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Abstract

In recent years, the concern of human society regarding the phenomenon of global warming and pollution caused by the
high consumption of fossil fuels for sustainable energy production has increased. The purpose of this article is the
technical and economic evaluation of electricity production by solar panels in remote areas that do not have access to the
national electricity system or are facing problems such as continuous power outages. We also examine the factors
affecting the design, implementation, and maintenance costs of the photovoltaic system, and in terms of environmental
pollution, there is a comparison with power plant systems. The results show that energy production is affected by various
factors such as atmospheric conditions and temperature, so that the highest consumption and lowest energy production
are observed in cloudy months (January and December). The efficiency of the system reaches its maximum in summer
and in standard conditions, the photovoltaic efficiency is 16.56%. The amount of energy produced annually is equal to
3170 kilowatt hours, of which 2929 kw.hr are consumed and 141 kw.hr are wasted. Also, the estimation of greenhouse
gas emissions shows that the use of photovoltaic system is equivalent to saving 1.7 tons of CO, emissions from natural
gas fuel and 18 tons from gasoline fuel. The costs related to the purchase of equipment and maintenance of the system
have also been investigated and the economic and environmental efficiency of these systems have been evaluated.
Keywords: Photovoltaic, Fossil Fuels, Renewable, Solar energy, Technical and Economic Evaluat
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Module area 10.2 m?
Cell area 9.0 m?
Array losses
Thermal Loss factor DC wiring losses Serie Diode Loss
Module temperature
- . - Global array Voltage

according to irradiance res. 46 mQ drop 07V

20.0

. 1.5% Loss 1.0% at
Uc (const) ;V/mz Loss Fraction at STC Fraction  STC
Uv (wind) 0.0 W/mK/m/s
Module Quality Loss Module mismatch losses lSct'lengs Mismatch
. . 0.6% Loss

- 0, 0,
Loss Fraction 0.8% Loss Fraction 2t MPP  Fraction 0.1%
IAM loss factor
Incidence effect (IAM): Fresnel smooth glass, n = 1.526
0° 30° 50° 60° 70° 75° 80° 85° 90°

1.000 | 0.998 | 0.981 | 0.948 | 0.862 | 0.778 | 0.636 | 0.403 | 0.000
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General parameters

Standalone system
Standalone system with batteries
PV Field Orientation

Orientation Sheds .
configuration
PV Field Orientation No 3D scene defined
Fixed plane
Tilt Azimuth 35/0 Models used
User's needs Transposition Perez
Daily household consumers Diffuse Perez,Meteonorm
Constant over the year Circumsolar separate
Average 8.0 kWh/Day
PV Array Characteristics
PV module Battery
Manufacturer Resun Solar Manufacturer Victron Energy
Energy

LFP-CB 25.6V/
Model RS5A-210M Model 180Ah
(Original PVsyst database) Technology Lithium-ion, LFP
Unit 210 Wp No. of units 4 in parallel x 2 in
Nom.Power series
Number of PV . Discharging min. o
modules 8 units S0C 10.0%
Nominal (STC) 1680 Wp Stored energy 32.4 kWh
Modules 4 Strings x 2 In series
At operating cond. (50°C) Battery Pack Characteristics
Pmpp 1509 Wp 64V Voltage 51V
U mpp 64V Nominal Capacity 720 Ah (C10)
Impp 24 A Temperature Fixed 20 °C
Controller Battery Management control
Universal controller Threshold SOC calculation

commands as
Technology MPPT converter Charging SOC=0.96/0.80
Temp coeff. -0 Dischargin SOC=0.10/0.35
p coett: mV/°C/Elem. ging = AR/E

Converter
Maxi and EURO efficiencies 97.0/96.0%
Total PV power
Nominal (STC) 1.68 kWp
Total 8 modules
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State of charge daily distribution
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Array Power Distribution
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Daily Array Output Energy

— Effective gngrgy at the output of the array
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Loss diagram

1973 KWh/m? Global horizontal irradiation

+152% Global incidant in coll. plane

-24T% 1AM factor on global

2218 KWh/m* * 10 m coll Effactiva irradiation on collectors

efficiency at STC = 16.56% PV conversion

3752 K Array nominal energy (at STC effic.)

PV loss due to imadiance level

9.74% PV loss due 1o lemparature
+0.75% Module quality loss

£.70% Migmateh loss, modules and strings
-2.28% Ohmic wiring loss
-4.50% Unused energy (battery full)
3149 KWh Effective energy at the output of the array
Converter Loss during operation (efficiency)

Carverter Lass over nominal conv. power
Corverter Loss due lo power threshald
Converter Loss over nominal conv. voltage
Converter Lass due 1o veltage threshold

Misting 3019 ki

energy | Direct use Stored
000% N 491% 50.9%
0.0 kWh

Convarter losses (effic, overload)
Battery Storage

0.00% Battery Stored Energy balance
2.18% Battery efficiency loss

-1.97% Charge/Disch. Current Efficency Loss
0.78% Battery Self-discharge Current
Energy supplied to the user

2029 kWh

2929 kWh

Energy need of the user (Load)
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Main rasults

System Production

Avallable Energy 3T kWhiyear Performance Ratio PR 7660 %
Used Energy 2629 kWhiyear Solar Fraction SF 100.00 %
Excess (unusad) 151 kWhiyear

Loss of Load Battary aging (State of Wear)

Time Fraction 0.0% Cycles SOW 969 %
Missing Energy 0 kWhiyaar Static SOW 90.0 %
Normalized productions (par installed kWp) Performanca Ratio PR

1 T T T T T T T T 13 1 T T T T T T T
; Lutmimed enegy (bobery Rl 0.28 ARy 3 . PR Partamanea i (1)
L Collsctin Losg (Py-anmay insess) " GF S Frackan B39 Elcad) 100

S——

Apr May Jm bd o dug S Ot M Deo dn Fe Mar A MGy dn g S Ot Mo Dec

Balances and main results

GlobHor GlobEff E_Avall Elnused E_Miss E_User E_Load SolFrac

KiWh/m' Whim? kivh KWh kivh KWh kivh ratio
January 1076 1737 2658 261 0,000 288 LT 1.000
February 1214 1787 2682 2 0.000 247 247 1000
March 160.3 1878 2767 27 0,000 288 LT 1.000
April 1181 1787 2572 623 0.000 2408 2408 1.000
May 2130 1807 2654 11.50 0.000 2488 2488 1000
June T8 1827 2600 an 0,000 2408 108 1.000
July Fabd ] 1876 2538 0.00 0.000 2488 2488 1.000
August 2083 1090 2604 008 0.000 2488 2488 1000
Saptember 1185 1978 M 2% 0.000 2408 108 1.000
(October 150.7 1008 2834 2556 0.000 2488 2488 1.000
November 1134 1748 259 84 0.000 2408 2408 1000
Dacember 95 1672 2533 8.00 0.000 2488 pLEE] 1,000
Yaar 18731 Al 3705 15140 0,000 25 20385 1,060
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RETScreen - Emission Analysis
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Daily solar radiation - horizontal
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sl Daily solar radiation - horizontal
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Month

/™ Air temperature

s & B B B 7
Air temperature ("C)

o w

Heating design temperature 25
Cooling design temperature 33
Earth temperature amplitude 264
Month Pir Reltve oo DANSOR pcepherc | e E30 Hesting  Cooling
ontl tempersture humidity P o Dressurs tempersture  degree-days  degres-days
C % mm  Kwhimid  kPa mis © “C-d Cc-d
January 55 53.0% 10.85 278 880 44 28 388 0
February 82 46.0% 672 375 877 5.1 56 274 0
March 134 37.0% 961 461 874 80 111 143 105
April 19.0 33.0% 480 539 870 86 183 0 270
May 247 25.0% 248 653 8.7 66 247 456
June 298 18.0% 150 718 862 8.1 294 0 594
Juty 315 17.0% 062 733 859 84 308 0 667
August 205 18.0% 1.86 717 262 57 287 0 605
September 254 19.0% 210 611 868 44 243 0 462
(October 18.1 27.0% 341 483 875 38 177 0 282
November 122 38.0% 7.80 339 279 13 10.1 174 86
December 7.1 47.0% 11.16 269 8.1 39 44 338 0
Annual 188 314% 6291 515 871 52 174 1316 3.506
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