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Abstract

This research aims to study and design a photovoltaic solar power plant with a
capacity of (40) MW to supply Al-Takamol Cement Factory, in order to address
the problem of reliance on the national electrical grid and the frequent power
outages that affect the continuity of the factory’s production process. The
research adopted an analytical and applied approach, where the electrical loads
of the factory were analyzed and the characteristics of the proposed site were
studied in terms of solar radiation and climatic conditions. In addition, the
necessary engineering calculations were carried out to design the solar system
and select its main components, including photovoltaic panels, inverters,
protection systems, and grid connection systems.

PV SYST software was also used to simulate the plant’s performance and
estimate the generated energy, and ETAP software was used to analyze the
electrical system and study power flow during grid connection. The results of the
study showed that the proposed plant is capable of fully covering the electrical
consumption of Al-Takamol Cement Factory, with a surplus of energy that can
be exported to the national grid.

The research concluded that implementing a photovoltaic solar power plant of
this scale represents a practical and reliable solution for securing electrical
energy for large industrial factories, with the possibility of utilizing excess
production to support the electrical grid and promote renewable energy projects

in the future.
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Al Al 35,l820-30% O g Ay ALY 2 2y ae il o Akl Hladn
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(2020): xigh & Ay

gl 3 Al g il 3 A Ay el A ) G Jea Al oy el

-

® )j’. - 4 3 9 P J.\;”q 4 .\<A~: _ig\j 3 ‘:<10 3).344 1_;1.2.1 L'j a_».u‘JAj‘ &LJ-@.ET}

[14] .+ Gsliah) Q3 il e 5e80%  dsnsts I 4S5 o eIl
wl <l ya 7.2

(2019) s b i3

Ol i Jailae 8yl anal 3o Sidy wadd S A daaa elal Co il

s i anl sl d S 0.45% Ay bel €l il Gy ) W
sl el oa da

1(2022) cojiall b L

A ) 8 A el AU el Tane gl b il A pat Al a1l
— il S e a Al BB s Vg 5 Be e A el

[15] . (S00MW) 5 0, L, 3
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Y Juadl
Jalsl) gieaal Apunads 4l Aana aranai g i 2
(40 MW)
Aatial .3

KR FREDVOU - WS RO JCH ST RIS BIL- [RCR N SO

2wy cQ\J}_uJ\ ‘AbuSaf'far—J_U.; 3\_13.3.4 Q< ‘;A H} “"_\.'\A_.\j)” el o

A gl el ae o s Sl Al el Jlaa¥lg p L) by dad x5 3 aadll

oY (power Station)J )y o Jdsi 4 dasagdalall oLy oSl - fa d il

3
oy

| iy cpiemall Jih B i )€ st S 5 Sl ol oS g L

AUl Al Gl b bt Ll e aiad e i3l el S5p L el

: A ‘4.. wﬁu\ $¢1 E( CJ xu\“\} g\éc\.i ;A“ d\ A\{y‘ ?_Q\ ‘37;‘9 ':} 5“ "’.. :.n

Al A ad b Aesld
: g gl cliluald) il g avanaili2.3

R S PURVES P [ RPN P T P N PSP O ORI I [ KN N EA .

el i< s hdll oIV 5@t o e s <‘td\361 Lill il 3K a aai L DIA o

.J\_)Elu\}
P adkaall Al <Y Jlaali1.2.3

p ) s aiaall 350 5eS) Jleall Gl
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pabdY) Coua Jlaall 1

raciuaal Jlaal(1.3) Jgand

PR o V| Load

(Mw)

Raw Mill (oA J8 i oSl k) Al of sl 2 galls 7.072

Kiln Section (Clinker) zusy ows )l sall o dl aud 6.819
Limestone Crusher Y Ala = sl jaalls S 1.750
Cement Mill (1) Y i) & salls 5.857
Cement Mill (2) Al Cienl) Aisalla 5.857
Packing Section Cadaall g Ll and 0.668
Cooler Section +1.D Fan S s 25l ) g 2.956

(Bus bars): o Jla¥l a2

(Bus bars): e Jla¥l 0355(2.3) Jsaal

Bus bar =PRI Load (MW)
Bus bar A Yl i 3 A ) oLl 16.850
Bus bar 2 Sleill dacyl o(Clinker)  cals oLl 14.132

piadl S Jaall Jles] 30.982 MW

la il g il A alall Al Sl Jlaall Jlats Al 0 ge e L gil) any

~ b ¢ O SRR S [P [T, WS4 T SO [P SN A SO [ SN OO
U—C £ 3 3 D 3
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C U N P SN PRV W S - WD "X DAUONIO. SPPP- W e W ENW 0 5

Aglle 48 ¢ ge s 3 S JlaaYl o2a
ALl il g 3ot L i S i gl Jealye aal (e msenall Alaya 203
¢ WP APRPIC [V ) [ PRV IS RNOW« [ L U | RSy B PAPPL S (Y S RO
SYSIICR IV o 1 g -9, PSSPy PR VN - P ' . P QN O, | PP MO

Al e oSae gl el Gaias
iy 3L S PVsyst mal iy o ol eVl a5 ol gy (3—d araal Giatl
AUl A alaif BLSlae 83 Jlle A8 oy a4y piay Lal |y g A bl od s

AV e i Hhll gl p LYY g elaY) e e a5 iy el

sl o ps al A a8l el Sy a8 sall Aalial) Gy B e

. aldal

5 Al @l g euedd) g lady) LALL bl o 3 dad adsad 3.3

:\_Ahiey_;ajﬁz\ﬂ_uuiﬁj_kag\_“\;w\ U_ﬂ_&pj\j‘ﬁ‘)u.“c a}d\a m‘_).ﬁ\ 20

. PVsyst zali j pladiuly laddii o3 28 cApuadl) 43Ul

16



Latitude (*)
17.880317M015912
Longitude ()
JBRATREINML
Altitude (m)

m

Time zone
2

Accept seizcted pont

o e bt b I 4

Saall gisdi(1.3) il

PVsyst V8.0.19
VCO, Simulation date:
11/03/26 07:44

Project: ALTKAMOOL CAMENT

Variant: New simulation variant

with V8.0.19
Project Y
Geographical Site Situation Project settings
Abu Saffar Latitude 17.88 °(N) Albedo 0.20
Sudan Longitude 33.84 °(E)
Altitude 383 m
Time zone uTC+2
Weather data
Abu Saffar
PVGIS api TMY
Sy y

Grid-Connected System
Simulation for year no 10

No 3D scene defined, no shadings

Orientation #1 Near Shadings User's needs
Fixed plane no Shadings Unlimited load (grid)
TilvAzimuth 20/0°
System information
PV Array Inverters
Nb. of modules 67320 units Nb. of units 200 units
Pnom total 41.74 MWp Total power 40000 kWac
Pnom ratio 1.04
R 1 v
Produced Energy 85029 'y 2037 kWh/kWpl/year Perf. Ratio PR 78.36 %
Apparent energy 85030 MVAh/year
Table of
Project and results y 1

Srall gisadl lily(2.3) Jsal
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Project: ALTKAMOOL CAMENT

Variant: New simulation variant

PVsyst V8.0.19
VCO, Simulation date:
11/03/26 07:44

with V8.0.19

New simulation variant

Weather data and incid energy

GlobHor DiffHor T_Amb WindVel Globinc DifSinc Alb_Inc DifS_GI

kWh/m? kWh/m* °C m/s kWh/m* kWh/m* kWh/m* ratio
January 176.4 41.64 23.37 52 2215 22.58 1.064 0.000
February 183.5 42.31 24.85 6.0 215.5 21.68 1.106 0.000
March 2228 55.88 29.43 58 239.0 26.73 1.344 0.000
April 237.3 57.90 30.37 57 233.7 26.19 1.431 0.000
May 2427 68.63 34.85 4.0 2239 30.11 1.464 0.000
June 229.0 74.86 34.45 39 205.5 33.50 1.381 0.000
July 206.0 85.02 33.99 54 189.2 43.11 1.242 0.000
August 210.1 83.65 33.05 52 203.3 40.15 1.267 0.000
September 203.2 74.85 34.10 38 210.8 36.43 1.225 0.000
October 201.7 59.43 31.33 4.0 228.1 29.46 1.216 0.000
November 175.2 43.77 26.94 5.5 215.2 22.96 1.056 0.000
December 167.9 41.85 2279 58 214.0 23.24 1.013 0.000
Year 2455.9 729.79 29.99 5.0 2599.6 356.12 14.810 0.000

Aalidl Glbl(3.3) sl

o plaan Lhd Al al bl A ey 8 paall 4 Beall Jlatn
Ada pe Alod et A Bl 0 Il A Wlie Cig b jig 5 e, gl g PVsyst
oo ALl Y el el ol a Jsatl Ay wlid 5y e A, wadll &gkl (s <
dlle 3o LSy 4, gllaall Jlaa¥) 4l e 50l
p daghiall eligga 5.3
: (Jinko JKM-78HL4-V620) dsuaddl 7158 1.5.3
et L elld g L 620 a1l dpand 508 (Jinko  Solar) 48 4 o o) sl Slial S g il laa 3

. @L&:Ecuswq

18



41.664 #)N1 ga 50 Jlea) 620 asl sl 2 ol 58 = 51 67,200 #1501 2ae &y Cas

.MWDC

® Definition of a PV module = X

Basic data | Sizes and Technology Model parameters  Additional Data Measured Data  Commercial  Graphs

Model [3m-78HL4-(V) 620 | Manufacturer [Jinkosolar |
File name |ainko_3KM_78HL4_(v)_620.PAN |  Datasource |Datasheets 2025 |
0 Original PVsyst database Prod. Since 2025

Nom. Power

5200 |wp  Tol. -/+ %

(atsTC)
Technology Si-mono .
—~Manufacturer specifications or other ements —Model v 9
Reference conditions GRef [1000 | w/m? TRef |25 °C o "a:‘ parameters
R shunt 6009Q
Short-circuit current Isc |13.860| A Open dircuit Voc |56.40 | V Rsh(G=0) 2500
Max Power Point Impp |13.200| A Vmpp ,’46-97 ¥ R serie model 0.220
Temperature coefficient mulsc mA/°C Nb cells in series |78 x2 R serie max. 0229
c R serie apparent 037Q
0 o
or mulsc (0.050 | %/°C A
~Internal model result tool Gamma 1034
IoRef 0.02nA
Operating conditions GOper (1000 wW/m? TOper |25 ] °c 0 muVoc -137 mv/°C
Max Power Point Pmpp 620.0 W 0 Temper. coeff. -0.29 %/°C | | muPMax fixed -0.29 /°C
Current Impp 13.19 A Voltage Vmpp 47.0 v
Short-circuit current Isc 13.86 A Open drcuit Voc 56.4 V
Efficiency / Cells area 24.00 % / Module area  22.18 %
[ show optimization | ‘ o Copy to table ‘ §g Print ‘ R cancel ‘ W oK

(PVsyst) galip yue sl @lild 5 9a(4.3) Jeid)
:(Inverters) (uslall 2.5.3
Uaaia jy bl D8 S8 Q8o gy e 38,5 Gu(SUN2000-215KTL-HO)
99% (I Jaai Ao 3L 5 s iblanall (5 gine o 5 uSl Apadl) U o Ll

(MPPT) il aiiie 9 aoay LS ol Laill & ali) ad )5 aidll i o acluy Lae ¢ Ly )

658 ey Slg (il Cig ot Calide b elaV) Gty 2151 (e Balian) 5ol )

wlall 4

hl 2 L5“.\ ‘j ‘2
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200 Q\J_"\_)éj‘g\ Ao 200kW_ JA\}M (.)“51 2l) 3y 3 J\ fﬂ'\\ e_"\ vaySt CALUA e

e ghiall Sle

® Grid inverter definition

Main parameters | Effidency curve  Additional parameters Output parameters  Sizes and Technology Commerdal data

Madel |suni2000-215KTL+HO | Manufacturer |Huawei Technologies
File name |Huawei_sun2000_215KTL_Ho.OND | Data source |Datasheet 2023
0 Qriginal PVsyst database Prod. Since 2023
—Input side (DC PV field) —Output side (AC grid)
requency
Minimum MPP Voltage v ) Monophased
) 50 Hz
Min. Voltage for PMom 745 v ® Triphased
O Biphased [eoHz
Maximum current per MPFT A
Mominal MPP Volta W
omina oitage 1080 Grid voltage v

Maximum MPP Voltage

Absolute max. PV Voltage

Power Threshold

Contractual specdifications, without
real physical meaning

0 Required

Nominal AC Power
Maximum AC Power
Nominal AC current

Maximum AC current

—Efficiency

Maximum efficiency 99.00%
Nominal PV Power kw EURO efficiency 98.80%
Maximum PV Power kw O [ Efficiency defined for 3 voltages
Maximum PV Current A a 0
‘ m Copy to table | E Print ‘ x Cancel | | / 0K

(vaySt) c.ah).\ e oSkl il '5)}\4(53) Jadl
: s sa(Smart Transformers) 41 < gaall 3.5.3

s —sll 4

walll 4Bl oyl el jamde S5 s 58 (STS-6000K-HI1)

L 820 Ao Jals T ata—aly L;\;\_J ¢ Jurdnl) Alge g 5ol o<l O g ¢

s <34 33\)‘\?1 Iy o \ﬁMMc%HHﬂ\Hq)ﬁjé\_\LMm

¢ LAl d< .’;: N m)ld\} uaﬁu_d\ A g}“ <l \3]} d}éﬂj\ ;‘j a_su\la H

@;\Lﬂ‘u—u;gi A ¢ 35“d ;‘Eﬂjuut d_\w‘ga:\E;uSHJHseUéﬂ\ Jaa A.Cl.uej
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dx m\j 4

wel) A8 Tl A daall g B gisall Jalall e 2ay D K g g sl

. 3Uail

L\}\A:\A 6 J;\}l‘ BJJE_ QL\Y}MS U_\YM\ Qe J\T.ﬁ;\ e’l vaySt CAL’J" Pr=

STS-6000K-H1
Smart Transformer Station

Transformer

S e v | —- I:I

LV Panel RMU

Single Line Diagram_ (Smart Transformers) ( 6.3)Jsad)

s Aail el @ Ll elibus 6.3

B 8, ol gl aa 40 4 aa 4 Y 3yl HL ;1 bl bl bl BJLGJ G

1 5€200 il Ll
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tdgadigd) bl

il Glluall(3-3) Jsasll

B sasgll | gl Jalaall

- MW 40 anall 20 5l
- KW 200 and gl uSlall 5 38

DC Vv 1127 esal) Ll e sgal

f) ) s - 1.25 DC/ACis

AC Vv 800 S 7 A el

AC Vv 6300 saididl sall ham aall agal
- - 0.950 55 Jalad

L) Gl e alee 7.3
il lilly ol kY] DG 2 el Slall Ay o
:(AC Current Equation) i gh¥) A6 a3 el jLal Aulasl 7.3
AN Alsladdl aladinly b1 D6 lall alas 8 euV) L Gl 2y
| =p/(\N3 xVx PF)
s
(W) alaill 5 ,8lip =
(V) b baall 3a V =
(Power Factor) 3 08l JeledPF =
(A) s il =

22



(DC Current Equation): il Ll e¥alea2.7.3
¢ paleal) Ll ALY 5 a8
A A DA e el LAl AIKH 5080 Clea 2y
PDCtotal = PACtotal X %Ratio
dgaad) (g ey g

(String Current) sl ¢l Al s

Pstring

IStT'iTlg = W

s
P-string = al.l.l 3 )8
VDC = il il aga
s A gl @ Ll (el 8.3
T EON P EN GH P SEINVD S FPEIVEDN G S I NN DYyl (I g PYEREN | Jr ey

tAdalaall 3 ey gatl) e 6 aa
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sl ol
(1)
1=200,000/(\3 x
151.8 A 800V [ 200,000 W | aal gl LSlall s LVAC
800 X 0.95)
1=3,000,000/(V3 X Jsaall e L
2279 A 800V 3,000,000 W LVAC
800 x 0.95) MW sl
1=6,000,000/(v/3 x Jonall s
578 A 6300V]6,000,000 W MV
6,300 X 0.95) 6MW aal
1=40,000,000/(+/3 x 40,000,000
3876 A 6300V, SIS Al s HV
6,300 X 0.95) w
17,857
17.86 A 1=17,857/1,000  [1000V saa gl s DC
w
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;< 9.3

Jas B e it ga sl Ll e oL UL S Jaan pena

gl g 5 Ll
Bl okl COLSI(5.3): Jsanl
DRE e
seall g QIS s | sae] QALY e [ a¥) sl
2y (KV) 2¢d
(%) (A) aabsl | skl | (mm?) (A)
(A) ol
(HV)
1.83% 585 553.7 7 630 3876 6.3
giadll (luss
(MV)
~ Jsae
0.28% | 578.8 289.4 2 630 484.5 6.3
(PV) gt
LVAC
200 Sl
0.77% 280 151.8 1 150 151.8 0.8
Ll LS
Jsaal
e L
- - 16.86 1 6 16.86 1.0
oSle—aLul
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e ghatal
Shad heas) S ¢ 5 BENERIN
druaddl 215N 1 DL Y e el LS 6 mm?
DLl a a4 oSl 5=l ) 33 e LS 150 mm?
N gaall (g Dlall akal @ Y 22 e 630 mm?
2 gl dana pe aal ) 2yl 630 mm?

b gial 3gad pilia da gl areai 10.3

:(MV Switchgear Design)

flo—ill g o5 e agall dagie Al S mil i —a HVX-7.2-X-40 il is

(»——a (Schneider Electric) a< , 3\

A é.\“ 2]&5 xnjm‘ C

uu\“ 3):@

A 624\\.\"\
D

26

«15 (Vacuum Circuit Breaker)

A (HVX) il

[16]. (MVSwitchgear)




: eliall 4a sl Lpand) cilial 5al1.10.3

15 _tdal) etliall sl A Sl Ban) clial 5all(7.3) Jsaal

el sasaall Al iaalal
ostlaall agall J5 uls 3 e 7.2 kV (Ur) ca¥) 2¢al
6.3 kV
(Incomer) Jsas ji el ae @38 54 3150 A (INolacaill ! Ll
(Withdrawable) caull AL aal 63 (VCB) s akal 8 ekl 58l & 58
claade 3a0aall Aadl Aaaldl
B e ol ool iy iyl il 40 40 kA | 3s (1K) oani¥) il Ll
allaill juadll L
PIX Switchgear (A'S)é\}% Joe Jo=ll g5

;o gl ajsig dasll) (p9<i2.10.3

" Q p \‘9_‘_“ u; < 4 .:“_c p f&j_‘,}ﬂ Ul‘\ al u\: a8 Oi; ('.n 4 \jﬂ‘ ala - A

(Single Busbar With Bus— Section) : L LS & jaa7

el st A sl 025(8.3) Jsaa)

cilaadla (Ir) eyt sl dads ol s il

1 s )z oAl 2dald 3150A Feeder A 1
1 nd ol gna 4021 2500A Incomer] (T1,T72) 2
2 oad Ol gae Aphas 2500A Incomer 2(T3,T4) 3

Oladll Loy 5 adald 3150A Bus Section(S) 4
3 ed Ol gme A0 2500A Incomer 3(T5,T6) 5
4 cwad ol gne A2 2500A Incomer 4(T7,T8) 6
2ot N g Al adald 3150A Feeder B 7
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: (Protection and Control) asaill g 4jleal) aUii 3.10.3

Schneider Electric (Sepam & Easergy P3/P5)

oSl 5 dubeal 2Ua3(9.3) Jsaal

Al lall il Alaall Jal 4 3 yaal
Agles ((SON/51IN) (=¥ Wad lea ¢(50/51) 2130 Ll 4lea| Easergy P543 | Incomer
(50BF) adaldll Jié dlen 5 (67) duala (11,12)
dgles ((SON/51N) (Y1 Uad lea ¢(50/51) 2130 il 4lea| Easergy P343 | Bus Section
(25) oel 5l (S)
dgles ((5ON/51N) GVt et dglaa ¢(50/51) 2130 Ll 4les] Easergy P343 | Feeder (F1-
Agleall (e e 3 sl IH(8TT)  Jsadll F4)
gl olilY) o il 91.5311.3
2eal il il agl 8 Gall e djleall AL Bl il 5 &l L) Jaaall
¢ Jau giall
dada ll alaill s < alail)
J;\JBJ\)J‘&AJJ&E)‘ULM\MS\ ‘;L.;gj);)uﬁu\dﬂs Lﬁ)\)ﬂ‘uﬁﬁ\
eblall 5 lecadl) & jas (LHDC)
Ak 4y ) ik
G Y oo daslil digal) el sall e Cadsl) bl e Glas ciladls il e iy

Sl 33 2l sels Jis (Pyrolysis) Js¥1 [ (ASD)el sedl e caas s /(HSSD)
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Aak gl Alail) 1l < alaill
ool e G gl el e i) el sl S pninne ol e sl
Gla gl B G Al ) 5o g ¢ Al S (Arc Flash Sensors) S
[1] MV
Clanadl G o WE & 5 oy en 5y sall elih) calas Jele syl
Dlre pe G381 51 pac Novec JFM-200 Jw(Clean Agent)
NFPA2001 1230
ddladll laa g 4 glladll dasl) uled (Local 5 jaa JS Jals ¢ oaia ga olida) clalayl) 45,k
Application)

Al @ie) al12.3

LIS a3l g iy pial Lol e 3 el Yl
s A3 b 1.12.3

il e i S 3 ail (SCADA/PLC) aSai WLl taiy 3 jal) ol lai L by

Y ddle g Ji Lalik
: AN 2.12.3

J—le &8 J & Pre-Discharge Alarm  js ay Js—a A 3 L5
RRHAY

: dgge 3.12.3

kY Jele Alled Glava 08 4 seil) alas s Clsy

PVSYST gzl » ns(Losses Analysis) 1dlial) Juiai13.3

el a8 A gl (o gall ol s (Losses Analysis)aglidl Jlat o s

Al A8Uall Aol
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el A Gia A a4 g o Ny sl Slaall 8 5V (PVsyst) mal liddaat

alaill 85 5lesll Jdlse

L‘ 8 é'\ & EEN ‘1 .‘.\J.A:\ &} ) Fia " A ;,‘} .\< 4 ‘.f‘\“‘} ?1 l;i“ \J_Q Ald .4’]3 M J's_‘

w\ u&d\ el_ka 'Ecus ﬁ ‘)33_“1 & ""“ h| ;ﬁu.d\ C EPLN C EVEN d ,3‘\“"5 3 J\\"\

L gy 18 41.664 Al daill 3 niall 550 &) sl aly o3 1 J Sl cuie g g5l

Jadse aan 3lcl po an A Caa 5oL i€ ally Jengd Al Lail) ape iy Uil o 3
.ij\

Pt ) 28lAY £ 1.13.3

J—S oy asii g cdp—d ) ldi s o ) A walll A Sl ol das 8 afliall ands
: ( PVsyst) malin (e dsiagall jsaall 3l ) an Jradilly 258

Bl al) Aa 50 gl G 3oL 5 5Ll 1 4y ) el adladl. ]

G Gt 3 jled o ¢ (IAM Losses) (dagind) du) ) Jalae 2dlia) Jagiuadl 4l 5 2léa.2
Agagenl e AxdY) bsie Al

Ll o€l 5 LY Ae sl oy C12a3 5 5kud 4 1 (Ohmic Losses) g sill adlis. 3
Flusyls ol oS 5 Cany Gaaat s jlud 4 ¢ (Solling Loss) < ghill adlis. 4

s slal GRS Gy Gaaisjld . :(Mismatch Losses) @ikl axe adlis.5
e e ) s it s a8 0 (Degradation Losses) sl ailic.6
AC JADC Jipat dilee cuy Gaais jled a0 (Inverter Losses)  Jsaall adlia.7
5o)oa da 0 gl (g% Cua Apuadll 28N Al 8 a8l aal (e 3l el alid) ax

[17]. e iS mlassl ) =151
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ey agall alisil ey Laa ((MUVOC) —137.4 MV/C agall 5 )l sa da o dales aly

Augedann JImV 137.4

Thermal parameter  ChmicLosses  Module quality - LID - Mismatch  SolingLoss [AMLosses Auxilaries | Ageing | Unavalabilty Spectral correction

in the simulati
(8 Uses in simulation 7]

Simulation for year no
Individual PV modules:
100
Global degrad, factor *
Mismatch degrad. factor %

in simulation

Model

PV module ageing parameters—————
Aver, degradation actor e
Imp / Vmp contrbutions %
I RMS dispersion %hfyear
\imp RMS dipersion %fyear or

Degmdntion [%]

+ An vl ~—— Basic degradation
Monte-Carlo values- d = Wjith annual increasing mismatch
= lodul

Mismatch 5 years 0.14% " e waranly | | | |
Mismatch 10 years 1.56% 0 5 10 15 20 25 3
Mismatch 15 years 242% Year

Mismatch 20 years 267%

Mismatch 25 years 5.05%

() Keeps caaulted Mismatch vaes I show s plt on the repart
[ Ot || Dot || e vt Hodule warranty

‘ 1 save as model ‘ b fer 0 Vamanty 3.0 |%Pon 9

24 Modules in series Vear Warranty
14 St el
ngs I parale Year @ Warranty

Monte-Carlo calulaion——— || Year . Warranty Prom
10 Trials Average  -0.72%year
o
{Dyears Random evaluzton The inital derate value (usually around
1.56% Aver, Mismatch loss Curve

3%) may corresponds to the LID or niial
0.37% Mismatch loss RMSD [ steps tolerance,

‘ O\Systemuvevwew ‘ ‘ @Lassesgvaph ‘ ‘ xCanoe\ ‘ ‘ J oK ‘

H 2 Type here to search o 4) ENG

(Jinkosolar JKM-78HL4—(V)=620) weill & ol uulll) cilalad) (7.3) Jsal

& Aaxa pall Jarlal 5 ) ja Aa ja old PVSYst zali  aladinly aUaill 8 saasdl) cliball

PSRN VR F AP N X B E I PR TSRS PRV JUN PRESPREN I
B3l 85 5085 jlud o Les ¢ ST

_O29%/Cd}mﬂj‘3_).lﬁ.“:\.bﬁ.1mJ.@A.UEJ‘)A.“&AJJLJA\&AC.LQ
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© by Module model optimization

| One-diode model parameters —————

Default
R shunt ohm
R serie 0.218 ohm
R serie apparent  0.37 ohm

Gamma 1.03

serie acc. to rel, effic.

Set Rs for optimizing

m % at 800 W/m?
m % at 600 W/m2
m % at 400 W/m?
m % at 200 W/m?

| Show

O 1(v) curves irradiance
O 1(V) curves temperature
O PN curves

® Effidency vs Iradiance

Ificiency at Pmax [%]

Jinkosolar -

JKM-78HL4-(V)-620

PV module: Jinkosolar, JKM-T8HL4(V)-620

20

25—

15} 7
10k 7
Cells temp. = 10°C Relative efficiency
— Cells temp. =25 :C with respect to STC
Cells temp. = 40 °C 1000 Win?, Effic. = 22.18 %
Cells temp. =55°C
st Celstemp.=T0°C 800 Wir, +0.1 % 7
800 W, -0.1 %
400 Wi, -0.9 %
200 Wi, -3.0 %
) . . | | {1
0 200 400 00 300 1000

Incident global [Wimd]

-E Close

3¢ 1<) &"_1173.\;.1.4‘5 ‘s_u.m..ﬂ\ C}ﬂ\ CJ)A.] u:\.u.\A:i (83) ds.&.“

rAllaal) asadd) g sl Apuad 1 Ay e cilalaal

—137.4 mV/C:(muVoc) aeall 5 ) s da 50 Jalaa 1

—029 %/C Vmp B)‘_); 2\;)3 dAL:LA 2
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(IAM Losses): L) 44 Lélia

sl o sl s e A gee Gua 3l Ax 3 (6 Ladie il agiull Ayl 5 adlie

Themmal parameter Ohmic Losses  Moduke qualty -LID -Msmaich Soingloss [AMLosses Auianes Ageng Unavaisbity Spectrdl caecion

Incidence Angle Modifier

) Detailed study

(Incidence Angle Modifier) 1a siull 234l 3 Jalas (9.3) I
(Ohmic Losses) ¢y gill Ldlia
18] alail 8 3l S el oSl 5 DY da glie Capy hand cpa il ali
sadliad) ol Jads
as 0.218 Juluid) Jpa il daslia .1
a3l 600 43 sall dagliall 2
ash 0.37 s_allall daliall .3
sl 0.224 23 saill (g gl Juslutidl) Jua gill daglia 4
Openty L Callail el e bzl 530 11,03 Q) (Gamma) Sl 50 sa Jelra 523

£l Gl e Cilise vie glol Juadl o Jpasll RS dag
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(Soiling Loss): & i) adlia

TRV P L VIR 3 WY PR B A U JUPPRRINORUIEMN. JUPPUN | R
[19] L3N ) Jasl sl ¢ guml) 30 pn s L

g oo—hal i 850 J Tadygl ya all Fhl idl 81 2 i e LAl el s, s
SOl gl

2V (550 alati Joan pauiags vl 8 adliall 238 slel e Lidd

(Mismatch Losses) gUail) axe 28lia

o Ailie ALl e ) a5 S Y Laaie Gl dail) aa oo dlie uaas
[20] .&13Y1

JEVVPRT W XTSI o

2V G Al eS) atliadd) i) -

2V Gy e sl dlkal) -

covilatiell e &gl e

VU g sliall ye gaxille

A0 0.40 % [read) cad Jalaag ¢ A 0.40 % [l il ciss Jales ily
(Degradation Losses): il 18lia
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rallaall 3 lanaaty Lad Al cnlibull

© Definition of a PV module

Basic data  Sizes and Technology = Model parameters | Additional Data  Measured Data  Commerdal  Graphs

Description  Jinkosolar, JKM-78HL4-(V)-620
Rshunt - Rserie | RShuntexpon.  Temper. coeff.

—Basic model parameters

Default .
Shunt resistance Rsh Ohm ] Model through given Isc, Mpp, Voc
Series resistance (model) Rs |0.218 | Ohm 15 Incident Irrad. = 1000 Wim?, Cells temp. =25 °C
——
0 Rsh= 800 0
’ 140 B
Max. series res. for the model 0.224 1
Series res, (apparent) dVfdl 037 Q 12}
Diode satur. current IoRef 0.021 na
Diode quality factor Gamma 103 - 0.000/K | _ or
=
Voltage temp. coeff. muVoc -137.4 mV/°C E =L
4]
The I/V characteristics has to pass through the 6
three given points Isc, Mpp and Voc.
Dinde saturation current, quality factor and Voltage 4 RSmin = 0.000 0
temperature coefficient are determined by this 0‘ — Rserie=02180
reguirement. 5| —— RSmax=10.2250
0 | | | 1 1
0 10 20 30 40 50 &0

Wnltane IV

raph
’—G ® 1V curve O PN arve O Rel, effic ‘

k : Show Optimization

‘ m Copy to table ‘ E Print ‘ x Cancel ‘ ‘ / oK ‘

4,30 e e plaill sanl ciliaia (10.3)  J<3)
raladl) 8 ) saail) clalaa
Lsin 0.40% s o gidll el Jelea gly @
(Al Je 80% \ 20% (s st IMplvmp @
-0.40% s~ Imp RMS Dispersion e
0.40% s~ Vmp RMS Dispersion e

380% ‘;\P ?M ‘;ﬁ\ J}Qﬂ\ d.ql.c L]
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1.56% Jss @il e e ol el Jele o
&\P G‘L L&Bﬁ.m (’M‘ UT w Lo ¢4 —0.72%/ _)}é».lﬂ\ Jaxa L..u:j.'m C'L"‘

LA 25 Ju:\,)lmi}”ﬁ)ﬁwSOO/o

M\Hz\y\ H*Y‘BJ\ EUQ_A98% OJS:\_“BJJJ\ uicj_m uu_&ae:\J)_@_Lﬂ

35025 20:80% 5 4120 30 84% 5 i 5in 10 20 91% 5 ¢ ISV

© py i detale

Thermal parameter  Ohmic Losses  Module quaity - LID -Mismatch  Soiing Loss  [AMLosses  Auxiiaries | Ageing | Unavaiabiity Spectral correction

U in the simul
[ Usesin simuation 7]
in simulatic 2
T
Simuation for year no —— Basic degradation
Indvidual PV modules: —— With annualincreasing mismatch
Global degrad. factor %

Mismatch degrad. factor % 15 ]

Model

PV module ageing parametes
Aver. degradation factor Yofyear
Imp | Ymp contributions %
Imp RMS dispersion %fyear s ey

mp RMS dispersion %fyear 5k 088 =54%

Degrudnticn fustor [%]

Store the Monte Carlo value:
Honte-Carlo vales————— (@)
Mismatch § years 0.14% . | | | | |
Mismateh 10 years 1.56% 0 5 10 15 20 % kL]
Mismatch 15 years 242% Year
Migmatch 20 years 267%
Mismateh 25 years 5.05%
[ keeps calculated Mismatch values [ show this plot on the repart
‘ O nddstatstcs ‘ ‘ ezl ‘ Used for this evaluati Hodule y
‘ [ save as model ‘ b fexr 0 Waranty %4 Prom o
24 Modulesir Year Warranty (310 | % Linear interpol.
14 Strings in parallel
G Year @ Warranty o6 (] Linear interpol,
Monte-Carlo calculation—————— | | Year Warranty % Priom
10 Trigls Average  -0.72%vear
10 years Random evaaton i The initial derate value (usually around
1,56% Aver, Msmtch loss Curve ~3%) may corresponds to the LID or nital

0.37% Mismatch loss RMSD Dstens toerance.

‘ O\Systemnverwew ‘ ‘ @stsasgraph ‘ ‘ xcam:e\ ‘ ‘ /UK ‘

H P Type here to search .

(Degradation Factor) cd gl ;5 s aw alaill 3016 (11.3) J<l)

(Inverter Losses): _usSlall 1dlia
Ll 5 1€ 200 348 (Huawei SUN2000-215KTL-HO) ¢ & (s 81200 alassiuly Liad

oSl U
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touslal) adlia Jads
. ACIDC (e il a3 ¢l ¢iaas : (Conversion Losses)  Jysaill ailis ¢
Fiaidia a8 Sl Jaay Ledie &aad @ (Low Load Losses)  (adaiall Jaall ailic o
LSkl 3 508 Alaaall 5 adl 5 glat Lavie sl ¢ (Overload Losses) a3 Jeall ailiae
. AC L€ 40000 (s padll 3 a8l 5 ccd 8 550-1500 (poSlall Jiaiall sga il
A Ui ae—as dl bl o ey Las 1,04 —a (Pnom Array/Inv) i
5 Jaad) adlia Julal
£1aY) g Slslaal) il 2.13.3
et Guilal) cbily alaatialy ALIS A sadd aUsll AL 3\Skas ol jals Lidd

IS BISlaall A ) il
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 Resits, variant V0O ew st varint”

o

Main results

Project  ALTRAMOOL CAMENT P Array SystemProdiction 91216 Mihfyer  Normaized prad.
Spedfic prod. 2185 kWhkiipfr  Amay losses.
Performance Rafio 0841 System bosses
Ste by Saffar PV modules XH-TBHA{VEH  Iverter SUN200D-215KTLH)
System type  Grid-Cannected Maminal poer 41738 kip v, unit pomer 20k
Smuzfon 010113112 MFP voltage: 410V hb. ofim. b |
(Ganeric weather dats] PR current B2A
Daily System Qutput Energy Performance Ratio PR . Renort ‘
£ T T T T T T T T T T T T T T
00| —— Vgt ot systegape ] 11 [ P pertormance ram 111 1) 0381 Tabes
”
000} r L M e
b iy 1,] _
om0 W )] g v 2 et pofs ‘
2000 g u
& 2000001 1 FH
E 15000 1 H
18000
140000
120000
100000
L L L L L L L O\ System overview ‘
an Feb Mar pr May un ul Aug Sep 0ct Nov Dec Jan Feb Mar A May Jun dul Aug Sep Oct Nov Dec
Dally System Output Energy IPerformance Rafio PR
System Qutput Power Distribution Array Temperature vs. Effective Imadiance
T T T 10 T T T
o Values from 01 to 3112
E aol-
H 7
H L
2 3000 g
: H ~
g H Recenter
HE S > e ‘
% 2
2 ool
1!
HSave ‘
L L Il L L L L L L
0 5000 10000 15000 0000 25000 30000 35000 40000 ] 0 4 60 B0 1000 1200
Useful out system energy ki Effeciive Global, corr. for 1AM and shadings Vi
Sysen Oufput Power s e s hwe vs, Efecive nadn] 7] e ‘

H P Type here to search ;

e123U Al o gua )l 5 3ISLaal el (11.3) Ja

Agangi ) ) sl

91216 MWh/year : s gl aUail) L) »
2185 kKWh/KWp/yr : dc qll daliyl e
5.99 kWh/kWp/day : alsad dualisyl *
0.841 : (PR) &1y Jalaa®

1.07 KWh/kWp/day : 4 giadl jilua
0.07 kWh/kWp/day : aladll L. e

aa i s 0.841 Ml (Performance Ratio) ¢1aY) Jalae iy
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Cludal o=y & abiall Ayl & sl o« %84.1 o il sy Al bl o a2

«1.07kWh/kWp/day s (Array losses)iass adl 45, wall Ja aa

. 0.07 kWh/kWp/day s (System losses) aUaill 3 Luall Jaea
(PV SYST): gl e 4aghiall aranai gilii 14.3
g i Sl Al
thwadd) ) oY)
. Jinko Solar il 48,50
.z 467,200 #1509 aae
- 620W a5l # ol 5 a8
. 41.664 MW/DC #1 1 (e 3 08l e
(Inverters): duslall <Y saal)
. 200KW 2l gll g ,ai) 5 508
ca) 2000 @ ey sae
s 99 (a(Smart Transformers) 4sil) Y gaal)
LY saa 8 Y gl 2ae
. glaae 6 Basl g3 48
(Schneider): julid o (Switchgear) gualiall
aay cgp gy dall i o o 8deadn w3 4L <l (Schneider Electric)esl i
- A ghaid) Jads Jadal) clllate e oy Loy la jlial 5 a8
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thediilud | udlat!(11.3) gttt

iagll  milia) axe
Adlide &l Hady il 8
(Cdsne (s3a ke (JS) Y aalls Aald peaiilig 4
piaall Y 5l Jal - lidg 2
phaall 380G (e B padl JLiiay - lidd 2

;LU 2K skl padle (12.3) Jsasl

sdaadiiial) Apend )l elKY].14.3

(1) A Jlaa) Usall | aayl cOUSH e | QS oL Jaa st
(mm)
27.3 21 630 PV bus to station bus
19.2 48 630 Transformers to PV bus
1000 600 150 Inverter to transformers
392 5600 6 DC panal to Inverter

: Laghiall il eSY Jrasilly quS i 2.14.3

Jdl IS5 e Ll gt A el e B e By el &Sl B glaie o 5S

il sl e M anlagd24 e il ulu S gy al & o(Strings)
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3 mig—ai oLy ETAP mal sy beaaan w2 8 il gyl ) g 3l pall 4 ngia
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Available Inverters / PCS
Maximum LV AC Inputs
AC Power

Rated Input Voltage

LV Main Switches

Rated Output Voltage

Frequency

Transformer Type

Transformer Cooling Type
Transformer Toppings

Transformer Oil Type

Transformer Vector Group
Transformer Min. Peak Efficiency Index
RMU Type

RMU Transformer Protection Units
RMU Cable Incoming / Outgeing Units
Auxiliary Transformer

Output Voltage of Auxiliary Transformer

Transformer Monitoring & Protection
Protection Degree of MV & LV Room
Internal Arcing Fault Classification of STS
MV Relay Protection

LV Overvoltage Protection

Anti-rodent Protection

2 kVA UPS
MV Surge Arrester for MV VCB

Dimensions (W x H x D)
Weight

Operating Temperature Range
Relative Humidity

Max. Operating Altitude
MV-LV AC Connections

LV & MV Room Cooling
Communication

Applicable Standards

STS-6000K-H1
Technical Specifications

Input
SUN2000-200KTL / SUN2000-215KTL / SUN2000-185KTL / LUNA2000-200KTL
34
6,800 kVA @40°C '
800 V
ACB (2900 A /800 V / 3P, 2 x 1 pcs), MCCB (200 A/ 800 V / 3P, 2 x 17 pcs)
Output
6,3kV, 11 kV, 15KV, 20 kV, 22 kV, 30 kV, 33 kv, 35 kV 2 138KV, 345kv?
Ratput Voltage 50 Hz 60 Hz
Oil-lmmersed, Conservator Type
ONAN
£ 2x2.5%
Mineral Oil (PC8 Free)
Dy11-y1

Tier 1 or Tier 2 in Accordance with EN 50588-1
SF; Gas inculated
MV Vacuum Circuit Breaker Units
Direct Cable Unit or Cable Load Break Switch Unit
Dry Type Transformer, 5 kVA, Dyn11
400 / 230 Vac or 220 / 127 Vac
Protection
Oll Level, Oll Temperature, Oll Pressure and Buchholz
IP 54
IACA20 kA 1s
50/51, S50N/STN
Type HI
C5 Medium in accordance with ISO 12944
Features
Optional *
Optional *
General
6,058 x 2,896 x 2,438 mm (20 HC Container)
<22t
-25°C - 60°C * (-13°F ~ 140°F)

0% - 95%

1,000 m *

Prewired and Pretested, No Internal Cabling Onsite
Smart Cooling without Air-across for Higher Availability
Modbus-RTU, Preconfigured with Smartlogger30008
IEC 62271-202, IEC 50588-1, IEC 60076, IEC 62271-200, |EC 61439-1

1,500 m *®

1 - More detalled AC pewar of STS, please refer to the dis-raring carve.

2 - Rated ontpot voltage from 10 Vir to 35 NJ, more sralilable upon request

3 - Ensts expecos vensad for optienat festures which standard droduct, deesn't centain, mere options upon request.
4 -Witen eamient temperature 255°C, swining wioit ke equipped for 575 on ate by castomer.

S- For higher operating aliticide, pls consult with Huawet

SOLAR HUAWEI.COM

Jgaall iy
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