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This research aims to test the PVT system's performance using V-Absorber model. The
PVT technology using V-Absorber is conducted using a mathematical approach. This
mathematical or theoretical approach aims to analyse suitable variables in predicting
the system's optimal performance. The analysis of this system is the analysis of exergy
and the most important is the analysis of the sustainability index and improvement
potential. The variable values of sunlight intensity are 385 W/m?, 575 W/m? and 815
W/m?2. At the same time, the flow air is from 0.01 kg/s to 0.10 kg/s. The analysis results
show that the position of the flow air of 0.06 kg/s is the maximum value for exergy
using V-Absorber. The optimum sustainability index's value was 2.012 at flow air of
0.06 kg/s with sunlight intensity of 815 W/m2. For the improvement potential, the
optimum yield was 329.24 Watt for flow air of 0.10 kg/s. The results of the
sustainability index and improvement potential analysis show that the effect of the flow

air and sunlight intensity was very significant.

1. INTRODUCTION

The use of fossil fuels to generate electricity is estimated at
around 90%. The electricity obtained from fossil fuels is
processed through combustion. The combustion process will
release smoke or particles that can provide pollutants or
pollution to the air and atmosphere. Fossil fuel combustion
also releases large amounts of carbon dioxide into the air.
Increased carbon dioxide can cause the greenhouse effect and
cause climate change [1]. Air pollution is a grave problem for
humans. The release of carbon dioxide and smoke is caused by
burning fossil fuels. Thick smoke will endanger the health of
humans, animals, and plants on earth. Therefore, efforts to
reduce greenhouse gases should continue maximally by
optimizing the future use of new and renewable energy [2].

Energy sources from fossil fuels are energy sources that
produce significant environmental impacts. On the other hand,
energy sources from fossil fuels continue to decrease or
deplete. This situation encourages researchers around the
globe to develop new and renewable energy [3]. The nature of
new and renewable energy is clean energy and future energy.
One of the renewable energies is solar energy which can be
obtained anywhere as long as the sun still shines [4]. Solar
energy can be converted into electrical energy and heat energy.
One technology that can produce electrical energy from the
sun is photovoltaic [5]. Specifically, Photovoltaic Thermal
technology can produce electrical and thermal energy
simultaneously [6].

Coolant technology in solar panels or photovoltaics has
three kinds of cooling. These three types are active, passive
cooling, and a combination of passive active. One can
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integrate coolant technology in solar panels with other new
technologies [7]. Active cooling technologies typically use an
air pump or fan to drive cooling air, using water media and
nanofluidic media [8]. In addition to active air coolant media,
passive cooling media are widely used, including authentic
coolers, cotton wicks, paraffin wax, organic materials, et
cetera. Active coolant media requires power or energy to work
[9]. At the same time, passive coolant media does not require
energy to work [10]. PVT technology with flat plate collector
coolers has evolved over the last few years. Reviews of plate
collector coolant technology have been discussed since before
2010. One may find it difficult to get a PVT system with a flat
plate collector in the market [11]. Many reviews identified
plate collectors from the perspective of financing, certification,
efficiency integration, et cetera. However, this review aims to
enhance the market development of PVT flat plate collector
technology [12].

The application of PVT system technology has been widely
applied in various technologies, saving electricity and heat
energy. PVT system using water fluids and air as the coolant
medium has been widely tested [13]. The combination of
various kinds of air and water collectors or a combination of
air and water collectors to cool the photovoltaic so that the
efficiency level is preserved [14, 15]. The performance of a
system or process can be assessed through its outcome
effectively using exergy analysis. The ratio between the output
and input values in a system operating at maximum state is
called the second law of thermodynamics [16]. The concept of
exergy is the one that can assess system performance and as a
consideration in designing, evaluating, analyzing, and
improving the performance of a PVT system [17, 18].
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Fudholi et al. [19] has conducted cost analysis on a collector
using fins and without fins in drying application. The exergy
analysis results of the fins collector show 6% to 30% values.
Fudholi et al. [20] also study the fins application in the
Improvement potential approach in solar collector technology.
The result of achieved improvement potential ranges from 740
W-1070 W. The analysis of the exergy approach is widely
used in solar collector applications or photovoltaic thermal
(PVT) technology because the exergy approach greatly
determines the quality of a tested system [21]. Benli [22] made
several shapes of solar collector designs, such as trapezium
shape, plate collector shape, and inverted trapezium shape.
After analyzing the results using the exergy approach, he
recommended a new design to analyze the exergy and energy
values of the system. Meanwhile, Hedayatizadeh et al. [23]
designed a solar collector using the V-groove model. The
design of the V-groove collector is studied using the effect of
temperature changes on the collector when the air produced in
the collector enters or exits.

PVT technology employing nanofluid has been studied
using an exergy and energy analysis approach. The result of
exergy efficiency is 15%, while the energy analysis is 13.2%.
This result implies that the effect of nanofluid coolant is
somewhat significant [24, 25]. Salem et al. [26] has made
aluminum coolant plates application on PVT technology. This
cooling plate is made in a straight channel and a helical model
shape. The exergy efficiency value generated starts from
11.1%-13.4%. At the same time, the energy efficiency value
ranges from 59.3% to 92%. These energy and exergy results
indicate an increase in employing aluminum cooling plates.
Exergoeconomic and environmental analysis approaches are
still rarely studied in PVT systems. Tripathi et al. [27]
analyzed the PVT system using exergoeconomic and
environmental analysis on PVT technology with a condenser
collector.

Exergoeconomic and Enviroeconomic analyses of solar
distillation systems combined with PVT technology were
reported by Tiwari et al. [28]. The study was conducted in New
Delhi, employing an experimental approach. PVT's thermal
and total energy efficiencies are 13.4%-23.2% and 28.5-53.4%,
respectively. Jahromi et al. [29] conducted energy, exergy, and
economic analyses. The research was conducted on real
climatic conditions in Iran. This PVT system's exergy
efficiency is 9.6%-9.7%. The use of semi-transparent solar
panels in PVT Technology has been designed by Rajoria et al.
[30]. The analysis used is energy, exergy, and enviroeconomic
analysis. Such result of the electrical energy efficiency is 3.1-
9.1%, while the thermal energy efficiency is 12.1-28.1%.
Transparent model solar panels began to be used around 2013.
Kamthania and Tiwari [31] designed a hybrid semi-transparent
PVT technology using various silicon and non-silicon. The
semi-transparent PV efficiency is 12%.

Collector design using V-Absorber is a good design for the
solar collector. Implementing a V-Absorber to generate air
heat on a solar collector system is a good one to enhance
energy and exergy yield in the solar collector system or PVT
technology. The use of energy usefully for PVT technology is
a form of exergy. The exergy method is a very effective
approach for testing and optimizing thermodynamic systems
in PVT technology. by getting the exergy and exergy
efficiency values, we will be able to calculate the
Sustainability Index assessment (SI) and improvement
potential value in PVT technology.

Analysis of the V-Absorber model's sustainability index and
improvement potential approach in PVT systems is rarely used.
Because the sustainability index and improvement potential
approach is excellent for ensuring the sustainability of a PVT
system in the future, this mathematical model approach is
expected to predict parameters or variables suitable for PVT
technology with V-Absorber. The purpose of this study was to
analyse the sustainability index, improvement potential and
exergy on PVT technology systems with V-Absorber by a
theoretical approach or mathematical modelling.

2. METHOD

The use of a V-Absorber is to cool the PV panel from
overheating conditions in the PVT technology [32]. the design
of the V-Absorber increased the electrical and thermal
performance [33]. In this study, a V-Absorber was designed
with a height of 50 mm and a triangle of 60° angles for these
edges as shown in Figure 1. Employing the law of energy
balance, a heat transfer equation can be made by referring to
the incoming energy equal to the outgoing energy in the PVT
system using the V-Absorber model [34] as shown in Table 1.
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Figure 1. Heat transfer for PVT technology with V-Absorber

Table 1. Parameters of the heat transfer of VV-Absorber

Parameters Equations
acd(1—nc) = U(T. — Tg)
For PV ¢
Panel + hepr(Te = Tr1) )

- hr,vc(Tv - Tc)

For the first 2mC Ty — Trr,i) /WL

channel of = hep1(Te — hys) (2
flow + hyp1 (Ty = Tp1)
at (1 —1n) = hr,vc(Tv =T
For the V- + hyp1 (T, — Tp1) @)
Absorber + hypp (T, — Tp)
+ hva(Tv - TfZ)
For the 2mC (Tyao — Tya) /WL
second = hypo (T, — Tra) )
channel of vf2v v f2
flow + hyso(Tp — Trz)
For the hrwb (T = Tp) = o (T = Tf2) )
bottom + Up(Ty, — T,)



[ By —h¢ —hipe 0 0 ][Tc]
hepr By hypa 0 0 T
|_hrpc —hyp  Bs Be hrpb| T
Matrix 5x5 0 By Bs B hyp J Tf,
fro_m 0 0 hrpb hyr2 By, ILT,
equation 1 [Bz 1
to 5 | Ba |
= | B7 |
&4
Bl3

Bl = Ut + h‘rpc + hcfl
BZ = UtT + acl(l - 77(,‘)

2mcC
B; = [hcfl +hyp + ( )]
B 2mcC
v = =T
Bs = hvfl + hvfz + h-rpc + h-rpb
Be = —hyf,
B; = apfcl(l —1¢)
Bg = 4mC/WL
By = —Bg

The
variables in
matrix

2mcC
Bio = — |hypa + By + (W)]
By =—-B,
Biz = —(hpp2 + hypp + Up)
Biz = =T, Uy

From Eqgns. (1) to (5), we estimate the temperature vector
by inversion the matrix in excel software.

[T] = [A]7*[C]

The normal matrix inversion subprogram is named to invert
[A]! to calculate a new set of temperature matrices [T']. Initial
estimation temperature [T] is compared with new temperature
[T'] until the temperature value is converged. The difference
between the initial and new temperature values reaches
0.001°C. In that case, matrix repetition is stopped, and the old
temperature is substituted by a new one which is calculated

and considered the required temperature for the part concerned.

This process achieved appropriate convergence for the
temperature of photovoltaic (Tp), the temperature of air (Ty),
and the temperature of insulation (Ty). The iteration process is
from 3 to 4 times. Subsequently, the PVT system's exergy
value and sustainability index were calculated using the V-
Absorber model as in Table 2.

Table 2. Parameter and equation for exergy, sustainability
index and improvement potential
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3. RESULTS AND DISCUSSION

Figures 2, 3 and 4 demonstrate the comparison between
flow of air versus input exergy, output exergy and destruction
of exergy using V-Absorber. The variation of flow air is from
0.01 kg/m to 0.10 kg/m, and the sunlight intensity is 385 W/m?,
575 W/m? and 815 W/m?2. This study used a theoretical
approach or mathematical modelling. The mathematical
calculations show that the optimum exergy output values in
sunlight intensity of 385 W/m? is 60.51 Watt at the flow air of
0.06 kg/s. for the sunlight intensity of 575 W/m? and 815 W/m?,
the optimum exergy output are 126.62 Watt and 242.48 watt
respectively. All the optimum exergy output located at flow air
of 0.06 kg/s. The minimum exergy output value is 35.46 Watts
at a 0.10 kg/s flow air, and the exergy minimum output value
of 575 W/m? and 815 W/m? are 55.16 watt and 83.69 watt
respectively. All minimum output value located at flow air of
0.10 kg/s as revealed in Table 3.

The averages of input, output, and destruction exergy are
227.74 Watt, 48.88 Watt, and 178.86 Watt in sunlight intensity
of 385 W/m? as shown in Figure 2. The averages of input,
output, and destruction exergy are 340.13 Watt, 92.47 Watt,
and 247.66 Watt in sunlight intensity of 575 W/m? as shown
in Figure 3. The averages of input, output and destruction
exergy are 482.09 Watt, 164.90 Watt 317.19 Watt in sunlight
intensity of 815 W/m? as shown in Figure 4. The maximum
exergy value in the PVT technology uses a VV-Absorber at 0.06
kg/m position. This result shows that using V-Absorber
collectors in PVT technology increases exergy. Subsequently,
the minimum value of exergy in the PVT technology at the
flowing air was 0.10 kg/s. For a recommendation, the flowing
air of 0.06 kg/s was optimum performance. This result shows
that the higher sunlight intensity will increase the PVT
technology's exergy levels.



Table 3. Exergy with intensity of 385W/m?, 575 W/m?, and 815 W/m? comparison with flow of air

Exergy (W) (385 W/m?)

Exergy (W) (575 W/m?)

Exergy (W) (815 W/m?)

No. flow of air (kg/s) Output Dest. Output Dest. Output Dest.
1 0.01 46,41 181,33 82,10 258,02 137,18 344,91
2 0.02 52,98 174,76 100,60 239,52 178,25 303,84
3 0.03 56,78 170,95 112,38 227,74 205,55 276,54
4 0.04 59,04 168,69 119,75 220,38 223,61 258,48
5 0.05 60,15 167,59 124,23 215,90 235,38 246,71
6 0.06 60,51 167,23 126,62 213,50 242,48 239,61
7 0.07 43,20 184,53 80,60 259,53 142,90 339,19
8 0.08 38,02 189,71 64,65 275,48 107,20 374,90
9 0.09 36,26 191,48 58,63 281,50 92,73 389,36
10 0.10 35,46 192,27 55,16 284,97 83,69 398,40

Average 0.05 48,88 178,86 92,47 247,66 164,90 317,19

The output exergy averages in sunlight intensity of 385
W/m?, 575 W/m?, and 815 W/m? are 48.88 Watt, 92.47 Watt,
and 164.90 Watt respectively. From the comparison between
the three levels of sunlight intensity, the maximum output
exergy is 164.90 watts with a sunlight intensity of 815 W/m?,
The output exergy in PVT technology is converted to
electricity and thermal energy. The destruction exergy
averages in sunlight intensity of 575 W/m?, 575 W/m?, and 815
W/m? are 178.86 Watt, 247.66 Watt, and 317.19 Watt
respectively. The optimum position of destruction exergy is
317.19 watt with a sunlight intensity of 815 W/m2 The
destruction exergy obtained from the loss of energy from
convection and radiation prosses.

Figure 5 showed comparation of the sustainability index
versus flow of air by using a theoretical approach. The V-
Absorber used a mass flow rate of air ranging from 0.01 kg/s
— 0.10 kg/s with the selected solar intensity of 385 W/m?2, 575
W/m?, and 815 W/m?. The results of the calculation value of
the sustainability index with V-Absorber using a theoretical
approach are 1.184-1.362 for sunlight intensity of 385 W/m?2.
The sustainability index with the sunlight intensity of 575
W/m? and 815 W/m? are 1.194-1593 and 1.210-2.012
respectively. The optimum vyield performance of the
sustainability index is 1.362 with sustainability index of 385
W/m?. And the minimum vyield performance is 1.184. The
optimum yield performance of the sustainability index for the
sunlight intensity of 575 W/m? and 815 W/m? are 1.593 and
2.012 respectively. The increase of sustainability index at the
flow air from 0.01 until 0.06 kg/s.

The optimum of improvement potential with sunlight
intensity of 385 W/m? is 162.33 Watt. The optimum
performance located in flow air of 0.10 kg/s as shown in
Figure 5. The optimum of improvement potential with sunlight
intensity of 575 W/m? and 815 W/m? are 238.76 Watt and
329.24 Watt respectively. For the sunlight of 385 W/m?2, the
minimum value of IP was 122.80 watt in flow air of 0.06 kg/s
and for the sunlight of 575 W/m? and 815 W/m?, the yield of
IP was 134.02 watt and 119.09 watt at the flow air of 0.06 kg/s.
all of minimum value of IP at the flow air was 0.06 kg/s. The
optimum performance located in flow air of 0.10 kg/s. The
increase of improvement potential at the flow air from 0.07
kg/s until 0.10 kg/s as shown in Figure 6. The effect of flow
air decrease for improvement potential from 0.01 kg to 0.06
kgf/s.
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Figure 2. The average of input, output and destruction
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Table 4. Improvement potential and sustainability index evaluation with previous study

Designs of collector Sustainability index

Improvement potential (Watt)

References, years

Solar collector 1.0073 NA [4], 2017
Fins and non-fins NA 740-1070 [20], 2013
Solar for drying NA 0-17 [35], 2010
Solar for drying seaweed NA 0.3-630 [36], 2013
Solar for drying chili NA 0.135-47 [37], 2014
Solar for palm NA 8-455 [38], 2015
Solar for water NA 98-404 [39], 2013
Plates absorber NA NA [40], 2008
flat-plate solar for air heater NA NA [41], 2010
Nanofluid NA NA [25], 2016
Aluminium plate NA NA [26], 2017
flat transpired NA NA [42], 2016
Solar collector NA NA [43], 2016
V-groove 1.152-1.171 NA [44], 2019
flat-plate collector 1.147 -1.174 NA [45], 2022
V-Absorber 1.141-1.157 119.09-329.24 Present study

Table 4 above shows that research on PVT systems with a
sustainability index approach is rarely used. For the first time
in 2017, a study using the sustainability index approach on
solar collectors was conducted by Caliskan [4]. The result of
Caliskan's research in solar collectors was 1.0073.
Subsequently, the research followed by Fudholi et al. [44] in
2019 on PVT system using V-corrugated collector model. The
sustainability index value obtained was 1.152-1.171. and the
sustainability index with flat-plate collector in the recent year
of 2022 was 1.147-1.174 as shown in Table 2. Furthermore,
the results obtained in this study using a mathematical
approach to VV-Absorber model are 1.141-1.157. Therefore, the
result of the V-Absorber indicates conformity with previous
research. Likewise, the improvement potential value obtained
is very close to the results of previous researchers.

4. CONCLUSIONS

A mathematical model approach has been carried out on a
PVT system using V-Absorber. The flow of air variable is
from 0.01 kg/s to 0.10 kg/s, and the three variables of sunlight
intensity are 385 W/m?2, 575 W/m? and 815 W/m?. The analysis
result of the mathematical model shows that the effect of flow
air and sunlight intensity on the system affects the input exergy,
output exergy and destruction exergy in the system. The
sustainability index (SI) value using V-Absorber increase the
SIvalue in the system. The highest SI value is 2.012 at sunlight
intensity of 815 W/m? with flow air of 0.06 kg/s. For the
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improvement potential (IP), the highest IP value is 329.24
Watt at sunlight intensity of 815 W/m? with flow air of 0.10
kg/s. for all sunlight intensity, the maximum SI value position
is 0.06 kg/s., and the maximum IP value position is 0.10 kg/s.
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NOMENCLATURE

T Temperature (K)

A Area of PVT (m?)

h heat transfer coefficient (W/m? K)
L length (m)

U,  bottom loss coefficient (W/m? K)
U, Top loss coefficient (W/m? K)

I Sunlight intensity (W/m?)

m Flow air (kg/s)

C specific heat of air (J/kg.K)

W width of collector (m)

H height of collector (m)

Nu Nusselt number

Re Reynolds number

Pr Prandtl number

Subscripts and Greek symbols

photovoltaic
V-Absorber

radiative

The first flow

The second flow

Inlet of air

Outlet of air

efficiency

angle between v-groove
absorption coefficient
Transmission coefficient
ambient

sky

wind
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