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1. INTRODUCTION

The depletion of fossil fuels resources has revived the interest in renewable energy resource
utilization [1]-[2]. As a result, various research and development (R&D) activities have been conducted to
identify reliable and economically feasible alternative sources of clean energy. The choices include solar,
wind, wave, and geothermal energies. Among these energy types, solar energy, which is widely used in
heating and cooling applications, is the popular source [3]. Solar energy converts to electric energy using
photovoltaic (PV) technology. The cons of this PV cell are declining in efficiency conversion when
temperature raised and only responsive to a portion of the solar spectrum. The low efficiency and high cost of
PV cell brings the idea of PVT system. It is the integration or hybrid of PV panel with solar thermal collector.
The advantage of PVT enhances the electrical energy produce, removes waste heat from PV panel and
minimized the usable space. Moreover, solar energy will convert to thermal energy as stored in air or water.
PVT builds up from glass cover, solar cell, encapsulated materials and collector attached at the back. In terms
of physical structure applied, the module could be classified as flat plate, concentrated and building
integrated types. The absorber functions to absorb heat and simultaneously cool down the PV panel. The
collected heat will be in the form of fluids or nanofluids.

Recently, energy and exergy analysis for PVT systems were studied base on experimental and
theoretical study. A theoretical approach (mathematical model) to predict outlet and PV temperatures of
finned PVT air collector system was studied [4]. The overall performance of the PVT system can be
evaluated based on the thermodynamic, environmental and economic impacts analysis. Energy-exergy-
economic-environmental analyses for different PVT array systems was studied [5]. In this review,
thermodynamic analysis is focused involving Secondary Thermodynamic Law or known as exergy analysis.
It has become an essential tool in the system design, analysis, and optimization of thermal systems [6-11].
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2. TYPES OF PVT SYSTEMS

PVT is the popular technology of a solar energy technology. PVT system is a device designed to
receive solar energy, convert it into electrical and thermal energy, which transfer the thermal energy to the
fluid that flows into the collector. Fig. 1A shows a PVT consisting of a PV panel, insulation and frame.
Accordingly, PVT consists of one or more cover (glass sheets) or a transparent material placed above an
absorbing plate with air flowing around it. One way to enhance the collector’s efficiency of PVT system is
use heat transfer area through absorber with corrugated surfaces (Figs. 1B), finned absorber (Fig. 1C), and
porous media (Fig. 1D). PVT system can be classified into four types base on heat transfer medium; air-
based PVT system (Figs. 1A-D), water-based PVT system (Fig. 1E), the combination of water/air-based PVT
system, and nanofluid-based PVT system (Fig. 1F). Fig. 2 shows schematic and photograph of combination
of water/air-based PVT system.
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Figure 1. Various types of flat-plate PVT systems
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Figure 2. Photograph of (a) honeycomb absorber installed at the back of PV panel, (b) PVT air collector
with stainless porous media [12]
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Figure 3. Combination of water/air-based PVT system; (a) schematic, (b) photograph [13]

3. ENERGY AND EXERGY ANALYSIS OF PVT SYSTEMS
The thermal efficiency of PVT system is a ratio of the useful thermal energy, Q,, to the overall
incidence irradiations, I.

Qu

Nth = —

The heat collected by the flat plate PVT collector can be measured by result of average mass flow
rate,rh heat capacity of flowing medium, C, and a temperature difference of the medium at the collector
inlet, t; and outlet, t, [14-17].

Qu = ri161)(1:(2 - ti)

The electrical efficiency of PV, n,,, is a function of temperature given by
Npv = nr(1 - B(T. — Tr))

where 7, is the reference efficiency of the PV, g is the temperature coefficient (8 =0.0045 °C), T, and T,. is
cell temperature and the reference temperature [17].

Exergy is defined as the maximum amount of work that can be produced by a stream of matter, heat,
or work as it reaches equilibrium with a reference environment. In the past few decades, exergy analysis has
become an essential tool in thermal system design, analysis, and optimization [6-11]. If the effects of kinetic
and potential energy changes are neglected, then the general exergy balance rate can be expressed in the
following rate form:

S-S = Y8,

or
> B, — 2 (B + B )= 2B,
where

B, = B, = &, - &,

&, =mC(T, - T, )[1—%12;2]
B, =nAS
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The exergy and exergy efficiency of PVT system is expressed as

@(PVT = @th + @(Pv
B,
77ex = @(
Exergy analysis may be proposed using the sustainability index (SI). It can be expresed as [18]
Sl = i
1-1g,

Another performance of exergy analysis is improvement potential (IP). It is useful to the efficient analysis of
processes or systems. The IP of a process or system is calculated by [19, 20]:

IP = (1-77¢, JEx

loss

where I§}(PVT is the photovoltaic thermal exergy rate, I§>’(th is the thermal exergy rate, I§kin is the input
exergy rate (radiation exergy rate), @(0 is the output exergy rate, S is the solar radiation, N, is the

collector’s number, A, is the collector area, T, is the ambient temperature, and T, is the sun temperature (T

=5,777 K).

Recently, Fudholi et al. [21] studied theoretical and experimental of PVT air collector with V-
groove, as shown in Table 1. They reported that PVT energy efficiencies were 31.21-94.24%, and PVT
exergy efficiencies of were 12.66-12.91%. The PV and thermal efficiency was 9.87-11.34% and 21.3-82.9%
respectively. Several studies on the energy and exergy analysis of PVT systems were reported as shown in
Table 2. Salem et al. [22] studied exergy and energy analysis of hybrid PVT system using aluminium
cooling plate. They reported that PVT exergy efficiencies of were 11.1-13.5%, and PVT energy efficiencies
were 59.3-92%. The PV and thermal efficiency was 17.7-38.4% and 31.6-57.9% respectively. Lari and
Sahin [23] reported that PV energy efficiency was 13.2% for PVT nanofluid system. Khanjari et al. [24]
reported that PV, thermal and PVT energy efficiencies was 10-13.7%, 55% and 90% respectively, and PVT
exergy efficiency was 15%. Tripathi et al. [25] studied exergoeconomic and enviroeconomic analysis base on
energy and exergy for PVT concentrating collector. They reported that thermal and PVT energy efficiencies
were 40-50% and 45-63%, respectively. Singh et al. [26] studied energy and exergy for active solar still
integrated with two hybrid PVT collectors. They reported that thermal and PVT energy efficiencies was
69.06% and 75%, respectively. Energy and exergy analyses for PVT air collectors were studied [27, 28].
Hazami et al. [27] and Gholampour and Ameri [28] reported that PVT exergy efficiency was 14.8% and
8.66%, respectively. Exergoeconomic and environmental analyses for PVT mixed mode greenhouse solar
dryer was studied [29]. They reported that PVT energy efficiency was 68.5%. Exergoeconomic-
enviroeconomic--environmental-exergy-energy analyses were studied for active solar distillation system [32]
in 2015.

Figure 4. Photograph of (a) PVT collector with V -groove, (b) PVT collector under solar simulator
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Tables 1. Schematic diagram of heat transfer characteristics and mathematical model of PVT air collector

with V-groove

The stzadv-statz ensrev balance equations for PV 1 air collector with
W -grooveasbalow:
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Tables 2. The studies conducted of PVT systems

Year Anthon(s) VT systems Ensrgy efficisncy 7 T
. . Exerzy
T BV Thenmal sficizncy
2018 Fudholi etal [21] PVT zir collector with ¥ -zoave 31121- EEES 213-B29 1244-1291
2424 1134
017 Zalem [22] Hybrid PVT system 59382 17.7- 3146-578  111-133
3B4
2017 Lari & Sahin [23] PVT nanaflnid system NA 132 NA NA
20146 Ehanjari [24] PVT nanafluid system ol 10-137 55 15
20146 Tripathi etal [25] PNT concentrating callector 43-63 NA 40-50 NA
2014 Singet al [26] Active solar still imesrated withtwao 6906 NA 15 NA
hybrid PVT collectars
2016 Hazami et 2l [27] PWT zir collector system NA 15 50 148
20146 Gholampons & Ameri  PWVT flat transpired air collectoss 55 NA faal B.66
[28]
2014 Tiwari & Tiwari [29) PVT mixed mode sreenhonss solar dryer 6835 WA WA WA
2015 Fazjoriz etal [30] Eemitransparent PVT zir collectar NA 3181 121-281 HMHA
2015 Jahromd etal [31] Commercially available PVT water NA 15-87  514-52 94587
callectar
2015 Tiwari etal [32] B flat plats collector active solar 2835- NA 134-232 HNA
distillation system 334
2014 Tbrahim et 2l [33] PWT water callactar 55-62 114 45-51 1210-144
2014 Eamthania & Tiwari Eemi-transparent hybrid FVT double NA 12 NA NA
[34] pass facade
2013 Fazjorizetal [33] Navel hybrid PVT air collectar 113 NA NA 163
2013 Mishrz & Tiwari [36]  Hybrid PVT water collectar NA 10.0- 182458 HMA
104
2012 Agrawal et al [37] Glazed hybrid PVT tiles zir collectar NA 124 357 NA
011 Gang =tal [3B) Heat pipe PVT system NA a4 4148 68
2011 Agrawal & Tiwari [39] Hybrid micro-channel PVT zircollector . WA NA NA 238-18.103
2011 W etal [$0] Heat pipe PVT hybrid system NA B45 63465 1026
2014 Barhaddi etal [41] PWT air callector 45 14 17.18 10.75
2010 Agrawal & Tiwari [42] BIFVT systams NA 113 3354 NA
2010 Agrawal & Tiwari [43] BIFVT systams 537 NA NA NA
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4. CONCLUSION

Based on the present review, the following conclusions can be drawn; 1) A number of research have
been done on PVT systems over the last four decades, exploring aspects such as efficiency enhancements by
design development, numerical simulation, prototype design, experimental testing and testing methodologies
for PVT systems, 2) The development of PVT system is a very promising area of research. Today, PVT
systems using in various applications, such as solar drying, solar cooling, water heating, desalination, and
pool heating.
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