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EXTENDED ABSTRACT

Introduction

Nowadays, due to the increase in the amount of environmental pollutants and the electricity
production price of energy carriers, the use of renewable energy sources for electricity
production is increasing. Among renewable energy systems, photovoltaic systems, due to their
stability, long lifetime, and low maintenance costs, are very popular. Utilization of these systems
requires an accurate evaluation and understanding of various aspects of their performance, and
ignoring this important issue is not only ineffective, but might also lead to irrecoverable
economic costs. To prevent this problem, several simulator applications are available for pre-
construction testing of power generation units. In the present research, in order to simulate and
assess the possibility of installing a photovoltaic production unit in the study environment,
PVsyst application and accurate meteorological data such as annual radiation rate and
environmental temperature were used. Since solar arrays are installed in both movable and fixed
forms, in this study, the performance of both was examined separately and the model that had
lower losses in practice and consequently higher efficiency was introduced. The simulation
results showed that in the study environment, using the fixed type of solar panel for generating
electrical energy is more appropriate than using the mobile type.

Methodology

In the present research, first, the geographical location of the meteorological data of the
region was determined. Then, by using the PVsyst 7.2 software, the installation angle of
photovoltaic panels was determined. Next, the type of inverter was considered, selecting the
inverter based on nominal power in addition to other required equipment. The arrangement of
arrays with respect to the nominal power of the inverter was determined. Finally, after finishing
the adjustment of system inputs, the simulation was run. After initial simulators for fixed-type
panels (FTP), all of the above steps were repeated for Tracking Tilted Panel (TTP) as well as
Seasonal Tilt Adjustment Panel (STAP). Finally, based on the simulation results, type of panel
most appropriate for use was determined. The mentioned steps for selecting fixed panels are
shown in Figure 1.
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Figure 1. Design steps of the FTP panel

PVsyst software

Pvsyst is considered one of the standard simulation software in the field of designing
photovoltaic systems and has been used by most engineers globally as it provides quick and
useful results. This software simulates using a detailed and explicit study on several parameters
that affect the efficiency of a system, including the amount of solar radiation, ambient
temperature, wind speed, and physical parameters of PV panels. In addition, it has the ability to
perform periodic estimates and generate reports. The accuracy of Pvsyst software is very high
and the results are very close to the real values.

Geographic coordinates and weather conditions of the case study

The case study of this research was Payam Noor University, Hamadan Center, located at the
latitude and longitude coordinates of 48.52°N and 34.83<E, respectively. Using the Pvsyst
software, the meteorological data of this area including the amount of solar radiation, air
temperature, wind speed, and other items, was extracted and is listed in Table 1.

Table 1. Meteorological data of the case study

Month Gh Gd Average Average wind
(Kwh/m?) (Kwh/m?) temperature (°C) speed (m/s)
January 88.1 31.7 -2 1.7
February 105.1 35.8 1.3 2.5
March 142.8 58.4 7.7 3.3
April 173.9 70.0 12.0 3.2
May 216.6 75.8 17.0 2.6
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Month Gh Gd Average Average wind
(Kwh/m?) (Kwh/m?) temperature (C) speed (m/s)
June 236.4 64.3 22.3 2
July 228.6 62.8 26.3 2.1
August 208.3 66.4 25.5 2
September 179.3 46.3 20.1 1.8
October 134.1 41.6 14.3 1.9
November 93.0 29.9 6.3 1.5
December 77.8 28.9 1.4 1.5
Year 1884.0 611.9 12.7 2.2

Where Gh and Gd in Table 1 denote global horizontal radiation and horizontal scattered
radiation, respectively.

Results and discussion
Summary of the simulation results in this paper are presented in Table 2.

Table 2. Summary of the simulation

E_Grid Losses .. PR

Panel type (MWh) (MWh) Efficiency% Ratio%
FTP 54.0 8.9 85.85 84.0
TTP 69.7 13.4 83.87 83.2
STAP 56.1 9.6 85.38 83.7

By comparing the PR % results of Table 2, it can be concluded that all three combinations had
acceptable performance and no significant difference was observed in selecting each of the
proposed methods. However, if the basis of decision-making is efficiency and losses, selecting the
FTP method is the first priority for implementation, followed by the STAP and TTP methods.

Conclusion

In the current study, the feasibility of the installation of a photovoltaic unit with an emphasis
on the type of panels was investigated. The simulation results showed that by considering the
installation type, the efficiency of the system is effective. Three types of installing solar panels
were investigated including constant Fixed Tilted Panels, Tracking Tilted panels, and Seasonal
Tilt Adjustment panels. After applying the weather conditions of the study area to supply the 30
kw grid connected to the grid, the efficiency of each proposed system was calculated separately
to supply the desired load. The results of the simulation showed that if the selection criterion is
the appropriate method of performance coefficient, there is no significant difference in the
proposed methods. However, if the system efficiency and losses are more important factors in
selecting the appropriate system, the use of fixed panel system is the first priority, followed by
Seasonal Tilt Adjustment panel and Tracking Tilted panels. In addition, taking into consideration
that the use of movable panels due to the existence of moving parts has less life span than fixed
plates, they need to be replaced every few years which lead to additional costs. Thus, the first
choice of fixed panels is recommended.
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efficiency at STC = 15.358%
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Global horizontal irradiation
Global incident in coll. plane

LAM factor on global

Effective irradiation on collectors
PV conversion

Asray nominal energy (at STC effic.)
PV loss due to irradiance level

PV loss due to temperature

Module quality loss

-1.30% LID - Light induced degradation
-2.10% Mismateh loss, modules and strings.
“1.17% Ohmic wiring loss
54.9 MWh Array virtual energy at MPP
-1.40% Inverter Loss during operation (=fficiency)
+-D.11% Inverter Loss over nominal inv. power
0.00% Inverter Loss due to max. input current
0.00% Inverter Loss over nominal inv. voltage
0.01% Inverter Loss due to power threshold
0.00% Inverter Loss due to voltage threshold
-0.01% Night consumption
54.0 MWh Available Energy at Inverter Output
54.0 MWh Energy injected into grid
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(2=~ R oY W Tracking two axis

R Tilt limits 20°/40¢ Azimuth limits -120°/120°

Min. tilt [20.0 -

Max. it [40.0 - / .I I,
Min. azimuth |-120.C ° /I Viest East

Max. azimuth |120.0

South

Tracking plane, two axis

Please define the mechanical stroke limits:
Minimum tilt (Up to -90° =vertical north)
Maximum tilt (up to 90° =vertical south)

Minimum azimuth (towards east, up to -180%)
Maximum azimuth (towards west, up to 180°)
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KWh/KWp/day KWh/m“/day
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February 0.0f 2.Y0
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June AN AR (N
July Y.y AN
August Y.YY 1.YA
September v.-4 A.AY
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year Are v.£¥
——— 1884 KWhim?___— Global herizontal irradiation
i l\/ +48.1% Global incident in coll. plane
L«G 58% 1AM factor on global
2773 KWh/im® * 195 m* coll. Effective irradiation on collectors
efficiency at STC = 15.38% PV conversion
831 MWh Array nominal energy (at STC effic.)
[ +0.00% PV loss due to irradiance level
\) 1.14% PV loss due to temperature
+0.75% Module quality loss
-1.30% LID - Light induced degradation
-2.10% Mismatch loss, modules and strings
-1.38% Ohmic wiring loss
70.9 MWh Array virtual energy at MPP
-1.37% Inverter Loss during operation (efficiency)
-0.38% Inverter Loss over nominal inv. power
0.00% Inverter Loss due to ma. input current
0.00% Inverter Loss over nominal inv. voltage
-0.01% Inverter Loss due to power threshold
4 0.00% Inverter Loss due to voltage threshold
-0.01% Might consumption
89.7 MWh Available Energy at Inverter Output
69.7 MWh Energy injected into grid
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1B KWMT Global horizontal irradiation
T +18.6% Global incident in coll. plane
-1.88% IAM factor on global
2193 KWh/m? * 195 m? coll. Effective irradiation on collectors
efficiency at STC = 15.38% PY conversion
65.7 MWh Array nominal energy (at STC effic.)
N -0.21% PV loss due to imadiance level
£
J -5 46% PV loss due to temperature
{+0.75% Module quality loss
-1.30% LID - Light induced degradation
-2.10% Mismatch loss, modules and strings
3-1.21% Ohmic wiring loss
57.1 MWh Array virtual energy at MPP
-1.39% Inverter Loss during operation (efficiency)
M -0.34% Inverter Loss over nominal inv. power
N 0.00% Inverter Loss due to max. input current
M 0.00% Inverter Loss over nominal inv. voltage
M-0.01% Inverter Loss due to power threshold
4 0.00% Inverter Loss due to voltage threshold
M-0.01% Night consumption
56.1 MWh Available Energy at Inverter Qutput
56.1 MWh Energy injected into grid

STAP s 4l olgf idhy 15 To JS

1q



VY141 1) o5les «(VF+Y) Yo (31,15 code dolidias i y5dos g b 3 o yed S £95 ST oy

ol 0 00ls Las Ve o jleds Jaaz j0 dlie cpl 0 a3 T O g0 slagjludnd gl Ao

&b g b6 dulio Ve Jgu

65b Ad (EM(\Z;;,(; , ||3|SSV§|i) Effic./i.ency PR I./?.atio
FTP Of.- A.Q AO.AD N
TTP £4.Y W AY.AY AY.Y
STAP oF. a.7 AD.YA AY.Y

2i5lyign Jo,55 5 b B 5 5Lt | S 5 a2 45 5,5 s plsicen 1+ o 3oz ol IPR alioy

3 osbeail, 6}5&“’-@ sl )f| Lol .cnls A:o‘aéu' S9>g as"“\""’ gla ‘L;QM sl i, sl ﬁ\.&f o ol o,

5 STAP (o iy s 9 silwosly Jsl Caglsl o FTP g, ol a5 095 0 oaaline wadly Slils (50
28,5 algs 3 gilwools g Sl som slacuglsl o TTP

& 5 4o

5955 5 0T b Slidged aoly o (o3l 5 cums 28 i Sl PVSYSE JJ5la 5 S8 4y allie (ol 0
Sy doles Fhe i loadly j0 da i vl 8955 a4y dz g5 oS Bl L gilwand gl al oy b cual
SO A8 3 gy 390 Alie Gl o (lab ekt o 5 Db (Il ol gandyoB S eal gy Joe 4
S o el @S @y oo laglS Ve b (el (6 anllan 8,50 dilaie oo 5 OF Ll yd Jlae 5l ey 5
Sz > M Ol (ilednd 00 5 alone [ome g0 a4y S5 0550 ) (el Sz (g3l Slopis
o 31 00l cdly 1o y95 51 (6 yion Camadl | piacs loaily 5 Sl 4y dz g3 sl s Sl jo ST
22y slads Ll po g pgo Coglgl o (b iie cond Syl odliil s 9 S gl Zuglgl <ob Ju
S e lizl ez Judo 4 S e oy 5l coliiwl aS pl 4y ax gl b pioren (8 Sanlgs 8 s Cuglsl
pilinne 395 45035 (Augni (Sl JoSo Jlo iz po Il oo Sul sladdn 4 S (552657 poe Jsbo sl
S92 dalgs 2ol (slaay Jol Sl sST 5 al e (Sl dije B0

References

[1] Shrivastava, A., Sharma, R., Kumar Saxena, M., Shanmugasundaram, V., Lal Rinawa, M., &
Ankit. (2023). Solar energy capacity assessment and performance evaluation of a
standalone PV system using PVSYST. Materials Today: Proceedings, 80, 3385-3392.
https://doi.org/10.1016/j.matpr.2021.07.258

[2] Yazdani, H., & Yaghoubi, M. (2021). Techno-economic study of photovoltaic systems
performance in Shiraz, Iran. Renewable Energy, 172(1), 251-262. https://doi.org/10.
1016/j.renene.2021.03.012

[3] Meral, M. E., & Dinger, F. (2011). A review of the factors affecting operation and efficiency
of photovoltaic based electricity generation systems. Renewable and Sustainable Energy
Reviews, 15(5), 2176-2184. https://doi.org/10.1016/j.rser.2011.01.010

Yoo


https://doi.org/10.1016/j.matpr.2021.07.258
https://doi.org/10.1016/j.renene.2021.03.012
https://doi.org/10.1016/j.renene.2021.03.012
https://doi.org/10.1016/j.rser.2011.01.010

oo L3 YY=14) 3 oylols ((VFY) Vo (81,15 sode aoliliad

[4] Amelia, A., Irwan, Y., Leow, W., Irwanto, M., Safwati, |., & Zhafarina, M. (2016). Investigation
of the effect temperature on photovoltaic (PV) panel output performance. International
Journal on Advanced Science, Engineering and Information Technology, 6(5), 682-688.
https://doi.org/10.18517/ijaseit.6.5.938

[5] Dash, P., & Gupta, N. (2015). Effect of temperature on power output from different commercially
available photovoltaic modules. International Journal of Engineering Research and
Applications, 5(1), 148-151. https://www.researchgate.net/publication/279497414 Effect

of Temperature on_Power_Output from Different Commercially available Photovo

[taic_Modules

[6] Rahman, M. M., Hasanuzzaman, M., & Rahim, N. A. (2015). Effects of various parameters
on PV-module power and efficiency. Energy Conversion and Management, 103, 348-
358. https://doi.org/10.1016/j.enconman.2015.06.067

[7] Chaichan, M. T., & Kazem, H. A. (2017). Effect of sand, ash and soil on photovoltaic performance:
An experimental study. International Journal of Scientific Engineering and Science, 1(2),
27-32. https:/Anwwv.researchgate.net/publication/313996729 Effect of Sand_Ash and_So
il_on Photovoltaic Performance An_Experimental Study

[8] Darwish, Z. A., Kazem, H. A., Sopian, K., Al-Goul, M. A., & Alawadhi, H. (2015). Effect
of dust pollutant type on photovoltaic performance. Renewable and Sustainable Energy
Reviews, 41, 735-744. https://doi.org/10.1016/j.rser.2014.08.068

[9] Tanesab, J., Parlevliet, D., Whale, J., & Urmee, T. (2019). The effect of dust with different
morphologies on the performance degradation of photovoltaic modules. Sustainable
Energy Technologies and Assessments, 31(11), 347-354. https://doi.org/10.1016/j.s
eta.2018.12.024

[10] Kazem, H. A., & Chaichan, M. T. (2016). Effect of environmental variables on photovoltaic
performance-based on experimental studies. International Journal of Civil, Mechanical
and Energy Science 2(4), 1-8. https://www.researchgate.net/publication/307964486 _Eff
ect_of Environmental Variables on_Photovoltaic Performance-Based on_Experime
ntal_Studies

Ve


https://doi.org/10.18517/ijaseit.6.5.938
https://www.researchgate.net/publication/279497414_Effect_of_Temperature_on_Power_Output_from_Different_Commercially_available_Photovoltaic_Modules
https://www.researchgate.net/publication/279497414_Effect_of_Temperature_on_Power_Output_from_Different_Commercially_available_Photovoltaic_Modules
https://www.researchgate.net/publication/279497414_Effect_of_Temperature_on_Power_Output_from_Different_Commercially_available_Photovoltaic_Modules
https://doi.org/10.1016/j.enconman.2015.06.067
https://www.researchgate.net/publication/313996729_Effect_of_Sand_Ash_and_Soil_on_Photovoltaic_Performance_An_Experimental_Study
https://www.researchgate.net/publication/313996729_Effect_of_Sand_Ash_and_Soil_on_Photovoltaic_Performance_An_Experimental_Study
https://doi.org/10.1016/j.rser.2014.08.068
https://doi.org/10.1016/j.seta.2018.12.024
https://doi.org/10.1016/j.seta.2018.12.024
https://www.researchgate.net/publication/307964486_Effect_of_Environmental_Variables_on_Photovoltaic_Performance-Based_on_Experimental_Studies
https://www.researchgate.net/publication/307964486_Effect_of_Environmental_Variables_on_Photovoltaic_Performance-Based_on_Experimental_Studies
https://www.researchgate.net/publication/307964486_Effect_of_Environmental_Variables_on_Photovoltaic_Performance-Based_on_Experimental_Studies

