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|-V response test of 60-150W
mono-crystalline solar panel

T. D. Awoyinka®, T. W. David?, T. E. Somefun?*, C. T. Somefun?
and H. E. Orovwode?

'Department of Physics, Olabisi Onabanjo University, Ago Iwoye, Nigeria, 2Department of Electrical and
Information Engineering, Covenant University, Ota, Nigeria

This work investigates the discrepancies in electrical parameters of mono-
crystalline solar panels between Ago-lwoye weather conditions and the
manufacturer's specified ideal conditions. Manufacturer's specifications are
typically based on 1,000 W/m? global solar irradiance, AM 15, and 25°C
operating temperature, while actual weather conditions at installation sites
can vary significantly. Mono-crystalline (single-crystal) silicon solar panels of
capacities 60, 80, 100, and 150 W were evaluated through current-voltage
(I-V) response tests at an installation site in Ago-lwoye, Nigeria, with solar
irradiance exposure from 11 am. to 3 p.m. The analysis of |-V and P-V curves
revealed a significant reduction in maximum power output by 28.6%, 25.9%,
28.9%, and 19.367%, respectively, compared to the manufacturer’s stated values.
This deviation underscores the importance of considering local weather
conditions during solar PV projects, and we recommend adding an additional
20%—-30% of the total solar panel capacity during installations to account for
variations in solar irradiance and operating temperatures, ensuring optimal
performance and effective solar power generation in Ago-lwoye and
similar areas.
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1 Introduction

The electrical parameters and specifications of the solar panel provided by the
manufacturer cannot be used to effectively determine the performance of the solar
panel at the installation site because those electrical parameters do not always
correspond to the actual parameters obtained at the installation site (Osanyinpeju et al.,
2018). The manufacturer’s specifications are usually obtained under a standard test
condition of 1,000 W/m? irradiance, 25°C cell temperature, and an AM 1.5 global
spectrum. This is not the exact weather condition the solar panels are constantly
exposed to on the installation site (Adaramola et al., 2011; Hachicha et al., 2019; Jiang
et al, 2019). Hence, for better performance of a PV system and for appropriate solar panel
capacity sizing, it is important to know the actual electrical parameters of the solar panel
before installation by subjecting it to testing at the installation site.

When a solar panel is subjected to actual solar irradiance, temperature, and wind at the
installation site, ensuring that the solar panel does not reduce performance as specified by
the manufacturer is a major problem for researchers and solar PV professionals (Hachicha
etal., 2019). Environmental factors such as temperature, varying solar irradiance, humidity,
wind speed, and direction all contribute to the performance reduction of solar panels at the
installation site (Yedidi et al., 2022). Furthermore, parameters such as fill factor, Isc, and
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Voc determine the maximum power of a solar panel (Wilson et al.,
2020). Various studies have revealed that the issue of solar panel
performance reduction at the installation site is global (Ahmed et al.,
2022). As a result, some major factors that contribute to this issue
have been revealed. Factors such as encapsulant discoloration,
corrosion, and cracked cells are among the widely reported issues
that can cause a reduction in solar panel performance at the
installation site.

Encapsulant discoloration hinders sunlight irradiance from
interacting efficiently with the solar cells, thereby reducing the
2022a).
Encapsulant discoloration can cause a large decrease in VoC,

solar panel’s performance (Gopalakrishna et al,
ISC, Imp, and other solar panel electrical parameters (Li et al,
2021; Gopalakrishna et al.,, 2022b). Factors that can contribute to
encapsulant discoloration are an inadequate bond between the solar
panel cell and its glass, high ultraviolet radiation, high temperatures,
and high ambient humidity (Dolia et al., 2022; Naskar and Meena,
2022; Dare et al., 2023). Solar panel corrosion is another common
cause of performance reduction in outdoor solar panels, especially in
humid climates. Environmental factors at the installation site, and
back-sheets,

insufficient

other factors such as deterioration of module

inadequate  encapsulating  components, and
lamination can cause solar panel corrosion (Hamdi et al., 2018;
Kim et al,, 2021). In Silicon wafer solar panels, cracking is another
especially during installation and the

transportation process to the installation site. Cracks can also

common challenge,

occur because of mechanical and thermal stresses (Dubey
et al.,, 2022).

The investigation of some studies has also revealed that solar
panel parameters on the field are different from the manufacturer’s
parameters due to factors like plane of array irradiance, ambient
temperature, and module temperature (Sinan Rashid and Safari,
2021; Somefun et al,, 2020; Adewale et al., 2018/01). According to
the authors in reference (Ugwuoke and Okeke, 2012), an assessment
of the performance of 55 W monocrystalline, 50 W polycrystalline,
and 10 W amorphous silicon solar panels under the influence of
global and diffuse irradiance at the University of Nigeria, Nsukka,
discovered that the maximum power output and efficiencies of the
rated
performances, which was also ascertained in reference (Alilu,

modules tested were significantly lower than their
2021). At an irradiance of 1,000 W/m?, the power output was
reduced by about 31.88%, 42.32%, and 30.6% of the
manufacturer’s specifications for  the monocrystalline,
polycrystalline, and amorphous silicon PV modules, respectively.
Maximum efficiencies of 12.97%, 9.67%, and 4.94% were achieved at
an irradiance of 600 W/m? for the monocrystalline, polycrystalline,
and amorphous silicon modules, respectively. However, at an
irradiance of 1,000 W/m?, the efficiencies dropped to 9.61%,
7.65%, and 3.62% for the monocrystalline, polycrystalline, and
amorphous silicon PV modules, respectively (Ugwuoke and
Okeke, 2012).

Expanding on crystalline solar panels, there are two primary types:
mono-crystalline and poly-crystalline. Monocrystalline solar panels,
more often called single-crystal silicon, are made of solar cells based
on crystalline silicon wafers, manufactured from pure crystalline Silicon.

The most common monocrystalline photovoltaic cells are composed
primarily of silicon, phosphorus, and boron. If phosphorous as a doping
agent, which has five valence electrons, is added to a group of silicon
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atoms, it produces a crystalline structure with a “free” valence electron,
called N-type material. Similarly, when boron, an element with only
three valence electrons, is doped with Silicon, “holes” begin to develop
within the material structure, thereby forming P-type material. When
both P-type and N-type materials are connected, it produces what is
referred to as a “p-n junction” (Kasera and Khan, 2019). The PN-
junction is typically 0.2 pm to 0.5 pm deep (Movahedian and Tavakoli-
Anbaran, 2020). Once photons are absorbed by these two materials,
electricity begins to flow through the P-N junction to the connected load.
The brighter the photons that interact with the photovoltaic cell, the
more electricity is generated (Kapsalis et al., 2021).

In reference (Osanyinpeju et al., 2018), a study evaluating the
performance of six 80-W mono-crystalline photovoltaic panels
revealed variations in maximum output power compared to the
manufacturer’s at STC. The maximum output power obtained from
the tested panels ranged from 53.1 to 59.4 W, with normalised
output power efficiency ranging from 66.4% to 74.3%. The total
output power from the six solar panels (480 W) was 335 W,
representing 69.8% of the manufacturer’s total output power.

In the study (Ibrahim et al., 2021), experimental findings
concerning a 100 W silicon PV module in outdoor conditions
indicated varying efficiencies across seasons. The efficiencies of
the 100 W solar PV module obtained in winter, spring, summer,
and autumn were 4.29%, 3.78%, 7.56%, and 4.58%, respectively.
The maximum power point (Pmax) was calculated in July,
yielding a value of 45.98 W at solar noon, while the minimum
power point (Pmin) was calculated in October, with a value
equal to 18.56 W at solar noon.

The author in (Tress et al, 2019) delineates various testing
methodologies utilised to derive solar panel parameters, including
Responsivity, External Quantum Efficiency (EQE), and IV response.
Responsivity and external Quantum Efficiency assess how solar cells
respond to diverse broadband light wavelengths, whereas I-V response
examines photovoltaic solar cells reactions under varying electrical
conditions. This study specifically employed an IV response test to
capture the actual electrical parameters of four distinct monocrystalline
or single-crystal silicon solar panels installed at a site in Ago-iwoye.

The wattages of the investigated solar panels were 60 W, 80 W,
100 W, and 150 W. The I-V response test was conducted to
specifically capture key parameters, including Short-circuit
current (Isc), Open-circuit voltage (Voc), Current at maximum
power (Imp), (Vmp).
Subsequently, the result of these parameters were analysed

and voltage at maximum power
using the I-V curve and P-V curve to ascertain the maximum
power output, efficiency, and fill factor of each solar panel. The
objective of this study is to elucidate the variation or deviation in
electrical parameters of solar panels between those obtained at
the installation site under Ago-Iwoye weather conditions and the
manufacturer s specification. Justifying this deviation will ensure
appropriate sizing of solar panel capacity for effective solar power
generation, and optimal performance during solar PV project in
Ago-Iwoye.

Ago-Iwoye is within the rainforest region of Nigeria, at
latitude 6.942359 and longitude 3.921554. Ago-Iwoye has two
alternating air masses, which are the tropical continental air mass
and the tropical maritime air mass. The tropical continental air
mass is dry and dusty and originates from the northern Africa
wind, commonly known as the harmattan season. It dominates
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during the dry season between early November and Mid-March.
The tropical maritime air mass is warm and wet and originates
from the south; it dominates in the rainy season from March to
early November. Ago-Iwoye records of humidity are high,
ranging from 80% to 87% for the afternoon and 100% during
and after rainfalls (Olusola et al., 2018). The mean wind speed
ranges between 3.6 m/s (for dry) and 3.5 m/s (for wet), and there
is a record of constantly high temperatures (Nze-Esiaga and
Emmanuel, 2014). It has a high global radiation level ranging
from 5.83 kw/m2 to 6.94 kw/m2 per day (Oluwaseun et al., 2023).

Conducting the solar panel test under Ago-iwoye weather
conditions will bridge the knowledge gap regarding the deviation
of
specifications. This will equip solar engineers with the
size solar panels

solar panel parameters compared to manufacturer

necessary and

appropriately for specific locations in Ago-iwoye and nearby

insights to design

areas in western Nigeria.

2 Materials and methods

2.1 Materials

The materials utilized in this study include:

(a) Solar Panels: Four mono-crystalline photovoltaic panels were
used with ratings of 60, 80, 100, and 150 W. The manufacturer
specification for the solar panel are detailed in Table 1.

(b) A variable power resistor: A, high power potentiometer rated

150 W with a resistance of 50 Q) was used as a resistance load

to determine the voltage and current output of each panel.

The potentiometer terminals (1,2,3) are labelled accordingly.

Digital Multimeters: Digital multimeters were utilized for real-

time measurement of voltage, current and solar panel temperature

(c)

during testing enabling swift and simultaneous data acquisition.
Cable: 2.5mm D.C. cable was utilized to facilitate the
interconnection of circuit.

(e) Switch: Five switches were incorporated to facilitate easier
connection and disconnection required for parameter

measurements procedures.

TABLE 1 Manufacturer’s parameter specification of 60, 80, 100, and 150 W.

10.3389/fenrg.2024.1375854

(f) Digital Solar Power Metre: This instrumentation device,
capable of measuring of measuring solar radiation digitally,
was used to capture the solar irradiance.

2.2 Data collection

To ensure optimal accuracy, the test for each solar panel was
repeated multiple times, spaced at a 6-min interval. The test with
the highest power output for each solar panel was selected from a
total of 72 tests conducted over 2 days from 11 a.m. to 3 p.m.
Tables 6-9 itemise the key parameters obtained for the 72-test.
The parameters are short circuit current Isc, open circuit voltage
Voc, voltage at maximum power Vmp, current at maximum
power Imp, and maximum power Pmax. The highest maximum
power output Pmax for each solar panels, revealing performance
deviation was detailed in Section 3. Solar irradiance and solar
cell temperature were recorded alongside each test. Figure 1
depicts the average solar irradiance obtained hourly between the
hours of 11 a.m. and 3 p.m. The average cell temperature per
hour was also recorded as shown in Figure 2. The solar panels
were positioned at the optimal tilt angle towards the Sun
during testing.

2.3 Method

Figure 3 illustrate the methodology utilized and the
connection procedure employed. The test was conducted using
a four-wire measurement technique, ensuring that the current
from the ammeter side passes through a distinct wire, seperate
from the probe wires transmitting voltage to the voltmeter side.
This setup minimizes the current passing through the voltmeter
and eliminates any voltage error caused by the probe wires
themselves.

A 50-Q, 150-W variable resistor or potentiometer (RLoad)
was connected across the four wires to obtain a range of current
and voltage measurements from each of the solar panels under
test. The resistance value of RLoad was adjusted incrementally
from zero to 50 Q to capture the voltage and current data at each

Manufacturer's parameter specification 60 W solar panel 80 W solar panel 100 W solar panel 150 W solar panel
Maximum Power (Pmax) 60 W 80 W 100 W 150 W
Tolerance (+/-) 3% 3% 3% 3%
Max. Power Voltage Vmp 182V 17.6 V 18V 1825V
Max. Power Current Imp 33A 45A 5.56 A 822 A
Open Circuit Voltage Voc 222V 222V 223V 225V
Short Circuit Current Isc 38 A 48 A 6.1 A 885 A
FF 0.72 0.74 0.74 0.75
Module Efficiency 14.18% 14.21% 15.28% 15.56%
Surface Area m2 0.4233 0.5630 0.6546 0.9636
Frontiers in Energy Research 03 frontiersin.org
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FIGURE 1
Average solar irradiance obtained during testing.

TABLE 2 Response parameters obtained for the 60 W solar panel under specified solar irradiance and temperature conditions.

S/n Isc Voc Vmp Imp Pmax Irradiance (w/m2) Temperature °C
1 32 21.87 183 24 43.92 787 31
2 311 21.83 18.8 232 43.74 788 32
3 3.1 21.81 185 237 43.87 788 32
4 3.05 21.72 18.7 234 43.81 789 32
5 32 21.74 188 229 43.14 789 32
6 3.1 21.61 18.9 231 43.7 790 32
7 3.1 216 18.9 229 43.07 790 32
8 272 211 18.1 1.97 35.61 797 35
9 27 211 17.9 1.95 347 797 35
10 2.69 211 18 1.96 35.35 797 35
11 251 20.9 18.23 1.92 35.01 799 36
12 25 20.8 18.25 1.91 34.86 800 36
13 2.67 20.7 17.8 1.89 35.49 802 35
14 232 202 18.1 1.53 27.62 808 38
15 233 20.1 18.2 15 27.28 809 38
16 23 19.9 174 1.6 27.9 812 38
17 235 19.8 175 1.58 27.74 813 38

resistance setting, thereby obtaining points along the I-V curve
from short circuit current to open circuit voltage. The short-
circuit current (Isc) was determined when voltage (V) equalled 0,
achieved by closing switch 1 (SW1) and 4 (SW4) while leaving the
remaining switches open. Conversely, the open-circuit voltage
(Voc) was measured when current (I) equalled 0, attained by
closing switch 5 (SW5) only. Subsequently, with switch 1, 2, and
three closed and switch 4, and 5, open, the current and voltage
across the potentiometer (Ry,.q) were recorded, as RLoad varied
from zero to 50 Q). The resistance value was calculated by dividing

Frontiers in Energy Research

the measured voltage by its corresponding current. To ensure
accuracy, the testing process was repeated multiple times in
batches for each solar panel, and the batch yielding the
highest power output was selected for analysis. The testing
spanned 2 days, commencing at 11 a.m., when solar irradiance
was at its peak, and ending at 3 p.m. The solar panels were
positioned at the optimal tilt angle to maximize exposure to
sunlight. Current and voltage responses were measured, recoded,
and repeated intermittently between 11 a.m. and 3 p.m. on each
testing day.
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2.4 Measured parameters

The measured parameters for I-V responses of the solar panels
are the following: open-circuit voltage (Voc), short-circuit current
(Isc), voltage at maximum power (Vmax), current at maximum
power (Imax), maximum power (Pmax), Efficiency (Eff), and
fill factor (FF).

2.4.1 Open circuit voltage

The open circuit voltage is the maximum voltage generated
when there is zero current, i.e., I = 0, indicating that the load (Rypaq)
is not connected. Switch 5 is Closed, while the remaining Switches
are open to obtain the open circuit voltage in this setup.

2.4.2 Short circuit current

This refers to the maximum current generated when there is
zero voltage (V = 0), achieved by shorting together the positive and
negative terminals of the solar panel are shorted together. In this
setup, Switch 1 and 4 are closed, while Switch 2, 3, and five are open
to get the short circuit current.

2.4.3 Maximum power output

The maximum power output (Pmax) measured in watts is determine
by multiplying the maximum output current by the maximum
output voltage.

Maximum Power (Pmax) = Imp x Vmp

Where, Imp = Maximum output current and Vmp = Maximum
output voltage.

2.4.4 Maximum power point

This represent the point on the I-V curve where the product of
current and voltage reaches its maximum value. The calculation of
the maximum power point also the fill factor, open circuit voltage,
and short circuit current, expressed as follows:

Maximum Power Point = FF x Isc x Voc.

Where FF denotes the fill factor, Voc represent open circuit
voltage, and Isc signifies short circuit current.

2.4.5 Fill factor

This parameter serves as an indicator of the solar cell’s efficiency,
defined as the ratio of the actual maximum obtainable power to the
product of short circuit current and open circuit voltage.

_ImpxVmp  Pmax

Isc x Voc  Isc x Voc

Imp represents the current at maximum point, Vmp denotes the
voltage at the maximum power point, Isc signifies the short circuit
current, and Voc represents the open circuit voltage.

Efficiency: This metric quantifies the solar cell’s ability to converts
sunlight into energy and is calculated using the following equation:

max

Ex A

x 100

Ef ficiencyn =

Pmax = maximum power output in watts.

E = Solar irradiance in W/m?

A = surface area of the solar cell on which light falls, or
surface area, m>.

Frontiers in Energy Research

10.3389/fenrg.2024.1375854

2.5 Captured data
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Average solar cell temperature obtained between 11a.m. and 3p.m.
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FIGURE 3
Test connection setup of four wire measurement.

3 Result and discussion

The response parameters for each solar panel are
individually presented and discussed under the following
sections: Measured Field Response Parameter; I-V Curve,
Maximum Power, and Fill Factor; P-V Curve and Efficiency;

and Percentage Deviation.

3.1 Measured field response parameter for
60 W panel

Table 2 shows all the response parameters obtained for the 60-W
solar panel across each batch of test or experimental points, while
Table 3 indicates deviation percentage of the 80 W solar panel from
the manufacturer. The highest maximum power that was attained
during the tests was further depicted in Figures 4, 5. For the highest
maximum power attained, the short circuit current was 3.2 A, and
the measured open circuit voltage was 21.87 V.
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FIGURE 4
[-V curve of 60 W solar panel.

3.2 I-V curve, P-V curve, maximum power,
efficiency and fill factor for 60 W panel

Figures 4, 5 depict the I-V curve, P-V Curve, maximum power
point, fill factor, and efficiency drop for the highest maximum power
obtained with the 60 W solar panel. The highest maximum power
attained for the 60-W solar panel was 43.92 W, observed at a solar
irradiance of 787w/m” and a temperature of 31°C. This output
was 16.08 W lower than the manufacturer’s specified maximum
power, indicating a deviation of 26.8% from the manufacturer’s.
The fill factor obtained was 0.63, which was 0.08 less than the
manufacturer’s specification, representing an 11.3% deviation.
The efficiency drop was calculated using a solar irradiance of
1,000 w/m2 at STC, resulting in an efficiency of 26.8% lower than
the specified value. Table 4 shows the percentage deviation for the
60-W solar panel.

3.3 Measured field response parameter for
80 W panel

Table 5 displays all the response parameters obtained for the 80-
W solar panel across each batch of test or experimental points. For
the highest maximum power obtained, the short circuit current was
4.2 A, and the measured open circuit voltage was 21.74 V. The

10.3389/fenrg.2024.1375854

highest maximum power that was obtained during the tests was
further presented in Figures 6, 7.

3.4 |-V curve, P-V curve, maximum power,
efficiency and fill factor for 80 W panel

Figures 6, 7 present the I-V curve, P-V Curve, maximum power
point, fill factor, and efficiency fall for the highest Maximum Power
obtained with the 80 W solar panel. The highest obtained Maximum
Power for the 80-W solar panel was 59.3 W, observed at a solar
irradiance of 808 w/m” and a temperature of 31°C respectively. This
output was 20.7 W lower than the manufacturer’s, specified
maximum power, signifying a deviation of 25.9% from the
manufacturer’s specification. The fill factor obtained was 0.65,
which was 0.1 less
representing an 13.3% deviation. The efficiency drop was

than the manufacturer specification,
calculated using a solar irradiance of 1,000 w/at STC, resulting in
an efficiency of 25.9% lower than the specified value. Table 4 shows
the percentage deviation for the 60-W solar panel.

3.5 Measured field response parameter for
100 W panel

Table 6 is the response parameters obtained for the 100-W
solar panel across each batch of test. For the highest maximum
power obtained, the short circuit current (Isc) and open circuit
voltage was 5.17A and 21.4 V respectively. Figures 8, 9 shows the
graphs illustrating the highest maximum power obtained during
the tests.

3.6 |-V curve, P-V curve, maximum power,
efficiency and fill factor for 100 W panel

Figures 8, 9 present the I-V curve, P-V Curve, maximum power
point, fill factor, and efficiency fall for the highest Maximum Power
obtained with the 100 W solar panel. The 100 W solar panel yielded
a highest maximum current (Imp) of 1348 A and a highest

TABLE 3 Deviation percentage of the 80 W solar panel from the manufacturer.

S/N Parameters

Manufacturer’s specification

80 W panel

Response test parameter Percentage deviation

1 Maximum Power (Pmax) 80 W 59.30 W -25.9%
2 Max. Power Voltage Vmp 176 V 170 V -3.4%
3 Max. Power Current Imp 45 A 348 A =22.7%
4 Open Circuit Voltage Voc 222V 217V -2.25%
5 Short Circuit Current Isc 48 A 42 A -12.5%
6 Fill Factor 0.75 0.65 —-13.3%
7 Module Efficiency 14.21% 10.53% -25.9%
8 Surface Area m2 0.5630 0.5630 0

Frontiers in Energy Research
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TABLE 4 Deviation percentage of the 60-W solar panel from the manufacturer.

s/n Parameters

Manufacturer’s specification

60 W panel

Response test parameter Percentage deviation

1 Maximum Power (Pmax) 60 W 43.92 W —26.8%
2 Max. Power Voltage Vmp 182V 183V 0.55%
3 Max. Power Current Imp 33A 24 A -27.3%
4 Open Circuit Voltage Voc 222V 21.87V -1.49%
5 Short Circuit Current Isc 38 A 32A -15.8%
6 Fill Factor 0.71 0.63 -11.3%
7 Module Efficiency 14.18% 10.38% -26.8%
8 Surface Area m2 0.4233 0.4233 0

TABLE 5 Response parameters obtained for the 80 W solar panel under specified solar irradiance and temperature conditions.

S/n Isc Voc Vmp Imp Pmax Irradiance (w/m2) Temperature °C
1 42 21.74 17.04 3.84 59.29 808 31
2 3.7 21.6 18 321 57.83 810 35
3 3.87 21.24 17.84 328 58.52 814 34
4 338 213 17.91 3.24 58.04 814 34
5 3.9 21.01 17.76 331 58.78 817 33
6 3.9 21 17.87 326 58.26 817 33
7 401 20.8 17.7 334 59.03 820 32
8 351 20.2 17.74 2.64 46.83 828 36
9 3.61 20.1 175 2.7 47.23 829 36
10 3.4 20.08 17.18 2.76 47.42 829 37
11 35 19.87 17.88 261 46.66 832 37
12 3.74 19.89 17.32 272 47.11 832 35
13 3.69 19.3 16.7 2.87 47.84 839 35
14 2.86 19.2 17.1 214 36.6 841 42
15 29 19.2 173 211 36.46 841 41
16 3 19.1 17 219 37.3 842 40
17 29 19 17.2 2.14 36.77 843 41

maximum voltage (Vmp) of 17.04 V resulting in a highest maximum
power output of 71.1 W under the solar irradiance of 780w/m” and
temperature of 34°C. However, this obtained maximum power
output fell short by 28.9W compared to the manufacturer’s
specification, denoting a deviation of 28.9% from the specified
maximum power output. Additionally, the fill factor obtained
0.64, which was
specification, equating to a 13.5% deviation from the specified fill
factor. The efficiency drop was calculated using 1,000 w/m2 of solar
irradiance at STC. The resulting conversion efficiency was

was 0.1 lower than the manufacturer’s

Frontiers in Energy Research 07

10.86%,representing a deviation of 28.9% from its specified value.
Table 7 shows the percentage deviation for the 100-W solar panel.

3.7 Measured field response parameter for
150 W panel

Table 8 is the response parameters obtained for the 150-W solar
panel across each batch of test. Figures 10, 11 further shows the graph
depicting the highest maximum power attained. For the highest
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[-V curve of 80 W solar panel.

maximum power obtained, the short circuit current was 8.3A, while the
measured open circuit voltage was 21.7 V

3.8 |-V curve, P-V curve, maximum power,
efficiency and fill factor for 150 W panel

Figures 10, 11 present the I-V curve, P-V Curve, maximum
power point, fill factor, and efficiency drop for the highest
Maximum Power obtained with the 150 W solar panel. The
150 W solar panel generated a highest maximum current
(Imp) and maximum voltage (Vmp) of 7.2 A and 168V,
respectively, resulting in a highest maximum power output of
120.96 W, under solar irradiance of 871w/m? and a temperature
of 30°C. This obtained maximum power output was 29.04 W
lower than the manufacturer’s specification, representing a

Frontiers in Energy Research

19.36% deviation from specified maximum power output.
The fill factor obtained was 0.67, which was 0.08 lower than
the manufacturer’s specification, corresponding to a 10.7%
deviation from specified fill factor. The efficiency achieved
was 12.55%, representing a deviation of 19.3% from its
specified value. Table 9 illustrate the percentage deviation for
the 150-W solar panel.

4 Evaluation and discussion

As evident from the results, the weather condition of Ago-
Iwoye does not align with the required standard test conditions.
Solar irradiance levels were consistently below 1000w/m? and cell
temperature remained above 25°C even during peak sunlight
hours. It is worth noting that Ago-Iwoye is situated at a
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TABLE 6 Response parameters obtained for the 100 W solar panel under

specified solar irradiance and temperature conditions.

S/n Isc Voc Vmp Imp Pmax Irradiance (w/m2) Temperature °C

1 491 217 17.9 3.9 69.9 776 36
2 5.09 217 17.6 4.02 70.7 776 35
3 517 214 17.3 411 711 780 34
4 51 20.8 17.6 401 70.4 787 35
5 498 20.5 17.8 3.95 70.31 791 35
6 5.08 204 17.5 4.05 70.85 792 35
7 49 20.3 18 3.86 69.6 793 36
8 428 19.8 17.2 3.26 56.04 799 40
9 431 19.7 17.1 331 56.52 800 40
10 443 19.7 17.1 3.33 56.97 800 39
11 472 19.6 169 337 57.08 802 37
12 48 19.5 169 34 57.4 803 37
13 3.6 18.8 16.4 27 444 811 45
14 3.62 18.7 16.8 2.6 43.75 813 45
15 3.6 186 169 2.58 43.59 814 45
16 3.64 18.6 167 2.63 43.82 814 45
17 3.66 185 16.6 2.65 43.93 815 45

latitude close to 7°, resulting in an AMI1.0 instead and are absorbed differently by the semiconductor materials in

of AM1.5at STC. the solar cells, which influence their efficiency. The AM

The AM 1.5 spectrum provides a more realistic 1.5 spectrum, unlike AM 1.0, covers a broader range of

representation of the solar spectrum under typical daylight
conditions compared to the AM 1.0 spectrum. Different
wavelengths of light in the AM 1.0 and AM 1.5 solar spectra
have varying levels of energy and distribution on the solar panel

Frontiers in Energy Research

wavelengths, including visible and near-infrared light, which
are important for solar cell performance. The deviation in AM
led to a shift in the maximum power point (MPP) of the solar
panels, thereby affecting their performance and power output.
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TABLE 7 Deviation percentage of the 100 W solar panel from manufacturer.

Parameters 100 W panel

Manufacturer’s specification

Response test Result

Percentage deviation

1 Maximum Power (Pmax) 100 W 71.10 W —28.9%
2 Max. Power Voltage Vmp 18V 173V -3.9%
3 Max. Power Current Imp 5.56 A 411 A -26.1%
4 Open Circuit Voltage Voc 223V 214V -4.0%
5 Short Circuit Current Isc 6.1A 517 A -15.2%
6 Fill Factor 0.74 0.64 -13.5%
7 Module Efficiency 15.28% 10.86% -28.9%
8 Surface Area m2 0.6546 0.6546 0

Frontiers in Energy Research 10
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TABLE 8 Response parameters obtained for the 150 W solar panel under specified solar irradiance and temperature conditions.

S/n Isc Voc Vmp Imp Pmax Irradiance (w/m2) Temperature °C
1 7.8 218 17.6 6.8 119.75 870 34
2 8.3 217 16.8 7.2 120.96 871 30
3 8 21.6 172 7 120.36 872 33
4 7.9 21.6 174 6.9 119.93 872 34
5 5.2 215 175 42 735 873 55
6 7.9 215 17.4 6.9 120.12 874 34
7 83 214 167 7.2 120.6 875 30
8 8.1 213 16.9 7.1 12048 876 32
9 6.9 212 17 5.7 96.7 877 42
10 65 211 17.6 53 96.2 878 45
11 6.7 21 175 55 96.4 880 43
12 7.2 21 16.2 6 97.2 880 39
13 6.6 20.9 17.7 53 9.3 881 44
14 55 20.8 16.8 44 73.9 882 53
15 6.9 20.8 16.4 5.9 96.9 883 42
16 6.8 20.7 167 538 9.8 884 43
17 5.1 20.4 17.9 41 734 888 56
18 53 20.2 172 43 73.8 890 55
19 5.2 20 175 42 73.6 893 55
20 53 197 17.1 43 737 896 56
21 5.6 19.3 16.5 45 74.1 902 52

9
:fL_ — &‘n‘ ‘08‘7;3\ A
—_—
7
s
2,
é ~ Maximum Power Point (MPP) = 120.96
3 s

Fill Factor = 0.67

Voltage (V)

FIGURE 10
|-V curve for 150 W solar panel.

The deviations in temperature and solar irradiance were  This reduction can be attributed to increased resistive losses and
consistent during testing. These deviations adversely impacted a decrease in the open-circuit voltage of the solar cells. The solar
the solar panel’s performance, resulting in reduced efficiency. irradiance obtained at the site during the test varied between 600 w/
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TABLE 9 Percentage deviation of the 100 W solar panel from manufacturer.

Parameters

Manufacturer’s specification

150 W panel

Response test Result Percentage deviation

1 Maximum Power (Pmax) 150 W 120.96 W -19.36%
2 Max. Power Voltage Vmp 1825V 16.8 V -7.9%

3 Max. Power Current Imp 822 A 72 A -12.4%
4 Open Circuit Voltage Voc 225V 217V -3.6%

5 Short Circuit Current Isc 8.85 A 83 A -6.2%

6 Fill Factor 0.75 0.67 -10.7%
7 Module Efficiency 15.56% 12.55% -19.3%
8 Surface Area m2 0.9636 0.9636 0

m2 and 1,000 w/m2, with the highest recorded irradiance reaching
895 w/m” solar cell temperature of 54°C. This can be a result of the
AM 1.0 conditions in Ago-iwoye. Under clear sky conditions with
the Sun directly overhead, solar irradiance levels are closely below or
around 1,000 w/m’, which indicates that obtaining a constant
1,000 w/m2 solar irradiance at AM 1.0 and maintaining a 25°C
temperature to achieve the peak rated performance is not realistic
under Ago-iwoye weather conditions.

Ultimately, the installation site in Ago-iwoye deviates from the 25°C,
1,000 W/m2, and AM 1.5 spectrum during solar panel operation and
testing, and this deviation leads to some factors that cause the electrical
parameters of the solar panels to deviate from the manufacturer’s
specifications. The factors include a shift in maximum power point,
reduced efficiency, temperature-related performance losses, and spectral
mismatch. This deviation in parameters highlights the importance of
considering installation site atmospheric conditions before installation
and optimising solar panel designs for the specific environment in which
they will be deployed.

Frontiers in Energy Research
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5 Conclusion

The I-V response test was conducted on four different
monocrystalline solar panels, ranging from 60 W to 150W, at an
installation site in Ago-Iwoye to assess the deviation in their
parameters ~ compare the
specifications. The aim was to determine the appropriate sizing

electrical to manufacturer’s
of solar panel capacity for this location.

The electrical parameters evaluated were open circuit voltage
Voc, short circuit current Isc, maximum output voltage Vmp,
maximum power output Pmax, fill factor FF, and efficiency Eff.

The result revealed that the electrical parameters of all the four
solar panels were lower than the manufacturer’s specifications. For
the 60 W solar panel, the results revealed a maximum power output
43.92 W at solar irradiance of 787 w/m? and a temperature of 31°C,
indicating a 26.8% deviation from the manufacturer’s rated
maximum power output specification. Similarly, for the 80 W
solar panel, the maximum power output was 59.3 W at solar
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Autumn

Spring Summer

Winter

80 W

10 W Amorphous

50 W Poly

55 W Mono
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Solar panel (W)

4598 W

53.1W-59.4 W

6.04

3747 W 28.69 W

71.10 W ‘ 120.96 W

59.30 W

4392 W

—33.6%—--25.75%

-39.6%

-25.9% -28.9% -29.36% -31.88% —42.32%

—26.8%
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N/A

3.62%

7.65%

9.61%
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irradiance of 808 w/m? and a temperature of 31°C, representing a
25.9% deviation from the manufacturer’s specification.

Additionally, for the 100 W solar panel, the maximum power
output was 71.1 W at solar irradiance of 780 w/m’> and a
temperature of 34°C, representing a 28.9% deviation from the
manufacturer’s specification. For the 150 W solar panel, the
maximum power output was 120.96 W at solar irradiance of
871 w/m*> and a temperature of 30°C, representing a 19.36%
deviation from the manufacturer’s specification. This indicates
that the percentage deviation of all the four solar panels ranges
from 19% to 30% less than their rated power output specified by
manufacturer. The fill factor and efficiency for each panel, were also
lower than the manufacturer’s specification, ranging from 0.63 to
0.67 for fill factor, and from 10.38% to 12.55% for efficiency.

These deviations in electrical parameters were attributed to variation
in solar irradiance, temperature, and spectral mismatch at the installation
site. This highlights the importance of considering atmospheric
conditions before installation and optimising solar panel designs and
sizing for the specific environment in which they will be deployed.
Therefore, for solar installation in Ago-iwoye localities, it is
recommended to add an additional 20%-30% of each solar panel or
the total solar panel capacity during solar PV projects ensure appropriate
sizing, effective solar power generation and optimal performance.

To validate findings of this study, the results were compared
with three other relevant studies. The parameters used for
comparison include maximum power (Pmax), deviation in
maximum power (Pmax deviation) and efficiency. Table 10
shows the comparison.
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