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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 77.8 289 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.

p 1 E_Grid Losses ) PR
aneltype (MWh) (Mwh) ~ Efficency%  Ratioo,
FTP 54.0 89 85.85 84.0
TTP 69.7 134 83.87 83.2
STAP 56.1 96 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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Daily Input/Output diagram
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L Lc: Collection Loss (PV-array losses) 08T kKWh/kWpiday J
Ls: System Loss (inverter, ..} 0.07 kWhikWp/day

¥ Produced useful energy (inverter output) 4.94 KWh/KWp/day
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1.1 - PR: Performance Ratio (Yf/Yr): 0.840

Performance Ratio PR
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Jbe glake KWh/lZ\IVp/day KWh\/(r’rrF/day
August 7.A¥ O.¥YA
September 7.q¥ .Y
October b.v# f.AY
November f.vy .Yy
December AR Y.vy
Year O.AA f.q¥
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—— 1884 kWNm’i),,,{fL Global horizontal irradiation
T Global incident in coll. plane
1AM factor on global
2100 KWH/M® * 195 m* coll. Effective irradiation on collectors
efficiency at STC = 15.38% P conversion
62.9 MWh Array nominal energy (at STC effic.)
PV loss due to iradiance level
PV loss due to temperaturs
Module quality loss
LID - Light induced degradation
Mismatch loss, modules and strings.
Ohmic wiring loss
54.9 MW Array virtual energy at MPP
Inverter Loss during operation (efficiency)
Inverter Loss over nominal inv. power
Inverter Loss due to max. input current
Inverter Loss over nominal inv. voltage
Inverter LoSs due to power threshold
Inverter Loss due to voltage threshold
Night consumption
54.0 MWh Awvailable Energy at Inverter Output
54.0 MWh Energy injected into grid
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Field type |RIEE il R

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

Min. tilt |20.0 —~

Max. tit |40.0 = 2 / ‘i r
Min. azimuth |-120.C : /I VWest _ _ 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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. Lc: Collection Loss (PW-amay losses) 118 KWh/kWpiday T

L= System Lose (nverter, ..} 008 KWnikWpiday 7
¥ Produced useful anargy (invertar output) 636 KWhikWpiday T

Mormalissd Frergy [KWhkWpiday]
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- PR: Performance Ratio (¥ /%) - 0.832
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Dl oo Cawdas ¥ alal) (SaS b s auaS FTP (gl assil alie o Slos g o
g oo odalie ¥ Jgaz 10 a5 jsbles el ool 035l Y Jgaz ;0 PR acslore g Yr g Yi polie oS

FTP gt Yr g Yt polio .V Jgo

Jle glaoko Yf er
KWh/KWp/day KWh/m*/day
January T.A¥ O.YA
February b.0f 2.Y0
March 0.A0 7.V
April 7.2v Y.AY
May V.VE .Yy
June AT AR A
July vy 4AA
August Y.YY .YA
September v.-q A.AQY
October O.YA £.9A
November b.-# o.va
December f.FF AN
Year 7.X5 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
£3.1 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
9.7 MWh Available Energy at Inverter Output
69.7 MWh Energy injected into grid
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Field parameters

Tilt S=20°/W=50° Azimuth 0°
Summer Tilt |20.0
Winter
Winter Tilt |50.0 =
Azimuth (0.0 e A F
West East
Summer
Winter months South
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KWh/m*  KWh/m Co KWh/m*  KWh/m KWh KWh ratio
January AN YV.vY VA I\ AR Y. 5 FAFA <A\
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April A v..-¥ \Y.-F VAL YAV fAY fYfo < AOY
May Y\P.# YO.AY V790 Y\7.0 YV)Y OFfY oYYv- <. AYY
June YYe.¥ #f.v4 YY.©) yYya.y YYY.A OOBY OFYY -.vag
July YYA.#? #Y.Y0 Y£.YY YYQ.Y Yy-.. OYYD AR <. YYA
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Lo: Collaction Loss (Py-aray nssas) 10,93 kWY ey ]
Ls: System Loss (mvertsr, ..} 0.07 KWn/kiWp/day
¥f: Produced useful energe_tovertar output) 513 kKWhikWp/day
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Performunee Ratio PR
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May 0.YY .99
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1384 KAM Global horizontal irradiation
T +18 6% Global incident in coll. plane
-1.88% IAM factor on global
2193 KWhim® * 185 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
Ny
J 9.46% PV loss due to temperature
{ +0.75% Module quality loss
-1.30% LID - Light induced degradation
-2.10% Mismatch loss, modules and strings
1-1.21% Ohmic wiring loss
57.1 MWh Array virtual energy at MPP
-1.3%% Inverter Loss during operation (efficiency)
N -0.34% Inverter Loss over nominal inv. power
M 0.00% Inverter Loss due to max. input current
4 0.00% Inverter Loss over nominal inv. voltage
[ -0.01% Inverter Loss due to power threshold
N 0.00% Inverter Loss due to voltage threshold
M -0.01% Night consumiption
56.1 MWh Available Energy at Inverter Qutput
56.1 MWh Energy injected into grid
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