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INFO ABSTRACT

REVIEW PAPER Photovoltaicthermal (PVT) solar air/watercollectors have received increasing attention in
recent years.Efficiency is the most important parametesually considered in PV
technologiesThe preset paperexpresse@nergy efficiency and thermalectrical exergy

KEYWORDS of P\AT collectors,and comparedhe studiesof researcheron the performance ohese

systemsThe figures are provided give an overview of how PVperformance is improved.

Changes in heat transfer fluid play a major role in elazttiand thermal efficiency. A brief

overview of the most promising fluids used inP\ reported in this articleNowadays,

improving PV T performance by optimizing the adsorbent plate and cooling fluid and using

Nano fluid has been considered by reselaers. The application of these schemes in

implementation, especially in agriculture, can help significantly in increasing the efficiency

Revised:24 March 2022 of solar radiation.Therefore, future work should be aimed at increasing efficiency and

reducing costs to increase theompetitiveness and use as a renewable and environmentally

friendly energy device.
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INTRODUCTION Solar energy is a clean energy and can provide a significant part of
) ) ) the world's energy needs. Solar energy is mainly used in two types of
The use of renewable energy in terms of reducing fossil fuelsystems: thermal and photovoltgRV) systems. In thermal systems,
resources and the harmful effects of using these fuels on thegjar energy is converted into thermal eneuging solar collectors
enVirOnment, has received mUCh attention in recent demdra F|g 2 ShOWS the various types tbfesolar thermal Co”ectorsl

et al, 2016; Eden_hofeet al, 2011; Gieleret al, 2019; Rezva_m'at al, In PV systems, solar energy is directly converted into electricity.
2014; Solaymani, 2021)Role of the renewable energy in global |n fact, the conversion efficiency of a solar PV system is about 15 to
energy is shown in Fig. 1. 20%, while the remainder (825%) is either absorbed by the PV cell

and thus heats it Alharbi and Kais, 2015; McCandlessal, 2003)

In addition, it is estimated that increasing the module temperature by
Solar PV, 15% one degree leads to a decrease in the PV module efficiency by between
0.4 and 0.65%Chandraet al, 2016) Both electrical efficiency and
output power of PV modules depend linearly on the operating
tempeature .Also, electrical performance is primarily influenced by
PV materials use(Dubeyet al, 2013) Fig. 3 shows the classification
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Fig 3. Theclassification ofPV cdls based on PV materig(yagiet al, 2013)

Therefore, PV-T hybrid solar collectar were proposed as a  2016;Miglioli et al, 2021; Moradiet al, 2013) The result of using
solution to improve the efficiency dfie PV modules PV-T systems the heating unit with the electric unit at the same time is more electrical
are classified in Figd. Absorber panels iPV-T collectors have two  efficiency, increasing the overall efficiency of the device, increasing
main applications: first, cooling tHeV modules and thus improving the system life and longer cell life due to lowering the temperature.
electrical performance, and second, collecting thermal energy andesearcthave ber done since the developmenttbésesolar hybrid

preventing its loss in the form of heat to the environn#adtharet al, systemgDwivedi et al, 2020)
| PV/T System |
Type of collector design Type of working fluid Type of covered panel
e Flatplate e  Water e Glazed
s CPC e Air e Unglazed
e 3D Fresncl lens e Nanofluid
v
Type of PV Type of fluid flow

*  Monocrystalline 21 Horced

e Polycrystalline O B

=  Amorphous

e  Thin film solar cells

Fig 4. Classification of PVT system(Sachitet al, 2018)
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However, mosif the researchrs use airas the workingfluid the nominal operatingonditiontemperatur§NOCT) (Dubeyet al,
because of the lower structural andintenance costs of the collector 2013; Tiwari and Dubey, 2009)
(Bandaruet al, 2021; Baronet al, 2019; Beniwakt al, 2020) PV-
T collectors have theomeadvantages over conventional solar thermal Thermal Efficiency of PV-T Systems
collectoss including: (1) use of optimal installation space due to the
combination of solar collector aRV modulein a single systen(2) Thermal efficiency of aPV-T collector is the ratio ofuseful
increasingthe electrical efficiency of the PV module due to the thermal energyain (Qu) to the totalreceived solaradiationby the
absorption ohccumulatedheat from its surface by the operating fluid collector, and is defined as the followingxpression(Duffie et al,
flow in the solar collectq(3) noneed for an external electrical source 2020; Jaromiet al, 2015)
to movetheworking fluid in the solar collectgrand (4) ligher energy .
efficiency than conventional systeni@how, 2010; Miglioliet al, - ,‘U“ (5)
2021) 0
In this paper, first the performancequationsof the PV-T
collectoss are introducegdthen different designs &V-T collector are
expressed, and at the end, thewdtiis performedo optimize thePV-
T collectos are described.

Using the inlef(To) and outlet(Ti) fluid temperatures, the useful
thermal energy gain of the collectaan be calculated from the
following equation(Dulffie et al, 2020)

0 a6 Y 'Y (6)
PERFORMANCE PARAMETERS OF PV-T COLLECTORS
The usefulthermal energy of the collectean bealsocalculated

Electrical Efficiency usingthe energy balance equatias follow:

Electrical efficiency( ¢) of a PV moduleis the ratio of the 5 6 Ot YUY Y @
measured output power to the total amount of solar radiation hitting
the surfacgDuffie et al, 2020; Fesharalkit al, 2011)thatis given by, Wheret o thie absorptiortransmissiorcoefficient ofthe glass
Y and the cell Tp, m is the average temperature of #% module Tais
w T
- % 1) the average temperatureahbient

whereG is intensity of solar radiation (WAandA, is the surface Exergy Efficiency of PV-T Systems

area of the panelmland i arethe maximumoutput curren{A) and Exergy efficiency is the ratio of the systemtputexergy to the

voltage(V), respectively total radiation exergy, which can be calculated from the following
With the increasén the panel temperature, the output poveed equation(Chowet al, 2009)

so the electrical efficiency decreas&he dependence of electrical

efficiency on panel temperature is expressed by the following o o ®
expression(Dubey et al, 2013; Evans, 1981; Tiwari and Dubey, 8 (or}
2009)

whereOw is the thermal exerggenerated by the RV collector
- - p T YY (@) thatis obtained from the followingxpressiorn(Jahromiet al, 2015;

Kalogirou and Tripanagnostopoulos, 2006)
where T and Tstarethe PVcell andstandardemperaturg(25°C),

respectively.nst stands fomominal efficiency ofthe PV modulein ~ . Y

i, X . o 0 = 9
standard conditions (1000/m?, 25°C), Br is temperature coefficients . li Py ©
of the panekfficiency, whichis usually declared by the manufacturer ©» 0 (10)
andis obtainedby the following equatiorfDubeyet al, 2013; Evans, s . _

. Y geq 1 y Ow s electricalexergy ofthe PV-T collector, whichis equal to
1981; Fesharalet al,, 2011) . . 2 N . .
its electricity energy(Qel). E Xolaris incoming solar exergyor which
. P ®) three different expressions are suggested in the literature.
N Y
‘Ow
where To is the maximum temperature at which the electrical o P Y LELAI (Petela, 1964) (11)
efficiency of the cell reaches zeft) (Dubeyet al, 2013; Garg and oy "YdY
Agarwal, 1995) (o%) b — (Spanner, 1964) (12)
The temperature of solar cells is a function of amhbmperature r(
and solar intensity. As the ambient temperature increases, the cell ‘b VA "0 (Jeter, 1981) (13)
temperature also increases. On the other hand, as the intersgitgirof
radiationincreases, the cslheat up andheir temperature increase whereTsola;, the sun temperaturis considered to 8000 K. The
The temperature of solar cellgTc) at the different ambient  difference in resultsf these three equations is less than(Z¥towet
temperature (Gorawa et al, 2013)andsolar radiatiorintensitesis al., 2009)
obtained from the follwing approximate relationshifpubeyet al,
2013; Tiwari and Dubey, 2009) PV-T DESIGN CONFIGURATIONS
Yoy 006" MmO (4) Photovoltaiethermal collectors can convert sunlight into

When the ambient temperature is 20 °C, rdiation intensity is  electricity and heat at the same time, but compared to the solar thermal
800 Wint and the wind speed is 1 mfke celltemperature is called  collectos, their heat loss is higher, so the design and construction of
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the P\T absorber is important. The following is a summary of the collector, a caventional solar collector, and a singlg/stalline silicon
differentconfigurationsof the PVT collectors. PV module.
Ibrahimet al. (2011)provide a classificatiofor theflat-plate PV- The performance evaluation of a tmay hybrid PVT solar
T collectors(Fig. 5). This review also covers the future development collector was analytically and experimentally carried out by
of flat-plate PV-T solar collectorsfor the applicationin building- Mortezapouet al.(2012)
integratedPV systems and wlding-integratedPV-T systemsFrom In an experiment (Fig. 7), electrical and thermal efficiencies of PV
this study, it can be seen that for boV/-T air and water collectors, T water collectors at the different configurations of web flow, direct
the most important factors that affect the efficiency of the system ardlow, and spiral flow were studied udholiet al.(2014) The results
thetransparentover, the number of passagesd the gap between the showed that the spiral flow absorber has the highest efficiency in solar
absorbeplateandthe solarpanel radiation of 800 W/m2 and mass flow of 0.041 kg/s. The efficiency of
He et al. (2011) conducted an experimental study on a-PV  the PV module increases with decreasing temperatme the
system under natural water flow. In this study, a test device wademperature decreases nonlinearly with increasing the fluid flow rate.
developed to measure and analyze the efficiency of th& Bystem With increasing the flow rate, the overall efficiency of the-PV
(Fig. 6), which includes a singlaystalline silicon PVT solar collector increases, since the flow rate helps to cool th& BMlector.

Flat plate PV/T Collector
Classification

g
PV/T Water PV/T Air
Collector Collector

Combination Water/Air

/ PV/T Collector / \

Sheet and :
Tube Single pass Double
/ \ —
Round tube Square/rectangular Two- Channel
absorber tube absorber Absorber

Free Flow

Fig5. Flatplate PYT c ol | e ct o (lbrabitnet al,.201fi)c at i on

! i Glass cover
3 PV plate
Air gap I [ b | [ c |

Fig 7. Three different configurations of RV water collectors studied Byudholiet
@v\ i al. (2014)(a) Web flow absorber, (b) direct flow absorlard (c) spiral flow

absorber

Copper tube Absorber plate
Asteet al.(2015)tried to devebp an accurate mathematical model
, for estimating electricity and thermal energy generated by a coated PV
Insulation layer T collector made of thin film PV technology with a flaiate absorber
; (Fig. 9). Validation of the designed model is performed using
measured data froexperimental work. The results show that the PV
i i T technology offers higher overall efficiency in terms of primary
energy than a simple PV moeul
Aste et al. (2016) modeled and evaluated the performance of an
Touafek et al. (2014) conducted a theoretical and experimental uncoated PVTI water collector (Fig. 10). During their research work,
study on a PVT collector with sheet and tube absorber. They finally they presented a mathematical model for simulating the energy-of PV
suggested the form of sheets and tubes (Fig. 8). The advantages of tHissystems, which includes all the factors and parameters related to the
designed system are high heat absorption and low metowing cost erergy efficiency of an uncovered composite collector. Their
compared to the other PV collectors. mathematical model is implemented in TRNSYS software and the
simulations are performed with the same configuration for three
different places in Europe with different weather conditions.

Fig. 6. Cross section of the RV solar collectodeveloped byHeet al.(2011)
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Al-Shohani et al. (2016) investigated the reduction of heat
accumulation in a PV module through an optical water filter to increase

Glass the electrical efficiency of the PV module (Fig. 11). In this experiment,
an optical water filter was placed on top of thé iRodule to absorb
«— PV Cell the infrared spectra and convert them into heat. It also transmits visible
spectra to the module to generate electricity at the same time. The
Plat temperature of solar cells was measured at different water thicknesses
in the filter (5 cm)and different distances between the filter and the
———  Tube PV module (33 cm). According to the results, with increasing the
thickness of the water layer, the temperature drop of the PV module
Insulation increased significantly, while the distance between the filter and the

) PV module has less effect.
Fig 8. Model of P\AT collector suggested Byouafeket al.(2014)
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Fig 9. Section and isometridews of the PV-T collectordeveloped byAsteet al. (2015)
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Fig 10. Absorber plate and RV collector configuratiomsed byAsteet al.(2016) E‘*l:'o':ﬂ' : Tmc = I

A study was performed on three technologies of P$¥stems, solar i )
\ Charge control

thermal and simple PV for utilizing solar energy in buildifigside TN . 751115 SO

et al, 2017) Simulation models of a PV module, a solar thermal

collector and a combination of both are presentedeaperimentally Fig 11. PV-T system with PVT optical water filtermodule(Al-Shohaniet al,
validated in this paper. They studied all three systems in Hong Kong;

Shanghai, and Beijing cities in Chin&l-Waeli et al. (2017b)

experimentally investigated silicon carbide nan fluids as the base fluid

of a PVT system (Fig. 12). In their experiment, the thersmphbgsical

properties of Nano fluids composed of water and silicon carbide

nanoparticles withouthe use of surfactants were investigated as the

coolant for the PVT system.
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Fig 12. A schematic diagram of the experimentald&yeloped byAl-Waeliet al.
(2017b)

Dimri et al. (2017) performed thermal modeling of a semi
transparent PM collector with thermoelectric cooling. In their work,

the electrical efficiency of the proposed system is compared with two

OUTLET
P—

caseqFig. 13): the first with a translucent PWModuleand the second
with a translucent PV¥hodulewith thermoelectric cooling.

[~ Top Glass Cover
| I N N Solar Cell
utlet

Inlet ——

f
T .,
Insulation

Fig 13. Crosssectional viewof proposed semitransparent f\thermoelectric
coolercollector(Dimri et al, 2017)

Al-Waeliet al.(2017a)conducted a comparative studythe use
of aluminum oxide, copper oxide, and silicon carlio fluidswith
water to increase the efficiency BV modules(Fig. 14). Lari and
Sahin (2017}echneeconomically analyzed the use dflano fluidin
a P\AT system for residential applications. In this work, the system
with cooling Nano fluidis designed to meet the electrical needs of a
residential building for the climate of Ahahran, Saudi Arabia.
SilverwaterNano fluidwas used in this study.

Ahmed and Radwan (201%yvaluated the performance of new
modified polycrystalline PVT systems to improve the heat dissipation
process with concentrated solar radiation (Fig. 15).
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V-1 ULTRAVIOLET LAMPS
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Fig 14. A schematic diagram of the indoor solar simulateed byAl-Waeli et al. (2017a)
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Fig 15. Schematic diagram @bncentrator PV systemgAhmed and Radwan, 2017)

To estimate thehermalefficiency of two opaque PVT collectors The glasdo-glass PV module performed better electrically and
using a solar simulatpKatiyar et al. (2017) presenteca numerical thermally. In another study numerical simulation of differ®V-T
model.The model considers the physical and spectral properties of thevater collector designs, including the biype, round tube, and square
solar simulator and cdpe used to optimize the collector design. The tube was carried out using the thidimensional computational fluid
designed model can also achieve annual system efficiencies with thdynamics (CFD) metho{Bardouekt al, 2018) Nasrinet al. (2018)
help of simulatiorsoftwaresuch as TRNSYS. investigated the effect of high irradiation andolbog on power,

Modijinou et al. (2017) conducted a numerical and experimental energy, and performance of a f\system (Fig. 17). They used finite
study on a solaPV-T system equipped with continuous micro elementbased COMSOlsoftware to solve the problem numerically
channels(Fig. 16). Acetone flows aghe refrigerant inside micro in a threedimensional model and validated their modeling with
channels. Heat and mass transfer propertieshefsystem were  existing expamental and numerical results.
investigated by numerical and experimental methods using MATLAB  Gupta and Tiwari (2018tudied the effect of water flow rate and
software. They presented a linear relationship between thermatank storage capacity on a translucent-P\system (Fig. 18).
efficiency and temperature reduction paeder. Analytical models were extracted for room air temperature, solar cell

Tomaret al. (2017)studied the performance of four differentPV temperature, water tank temperature, and PV efficiency. Calculations
T systems including: (1) Glags-glass PV with integrated conduit on were performed for a typical day in June in New Delhi. It was
the cell, (2) Glasso-glass PV without integrated conduit on the cell, concluded that the tank capacity istra sensitive parameter for PV
(3) PV glas to polyvinyl fluoride with integrated duct on the cell, and cell temperature and efficiency.

(4) PV glass to polyvinyl fluoride without integrated duct on the cell.

Heat (Sun as Heat Source)

AR
3
Glass—
Air gap
Heat Sink (Water)
Condenser Section 4mm
¥y { Ih \ \
\vip B , oo G
o 60 mm\(hanncl ‘Groove * Fin

Fig 16. Detailedviews of micro-channel heat pipe array incorporated with crystalline silicon solaf BYétem(Modjinou et al, 2017)
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Fig 17. A schematic diagram of the PV collector used bijNasrinet al.(2018) PV/T absorber
Gupta and Tiwari (2018tudied the effect of water flovateand Tansgpercat T R
tank storagecapacity on a translucent PV system (Fig. 18). EVA S

Analytical models were extracted for room air temperature, solar cell
temperaturewatertank temperatureandPV efficiency. Calculations
were performedfor a typical day in June in & Delhi. It was

concluded thathe tankcapacity is not a sensitive parameter Fof Fig 19. Schematic of the aerogblsed?V-T collector(Wu et al, 2021)

cell temperature and efficiency. Venkateshet al. (2022) experimentallyimproved the energy
) . efficiency of a PVYT watercollectorwith different concentrations of
Waser Sowing over Solst distion 1) graphen&lano fluids(Fig. 20). They also investigated the effect oéth

BiSPVT syste . .
; S Nano fluidon the temperature of PV and AVpanels. In this work,

graphendano fluidsweredispersed in ultrasonic vibrating water with
sodiumdeoxy cholatas a surfactant for 1 hour.

Semitransparent
Photovoltaic (SPV)
panels

Room | T, Temperature sensors

Water drum,
Blackened surface,
Tw, Ty, Ax

h.=100 W/m?

il

Fig 18. Schematiwiew of building integrated semitransparent-f\systemof
Gupta and Tiwari (2018)

Bigorajski and Chwieduk (201@nalytically studied aimple P\
T system with glassover. Results of e systemsimulation for home
applications in countries with high latitudes showed that for December
and January, more electrical energy is generated by Bstems than
thermal energyChoi et al. (2020)investigatd the performance of a

a). Sectional view of the panel

PV-T air collector with éneat pump. Fig 20. Photographic view of the solar PMpanel with pipe line§Venkatestet
Wu et al. (2021)numerically evaluated the performanceadtV- al., 2022)
T collector based on silica aerogéfig. 19). Aerogel is very A Nano fluid and Nanoenhanced phase change material

transparent in sunlight and opaque in infrared light. The results showe EPCM) based spectral splitin®V-T system was parametric
that heat loss at operating temperature of 70 °C was reduced by abo estigated byrazdanifardet al. (2021) In this work, using a layer

70% compared tthe conventionaPV-T collectors design cataining an optical fluid andghase change material as a new
alternative adsorbent filtavas investigate¢Fig. 21)



Z.Rezvani et al., /Biomechanism and Bioenergy Resd4igh3446

The followingare some of the applications of the-P\8olar collectors
in agriculture, then the application of PV collectors in drying
agricultural products is discussed.

Tiwari et al. (2009) studied an integrated PV water heater in

Concentrated radiation

S 3 g(_{a\sf ! farm buildings (Fig. 23). Exergy analysis and thermal efficiency of the
o—tGhy Optical system were investigated. With increasing the water flow rate and
&— Optical fluid filter collection temperature, the total daily thermal and exergyiefiaies
®— Glass 3 increased and decreased, respectively. It was also observed that the
e g ® > Al 2P thermal and exergy efficiencies were reversed due to the collection
temperature.

Back plate

_—
PV
&\ Absorber PV/T
Vﬁ Siogss .

Corbin and Zhai (2010)experimentally and numerically
investigated the thermal and electrical performance of a building
integrated PVT collector system. They slied the effect of the known

heat recovery on cell efficiency as well as the application of the device
as a solar water heaté&tamoset al. (2017)investigated hybrid P\
solar systems for heating and cooling energy supply in greenhouse

Yazdanifarcet al.(2020)numerical modeled a concentrated-PV ~ environments (Fig. 24). To optimize the overall energy of the systems
system which utilizes phase change mater@dNano fluidspectral ~ designed to meet heating and cooling needs, these systems can be
splitting (Fig. 22). In this work, all the steps required to achieve the connected to heat pumps. Thiddresses the technical and economic

optical properties of phase change material are described in detail ghallenges of some systems when considering the lowest cost per kWh
fadilitate further investigation. of energy production in the housing sector. The first technical

reliability and pricing of the proposed system has been studied in 10
European locationwith local climatic profiles.

Fig 21. Schematic of the proposed spectral filtering concentrated@ Bystem
(Yazdanifardet al, 2021)

Concentrated radiation

PVIT collector

PV module
Heat ¢ allecting

plate

Y e== — Glass cover 1
PCM as optical filter

=« (lass cover 2

mm)  Liquid absorptive optical filter =) Contraller

~— Glass cover 3
. DC s
Air PV B ouclet
/ Insulared stefage
L
Thermal absorber .
)y coolant = 1.

Cold water
inlet

Back plate <0

Insulation

+

Fig 22. TheNanofluid-phase change materigdectral splittingoncentrated P\
system(Yazdanifardet al, 2020)

i X . Fig 23. Schematic diagram of thietegrated PVT system(Tiwari et al, 2009)
Khajepour and Ameri (202@nalyzed a hybrid solar RV power

plant They stated that by combining tiphotovoltaic system with A new solarassisted heat pump driven by HVcollectors was
solar thermal power plant, the optimal size of the solar thermal field isproposed byCalise et al., (2016)This paper presents a dynamic
reduced as, hybrid concentrated solar pow&V increases the simulation model and a thermesonomic analysis of the new muilti
possibility of more storage of solar heat. generation system based on the saksisted heat pump and an
A summary ofinvestigation results ahedifferentPV-T designs absorption chiller, both driven by RV collectorsPooniaet al. (2018)
described in this work is given in Table 1 designed a PM hybrid solar dryer for drying of ber (Zizyphus
mauritiana). This research paper describes the drying kinetics of
Zizyphus mauritiana and the economic evaluation of aTF\ybrid
solar dryer made using locally available materials. Four mathematical
Technology on farms is changing and improving rapidly Thesemodels were evaluated to predict drying behavior of Zizyphus
: mauritiana in PVT hybrid solar dryers. The economic evaluation of

improvements will change farm machinery and equipment asasell . o .
farm facilities and buildings. As we all know, solar energy is the largest:N€ 7 ¥ T hybrid solar dryer showed that the dryeit is costeffective
9d its economic durability is guaranteed.

and cheapest source of energy on Earth. Solar energy can easily supﬁ
energy to farms. Various solar energy capturing devices and systems
have been developed and are in opendido agricultural applications,
including solar thermal and electric devices such as solar sprays, solar
greenhouse heating systems, solar dryers, solar water pumps, and
ventilation for livestock, solar aeration pumps, solar power and so on.

APPLICATIONS OF PV-T COLLECTORS FOR DRYING
AGRICULTURE PRODUCTS
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Table 1. Investigation results of differefV-T designs

PV-T design Ele_c_trlcal Th_e rmal Ex_e 19y Additional information Reference
Efficiency efficiency efficiency
PV-T system under natura About = 75%  of  thermal
water ﬂ)c:w 10% 40% - efficiency was for a traditional (Heet al, 2011)
solar thermosiphon system
. ’ The spiral flow absorbel
PVCT with webs, direct and 5 go 54.6% - exhibited ~ the highes! (Fudholiet al., 2014)
spiral flow absorbers
performance
Sheet and tubes hybrid P\ o } Theoretical and experimente
T collector 70% review of hybrid PV¥T (Touafeketal., 2014)
Semitransparent RV with A thermal model has beel
thermoelectric cooler 17% 19% =14% h (Dimri et al, 2017)
derived.
collector
Comparison of several type o o : Silicon carbide has better K .
of Nano fluidbased PVT 18% 50% thermal conductivity (Al-Waeliet al, 20172)
Optimum design is selecte
Silver-water Nano fluid o o o through CFD, and reduce: : ;
based PVT 14% 60.8% 82% emission 6 CO, by 16,974.57 (Lari and Sahin, 2017)
tons/year
The modified solar cell produce
Low-concentrator o o } the highest net power of 45 W
polycrystalline silicon PVT 17.5% 70.8% while a normal cell produces 3 (Ahmed and Radwan, 2017)
W
PV-T water collector 1.528% 23-75% 6.814% Absorbents have tubes (Fudholiet al, 2018)
The maximum increase in CO
PV-T air collector coupled o o } of heat pump usingPV-T .
heat pump water heaying 16.61% 33.23% compared to air heat pump we (Choiet al, 2020)
8.57%.
PV type was Pohkerystalline
Aerogetbased PVT 17.31% 60% 20.4% silicon, and thermal exergy (Wuetal, 2021)
collector s )
efficiency increased by 46%.
industriesdue to the lowenergy consumption and acceptable and
competitiveproductcolor quality.A liquid desiccanfassisted solar
‘ dryer equipped with a RY regeneration system was developed by
O i imince Auiliry hesler Dorouziet al. (2018) They experimentally studied the dryer at the

_______________ DH (6-11%)
]
D=+ Heating (30-90%)

Coaling (1-60%)

Pump

Themal
slorage Control system
[}

Pawer to other
needs

Fig 24. Schematic diagram of the proposed-P8ystem for solar heating and
coolingprovision(Ramoset al, 2017)

Tiwari et al. (2018a)reviewedthe greenhouselryers equipped
with PV-T air collectos. They stated thaheforced drying is better
than the natural dryinig term of controlling drying parametei&he
average thermal efficiency, electrical efficiency and overall thermal
efficiency for PVLT air collectors are 26.68%, 11.26%hnd 56.30%
at a mass flow rate of 0.01 kg/s, respectively.

Alizadehet al.(2019)proposed a novel solar juice concentration
system (SJCS)with a liquid desiccant bed and closledp air
circulation systengFig. 25). Thermal energy was supplied by solar
collectors and electrical energy of the system designed by PV
module. The SJICSwas recommended for fruit juice processing
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diderent drying temperatures and activation RHs of the regeneration
system (Fig26).

Fig 25. A photograph of the liquid desiccaassisted SJICS: $olar air heater2-
concentratiorchamber, 3unglazed solar collectpd- desiccant bed,-Dlower,
6- PV module(Alizadehet al, 2019)
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Fig 26. A photograph of the liquid desiccaassisted solar dryer: $olar

collector, 2 air entrance tthe collector, 3drying chamber, 4liquid desiccant

bed, 5 connecting tube,-@V panel, 7r egener ati on -system’s
distribution pipeg(Dorouziet al, 2018)

Pourafshaet al. (2020)developed a photovoltathermal solar
humi di fier for
desalination system coupled with heat pump. The desigwed
solarh u mi d i fi e r -pdssduadl u dathu dollector(Fig. 27).

Air flow

r

Seawater sprayer

Glass cover

PV panel

2

Thermal insulation

Brine

a

Mirzaei et al.(2021)investigated an infrared dryer equipped with a
photovoltaiethermal collector in glazed and unglazed modes (Fig.
28). In this study, all of energy needfat the drying process is
provided by solar energy.

Table 2 summarizes the PVapplications described in this review.

CONCLUSIONS

Accordingto research studies, in recent years all industrialized
countries and most developing countries have conducted extensive
research on renewable energy, especially solar energy. Although
much attention has been paid to-P\tollectors so far, there is still
a chance that this technology will be further developed in the future.
Efficiency is the most important parameter to be considered in PV
T technologies. Changes in heat carrier fluid play a major role in
electrical and thermal efficiency. A brief overviesi the most
promising fluids used in PX is reported in this article. The
structure of these collectors can be further examined in terms of
geometry, shape, and heat transfer medium. Also, these systems
myist B ablegto be used in real buildings so theit practical use
can be displayed. Therefore, future work should be aimed at
increasing efficiency and reducing costs to increase their
competitiveness and use as a renewable and environmentally

Box channel

Longitudinal ~ Thermal insulation

blades

b

Fig 27. Longitudinal (a) andcross sectionfb) of the PVT solarh u mi dfPotirafshaet al, 2020)

BY/Xbody Photovoltaic panels
'\I "
i
Inlet air Outlet air,
e
/ P
Inlet air Outlet air
o TESEPST
Aluminum
thermal
absorber

Fig 28. Schematic of the studied PVair systentdeveloped byMirzaeiet al, 2021)
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Table 2. Summary ofdifferentPV-T applications

PV-T applications Elfzggﬁgl/ Zgii Egﬂ'n‘r’::ly E;ii rigﬁcy Additional information Reference

Lr:)tlea?rj’t;i rpﬁé);z\el:)ltaic thermal 4555% 49.65% Lnfzg?:s(i:r;’g water flow rate increased thermal (Tiwari et al, 2009)

CB(;JIillg(i:r:gr—imegrated PVT 15.9% 19% ) E.f:f))i;i)ency of PV cells can be increased up to (Corbin and Zhai, 2010)

ePr\]/;g;oSrul;;?;ing, cooling and 15:20% 50% ) ::ggge;eéggsgo.st ](?fzthe i:yjtelpw\str\:as in the (Ramoset al, 2017)

sr\)’; air integratedyreenhouse g g0, 56.3% 26.9% ;1'::;:'6g“g?ee;':;]%Séggfyfggcs;ﬁgﬁr (Tiwari et al, 2018b)

Drying with PV-T regeneration - 38.563.4%. - \’/\v/laas )e(lr:)urr?du()'.2755kgp;ksvchi fic mois (Dorouziet al,, 2018)

eap 1T Caaw ymmen e ghest xsporatn st s L0G KON ottt 2020

E\f/r_e%recc(i)ﬁjggrequipped with 9% - 0.5% Using the forced hot (Mirzaeietal, 2021)
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