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Abstract
The new study examines the effects of temperature fluctuations (25 °C and 50
°C) and changing solar radiation levels (500 and 1000 W/m?2 ) on the output
current, voltage, and power of monocrystalline and polycrystalline solar
modules. A model with four parameters:lp,lo,Rs, and A.was utilized to
develop simulation software for researching and evaluating the effects of
temperature, wind, and solar radiation on solar panel output power. A one-
diode model is used to develop an enhanced Simulink model that takes wind
speed, solar module temperature, and irradiance into account all at once.
Relative errors and root mean square error are also assessed to help prioritize
the new work over an alternate strategy. The four parameter model's fitness is
correlated with lower average root mean square error (RMSE) values. The
computed RMSE was the difference between the estimated current-voltage
values from the four-parameter model and the observed values. Under 1000
W/m? of solar radiation and 25°C solar module operating temperature, the root
mean square error between the observed and predicted voltage-current
characteristic is found to be at its lowest value of 0.025 for monocrystalline
and for poly crystalline0.034
Keywords: Silicon, Solar Energy.
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1.Introduction

Nowadays, approximately 80% of the energy that is delivered comes from
polluting, depleting energy sources like fossil energy sources. The atmosphere
iIs harmed through the emissions that are Presently produced through the
burning of fossil energy sources, leading to major and irreversible
environmental issues such acid rainfall, the The destruction of the ozone layer
and greenhouse gas emissions (Dincar,2003). Because solar energy is fuel-
free, sustainable, and kind to the environment, it ranks among the most
important clean energy sources sources. As a result, research into PV systems
and its uses isconstantly growing. Photovoltaic devices are electrical
energygenerating semiconductor buildings from solar radiation. Solar power
plants, application electrical automobiles and water pumping, satellite systems,
and communication systems are just a few of the numerous uses for PV
systems. The two main factors of photovoltaic energy outputs are cell
temperature and radiationPresently, 90% of the Traditional monocrystalline
and polycrystalline silicon cells with diffused junction make up the majority of
options  for  photovoltaic  panels.(Pizzin,S.2012),  (Rein,S.,2006.),
(Tiwari,2009), One of the main components of a photovoltaic system is
photovoltaic panell, which directly turns sun's rays to electricity (Ebrahimi, et
al., 2019). (Catelani, et al., 2016). The rendition of the PV(photovoltaic)
modules is typically assessed Given typical test circumstances (STC). The sun
spectrum averaged at AM 1.5 is employed, along with 1000 W/m?2

Natural radiation and a maximum panel temperature of 25°C (Cattin, et al.,
2019).The impact of temperature in the electric yield bounds of the solar-
powered module was investigated in a preliminary manner, and their
temperature coefficients, which are crucial for planning and estimating in all
systems, were determined.. (Hashim, et al., and Akram et al., 2016). Single-
diode, double-diode, and empirical models are the three primary models used
for solar cells and modules. Because of its simplicity and small number of
factors, the empirical model is the most widely employed. Despite the two-
diode model's accuracy, its complexity prevents it from being employed.
Because it takes into account every parameter required to accurately represent
a photovoltaic system, the one-diode model is more appropriate. Shunt
resistance, series resistance, ideality factor, and reversed saturated current are
the four main parameters. The values of these parameters vary depending on
the models that came before them. (Wang, et al., 2011), (Ramos-Hernanz, et
al., 2012)(Aly, and EI-Aal, 2005), (Gonzalez-Longatt, 2005), ( Altas, and
Sharaf, 2007),( Sera, et al., 2007), (Houssamo, et al., 2010), (El Tayyan,
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2011(. In order to find the energy collected from solar PV collectors and to
evaluate the solar PV performance parameters in Irag, experimental
simulations were conducted.,) AlINajjar, 2013(, )AI-Najjar, 2015(.and
choosing the wrong points may lead to significant inaccuracy in the parameters
being calculated and more work is being done to track the maximum power
point and model solar panels. (Hashim et al., 2018; Sarah et al., 2019).
Zainab and Adel(Almukhtar and Merabet 2016). The work's objective is to
assess how weather conditions affect two types of solar photovoltaic modules:
monocrystalline and polycrystalline, each of which is dependent on cell
temperature, wind speed, and radiation as indicated by the characteristic curve
IV. further to retrieve the solar energy module's four parameters. The relevant
measured data and the model's output are contrasted. n order to confirm and
verify the outputs of the simulation model. The suggested work has been
finished in order to determine the ideal values for solar module parameter
extraction. lyn is photocurrent, Rs is series resistance, and lo is dark saturation
current, A is diode ideality.

2.Experimental Setup:

In this work, a monocrystalline and polycrystalline silicon solar modules is
used. To get more accurate statistics and comprehend the basic behavior of the
panel, it is essential to experiment with photovoltaic panels in real-world
settings. The experimental measurements took place over the course of six
months, from July 2023 to January 2024. Using the Prova 200 solar module
analyzer attributes, a solar module scan was performed for 10 seconds with a
variable load of 0-o0 W (see Figure 1 and Tablel).The laptop will get the
measured data (I, V, and P) from this device. Figure 2 shows the connecting
cables that go to the solar module's terminal.

Table 1. summerized solar module analyzer (prova 200) proparities

Batterery type Rechargeable,2500mAh(1.2V)*8
AC Adaptor AC 110V or 220V
input DC 12V/
1~3A output
Dimension 257(L)*155(W)*57(H)mm
Weight 11609
Operation environment 0°C~50°C ,85%RH (relative
humidity)

Temperature coefficient 0.1% of full
scale/°C (<18°C or

>28°C)
Storage environment -20°C ~60°C,75%RH
accessories User manual * 1, AC adaptor*1

Optical USP cable*1
Software CD*1,software
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manual*1
Kelvin clips(6A max)*1 set

DC voltage measurements
Range Accuracy
Resolution
0-6 0.001VvV
+1% (1%0f Vopen IMV)
6-10V 0.001VvV
+1% +(1%0f Vopen 0.09MV)
10-60V 0.01VvV
+1% +(1%0f Vopen 0.09MV)
DC current measurements
Range Accuracy

Resolution

0.01-6A 0.1mA

il% i(l%Of I short

0.6-61A 0.1mA

1%(1% of lsnort 0.9MA)

1-6A 1mA

1%(1% of lsport 0.9MA)

Table 2. Solar panel properties.

mc-Si Pc-Si
Area, m? 0.26 0.46
Voe, V 22 23
lse, A 1.9 1.7
Vi, V 17.00 17.45
Im, A 1.760 1.375
Pm, W 30 26
Ns 36 40
TCO of open-circuit voltage, [ (pvoc) V/°C -0.0734 -0.0912
TCO of short-circuit current, 0 (sc) A/°C 0.0003 0.0044
TCO of max. power, O (M) W/°C -0.1353 -0.915
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Figure 1. solar module analyzer(prova200).
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Figure 2. Wires connections.

3.Simulation block and modeling

(Bellini et al., 2009) served as the foundation to the model this paper
proposes. The PV model's simplified equivalent circuit concept appears in
Figure 3. The photovoltaic(PV)current is computed as a function of voltage in
this model. Just the datasheet values for PV cell were used to run the model. In
the proposed model, irradiance, solar cell temperature, and wind speed are the
input parameters, and Photovoltaic current, Photovoltaic voltage, and
Photovoltaic power are the output parameters. The Photovoltaic panel output
current (1) is determined by the Photovoltaic output voltage (V). Photovoltaic

modules are modeled using the following mathematical formula:
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Figure 3. Simplified equivalent circuii model.

I =1, [1 -K, (e[Wth’z Vael) — 1)] (1)

Where
Kl —_ (1 —_ Ir_”E) E{I_Vmp.l"fffz Vaeld

K, = mnpfvi;}—l
=520, @)
The coefficient K; and « alter based on the parameters of the solar module.
The following represents how these characteristics vary depending on the
panel temperature and/or radiation (Bellini et al., 2009):
(6. T) = s - [14 (Te =Ty

G
‘rmp(Gan) = JTm;:l-s G, [1+ (T:-Tyl
Voe (T )=V ges + (T — Ts],

L";n:p {?}.-]:I";:rtps + ':Tf - Ts}- (3)

Prameters The values provided in the manufacturer's datasheet for the
standard test environments (&s= 1000W/m? and Ts= 25 C) are those fgs, |
mps; Vocs, and ¥mps . The radiation and temperature of photovoltaic panel are
shown by ; and rc, respectively. The temperature coefficient for current «
and for voltage £ . correspondingl. In certain research published in the
literature, the temperature of photovoltaic panel is taken to be the same as the
surrounding air, yet this isn't always the case. The PV cell temperature is
determined in this study as a device of the variations in radiation and the
ambient temperature.

(Equation 4)

T =T ( 032 ) G 4
© = \BO1 + (2xvemg)/ )

Where, T is cell temperature with ambient condition, T is ambient
temperature ,G is the radiance and ww:a is wind speed. Furthermore, wind
speed affects Photovoltaic panel temperature as well, and this factor is
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separately considered when determining the Photovoltaic panel temperature
for each module:
Figure 4 shows the Simulink block diagram for the suggested PV model.
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Figure 4.The Simulink block diagram related to proposed PV model.

Equation 4 calculates the panel's temperature while accounting for irredance,
surrounding air temperature, and wind speed. It accomplishes this through
using utilizing the solar module temperature block inside the Photovoltaic
model's Simulink system. Photovoltaic cell voltage and current are measured
using the load and evaluation block. Figure 3 displays the block diagram of
photovoltaic cell subsystem. The solution to equations 1-3 yields the model
shown in figure 5. The panel parameters block in the block schematic
estimates the real values of these parameters from the temperature and
irredance of the cell using the values of Vo, fmp, fsc, and Vmp that were acquired
under standard test conditions. Located in the block diagram is the Cell
Current block situated in the block diagram, utilizes equation to acompute
Photovoltaic current.

1138



2024 & 14 dedallg delazr Yy ALY Sge ] A3 01 AUS S

No.l4

Aug 2024 [raqi Journal of Humanitarian, Social and Scientific Research 1§ k\
Print ISSN 2710-0952 Electronic ISSN 2790-1254

v‘ ‘\

| PV

Id=lsat’(exp(VaVE)1)

Isal

[sat

U e i

Figure 5. PV panel subsystem block diagram.

Matlab/Simulink models require temperature, wind speed, and radiance data
recorded in real-world scenarios as input parameters. After that, using models,
values for Photovoltaic power, voltage, and current were determined. The
correctness of the model is verified by comparing the results of the simulation
with the measured power levels of Photovoltaic cells in ambient settings. 16
figures are supplied for both monocrystalline and polycrystalline silicon
panels, along with the relevant model outputs. Figures 6-9 will provide some
examples.The graphic shows that the model's results primarily coincide with
the findings of the experiment. The energy measurements derived from the
model for the measuring time had only 3.1% for mono and 6.7% for poly
divergence from the experimental values, according to a numerical evaluation

Figures,8,9 demonstrate the differences between the observed power outputs
of polycrystalline silicon technology panels and the model output under
various weather scenarios. As with monocrystalline technologies, the
measured power values of polycrystalline silicon technology panel output do
not exhibit a strong association with the data of the associated model (see
Figures 6,7). Furthermore, a computational analysis revealed a 6.7%
discrepancy between the energy value derived from the relevant model and the
experimental findings. Based on this finding, it can be concluded that the
proposed model is not very suitable for polycrystalline silicon panels.
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Figure 6.Current-voltage characteristic curve of monocrystilline solar module
at solar radiation 1000 w/m? module temperature 25°C.
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Figure 7. Power-voltage characteristic curve of monocrystilline solar module
at solar radiation 1000 w/m? module temperature 25°C.
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Figure 8. Current-voltage characteristic curve of polycrystilline solar module
at solar radiation 1000 w/m? module temperature 25°C.
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Figure 9. Power-voltage characteristic curve of polycrystilline solar module at
solar radiation 1000 w/m? module temperature 25°C.

4.Accuracy fitness of four-parameter model:

An excel sheet have the measured and calculated data at two radiation levels

on six months, and to find out the fitness between the measured data and the
corresponding modeled ones. Equation 5 gives the percentage of error
between the measured values and calculated values (Matlab Simulink):

Laboratory measurments—Matlab Simulink

Laboratory measurments
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Table3 contains the measured operating solar module temperatures and solar
module efficiencies at the two tested solar irradiance: 500 and 1000 Wm and
two solar module temperatures (25°C and 50°C). This table shows that the
lowest percentage error for power is 0.6% and the highest one is 6.5%for
monocrystalline and lowest percentage error for power is 0.9% and the highest
one is 29.8%. The maximum power is attained at the highest solar radiation
1000 Wm2 and the corresponding solar module temperature 25°C (at fixed
solar irradiance, decreasing solar module temperature will be lead to increase
efficiency and power output. That is due to decrease reverse saturation

current).

Table 3. Comparisons of the measured values with the model results for

monocrystilline and polycrystalline solar module at two solar irradiances; 500

and 1000 w/m?2and two solar model temperatures 25°C and 50°C

Vinexp, V|19.859 16.157/17.02 | 15.792 22.596/ 19.487| 19.754| 17.472

Vimcal, V [20.022 16.506 15502 228 | 19.2 | 215 | 185
17.540

Error, % -0.7| -21 | -3.0| 1.8 -0.9 1.4 -8.8 -5.8

Statistical work was done to calculate root mean square error (RMSE) (Ma et

al., 1984):

RMSE = (- 2L (Isi-Imi) %)?
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Where n is the number of data, s is simulated current and I, is measured
current.. The simulated model's correctness is satisfied and evaluated by the
RMSE. Low RMSE values are correlated with increased formula (model)
correctness. The estimated values of RMSE from the model are provided in
Table 4. The fourparameter model's fitness was correlated with decreased
RMSE average values. The root mean square error (RMSE) is 0.025 at 500
W/m2 of solar energy and 25°C solar module temperature. That is the mean
near |-V calculated using I-V simulations.

Table 4. RMSE for the eight tested cases

Test 1 Test 2 Test 3 Test 4

G, Wm? 500 500 1000 1000

Tc, °C 25 50 25 50

RMSE for monocrystalline | 0.025 0.086 0.037 0.093

Test5 Test 6 Test 7 Test 8

G, Wm? 500 500 1000 1000

Tc, °C 25 50 25 50

RMSE for polycrystalline 0.035 0.034 0.071 0.075

Atmospheric temperature at which solar cells operate is decisively affected by
temperature. Arise in solar module temperature causes a modest rise in short
circuit current. However, open circuit voltage is extremely effect by increasing
solar panel temperature more than 25°C.

Table 5.Measured and calculated V. and I for the eight tested cases

Test G, Te, Vo, V I, A
No. Wm-2 | °C

measured | calculated| error, | measured | calculated | error,
% %
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Table 6.Maximum power drop comparisons with some previous work.

%/°C 0.25 0.4546 0.446

5. Conclusion

Taking into account the limitations of this investigation, the ensuing findings
can be made from the research done: A universal Matlab/Simulink-created PV
model that is typical of both PV cells and modules was tested using a
monocrystalline and polycrystalline module. This model can be used as a tool
for studying every type of PV module available on the market, especially how
well they operate in different weather situations while following standard test
procedures (STC). With solar irradiance, wind speed, and cell temperature as
input factors and an output of the 1-V and P-V characteristics under different
conditions, the suggested model produces good results. For the tested modules,
the Fill Factor appeared to be quite independent of temperature.lt is therefore
possible to ignore the impact of temperature on the parasitic internal
resistances. Because of the high shunt resistance, there was no difference
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between the four and five parameter models for crystalline modules; the
simplified four parameter model suffices.

Nomenclature

I:  Photovoltaic output current

4 Photovoltaic output voltage

Iscs: The standard test conditions (STC) for short circuit current
Imps: At STC, the maximum power point current
Vocs: At STC, voltage of the open circuit

Vwps: At STC Maximum power point voltage
Isc . current short circuit

Ivp:  Maximum power point current

Voc: Open circuit voltage

Vwve :  Maximum power point voltage

G: radiation

Gs. At STC (1000 W/m?),radiation

T: Air temperature (oC)

Tc: Temperature of the cell (C)

Ts: At STC (25° C), Temperature

Vuwing: Wind speed (m/s).

a. current temperature coefficient (A/°C)

B voltage temperature coefficient (V/°C)
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