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Abstract- The increase in ambient and surface temperatures is one of the main factors that lead to the decrease in the output
power and efficiency of photovoltaic panels. A thermal photovoltaic collector (PVT) system is a method introduced to overcome
the problem of excess heat on photovoltaic panels. As a result, in addition to the cooling method, many other collector designs
have been widely developed to improve the cooling rate and heat transfer between the photovoltaic module and the working
fluid. The purpose of this study was to introduce and evaluate a fiberglass collector design in a laboratory environment with
varying solar radiations, using water as the working fluid. The thermal and electrical performances of the PVT collector were
determined under solar simulator radiation between 450 -850 W/m?. Experiments were conducted at each solar simulator with
flow rate adjustment between 1.4-3 I/min. Electrical properties such as voltage, current, output power, efficiency, and thermal
efficiency will be evaluated throughout the experiment. Experiments revealed that the design of this fiberglass collector is
capable of increasing the output power and achieving the highest thermal efficiency of 72.98%, a temperature reduction rate of
35.36%, with a flow rate of 31/min at 850 W/m?. This fiberglass collector produces a total efficiency equivalent of 82.68%, an
electrical efficiency of 9.7%, and thermal efficiency of 72.98%. Aside from the demonstrated ability of the cooling method for
improving the performance of PVT collectors, this collector is also simple to fabricate and inexpensive to manufacture.

Keywords Fiberglass collector, photovoltaic thermal (PVT) , thermal performance, photovoltaic module efficiency.

Nomenclature P Power (W) Subscripts
Q Heat gain (W) V Voltage (V) a Ambient
G Solar radiation ( W/m?) I Current (A) b Back

U Heat loss coefficient ( W/m?K ) Greek symbols ¢ Collector
T Temperature (°C) O Thickness (m) g Glass

A Area (m?) n Efficiency (%) h Hydraulic
W Tube spacing (m) u Useful elec Electrical
N Glass covers ¢ Emittance Th Thermal

D Diameter (m) B Tilt angle ( degree ) pv Photovoltaic
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1. Introduction

Malaysia will experience increasing economic and social
issues due to climate change and the rising cost of fossil fuels.
Therefore, the government has launched effective programs to
increase renewable energy sources, lowering dependence on
oil and the emissions of greenhouse gases [1]. Furthermore,
Malaysia is a tropical country with an average of 1643
kWh/m? /year and 10 hours of sunlight every day [2,3,4].
Photovoltaic systems provide another viable renewable
energy source in such a climate. Therefore, photovoltaic
systems have been selected as the energy source with the most
significant potential to meet Malaysia's energy needs [5].

Solar panel efficiency is affected by photovoltaic panel
material, solar radiation intensity, surface temperature, dust
layer density, panel tilt angle, and wind velocity. As the
surface temperature rises, the efficiency of the PV panel
decreases [6,33]. The vast majority of incident solar radiation
absorbed is converted into heat on the surface of the
photovoltaic module, with only a tiny portion utilized to
generate electricity [7, 34, 35]. As a result, the efficiency of
photovoltaic modules drops by 0.4—0.5% for every degree of
temperature rise [8]. In hot climates, the working temperature
of PV panels ranges from 40°C to 85°C. While solar
technology is extensively utilized worldwide, it has significant
limitations, including a decrease in efficiency as the working
temperature increases [9,36], insufficient energy conversion,
and dust accumulation on the module's surface, all of which
limit the technology's potential [10].

PV/T has been the subject of extensive experimental and
theoretical research for more than three decades. In addition
to enhancing the cell's efficiency by 10%, Krauter [11]
claimed that a cooling water layer running across the cell's
surface also significantly reduced its temperature. Rahul et al.
[12] found that power generation and efficiency were
increased when using water and air cooling systems combined
with a solar thermal collector. Ali R. et al. [13] employed
water and air to cool the PV system; the output power for an
air-cooled solar panel and water cooling increased by 2.4%
and 6.3%, respectively. In their work, Hussein et al. [14] found
that active cooling of PV panels reduced PV temperature from
78 to 70°C, increasing the PV module's electrical efficiency by
9.8%. Idoko et al. [15] used a water-cooled aluminum heat
sink attached to the rear of PV modules to lower the
temperature to 20°C. Their cooling system was able to boost
the module's efficiency by at least 3%. Abdullah et al. [16],
studied theoretically and experimentally the thermal
performance of a water-hybrid PVT with a flow rate of 2 to 6
liters per minute and solar radiation of 500 to 1000 W/m?
They noticed that by increasing the mass flow rate, overall
efficiency improved. Kader et al. [17] presented a new air and
water circulation dual PVT system design with air channel
enhancements. Results determined that the trapezoid is the
most effective. Kiran S. et al. [18] performed an experimental
study of an absorbent plate with a cooling tube attached to the
back of the panel. A comparison was made between a flat
surface plate with a trapezoid-shaped absorber. The study
results found that the efficiency of the trapezoid-shaped
absorber is 64%, and the efficiency of the flat surface plate is
58%.  Massimo et al. [19] presented a technical and cost-

benefit analysis of the performance of a solar-generating
facade. Two technologies, DSSC and a-Si thin-film solar
windows, were compared, and three systems were directly
tested ( DSSC, blue and grey solar cell). In different hours and
days, a technical study of the behaviour of PV walls in terms
of generated power, efficiency, and fill factor were performed.
It is highlighted that, when compared to DSSC cells, silicon
cells produce more energy, have a more excellent fill factor
and have a higher efficiency during the morning hours. DSSC
cells, on the other hand, outperform silicon cells in the
afternoon. Wisam et al. [20] employed the ray-tracing
approach to do an optical simulation of the design of the V-
trough concentrator used with photovoltaic modules. The
results demonstrate that the discrepancy between simulation
and experimental results is 1.99%, showing that the simulation
and experimental work agree well.

In Kottayam, India, Maatallah et al. [21] tested the
performance of a PVT/water/PCM system compared to that of
a standard PV panel. The PVT panel's efficiency was 17.33%
higher than that of a standard PV panel, with thermal
efficiency is 26.87% and electrical efficiency is 13.73%.
Yazdanpanahi et al. [22] examined a theoretical analysis to
investigate the exergy efficiency of photovoltaic thermal-
water collector systems. The results of this idea's investigation
are comparable to previous experiments that revealed similar
outcomes. Wind speed, solar radiation, the surrounding
temperature, and fluid temperature are all considered in the
experiment. Fudholi et al. [23] presented three new designs of
PVT collectors with water as the cooling medium. The authors
investigated various collector types at different mass flow
rates and radiation levels, including web-flow, direct flow, and
spiral flow. According to the research, when mass flow rate
and electrical efficiency improved, the panel temperature
reduced. However, electrical efficiency and panel temperature
increase as radiation levels increase. Therefore, thermal
efficiency is best accomplished with direct-flow collectors. In
contrast, spiral collectors best achieved electrical efficiency,
with a thermal and electrical efficiency of 54.6% and 13.8%
at an 800 wm? radiation level, and the spiral collector had the
best overall performance. Hussain et al. [24] reported that by
placing the aluminum honeycomb heat exchanger under the
PVT-air collector, one could improve the thermal efficiency
of the PVT collector. The experiment examined the
phenomenon at various flow rates. The thermal efficiency was
improved by 37% using honeycomb channels with a 0.11 kg/s
mass flow rate.

This experiment developed a PVT system with a
fiberglass collector and a 100W monocrystalline PV module.
The experiments were conducted under a solar simulator at
radiation levels of 850W/m?, 650W/m?, and 450W/m? with
water selected as the working fluid. Total efficiency, electrical
efficiency, and thermal efficiency will be investigated to
determine the performance of the collector system.

2. Experimental Methodology

2.1 Collector design
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A collector made of fiberglass sheets was used in this
study, as shown in Figure 1. This study chose fiberglass for a
variety of reasons, including its ease of fabrication and low
cost. This collector is mounted directly behind the
photovoltaic panel without an absorber plate to maximize the
temperature difference between the photovoltaic panel and the
cooling fluid. This method was developed to ensure that the
working fluid comes into direct contact with the PV panel's
rear surface, hence increasing thermal performance through
the working fluid. The fabrication of this fiberglass collector
was accomplished through the use of a pre-formed mold.
Three layers of fiberglass cloth are alternatively placed, and
each layer is covered with resin. This layer will be allowed to
dry for one hour before the process is repeated for the next
coat. The resin to hardener ratio is (100 gm: 1 ml ). The
collector has a thickness of 2 mm with these three layers, and
the overall length of the fluid channel is 5.5 m with a depth of
5 mm, and the width is 40 mm. Since the depth of the collector
is 5 mm, the working fluid with laminar flow (Re 1161-2270)
is very suitable to ensure that the working fluid can absorb
heat from the collector more efficiently.

Fibre glass collector

11}

Working fluid
channel
hfi =250W/m2K.
Cp=4180jkgK

Insulation
te=10mm
Ke=0.045 WmK

Glass cover
Ne=1 PV modules
kpv =130 WimK
collector Apv=0.663 m2

Fiberglass

Fig.1 Fiberglass photovoltaic thermal collector

2.2 Experimental setup

Among the parameters controlled during the experiment
was the intensity of solar radiation and the mass flow rate of
water. The water-based photovoltaic thermal (PVT) fiberglass
collector system depicted in Figure 3 was tested with different
solar radiation levels at 450 to 850 W/m’. Figure 2 shows a
flow chart of a research study conducted in a laboratory. At
the initial stage of the experiment, the uniformity of radiation
intensity generated by the solar simulator must first be ensured
so that the entire surface of the collector receives a uniform
radiation intensity. Therefore, the simulator measured the
radiation intensity value using a Zipp & Zonen Sp Lite 2 type
pyranometer. Next, a map of solar radiation was made using a
pyranometer. The pyranometer used is from the Sp Lite 2,
Kipp & Zonen model. The sensitivity value of the
pyranometer is 63.2 p V/Wm? The pyrometer was placed on
the surface of the solar collector at a distance of 1.0 meters

below the solar simulator. The measured mapping area is ( 1.0
m x 1.0m ), which corresponds to the surface area of the PVT
collector studied. This mapping area is divided into 50
sections, and readings are taken after the light radiation is well
established. Next, the pyranometer is moved from one section
to another according to the predetermined mapping area. The
simulator mapping was made with three different radiation
intensity averages controlled by a voltage regulator. The
average radiation intensity values produced by the solar
simulators that have been built are 450 Wm?, 650 Wm?, and
850 Wm?, with a percentage radiation uniformity of 5.71%,
6.52%, and 6.87 %, respectively. The input voltage of two
direct current surface pumps rated at 70W each is regulated to
control the flow rate between 1.4 to 3 I/min.

Current,voltage, and power measurements should be
performed during data collection in the laboratory to study the
electrical characteristics of the PVT collector. A solar analyzer
module (Prova 200) was used to measure the parameters as
described above. The resulting PV output is connected directly
to the solar module analyzer and displayed on a computer
screen. The values obtained are recorded in Microsoft Excel
format and automatically graphed I-V, and P-V curves are
plotted, including each reading measured. Temperature
measurements were made using a K-type thermocouple
connected directly to a data logger (Omron ZR-RX45). A K-
type thermocouple is used for each of the 10 predefined points
for surface photovoltaic panel temperature measurements.
While the working fluid’s output and input temperatures are
also measured using a thermocouple of the same type. For the
duration of the experiment, all-temperature readings will be
recorded with a data logger at 1-minute intervals for 60
minutes. The PVT system had attained a steady state after 30
minutes, and measurement data was collected for analysis and
performance evaluation. Table 1 summarizes the
specifications for all measuring instruments, while Table 2
provides the specifications for the photovoltaic module.

Indoor experiment

- solar radiation mapping

- P-I-V measurement

- Temperature measurement

Data analysis

- Voltage, current and power
- Electrical efficiency
-Thermal efficiency

Results and discussions

Fig. 2 Experimental flowchart
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Table 1. Measurement device specification
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Table 2. Photovoltaic module electrical characteristic

PV module specifications under STC

Type SPM100
Monocrystalline

Power 100 Wp
Open circuit voltage 22.53V
Maximum voltage 18.75V
Short circuit current 5.7A
Maximum current 535A
Panel efficiency 15.1 %

Number of cells 36
Panel dimension (cm) 820 x 808

2.3 Uncertainties analysis

The determination of uncertainty in the measurement of
experimental results is essential. The uncertainty in an
experiment is determined using Gauss's rule of propagation,
as shown in Eqn ( 1 )[25]. Where wi, W2, W3,... Wn is
independent variable uncertainty and R is a function of the
independent variables xi, X2,... Xn.

oR Y (er. Y oR Y
_ || or o (D
W, [axl (wl)] +[a (W2)] +oe +(6x3 (w3)J

Xy

The parameters measured in the experiment were
temperature (output, input, ambient, PVT collector, PV
module), solar radiation, voltage, and current, as shown in
Table 3. The maximum uncertainty for PVT's electrical and
thermal efficiencies was = 0.09% and + 1.12%.

Table 3 Uncertainty for the devices used in the experiment

Instrument Parameter Accuracy Uncertainty
0,
Prova 200 Voltage | T10% | +o102v
analyzer
0,
Prova 200 Current +1.0% + 0,041 A
analyzer
Solar +0.18 o
Pyranometer radiation W/m? +35%
)
Thermocouples | Temperature t1.1% +1.09°C

Measurement Specification Model
device
Thermocouple K- Type, Max RS-PRO
Temp sensed
+260°C.
Pyranometer Maximum solar Kipp &
irradiance: 2000 Zonen
W/m? SP Lite 2
Sensitivity :
63.2 uV/W/m?
Flow rate meter 1 L/min - 10 Key
L/min £5% Instruments
Full scale FR2000
Clear acrylic
Temp.max :
65°C
Data logger K-type : Tmin - | Omron ZR-
100°C, Tmax RX45
1370°C
Solar module DC Voltage Prova 200
analyzer 10-60V
DC Current
1-6A

2.4  Thermal analysis
PVT thermal efficiency, 7 is defined as [23] :

oA 2)
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Equation (3) [27], can be used to compute useful heat
gaina (Q“) :

0, = AF,[G,(a),, ~(T,-T)U, | ©

Where  (7)pv  photovoltaic  cell  transmittance-
absorptancce, (G) solar radiation, (Uz) total collector heat loss
coefficient, cooling medium inlet temperature (7;) and
ambient temperature (7%) are all used to calculate the useful
heat gain, which is given by this equation as a function of
collector area (4c). The collector’s thermal efficiency of PVT
water- based can be represented as [26] by rearranging Eq. (2)
and (3).

T-T
=F, ~-U,| +t—= “4)
77th R |:(Ta)pv L [ G j:|

t

There are three components of the collector’s overall loss
coefficient (UL) [26], and they can be expressed as follows :

U,=U,+U, +U, ®)

Top loss coefficient (Ut), can be calculated using Klein’s
equation (Eq.6) which Soteris. A [27], suggest.

(6)
U N, . ol +T, NI 4T},)
t 0.33 .
_ 2N, +f-1
[ AN ! YR
T, )\ N+f h, (1-¢,)0.05N, +¢, &,

Where
f =(0.091N, +1)(0.0005%] —0.04%,, +1)

C=365.9(0.091N, +1)(0.0001298 3" - 0.008838+1)

Where, (o) Stefan-Bolzman constant, (Ng) the number of
glass covers, (&) the plate emittance, (&) the glass emittance,
(P) the collector tilt, and (h.) the wind forced convection heat
transfer coefficient. Equation (7) [28] can be used to calculate
the wind forced convection heat transfer coefficient (A.).

h,=2.8+3v (7)

The energy lost from the collector’s bottom (Up ) and edge
(Ue ) are conveyed through the insulation before being
transmitted to the surrounding environment via convection
and infrared radiation [27]. The conduction resistance of the
collector rubber insulating mat controls the heat loss from the
collector through the backside.

-1
U, =| ! (8)
kb hc,bfa

-1
U |l 1 ©)
ke hc,e—a

Given in this study, back and edge materials are composed
of the same material and dimension then ('#. = ¢, ) insulation
thickness and (k. = k» ) insulation thermal conductivity. The
back surface (hcs-o) and edge loss coefficient (%ic-c-«) can be
taken as (0.3 — 0.6 W/m?K ) and ( 1.5-2 W/m?K ) [27]. An
equation (10) [23], can also be used to compute the heat
removal efficiency factor (Fr), which takes into consideration
the collector’s mass flow rate (m ) and the collector cooling
fluid’s specific heat (Cp).

Fo=C0 | exp| ALY (10)
AU, Com

The collector efficiency factor (F’) is calculated as
follows [23][27]:

oo o)

1 1
w +
{UL [D,+F(W —-D,)] hﬁD,/r}

(11)

Where (D) is the hydraulic diameter of the collector tube,
( i) indicates the heat transfer coefficient of the working
fluid, (W) represents the spacing between collector tubes and
(F) defines the fin efficiency factor [27], which is written as :

tanh(W_zDh Mj
F_

(W—Dh M)
2

The thermal conductivity (kp) and thickness () of PV
cell are accounted for by the coefficient (M), which is
described by Eq.(13) [26].

(12)

(13)

The design specifications for a fiberglass PVT water-based
system are shown in Table 4.

1667



INTERNATIONAL JOURNAL of RENEWABLE ENERGY RESEARCH

W. Mustafa et al., Vol.11, No.4, December, 2021

Table 4 : PVT collector specifications

Parameter Symbol | Value Unit
The quantity of glass

Ng 1 -
covers
Plate emittance €p 0.95 -
Glass emittance €g 0.88 -
PV area Apy 0.663 m?
PV thickness + Glass Sov 35 mm
cover
PV thermal Ko 130 | wmK
conductivity
Fluid h.eat transfer he 250 W/m2K
coefficient
Channel spacing W 70 mm
Wind speed A 2 m/s
Water specific heat Gy 4180 J/kg°C
Insulation thickness te=tb 10 mm
Insulatl(.)n. thermal ke = ko 0.045 W/mK.
conductivity

2.5 Electrical efficiency

Studies were conducted to determine the impact of
module cooling on module performance. Electrical efficiency
is defined as a module's actual electrical output divided by the
amount of solar energy incident on its surface, as given in
equation (14) [29].

Netec = Vmp[mp = Pm,, (14)
elec
Avat Avat

Where (Pnp) PVT maximum electrical power, (Tup)
maximum current and (Vi) maximum voltage. These values
were measured using a solar module analyzer at intervals of
every 1 minute.

3. Experiment results and discussions

3.1 Voltage, current and power characteristics at different
solar irradiance

Figure 4 shows the I-V characteristics of a PVT water
collector at a flow rate of 3 1/min and various solar radiation
levels. Additionally, experimental results indicate that the
power generated is maximum at a 3 1/min flow rate, which
remains valid for all solar radiation levels (450 - 850 W/m?).
The PVT water results will be compared to those obtained
from standard photovoltaic panels to determine how cooling
influences electrical characteristics. The experiment results

found that when the solar radiation changed to 450 W/m?, the
short circuit current (Isc) increased by 15.6%, from 1.482 A to
1.714 A. While at 650 W/m?, short-circuit current increases
from 2.194 A to 2.636 A. At 850 W/m? of solar radiation, an
increasing trend of short-circuit current can be observed. In
this instance, the highest percentage increase observed was
20.5 % (2.583 A -3.113 A). However, open circuit voltage is
inversely proportional to short circuit current at all levels of
solar radiation. According to Solanki [30], the rate of change
of Voc with solar cell temperature is always negative, while
the rate of change of Isc with solar cell temperature is
favourable. As shown in Table 5, the open-circuit voltage
value marginally reduced from conventional PV panels to a
flow rate of 3 I/min.

359

& = =
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2
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= =G== |-V 450 Wm-2, Std PV )
14 —&— |-V ( 450 Wm-2, 3 L/min )
=43~ |-V (650 Wm-2, Std PV )
—&—1-V( 650 Wm-2, 3 L/min )
051 —o—1v(850 Wm-2,31/min)
~ @ -1_V (850 Wm-2, Std PV)
0
0 5 4 6 8 10 12
Voltage (V)

Fig.4 I-V curves at different solar radiation and 3 L/min
flow rate

Figure 5 shows the P-V relation between solar radiation
(450-850 W/m?) and a 3 I/min flow rate. At 850 W/m? solar
radiation, the maximum output power was 47.46 W, compared
to 40.26 W for a conventional PV panel, followed by 41.65 W
at 650 W/m? radiation and further at 450 W/m?, the output
power was 26.48 W. However, at 650 W/m?, the highest
percentage increase in output power was observed at 20.74%.
In contrast, the percentage increase in output power is 17.86%
at 850 W/m? and 12.89 % at 450 W/m? solar radiation. The
increase of this value is influenced by the photocurrent, which
is directly proportional to the received radiation intensity. As
seen in Table 5, the rising trend is proportional to the increase
in electrical efficiency; with increasing the working fluid flow
rates, electrical efficiency increased due to a drop in the
surface temperature of the photovoltaic panel. This increase in
efficiency indicates that photon energy at high intensities has
more energy than the gap energy of the solar cell strip,
allowing more photocurrents to generate.

At a solar radiation level of 650 W/m?, the experiment
revealed that the highest electrical efficiency achieved was
9.7%, increasing a percentage of 21.25%. However, electrical
efficiency decreased slightly to 8.9% when solar radiation was
450 W/m? but increased to 8.4% when solar radiation was 850
W/m?. This decline in efficiency is because the surface
temperature of the photovoltaic panel rises proportionately to
the increase in solar radiation.
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—&—P-V (450 Wm-2, 3 L/min )
~F= P-V (650 Wm-2, Std PV)
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=== P-V (850 Wm-2, Std PV )

40

Power (W)

0o . - . - - . ;
0 2 4 6 8 12 14 16 18 20

10
Voltage (V)

Fig.5 P-V curves at different solar radiation and 3 L/min
flow rate

Table 5. Voltage, current, power characteristic and electrical
efficiency at different solar irradiances and flow rates.

Std 1.4 2 2.4 3
PV I/min | I/min | Vmin | /min
Voc,(V) 19.42 | 19.34 | 19.32 | 19.20 | 19.17
450 W/m?
Voc, (V) 19.42 | 19.37 | 19.36 | 19.21 | 19.20
650 W/m?
Voc, (V) 19.71 | 19.62 | 19.36 | 19.23 | 19.17
850 W/m?
Isc, (A) 1.48 1.615 1.66 1.68 1.71
450 W/m?
Isc, (A) 2.19 2.33 2.55 2.58 2.63
650 W/m?
Isc, (A) 2.58 2.85 3.03 3.04 3.11
850 W/m?
Pmp, (W) 2345 | 25.09 | 25.86 | 25.90 | 26.48
450 W/m?
Pmp, (W) 3449 | 36.01 | 39.88 | 40.17 | 41.65
650 W/m?
Pmp, (W) 40.26 | 44.53 | 4571 | 4594 | 47.45
850 W/m?
Eff, (%) 7.9 8.4 8.7 8.7 8.9
450 W/m?
Eff, (%) 8.0 8.4 9.3 9.3 9.7
650 W/m?
Eff, (%) 7.1 7.9 8.1 8.2 8.4
850 W/m?
3.2 The cooling effect of photovoltaic module surface

temperature

Figure 6 demonstrates the influence of cooling on a

decreases by 34.43% to 50.34°C. Following this decreasing
pattern, at 450 W/m?, the temperature reduced from 60.71°C
to 46.07°C. Additionally, the findings of this experiment
demonstrated that the cooling effect and a high flow rate are
capable of lowering the surface temperature of a photovoltaic
panel. The configuration of the PVT collector installed
without the absorber plate also has a significant effect on the
module surface temperature drop. The working fluid is in
contact with the back surface of the panel, thereby increasing
the rate of heat absorption.

80

15 Std. PV

& - {\= 450 Wm-2, Tpv
— 70 - Z/\ - £~ 650Wm-2, Tpv
3 Eil_ . - ©O= 850Wm-2, Tpv
= 65 - .
B, N S
E SN
;60 . ~. \'\
£ ~ S 2§
£ 55 '~ N =8~
5 AET = N ) ©
£ so '~ H--n
g Yo —Ae ‘
g Acm A
w45
=
3
g 40 -

35
30
0 1 2 3 4

Flow rate ( L/min )

Fig.6 PV surface temperatures at various solar radiations
and flow rates

3.3 The cooling effect on the output temperature of PVT
collector

Increases in the PVT collector's output temperature are
proportional to increases in its working fluid flow rate from
1.4 to 3 l/min. In contrast, the PVT collector output
temperature is inversely related to the photovoltaic panel's
surface temperature. This can be explained by the fact that the
photovoltaic panel's surface temperature is reduced due to the
effective heat transfer, resulting in a higher output
temperature.

60 -
55 T~

50 - Tree=m

s .//_’;_h_'

Mmu To)
40 -

—m—650Wm-2(To)
—e—850Wm-2(To)

Output temperature and
PV surface temperature (C)
]

- 4 =450Wm-2(Tpv )
=0 =650Wm-2(Tpv)
- ©=850Wm-2(Tpv)

photovoltaic panel's surface temperature at various solar
radiation and flow rates. At 850 W/m? solar radiation, the
experiments discovered a temperature decrease by 35.26%
(73.31°C to 54.2°C). While at 3 I/min flow rates, the panel
temperature of a standard PV is 67.67°C at 650 W/m?, it

1 llS i 25 3 3:5
Flow rate (L/min )

Fig.7 Variation of the output temperature with various solar
radiations and flow rates
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When the water flow rate increases from 1.4 to 3 I/min, Figure
7 illustrates the maximum output temperature obtained at 850
W/m? solar radiation increasing from 43.4 to 47.48°C. At 650
W/m?, the output temperature varies between 42.29°C and
46.16°C, while at 450 W/m?, a similar rising trend from
40.47°C to 42.06°C is observed.

3.4 PVT collector thermal efficiency

As previously stated, the efficient heat transfer from the
PV panel's surface to the working fluid determines the rate at
which the temperature of the PVT collector output increases.
An increase in surface temperature drop rates results in greater
thermal efficiency of the PVT collector. Figure 8 illustrates
the thermal efficiency at various radiation levels and flow
rates. It can be shown that when the panel temperature
decreases, the thermal efficiency increases. At 850 W/m?
radiation, the rate of decrease in surface temperature is the
highest (35.26%). This occurs as the effect of cooling at the
maximum flow rate (3 I/min). The effect of the high surface
temperature drop of PVT causes the rate of thermal efficiency
to increase. Therefore, the highest thermal efficiency recorded
was 72.98%. In addition to the flow rate, the level of solar
radiation also contributes to the thermal efficiency of PVT
collectors. When the solar radiation level is adjusted to 650
W/m?, the decrease in surface temperature is 34.43%. This rate
of decline led to a fall in thermal efficiency of 67.89%. The
same effect is seen to occur at 450 W/m2 of solar radiation.
The highest thermal efficiency recorded was 66.15%, the
lowest thermal efficiency compared to the -efficiencies
achieved at 850 W/m? and 650 W/m?.

Furthermore, Figure 8 shows that the highest percentage
increase occurs at a flow rate equivalent to 3 L/min, with the
highest percentage increase of 9.5 % observed at 850 W/m?,
followed by 9.08% at 450 W/m?, and a percentage increase of
7.88 % at 650 W/m?. The thermal efficiency increases in line
with the increase in the mass flow rate of the water. At low
mass flow rates, the movement of water molecules is relatively
slow, and this condition will slow down the heat transfer
process from the collector. On the other hand, the heat transfer
process occurs rapidly at a high mass flow rate, which
involves the movement of high water molecules in reducing
the PV temperature so that the collector's performance is at an
optimum level. Thus, the increase in thermal efficiency is in
line with the decrease in temperature as the mass flow rate
increases. In this study, there is little difference if the results
of this study are compared with the theoretical values. Among
the factors are:

e  The level of solar radiation
In the experiments, the adjusted solar radiation level
could not be adjusted to the exact value.

e  Temperature
The surface temperature is slightly higher because
this temperature is generated by the solar simulator,
which is more focused on the PVT surface.

Pu 0
n =
7 bz
& [

Thermal efficiency ( % )
R

]
PV surface temperature, Tpv(C )

63 48

a —&— 450 Wm-2 ( Ther.eff) [ 46
—8— 650 Wm-2 { Ther.eff)

o4 —&— 350 Wm-2 ( Ther.eff) [
— A - 450 Wm-2( Tpv)

57 —W - 650 Wm-2( Tpv) 4
— @ -850 Wm-2(Tpv)

5 40

1 15 2 25 3 35

Flow rate (L/min)

Fig.8 Thermal efficiency at different solar radiations and
flow rates

Table 6 lists several past studies of PVT collectors that
were chosen for comparison with this study. The PVT
collectors investigated in this study are made of fiberglass and
are utilized as collectors. Furthermore, the PV panel's
collector assembly method is placed without an absorbent
plate. . Therefore, this developed collector has never been
studied or reported by any previous researcher. As such, it is
one of the new models in the solar energy system.
Nevertheless, the performance of the study results in terms of
overall efficiency, electrical efficiency, and thermal efficiency
of PVT collectors can be compared with previous studies. The
study yielded electrical efficiencies in the range of 7.9 % to
9.7%. Furthermore, the thermal performance analysis shows
that the average efficiency obtained is between 66.14 -
72.98%.

Table 6 : Comparison of the results of the experiment with
previous studies

PVT system Netee (%0) | N (Y%0) | Mtota1 (%)
Current study 9.7 72.98 82.68
PVT water system [31] 10.9 51.25 62.15
PVT water 9.1 26 35.1
(_spiral flow ) [32]

PVT water — PCM [20] 5.3 60 65.3
PVT water — cooling 16.6 80 96.6
chamber [19]

PVT water 13.8 54.6 68.4
(spiral flow )[23]

4. Conclusion

Under various solar radiation and flow rates, the
performance of water-based PVT collectors with PV panels
and fibreglass collectors was examined. According to the
study's findings, the output power of PV panels increased at
high radiation levels and flow rates. The increased working
fluid flow rate can also significantly reduce the temperature
of the photovoltaic module, resulting in higher thermal
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efficiency. The maximum thermal efficiency of 72.98 % was
achieved, while the highest electrical efficiency of 9.7% was
obtained. Furthermore, the collector design of this fibreglass
can minimise photovoltaic module surface temperature by
35.26%. As a result, this collector and cooling system is the
perfect solution for increasing the output power of
photovoltaic panels while lowering the temperature. These
results have been obtained by increasing the cooling factor and
heat transfer rate as the working fluid flow rate changes.
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