar Energy 82.7 (2008): 602-612. 

[36] Ji, Jie, et al. "Distributed dynamic modeling and experimental study of PV evaporator in a PV/T solar-assisted heat 

pump." International Journal of Heat and Mass Transfer 52.5 (2009): 1365-1373. 

[37] Shahsavar, A., M. Ameri, and M. Gholampour. "Energy and exergy analysis of a photovoltaic-thermal collector with 

natural air flow." Journal of Solar Energy Engineering 134.1 (2012): 011014. 

[38] Amrizal, N., D. Chemisana, and J. I. Rosell. "Hybrid photovoltaic–thermal solar collectors dynamic 

modeling." Applied Energy 101 (2013): 797-807. 

[39] Bakar, Mohd Nazari Abu, et al. "Design concept and mathematical model of a bi-fluid photovoltaic/thermal (PV/T) 

solar collector." Renewable Energy 67 (2014): 153-164. 

 

 

 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Journal of Mechanical and Industrial Engineering Research  

http://jmier.elitehall.com 


