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Abstract — Solar panel is a tool composed of several solar cells assembled in series or parallel by utilizing the photovoltaic
effect so that it can convert solar energy into electrical energy. Solar panels have several types, namely monocrystalline
and polycrystalline where each type of solar panel has different absorption efficiency based on the constituent materials.
According to several surveys, obstacles that often occur in the field in the installation of solar panels are due to external
influences which include influences (shading, soiling, and spot) so that it has an impact on the performance of solar panels
which results in power instability due to non-linear current-voltage (I-V) relationships. This study tested the power output
of monocrystalline and pollycrystalline 100 Wp solar panels with several levels of shading testing The results of testing
research data that have been carried out show that there is an influence of shading on current and voltage, resulting in a
decrease in output power. It was found that the partial and overall shading effects caused a decrease in power by -71% and
-75% respectively from the normal conditions of monocrystalline solar panels. Polycrystalline solar panel testing due to
partial shading effect of -75% and total shading of -77% of normal solar panel output power without conditioning.

Keywords — Characteristics I-V; Output Power; Monocrystalline; Polycrystalline; Shading.

I. INTRODUCTION

HE rapid population growth has led to an increas-

ing demand for electrical energy. Indonesia still
relies on conventional, non-renewable energy sources
such as petroleum, coal, and natural gas, whose avail-
ability is gradually depleting. Therefore, renewable al-
ternative energy sources are necessary to address future
energy crises. Indonesia, situated on the equator, en-
joys high sunlight intensity [1]. It is estimated that the
solar radiation intensity across Indonesia averages be-
tween 4.5-4.8 kWh/m?/day, with ideal sunlight duration
averaging 4-5 hours per day for electricity production
from solar panels [2].

Solar power plants harness sunlight using the pho-
tovoltaic (PV) effect to convert solar radiation into elec-
trical energy. A range of studies have consistently
shown that higher solar radiation intensity leads to
increased electrical power production in photovoltaic
cells. [3,4] both found that power and energy output sig-
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nificantly increase with higher irradiation levels. This
relationship is further supported by [5], who found that
solar radiation intensity is directly proportional to bat-
tery charging current. However, it is important to note
that this relationship may reach a saturation point, as
indicated by [4]. The influence of solar radiation inten-
sity on the power output of photovoltaic cells is also
confirmed by [6-9], but it is crucial to consider the
potential limitations of solar power concentration, as
highlighted by [10]. Each type of solar panel has differ-
ent output power because they are made from different
materials. The efficiency of monocrystalline panels
ranges from 15% to 20%, made from single silicon
crystals, while polycrystalline panels have an efficiency
of 13% to 18%, made from silicon mixed with other
materials [11].

External conditions, including varying shading
effects, can cause power instability due to the non-
linear relationship between current and voltage (I-V),
preventing the solar panel from reaching the Maximum
Power Point (MPP) [12]. Partial shading impacts the
output power of solar panels, reducing the power value
by 34.4% from normal conditions [13]. Shading effects
on solar panels can result in a power reduction of 45.1%
[14].
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Based on previous research, this study will test
100Wp monocrystalline and polycrystalline solar pan-
els to observe their I-V characteristics and power output
in response to changing environmental conditions. The
testing involves shading conditions (solar panels cov-
ered by shadows), varying the shading levels to observe
the effects at each level. Measurements include current
(Amperes), voltage (Volts), and power (Watts) managed
by a programmed microcontroller datalogger to store
data on an SD card/memory, allowing analysis of the
effects of each shading level on the I-V characteristics
and power output of both types of solar panels. The
study found that partial and full shading on monocrys-
talline panels caused a power output reduction of -71%
and -75%, respectively, and on polycrystalline panels of
-75% and -77% compared to the normal output without
shading.

II. RESEARCH METHODS

The method used in this research is the comparative
analysis method. This method is used to facilitate re-
searchers in comparing sample data found in the field.
The research procedure is carried out by testing and
comparing the two types of solar panels, monocrys-
talline and polycrystalline, under various shading con-
dition levels against the I-V current-voltage characteris-
tics and output power, and then concluding the results
using a comparative approach. Data collection on both
types of solar panels is carried out simultaneously in the
same test conditions, with each conditioning consisting
of three variations of testing levels. For example, vari-
ations in testing solar panels with shading conditions
include no shading (0%), partial shading (50%), and
full shading (100%).

i. Solar Panels

Solar panels consist of solar cells arranged in series
or parallel. Solar cells are made from semiconductor
materials called silicon. The unit in solar panels is
wattpeak and is measured based on international test-
ing standards, namely STC (Standard Test Condition),
where the light intensity is 1000W /m?, the tempera-
ture is 25°C, and the air mass is 1.5 AM. Solar cells
themselves are made from small silicon pieces coated
with special chemicals and have a minimum thickness
of 0.3 mm, made from semiconductor slices with posi-
tive P-type poles (photons) and negative N-type poles
(electrons) [15]. Each solar cell can generate a voltage
of £ 0.5 volts or only about 0.6 V without load (open
circuit) or 0.45 V under load. There are two types of
solar panels based on the material: monocrystalline &
polycrystalline, which have different absorption effi-

ciencies [16].

Figure 1: 100 Wp Monocrystalline and Polycrystalline So-
lar Panels

ii. I-V Characteristics of Solar Panels

The best performance of a solar panel is indicated by
the short circuit current and open circuit voltage. This
is to determine the peak power that can be achieved, so
the characteristics of the solar panel can be depicted
through the I-V curve or the current (I) to voltage (V)
curve. The current-voltage curve is greatly influenced
by the intensity of solar radiation and temperature.
When the solar radiation intensity hits the surface of the
solar panel, it controls the current (I), in other words,
the intensity of solar radiation is directly proportional to
the electrical current output. Meanwhile, temperature
controls the voltage (V), the higher the surface temper-
ature of the solar panel, the lower the voltage [17].

The I-V curve relationship shows that when the
current and voltage reach the maximum power point
(MPP), it results in maximum output power. The I-V
curve passes through two main points, namely the short
circuit current (Isc) and the open circuit voltage (Voc).
The voltage at the maximum power point (Vmpp) is
smaller than the open circuit voltage (Voc). Addition-
ally, the maximum current (Impp) is also smaller than
the short circuit current (Isc) [18].

Current (A)
Power (W)

Voltage (V)

Figure 2: I-V characteristic curve at STC
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iii. Factors Affecting Solar Panel Efficiency

Solar cells are made of semiconductor materials that
can conduct electricity under various conditions but
do not always make them good media for controlling
electrical current. Several parameters can affect the
performance of solar cells, including partial shading.
Efficiency reduction is caused by gradual damage accu-
mulation due to long-term exposure to harsh environ-
ments [19]. Below is a diagram of sources of system
loss in solar panels taken from Helioscope software,
which leads to less efficient solar panel performance.

@ Sources of System Loss

AC System: 0.5%

\ Shading: 3.9%
Inverters: 2.1%
Clipping: 4.0% \4“ f Reflection: 3.3%

Wiring: 0.5% ~———mw.

‘ \\ Soiling: 2.0%

Mismatch: 7.1% Irradiance: 2.6%

Temperature: 3.9%

Figure 3: Sources of system loss in PV systems

According to the system loss diagram, the biggest
loss affecting the performance of solar panels is caused
by shading (shadowing) at 3.9%, as shadows prevent
sunlight from perfectly reaching the panel surface [20].

iv.  Shading (Shadowing)

Shading effects are the potential obstructions on solar
panels caused by shadows of objects, which reduce the
amount of solar radiation received by the cells. When
shading occurs, the shaded solar cells turn into passive
loads and behave like diodes in a blocking condition,
preventing current produced by other functioning cells.
The solar panel circuit consists of solar cells connected
in series to produce the desired power. One silicon
cell produces 0.46 Volts, so 23 cells form a 12 Volt
solar panel, and 36 series-connected silicon cells result
in 0.46 Volts x 36 = 16.56 Volts. Thus, even a small
shadow covering the solar panel surface, such as a
branch, can significantly reduce power output [21].

Shading significantly affects the current because
solar irradiation does not perfectly illuminate the solar
panel surface. Below is a table showing the significant
impact of shading on the output power of single crys-
talline solar panels without internal bypass diodes [22].

To determine the area of the solar panel exposed
to sunlight, we can use equation (1):

A, = Pout

x 100% 1)

Pmax

Current(A)
s 'y w=
T T T

r
T

=
T

Voltage(V}

Figure 4: Effect of partial shading on solar panels

Table 1: Impact of shading on solar panel output power

shading Percentage loss
0% 0%
25% 55%
50% 50%
75% 66%
100% 75%
3 cells shaded 93%

In the calculation of the effect of shading on solar pan-
els, A, represents the percentage of the solar panel
area exposed to sunlight (%), Pout is the output power
(Watt), and Pmax is the maximum power point (MPP)
from solar panel specifications (Watt).

After obtaining the area of the solar panel exposed
to sunlight, we can calculate the effect of shading using
equation (2):

Effect shading = 100% — A, 2)
with: A, is a percentage of the solar panel area exposed
to sunlight (%)

v.  System Design

In this research, the system created has several working
steps that can be understood through the block diagram
in Figure 5.

In Figure 5, the first process is explained by con-
ditioning the monocrystalline and polycrystalline solar
panels to be affected by shading by simulating shadows
on the solar panel surface using plywood to cover the
top of the panel with three testing levels: no shading
(0%), partial shading (50%), and full shading (100%).
The output from the solar panels is connected to data
acquisition equipment. The data acquisition equipment
will collect data on temperature, irradiation, voltage,
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Table 2: Daily Solar Irradiation Measurement Data

Solar Irradiation Measurement Data (W/m?)
Day 1 Day 2 Day 3 Day 4 Day 5 Day 6

11:00 990.3 936.5 10502 11304 10123 990.1
11:05 857.5 903.5 10853 11343  1028.6 978.9
11:10 1008.6 9453 11133  1136.7 1056.8 1001
11:15 1132.4 9339 1017.1  1091.2 9412 10183
11:20 1161.8 989.5 1086.1  1125.6 990.4  1003.2
11:25 882.8 9377 10147 10655 1064.8  1025.8
11:30 1016.5 997.4  1051.1  1064.2 928.1  1020.1
11:35 994 1099.1 1032 1054.8 930.2  1034.7
11:40 1086.5 10203  1020.1 10454 10773 10424
11:45 1075.5 999.9 1031  1002.8 10183  1059.8

current, and power through sensors managed by a pro-  11:50 1065.5 9959 1026.6 1052.8  1030.8 1052

. 11:55 107075 10545 10326  1053.6 10177 1115
grammed mlcrocoptroller datalogger so that the daFa 1200 10765 10539 10268 10454 10077 1058
read can be stored in an SD card/memory. The datais  12.05 10643 10153 10233 1033 10157 10227

then exported to Excel to observe the effects of each ~ 12:10  1052.1  1049.9 10174 1038~ 980.3  1045.6

. . 12:15 105945 10572 1019.6 10949 10157 10225
shading test level on the I-V characteristics and output ~ ~© 0 “ /o DT 00 10577 10114 1012

power of the two types of solar panels. In this study, 12:25 10655 1041.8 1011.8 10485 10114 10146
three levels of shading test conditions were created to ~ 1230 1064210508 10026 10407 1008.2 1025

. . . 12:35 10548 10449 1019.1 10874 10115  967.5
observe the impact of shading level on [-V characteris- 5,5 o454 1031 10063 10862 1000 971

tics and output power. Figure 6 illustrates the shading  12:45  1002.8  1002.5 10218 768 10012 9765

conditions used in this study. For 50% shading condi- %30 10528 10284 10354 698~ 1017.3  969.5
: . , 12:55  1053.6 11157 10195 5933 10094  950.1
tions, the surface of the solar panel is partially covered  y3.00 10454 10256 9782 5615 10012 968.7

Time

Figure 5: System block diagram

horizontally. Average 1041.83 1015.06 1030.65 100440 1007.50 1013.80

100% causing parts of the solar panel to be covered by
- cunbme SEEECIN o shadows, thus preventing the irradiation from fully illu-
(507) ik tac minating the panel surface. According to the principle

/ TanPa SuADING  JEEES Sdrt. ARG
@)/ of solar panel operation, irradiation significantly affects

the output current, thereby impacting the power output
generated by the solar panel.

Figure 6: Solar panel shading test conditions

Table 3: Shading Test Data for Monocrystalline Solar Panel

III. RESULTS AND DISCUSSION Time Shading (0%) Shading (50%) Shading (100%)
Y 1 P \% 1 P Y 1 P

In this study, data collection was conducted in Sidoarjo ~ !100 2131 417 8886 2024 144 2915 1991 122 2429
Y, JO 1105 2200 513 11286 2033 164 3334 1992 125 24.90

City, Taman Subdistrict, Wage Village, specifically on  11:10 2137 489 10450 2023 143 2893 1992 109 2171
_ LI5S 2126 514 10928 1999 145 2899 1996 129 2575

Ratuayu 'Sj[reet, Pur}den II alle}{. T‘? te,St e‘ach shad- | 50 208 510 10802 2012 149 2998 1988 129 2563
ing condition, consistent solar irradiation is needed  11:25 2200 520 11440 2009 150 30.14 1987 126 2504
to observe the current-voltage characteristics. The re- 1130 2178 - 4.12°89.732005 151 - 30.28 19.90 1.26  25.07
voltage 11:35 2210 437 9658 2026 1.53 3100 1993 127 2531

searcher collected solar irradiation data from 11:00 AM 1140 2167 427 9253 2035 149 3032 2000 130 26.00
to 1:00 PM. Table 2 shows the daily solar irradiation 145 21.88 416 91022027 " 1.47 2980 1995 1322633
y 11:50 2179 453 9871 20.15 148 2982 19.88 133 2644

measurement data. 11:55 2200 435 9570 2021 151 3052 1995 131 26.13
o) o it _ 1200 2261 497 11237 2077 147 3053 1983 124 2459

Based on Table 2, the solar 1rra.d1at1(.)n.data col 1205 2256 520 11731 2055 140 2877 1962 123 24.13
lected over 6 days show that solar irradiation from 12:10 2256 485 10942 2067 1.53 3163 19.66 134 2634
11:00 AM to 1:00 PM averaces consistently around 1215 2259 477 10775 2066 147 3037 1963 129 2532
oo g y 1220 2269 506 11481 2070 147 3043 1967 126 2478

1000 W/m?, indicating that the solar panel shading tests 1225 2267 453 10270 2075 148 3071 1969 131 2579
will be conducted during these hours to maintain con- 230 2270 4.38 9943 2079 147 3056 1971 129 2543
i o . 1235 2253 433 9755 2081 150 3122 1968 133 26.17
sistent solar irradiation conditions. 12:40  22.64 451 10211 2083 149 3104 1971 132 2602
Based on Table 3, the average voltage, current, 1245 2264 479 10845 2071 151 3127 1964 133 2612

) 1250 2271 467 10606 2074 136 2821 19.63 134 2630

and power output from the monocrystalline solar panel  12:55 2252 496 111,70 2066 1.56 3223 1957 143 27.99

shows that the average values for each Shading condi- 13:00 2262 492 11129 20.60 133 2740 19.57 137 26.81
tion differ due to the Shading conditions of 50% and Average 22.18 4.69 104.13 2046 148 3026 19.79 129 2554
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Based on Table 4, the average voltage, current,
and power output from the polycrystalline solar panel
during the shading tests of 50% and 100% caused a
decrease in current due to the theory that the principle
of solar panel operation is highly influenced by irradia-
tion, which affects the output current and subsequently
impacts the power output generated by the solar panel.
The results of the shading tests with varying condi-
tioning levels for both types of solar panels in terms of
voltage, current, and power output are shown in Figures
7 to 8. The black graph represents the test on the mono
solar panel without shading, the red graph represents
the test on the mono solar panel with partial shading
(50%), the blue graph represents the test on the mono
solar panel with full shading (100%), the green graph
represents the test on the poly solar panel without shad-
ing, the purple graph represents the test on the poly
solar panel with partial shading (50%), and the gold
graph represents the test on the poly solar panel with
full shading (100%).

Table 4: Shading Test Data for Polycrystalline Solar Panel

Time Shading (0%) Shading (50%) Shading (100%)

v 1 p v I p v 1 p
11:00 1921 546 10489 1939 140 27.15 1830 122 22.33
11:05 2035 527 10724 1943 145 28.17 1840 1.19 21.90
11:10 2011 590 118.65 1941 140 27.17 1839 1.19 21.88
11:15 1991 544 10831 1950 1.38 2691 1836 1.17 2148
1120 1926 547 10535 1929 1.51 29.13 1846 1.17 21.60
1125 1918 546 10472 1945 139 27.04 1830 1.13 20.68
11:30 1921 511 98.16 1941 142 27.56 1822 122 2223
11:35 1999 545 10895 1942 135 2622 1847 122 22.53
11:40 2005 5.40 10827 19.44 144 27.99 1839 1.19 21.88
11:45 1996 499 99.60 1947 1.51 2940 18.15 123 2232
11:50 2000 495 99.00 1921 153 2939 1839 1.25 22.99
11:55 1995 5.10 10175 1930 149 2876 18.15 127 23.05
12:00 1998 5.6 103.10 1947 141 2745 1849 121 2237
12:05 1991 5.40 107.51 1938 1.53 29.65 1836 120 22.03
12:10  19.89 523 10402 1940 1.55 30.07 1834 159 29.16
12:15 1998 5.2 10230 1942 1.60 31.07 1834 1.10 20.17
1220 2005 537 107.67 1949 1.65 32.16 18.10 125 22.63
1225 1998 495 9890 1939 1.61 3122 18.15 127 23.05
12:30 2000 478 9560 1941 1.62 3144 1821 129 23.49
12:35 2009 477 9583 1940 159 30.85 1822 1.30 23.69
12:40 2015 472 9511 1943 1.60 31.09 1825 128 23.36
12:45 2016 471 9495 1950 1.64 31.98 1840 134 24.66
12:50 2005 490 9825 1952 1.60 3123 1844 140 25.82
12:55 2002 493 9870 1949 1.68 3274 1833 145 26.58
13:00 2006 487 97.69 1951 1.58 30.83 1843 146 2691
Average 19.90 5.16 10258 1942 152 2947 1832 126 23.15

The graph in Figure 7 shows the comparison of
monocrystalline and polycrystalline solar panels when
exposed to shading effects on the voltage side. The
voltage of the solar panels was recorded every 5 min-
utes. The graph in Figure 7 shows that solar panels
without shading produce an average voltage of 22.18
volts for monocrystalline and 19.90 volts for polycrys-
talline. However, when partially and fully shaded, the
monocrystalline panels produce an average voltage of
20.46 volts and 19.79 volts, respectively, while the poly-
crystalline panels produce an average voltage of 19.42
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Figure 7: Voltage Comparison Data for Solar Panels

volts and 18.32 volts, respectively.

The output current of the solar panels was also
measured and compared. The current measurement
data is shown in Figure 8.
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Figure 8: Current Comparison Data for Solar Panels

The graph in Figure 8 compares the monocrys-
talline and polycrystalline solar panels when exposed
to shading effects on the current side, recorded every
5 minutes. The output current of the shaded solar pan-
els shows a significant decrease compared to normal,
unshaded panels. This is because shaded panels do not
receive full solar irradiation on their surface. Accord-
ing to the theory of solar panel operation, the less solar
irradiation received by the panel, the lower the current
produced. The graph in Figure 8 shows that partially
and fully shaded monocrystalline panels produce an
average current of only 1.48 A and 1.29 A, respectively,
while polycrystalline panels produce only 1.52 A and
1.26 A, respectively. This is far from the average cur-
rent of unshaded monocrystalline panels 4.69 A and
polycrystalline panels 5.16 A.

The electrical power is obtained from the multi-
plication of the output current and voltage of the solar
panels and then compared. The electrical power pro-
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duced in this test is shown in the graph in Figure 9.
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Figure 9: Power Comparison Data for Solar Panels

The graph in Figure 9 shows the comparison of
monocrystalline and polycrystalline solar panels when
exposed to shading effects on the output power side,
recorded every 5 minutes. The graph in Figure 9 ex-
plains that the output power of solar panels is related to
voltage and current; when the current produced is small,
the output power will also be small compared to the out-
put power of normal, unshaded solar panels. The graph
in Figure 9 shows that unshaded solar panels produce
an average output power of 104.13 watts for monocrys-
talline and 102.58 watts for polycrystalline. However,
when partially and fully shaded, the monocrystalline
panels produce average output power of 30.26 watts
and 25.54 watts, respectively, while the polycrystalline
panels produce average output power of 29.47 watts
and 23.15 watts, respectively.

Based on Figures 7 to 9, the comparison data of
voltage, current, and output power of monocrystalline
and polycrystalline solar panels when exposed to shad-
ing effects with varying levels of conditioning show that
shading significantly affects the current output. The
average results are shown in Table 4.

Table 5: Comparison of Solar Panels under Different Shad-
ing Conditions

Test Condition
Shading 50% Shading 100%
\Y 1 P A% 1 P \Y% 1 P

22,18 4.69 104.13 2046 148 3026 19.79 1.29 2554
19.90 5.16 10258 19.42 1.52 2947 1832 126 23.15

Type of Solar Panel Normal

Monocrystalline
Polycrystalline

Table 5 shows the average comparison data of
voltage, current, and output power of monocrystalline
and polycrystalline solar panels affected by shading.
The comparison shows that shading causes a significant
decrease in current, with an average decrease of up to
1-2 amperes, which impacts the output power produced.

To determine the percentage of voltage, current,
and output power losses caused by shading, we can

compare the average results of unconditioned solar pan-
els with the average results of shading-conditioned so-
lar panels. The percentage reduction calculation is
shown in Table 6.

A%) = (An—Af

n

> x 100%

with: A(%) = Percentage Reduction, A, = Average
value without treatment, A; = Average value with treat-
ment applied.

Table 6: Percentage Reduction Due to Shading

Percentage Reduction (%)

Conditioning

Monocrystalline Polycrystalline
Voltage Current Power Voltage Current Power
Shading 50% -8% -68%  -71% -2% NM%  -75%
Shading 100%  -11% 3%  -15% -8% 15%  -17%

The calculation results in Table 6 show the per-
centage reduction due to shading, indicating that poly-
crystalline solar panels can still maintain voltage with a
decrease of only -2% and -8% compared to monocrys-
talline solar panels. However, polycrystalline panels
experience a significant decrease in current by -71% to
-75%. The shading effects of partial and full shading
cause a reduction in output power by -75% and -77%,
respectively, for polycrystalline panels, and -71% and
-75% for monocrystalline panels. Table 5 and Table 6
show that monocrystalline solar panels still perform bet-
ter under shading, with higher output power compared
to polycrystalline panels.

IV. CONCLUSION

The results of testing 100 Wp monocrystalline and poly-
crystalline solar panels under shading effects show that
partial and full shading causes a decrease in output
power. Monocrystalline panels experience a power re-
duction of -71% and -75%, while polycrystalline panels
experience a reduction of -75% and -77% compared
to normal, unconditioned solar panels. This decrease
in output power is caused by a reduction in the output
current of the solar panels due to the shading effect,
which prevents the solar cells from receiving full irradi-
ation. According to the theory of solar panel operation,
the lower the irradiation received by the solar panel,
the lower the current produced. In this test, shading
was simulated by covering the surface of the solar pan-
els with plywood to create the shading effect. The
test results show that monocrystalline solar panels per-
form better under shading, with higher output power
compared to polycrystalline panels. Future research is
expected to include more variations in shading condi-
tions on the surface of the solar panels to obtain more
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accurate results for both types of solar panels under
shading effects.
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