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Technical analysis of 1.25MW grid
connected solar photovoltaic power plant

Abstract

The main purpose of this article is to provide a technical analysis
of a grid-connected photovoltaic plant, so that the project of the
photovoltaic plant/1.25/ MW was selected for this study. The plant
components have been characterized and their performance
parameters studied as mentioned in the International Energy Agency
(IEA). So that, these parameters were calculated based on the
station’s data for the year 2020. Then PVsyst software was used to
model a similar plant for check the values of the performance
parameters. The simulation results are compared with the calculated
results. In addition to that it was suggested to use Bifacial modules
and the results of using this type of panels were analyzed. The
results showed that the studied plant operates close to the expected
generation of the simulation program which be used, and that its

performance ratio and capacity factor are good.

Keywords: grid-connected photovoltaic plant, PV SYST
software, Bifacial modules, performance parameters
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(1sd IS oY) Caudai 6 se by Lee Aasall i olie jaias ang LS (3t
(24000 M?) a1 dali als
puadd) g lady) ity —2-1
o 35n5n Sl (e Audal) 038 8 Laskidll pesell g ey slae s
S Adla) Adal Bha dapyg sall Bl Aaydg Ll dejug dugh)ll (el adsal
ol g lalY) LS adiad lall aa ¢ il phan Ao cuall) g ladl) Gulidl el
aalsal sl ol dungs Waila L) (hag clobiag sl 15l ola e

132



angi O cma Sl Jladl) 580 Cauai 8 adlsall 00 Jue Al gl
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delainly ) slael 2 a3 Auhal)l dal ey clgudd dellia¥) Jaad degens
18 e ol clealse (1)dsaadl ome ¢« 15.4% laagaye A 250W
aiad

a2l Clialga (1) Jsaad)

Electrical Data
Nominal power watt Py« 250 Wp
Power output tolerance Py, 0~+4.99 W

Maximum power voltage Vi, 30.34V
Maximum power current I, 8.25A
Open circuit voltage V. 37.33V
short circuit current I, 8.69 A
Module efficiency Ny, 15.4 %
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Vbe max 1000v

Ve mpp 390-800v

Ipc max 33A/33A
Isc py 43A/43A
Vacr 380/400/415V
Pucr 25000W
Smax 25000VA
facr 50/60HZ

Lac max 36.2A
cos @ 1

rddanall ddla) ciligge —5-1
lleally bl aUail ZalaY s c¥saally LK de gane lisSall oda (panaT
dudls (g deasll Zan (1X6) phaar saise jigh LIS andid Ldhall ol
Loy pyrall ( diasll Zan (16X4) ahate DLy gz yrally diiguing gSl) Ll
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S ey (dexdiual) el Slall cOLS Jlghl e lKaY) 508 Casanll Gl
sl Gl i)l angll dagl ) ey pead Glagl ) Glarall deas
& e i o5 2 Lgiloshiuey C¥saall duillyg (Alsadd) o AL (aididl)
Ldll Claalsall dplae sl o322y ((630)KVA delliuls (20-0.4)KV s
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1 agts Cus ¢ cluster controller jlgs lgan ae dhaie Glajeall zoes
B Janll L85l Gl g ollig ccaulal) LY Lgiey cililad) peny Slead
sl il il gl cAlgiial) Z8Uall ana algal) LAl ana tpe 3Eal)
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:(1.25 MW)
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el Al #4121 5118 ) Bile dluls U5 zyme JSI Ja1e 6

: ARl Ligins Adasall (g Lgali) Aadgial) 4 ylaill A8Ua) Caens

E ideal = KWP x PSH x 365
= 1299 x 5.8 X 365 = 2749983 KWh

1299 KW Lileay) dsan) delain¥ls ool 5130 4S5al #1sl) 2ae o) daa
el 5.8 (PSH) osadll g laiy) cilels 23 Jaugic o(3) dsaal) 3 dine ay
anal) (e Lgalis) aigiall duylail) AUl (05< ¢[3] Ljgm (B Goadl) ullal o
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PVsyst @oh’)g ANREE sl ét\.l (6) Jgasl)

New simulation variant
Balances and main results
GlobMor DiffHor T_Amb Globlnc Globefy EArray E_Grid PR
Wh/m? kWh/m? o KWh/'m? EWh m? MwWh MWh

January 80.0 3130 7.04 a2 109.0 1247 123 0.7
February 21 35.80 7.5 1246 1136 1S 1299 0.820
March 192 50.20 10.98 167.9 1540 178 1744 o.m?
April 1740 130 16.08 1852 1689 199 1862 o0
May 2198 60.10 20.06 2085 1919 096 2085 o
June 73 $4.30 .56 149 1969 118 W73 0.758
July 99 54.60 #“n ms 035 2160 a7 o750
August 151 s1L.10 24.99 2188 014 1.2 9.0 0.751
September 713 410 2.4 196.7 1818 1936 1858 0759
October a2 40.00 19.56 167.9 1541 169.2 165.9 o
November 882 nx 1268 1ma 1189 2 1286 0769
December 725 2880 a8rn 1144 1019 1138 1115 0.766
Year 18571 3880 16.68 20043 18970 20829 20419 0774
Legends:  Globkor Morwontal global iradhabion GlobEN Efective Global, corr, for TAM and shadings

DiftHar Horsomal afMuse irnadiation EArray Effective energy at the output of the anay

T_Amb Ambient Temperature E_Grig Energy imjected into grid

Globlnc Global mcdent in coll. plane R Performance Ratio

rAadail) milii -1-3
culS L 1857.1KWh/m? iy siadl Jaay) &Y glady) Jaes of 0ad
KWh/m?Gsiu pasdll s o Lid ) ddlaay) owedll g lady) a8l
9 Aigung Sl Agiadll )3 (e lgle Jgeanll 5 Al dall) s 2074.3

. 2082.9 KWh

ol 4l Jaad ¢ 77.4% sSlaall (sgiall oY) Jane l elaY) claanal Lol
e PVSySt zalin aladiuls lgle Jouanll & Sl o) G o S 358 lla
O ¢(5) saalh Bl Lol @ ) Lol 38U Alaadd el oY) i
Sl ezl )3 A Jalada (7)<
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il Yy il 2yl ded Lads ¢ 0.09KWh/kWp/daysUsill cile b
(7)ol IS 3 mmse 5o LS 4.4kWh/KWp/day

Main simulation results
System Production Produced Energy 2042 MWh/year Specific prod. 1606 kWnh/kWp/year
Performance Ratio PR 77 40 %

Perfarmance Ratio PR
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BlSlaall (e Aaalil) elaY) @ilaaas (7) ISl

:ale buall ki —2-3
Jaee iy Cum 33lyeS Al ) el #1509 o ALl daveal] 28Ul Jas
penall (gsina Glo Jladll g ety (1857.1KWh/m?  Jleay) &Y ¢ Lyl
s eS) disatll s Daa) ddghcad) Al s<E (1897KWh/m? s
Caigyh 4 15.20% & Lisasse)) I sl o Llaels (2415MWH
Glebuay dllilly phally aalill clelun Gls 20y ((STC) Lawlall HLaaY)
A5yl ddghadl B8l (5858 o 151V Bagn dilinls daag¥) cilelpally (3l aae
058 yrall Glelua dilia) 20 25 2083 MWH o lle Jpaall 5 S
zase WS 2042 MWH gadl 73 v lgle diass 3l dsliad) 28l
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e +11.7% Global incident in coll. plane

0.05% Global incident below threshald
"t <3 1% Noar Shadings srackance oss
-2 63% 1AM factor on global

S00% Soding loss factor

1807 xWhvm* * 5379 ' coll Effoctive irradiation on collectors
efficency at STC = 15.20% PV conversion
2415 MWh Arrsy nominal energy (st STC effic)
A 60% Moaule Degradason Loss | for year #2)
-0 46% PV loss que % imadiance level
> A 68% PV iloss due o lemparatum
A1.01% Shadngs Electrical Loss acc. 10 sirings
«1.00% Module quality loss
-2.00% LID - Light induced degradation
1 10% Mismatch loss, modules and sirings
DA% Ohmic winng foss
2083 MW Array virtual energy st MPP
=5 +1.08% Inverier Loss during operation (eMaency)
0.00% Invariar Loss oyer nominal iny. power
0.00% Irwerter Loss doe to mas. inpul current
0 00% Inveniar Loes over nomingl iny voltage
L.01% Irvenier Loss due 1o power threshold
0.00% Invartar Loss due 1o voltage thrashold
2042 MWh Avallable Enorgy at Inverter Output
2042 MWh Energy Injected into grid
e DS

ALIS il Sle Lzl Lalads (8) J<al

: A0 il g lsil aladialy Laiait-3-3

ol e diles Bifacial g5 e 1Y PVSYst J) alasauls dada cupal
VW) delaiud of Slael @lldg 29.50% dumdl 353505 535W ST delainlg
i yeSl) =15 (e ol 138 lasinl e gl ) chinidie dasall b 4S)al)
Aaly ap Julby WAl sl mlad) Lo el g ledY) e sl s
O daliadl uin die 4 (gl aalsall Bl e mids il (KWh ddasadl)
el e G (9) UKl 78 3168 dadaill s 151 220
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PV Array Characteniatics
PV module Setmono Moded PSMTA

Cuntom parsmetens defrion Marsdachaer  Phidadeipie Solar
Nurnber of PV modules 0 sores 16 mooues In parater 108 stings
Totsl number of PV modules Nt modules 3168 Unt Nom. Power 535 Wp
Aoy ghobe powes Nominal (STC) 1698 MWy Al operaiing cond. 1530 KWp (50°C)
Anwy opersting chassctemtics (50°C) Umpp STV Impp 2064 A
Totsl aren Module ares 8209 " Cefl aren ST
invertar Modet  Sunay Tripower 25000TL .30

Ongnad PVyyst databose Marwfachorer  SMA
Chraracterindhos Operating Volage 90-200 V Unit Nom. Power 250 MWee
rwarter pach NS of rwvarters 60 urits Total Power 1575 MWWac

Prom tio 108

el Al adl) bl (9) J<a
5.04 kWh/kWp/ el zyls 88.75% el) L of dadaill il iy
&5« 0.54kWh/kWp/day ddseadl clelua L clelun s Wi« day
(10)JSalls mmase LS 0.1 kWh/kWp/day aUaill cilelua Lg dad Jiad
Asdall il elay 3
Aanlll Aolyel Al o ek (11)  JSalh cleluall Lahdag
.3119 MWh/year
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Al ) dagy 4 (1.25MW) A gua g 4gS Aasnal A8 oY) Jylas

Main simulation results
System Production Produced Energy 3119 MWhl/year

Performance Ratio PR  88.75 %

Specific prod. 1840 kWh/kWplyear

Nor

(per i

KWp):

power 1695 kWp

Ls : System Loss (invertes
Y1 : Produced useful

Lc: Collection Loss (PV.aray losses)

1 1 1 1
0.54 KWnkWpiday
1 KWhKkWpiday

KN piday

Performance Ratio PR

10 T T T T T T T T T T

ance Ratio (Y11 Yr) : 0.888

[

Erorgy

Pedormance Fao PR

Normad edt

Jul  Aug Sep Ot Nov

New simulation variant
Balances and main results

GlobHor DiffHor T_Amb GloblInc GlobEff EArray E_Grid PR

kWh/m? kWh/m? °C kWh/m? kWh/m? MWh MWh
January 80.0 31.30 7.04 121.6 1134 191.2 187.5 0.910
February 92.1 35.80 7.95 1244 116.3 199.5 195.6 0.927
March 139.2 50.20 10.98 168.0 156.7 266.7 261.5 0.918
April 174.0 57.30 16.08 184.9 172.3 287.4 281.7 0.899
May 219.8 60.10 20.06 209.3 194.8 3231 316.7 0.893
June 237.3 54.30 22.56 2143 199.6 328.7 3221 0.887
July 239.9 54.60 24.71 215 206.3 3354 328.7 0.875
August 215.1 51.10 24.98 218.5 204.1 326.4 319.8 0.864
September 1713 44.10 23.24 196.8 184.3 292.0 286.1 0.858
October 127.7 40.00 19.56 168.3 157.5 256.1 251.1 0.881
November 88.2 31.20 13.68 1314 122.9 201.5 197.6 0.887
December 72.5 28.80 8.73 114.5 106.4 174.1 170.7 0.880
Year 1857.1 538.80 16.68 2073.4 1934.5 3182.0 3119.0 0.888

Bifacial #1sll alatialy daiail) it (10)J<al
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S+ Giobal incident in coll. plane

KL-T{:\'\ ot nexdest tesow tteeetoed
\hzveswm nRdenin vt
5932 W% AM fector o glote
SSTN Soeirg tas ety
A LA Grown mecton on Mort wde

—— L
ey
Globat WermenT 50 ground
354 WA on 1TEZ2 7

==

l |~uunev'-br\mu-:m|
-
\ ;'65&\\‘-;“&“00-

\4

S AUN Sy Al o e e wOw

<0 O4% Beam stfacive on he mar ude

104 00N Shadrgs es on e Sade

1S Iradiance on reer side (339 MWnD)
T35 Wt < 3738 ' Caltn rradiation on celis
wicomocy st STC = 25 508 PV comwernon,  Wfacebty tector « 080
1575 MAN k. Array nominal soergy (st BTC effic )

kcmwwnalu,—'n
L, G.83% FV oo fue 1 madiance iewel

\L -7 BN PV o See 0 erperaturs
Q0% Seodnge Elmciosl Loss | shede ! stengs & weath
C'Gr".\\ MO Gty e
k. 107%  Mamach ioss, modides and srngs
*-104%  Mamaith by bacs stedeccs
LN Ohmse swtieg s
1197 My Array virtual snergy =t MPP
b Irreerter | ws oy cperwicr (efioency)
Qe remrier LOSS Over DOTRE V. DOwer

tflr\ Irerter Lows dum 10 s, pat Cumert
kc:l’.'\ Wremries [ cam Gwer comeal By voltage
ku:n\ rumcter | s Gum 10 power hrwshoks
00N rrenrtet Loses it solage Brmshold
3‘:5“\“ Avsiiadie Energy at lrverr Qutput
31V W . Erergy injected =0 gnd
S

Bifacial #1sll alatiuly cileluall i (11) J<al

Gpladl )0 b e A1 e gl 13 aladiuly cileluall i (alisy
i Ga) o Ll cwedll plafY) s Gliles a4 Gilay G
Ll el g laty) yils T0% (Y] mhv e Saiall el ¢ ladY)
el i) oais cddlay) clelbually 65.66% WAl il asgll e
Lhic WS clebuall o 5 Gl 4esl W08 ZB0 alsll aagl) e
o s Sl 0.8 Ly salll A of Jabaddll e iy - sl cilelaal)

10silall

Bifaciality factor = Agront x 100

rear
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ALl ) A gy e (1.25MW) i g g S Anaal Al ¢33 Jolas

o 4Shd aliie AL mhdl e Ssung Sl Z Y] dske of PVSYSt o
A Culal) e ssagall ¢ lesY) Al sSlaall 3 p Y (el mhaud)
D LA el g lady) Iea] 83l ) b (gag0ms ¢ ol g leiY) )
B [6] an) 1 e B Ll angl) Bl dele 05 Bl e g Ul

(bl e dually 8 B8 550 8¢ 0.9 1) 0.8 L dass

-

rdaild
3 A<es M Aagsyal) Asigamg Sl Apneaddl A8 Aase claY and Ayl Credd
Aiginall Bkl culS el dihia 8 LaSH & g ¢(1.25 MW) dellany)
Lt )l il lies Bl Lad 2020 Hle Pla (2042 MWh) auall
Jaxi dasall o G eApnadl) A8l Lkl BlSlae 8 ae ddanal) 8 dlaidl)
dasall 038 daw Jaleg elal o LS A8 dadal gl adgial) adgll e sl

Saa culs

o A il Aigaing € Linslyi€illy adsall aiantl 285 Bl Al i

Alaesall larndll ks (Ko ¢ lal) 38U il e 2y Aaaall Lbial il
sl 3 5 Ll e diging Sl ALl HUaid bl 5l
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