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Fig. 2- Schematic diagram of the off-grid photovoltaic system

Agricultural Mechanization & Systems Research
25(91), 2024

f



TP ISR

Oleme dan a0 Fe a¥lu pygd ol a5 s o
Llod Jlo olwlre 1o oS sla pal )b 5l SO
35

o g b
gyl 50 a4 et poivw © ySlos

gyl o A 4y ate Sl gt i
od)'l_g l_s 6))_11 u.Cng_)‘gBLS FEYYY aVl_w
DS oo aJo OlgelSTel il ST VNI 05—
4395 9 () sbeole ;o (65,51 adgs Ol (n i
= el Slag LS H/FA L5 OITYY sga> L (lianls)
u))_,.,oS Cmwlolo u_)‘ B 6M)? L}M.:l_> )
agil g pelawd glmolo ay by ye 0 Jgi (l5 e
= el Slgg LS VEE L VYY o0 L (b))
S Sl ool awle vy FA/OY L I (PR)
A=Y D) 5 lasliwl o5 5l =S YL wlaly |Js 4
(F K8 el (oo

e Sl 9935 5l wiamapns e g3LaiBl 35 o

el 9 g3l Olos

3l slaegerme (28,5 L5 5o Lo laggslwansd
5o gmlis B il Gl i (28ly Sl
Ot
5 G Jlw sl Lo Judos olas 2 yloumily el
Ladgile (cmed ploasly bl g oo joe ooniny
el ool a8 )5 la5 5 ao 0 YA Jolre
Sl ool el Ll s bl o T Sogll wlals
P o3 0 LBl (gl g 0oy Vel sl
R
ol 9 GAelS (2,8 T il Ol e
Ol am il ol )L SO (38,5 a3 o gy
Sl (il Sl S e loie an Sy LS 0
00 )| s 2Lt 0 Shae o )] L5 48
o

sl = oloaidl oo s goladl ol 2
G S E e Slabes 5 @ISl sloayse
Vel i Bman ol VEE Y Jlo o gud o5

Al Jh gl o0 STy Ly, YV -+ v Sy LS

-
L]

—
o
T T T

[o2]

Normalized Energy [kWh/kWp/day]

Jan Feb Mar Apr

Lc: Collection Loss (PV-array losses)
Ls: System Loss (inverter, ...)
Yf. Produced useful energy (inverter output) 3.07 kWh/kWp/day

May  Jun

T T T T T T
1.47 KWh/KWp/day :
1.66 kWh/kWp/day il

Ju Aug Sep Oct MNov Dec

(oaniuas OlgshS’ 2 (g1l ) aung )l poead y3 Bndle 5 g -V JSS
Fig. 3- Normalized energy production in Urmia (per KWp installed)

1- Degradation
3- Auxiliaries

2- Soiling

Agricultural Mechanization & Systems Research
25(91), 2024



V-VE Qo VEY 5al/AY 5)loud /Y0 s/ (55,9l (ygmenl juilKle g Laailobs ol

1.2 T T T T

Performance Ratio PR

Feb

Jan

Mar  Apr May

PR: Performance Ratio (Yf/ Yr): 0.495

Jun

Ju  Aug Sep Oct Nov Dec

09yl e 33 Sl 3,508 Camd —£ JSU5
Fig. 4- Performance ratio of the PV system in Urmia

OO 5o Al a0 o prvwaw & ySlos
5 Cel—wlggl ST OOYAY (L_2l5 ;o o

s el el S VF R 05 enl Ly s
S5 eSilee (F S5) 9 o a5 Stk
FIPA L e (Y Jlw S Jsbo )0 s il
Sl o5l Ll SulgelS 0 celwlggls
] e a Lo sl Jmad jo (65l adgr asilale
Sga dy (310 ,0) (ybials (slmole ;o 0 dgi oy i
)50 595 5 S lgskS 1 celw gl O
4o (oo (60 ale) sy sloole jo wdgi (p S
395 9% S lgslS o Celwlygl S FIV 290>

(F USS) ab o rals

baipayl—is (O JS—b) alals Jlog i o

Jlw 55 Jsiloe oleassly aals Jolt Lol clils
A g (0o YY) olos wlali (o—s,s 4/A) YO
51 b (9o YAAY) (il Oliagzs lals o5
Yaiol ) ol el il Slge LS 0 el L
L Gl f asle) a8 slojls Ly b,
oo olal 5Is PR, s 15l (oliss,
Ll (aoyd PNY) Jgiloe oidlas Gl Jol s
ali g o(a

Ll el

2,0 V/f)AC o2
aS s e pladd adl ol ol (amo oV /A L)

29

ablie ;o loasly o9 g 6l el sla)b o pos
ol Sl S b b

Agricultural Mechanization & Systems Research
25(91), 2024

£



TP ISR

e Sl 9935 5l wiamapns e g3LaiBl 35 o

1976 KWh/m?
+14.4%
-1.97%
-3.00%
2148 kWh/m? * 186 m? coll.
efficiency at STC = 21.31%
85076 kWh
-9.80%
-0.59%
-3.93%
+0.75%
-6.13%
68268 kWh
N 0.00%
N 0.00%
N 0.00%
N 0.00%
N 0.00%
N -0.04%
67015 kWh
-29.81%
44324 KWh

Global horizontal irradiation
Global incident in coll. plane

|AM factor on global

Soiling loss factor

Effective irradiation on collectors

PV conversion
Array nominal energy (at STC effic.)
Module Degradation Loss ( for year #25)

PV loss due to irradiance level
PV loss due to temperature

Module quality loss

Module array mismatch loss

(including 4.1% for degradation dispersion
Ohmic wiring loss
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
Available Energy at Inverter Output

Auxiliaries (fans, other)

AC ohmic loss
System unavailability

Energy injected into grid

Aoyl 3D dSiu d Juaie i AT Jldg0d —0 S
Fig. 5- Loss diagram of the grid-connected system in Urmia
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Fig. 7- Performance ratio of the PV system in Kashan
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Fig. 8- Loss diagram of the PV system in Kashan
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Abstract

This study comprehensively evaluates the technical and economic performance of grid-connected pvsyst in
Urmia and Kashan, comparing them with an off-grid system in pvsyst. The results indicate that the grid-
connected system in Kashan, benefiting from higher solar irradiation, achieves superior performance
compared to Urmia. High energy consumption by auxiliary equipment, particularly a constant 5 kW
nighttime load, was a major challenge for both systems, with a more pronounced impact in Urmia due to
lower energy production. Thermal losses and long-term module efficiency degradation also affected
performance. Economically, grid-connected systems demonstrate high investment attractiveness, with a
payback period of 3 years, an internal rate of return of 71.99%, and a levelized cost of energy (LCOE) of
approximately 2,700 IRR/kWh, assuming accurate input data. These systems also offer significant
environmental benefits by reducing greenhouse gas emissions. Conversely, the off-grid system faced a 31%
energy shortage, compromising its reliability for critical applications, with energy wastage during battery
saturation periods indicating suboptimal capacity design. The off-grid system’s LCOE is substantially higher
due to high initial battery costs, periodic replacement expenses, and lower efficiency. The analysis confirms
that grid-connected systems, when supported by reliable grid infrastructure, provide superior technical and
economic performance compared to off-grid systems, which are primarily viable in remote areas without grid
access. However, the sustainability and economic viability of grid-connected systems heavily depend on
supportive policies and stable regulatory frameworks.
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