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Power System Design of PV Site at Kibutz ”Mishmar HaNegev” With Its
Connection to Medium Voltage Network

YOTIN 93 VPNMNID

: DOWVNIN

ToNON AW VITIVON DY
325040806 : M3 NTIYN

7 NNDY : DITVDN DY e
211446463 : 1IN NTIVN

22 :nNap

NN
12OV 102N 974

APINIVPINY YIYN NOTINY NPYNNY WIN
PYNY 390 NOTINY MNTPRN NYYINN
yaw N3

[NpRNLPIRI 2NnwN NOTIN? NP7NNAN | 17N DTV -1 D12 NX7V D'DITIDON DY |

[1"awnn | |vaw N, jIvnw 'o w'V n0TINY NIMTpRN 092200 ,'0TIN 1N bP'Na

I Tny



= S B =

JIYNY 'ND U”Y NDTINTZ N'NTZRN N7700n

VPNI9N PPN

DXVUTNNN MINN MNPHN NPVWAY MDWNN NN DYIXTH NININRD DMWY INRD NPNYNOV MNNINN
DY NMPNADN MYOVYND NI MY 18D ,9NVNN NN NOVHNN NMYY .NPIITIND DNYNN MOIyNa
TPINNRN .MPI INN DY DXODIAN MNINY DT VIPIAY N30 ,0001010 MNPNRN INDN NN
,DPNNONN MNPHRY NNNN NMIN NN AN DYDY DIPNIN MNIPHRN TARD NAYNIN ,NPINDION
STNPHNAOIMYNVN HROXIVID INNN N — DAV DDPN ININD MTIN — HNIWI)

N .DY2°2197ND DIXRN MYNNINA DNYN NI TNXD WHYn NPIP DX NI (PV) MNROLOITIVIS NOvN
TN ,0O91T) DX9PIN2 MINN NE MIYINRND IN MWD 1O NINAN NYANND OMINIW O3 DY

oY D) DOV . MNTPNN NN MY 00X ,onvwn MM DC/AC, »1nn 0780 DIDINGD WY
JPNIND 9NWNN NYADY JPNND NOYNNNI NNV NN MITIN NPOON IWIND DN D209

NYRT ININ MYOITI PONI ,TPIRDID MIININ NPITNY N NN DY KON YOTIN ININL POIY N VPN
NN PN NN NN NPN DY ODINN NWN NIND PADY X1 1NONN NvN (B.Sc.). Ynwn nomnna
NTIAYN .MM MDY NPPN , MMM MYIITI ATV TV NN WMD) D101 DPYTI MONN
NNNN MM DPYNN NN, NNV MOIYN 1NON ,DXPNNN TN NN ,DM9ININ DIPID 1NON NHDD
DNwnNin 92N NYID 1PNNRN NN NN DY ,MAN

VNN NPPNN TIVNDY DNYNN DN NPNIND ,IRIYIA DRYNN MIPM YPIND DXNNA NMIDINND NIIWNN
L UNYUN NN DY a0 DIN ,DMDNYNN DY2¥090 DY MV TIPan DY vxT own Ponna PV. »pnnd
NN NIPAN MVIIT 952 DTN DM PNPINN MY

: DY91ON OMIIIN DMOTIN MNIPY DDV DN ToNNa

.DYPNNN DMINPH DXVITIVDY DRNNI MV DX PN NIWIN NPYN NIIVN NP
TN OONPYN 0N 239w MPPT nyandinsw mysnxa 78N paon 01opm

IRIYI NPRLINIVID MOIYN DY NPPNN MNVIN NNPNY NRDND NPNVINI NHPRNN
AP TYN 5955 NN NPIRNN DY) NION

NO9YNN MPHX MWD NP INMINI MNTRNN NNN MIIWYN DIV»

R W N e

,DONIV) D725 NN ,NNN 09N ,INP ODIT,DI0MY 22N 55100 PPN YOTIN IDN 1IN NY LPNID
,IPNN TMINIIO NIIWN NHPPNY OMISPN D0 INNN TOI) — NPOTIN NP NMINN MND NION
2°¥ NNMVA

[NpRNLPIRI 2NnwN NOTIN? NP7NNAN | 17N DTV -1 D12 NX7V D'DITIDON DY |
[1"awnn | |vaw N, jIvnw 'o w'V n0TINY NIMTpRN 092200 ,'0TIN 1N bP'Na

2 Ty



— S B2 =

JIYNY 'ND U”Y NDTINTZ N'NTZRN N7700n

ABSTRACT

The growing demand for clean and sustainable energy solutions has
positioned solar energy as a key element in the transition toward environmentally responsible
power generation. Increasing global concerns regarding air pollution, greenhouse gas emissions,
and the long-term impacts of climate change have accelerated the integration of renewable energy
technologies into modern electrical systems. Due to its high solar radiation levels throughout the
year, Israel presents an ideal environment for photovoltaic (PV) power generation, making solar

energy a highly effective alternative to conventional fossil-fuel-based sources.

Photovoltaic systems convert sunlight into electrical energy using semiconductor-based
solar cells. Although limited by intrinsic efficiency constraints, PV systems are capable of
producing substantial power using relatively small installation areas. These systems typically
consist of solar panels, DC/AC inverters, electrical switchboards, transformers, and advanced
protection and control devices, all working together to ensure safe and stable energy production

for on-site loads and the national grid.

This project presents a comprehensive engineering design of a solar-based power generation
and distribution system, carried out as part of the requirements for the Bachelor of Science (B.Sc.)
degree in Electrical Engineering. The project aims to design an electrical system that relies on a
renewable energy source, reduces dependence on traditional fossil fuels, and meets high standards
of safety, reliability, and efficiency. The work includes the selection and placement of PV panels,
inverter configuration, low- and medium-voltage distribution design, transformer specification,

and the definition of the connection point to the Israel Electric Corporation’s distribution network.

The design process is conducted in accordance with Israeli electrical regulations, PV
installation standards, and guidelines issued by the Ministry of Energy and the national electrical
authority. Emphasis is placed on system reliability, optimal energy yield, ease of maintenance,
and full compliance with protection and control requirements.

Several key engineering principles guide the project, including:

1. Ensuring safe and stable operation of all electrical components within the system.

2. Maximizing power output through MPPT technologies and accurate electrical design.
3. Meeting all regulatory, safety, and technical standards for PV installations in Israel.

4. Providing convenient access for maintenance and operational handling.
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5. Implementing advanced protection, automation, and monitoring systems to enhance long-
term reliability.

This project delivers a complete engineering solution including load calculations, short-circuit
analysis, voltage-drop evaluations, transformer and cable selection, protection design, and
simulation of system behavior—establishing a solid foundation for the implementation of a

modern, efficient, and dependable photovoltaic installation.
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,OMYNYNN NPONN NI ,NMAIN NMPNT APY PP DNYN NN T PIND INNN TPINION
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)N MOIWYNI DINIY ,DNYN MMY ,PODN YPNN ,DMINDID DODINS MIADVWN NIN MOIWYN .NPNINON
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DY2INSN NOYMIN HNN ,NIIVNN DY 510 NION YD NTIAYN NINDNI 2NN YN 1P TNNN NLYAI
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POHN NPIONIDY MNPV MPYTa,0°2309

2030

O All renewables: 45.6%

@ Variable renewables: 29.5%
O Hydropower: 131%

@ wind: 13.4%

O Solar PV: 16.1%

O Other renewables: 3.0%

Allrenewables

Variable renewables

Hydropower Solar PV

Other renewables

0 1 T T T T T T T T T T T T T T T
2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030
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NOTINN NKv¥aAN PNON 1.2

MY NHINYNY G207 NINT NINDID NN NN NIN VPNISN DI TRIWN NPV YOTINN DNNRN
NYATI NOIWNN .ONXITTIIN 9.6 DY 551D PHDNA DNRYN NOIYN DY MIPNNI N1PNN ,MNdVAN N8O
,TPOPVAN MIINDN NPIAN PADY , TPNIND DNWNN NI DY PYNNNND ,0NNN N0 ONINA Dwad
.72 NN MNPV MDY DY NNHYN

:DYMYNYN DN 190N DY MTTINNN NODID MIYIN

.ONT 507 YV 9PN NLY DY DIDIND TIVNI DY NP N9 110N

NP O NTRYY DN DIPIDNY DINIVNY DINNN HINNND o
APNNN DY 10NN NWIN TIINRD 2PNN DINHA NHN YN JY NPNY
.72 NNNY TN NNN NDPND DRNNI MNTPHN MND PION o

AN NLY JPNNY MNPNMNN DXPII NN MPIND NYAP

INPYNN NN MIPIM DNRYNN PIN DY NN MYIITA NNRY e

DYV DMOTIN DXMN DY MONNDN NPNIIYNTIT NION MDD NDW 21NN 7PYAY NMIVNN

moTnn Nvan PIna l.3

: DYNIAN OXMHYM DI NN NYDION ,NNDN NINDID NN NION DY DI 7PN PIND

NY2APS MNINKY NN, 0NN ,MPNN NPNT D1, BINDIDN DIVINDN TIYN NNSHN NY*ap .1
220V PAYN

M2 7NN NP2 oxrMNN MPPT ymnn »oya SMA, nasimn (Inverters) 032901 99N .2
.DMONYN NPIP MNINA

MY ONXNNA D023 YINM ,MINN ,DXPON ,5N0YN MMD 9213, 713N NHND NIIYN PN .3
NP DOWN

kV.22 nwao M2om ANSI 100 )70 700 00NV NYDIDN, MAND NHNN NIIYN Pan .4
DTPN NOYH DDAP Y2IVN D751 YONN NN ,NNN DN ,INP MIT: BDTIN D22IWIN WY
ST POON

ST NNNY M NNN TYN ,DMIND NPIRD D21, BIPI2 2391 MNNY MPIND 1PN .6

LDV DN HOYININ NNN PNIONN MNDIND, NIIWNN NSO .7

OINY MYITI NTMYN NDOYN NNV, NN NIIYN NPY TWIRD YXIND PNINON
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Ny NIaN1g

NN NMNOD 1.4.1

NNRPN NN NIDPY THIDI )IWNHY 22 TPNIRD NXYIIN NNN ,20N NISI OPINK 2NN INWN NP
D7) DY MNYPNND ORNN .0NT 507 DY NLY DY YINYNY OMYNYN 92202 NPINDID MO NN
9.670 YW Y910 PANY PN JPNNN 199 ,PODN VRITN DY DIV 59 HYW YXINN NOLY YT ,DMNNPN
LORNTIIN

: VAN INNRND
VNV NMIPY 1M1 NOYN

DPMYNYN MYONN RDY AN 47N DIDING NDMO

PRNNY N2 MY
SnvnNn NHan SY Miax NHN NPNYNY NYONY VIV NN

NN V99N 1.4.2

: 91951 INNA MIRIION NIIWNHN
(Inverter Stations).0>nH NRNN 11 .1
D2NYNN NN SV NN TN .2
Dwam napanan L3
SUNI NDNIDITON .4
.Sun Power na¥imn o»xOUOIIVIIO DOINS .5
SMA s nn 0MDann .6
PV moaynb omnnin SMA nann oy .7

193501 2255913 ©INIPYN NNHAYN *adY 1.4.3

: D25V 95 YXIAN) TNYN NOTINI MNY MPSNDMT A5WN INNRM NN
NN DNYN NN DIONIY NN NOIN. .1
UNYN NMIP HY N30 NOVWP MIVND DODINSD NDM9 ION .2
M) NNNY IV NNNIA DNYN N PON- .3
IDIRNN NN NN DDA ONN IWN .4
.0V 0.92 SV NP TIY PADNN DTPN NIOWD DWVIAP MO ION .5
19910 ,M2) NNNA NNV PN DN .6
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D792 790 MNM MPIRD ON .8
AC.5 DC nnn 7180 009 nvna .9
.NNN MOIWN DI P2 NPDLVLPSO M .10

YNV UPMN99N 9N 1.4.4

SV VPNION NNDNA
PPN PIND MYITO DRNNA DNYNN MOIWN DY RO ON - .1
SNRND NVYA YINDION TIVHN NDYM NN
2NYNN NN S IHINP-TN NNOD
I8P NI N9 NN MY NPYTA
NN Y991 Y2IVON
DIVITN 5NPYNN NINN DD NN
INDD MPIND NN NON
.(9701) 11991 PNPTNODITIVN MNNY M) NNN TPN NPNI
DPOLIMDIN MNNN NN DD ,0OXNIVN NDY PADN NYIP

© ® N o U R W

M99 P9 —2 PH9

[2],[1] wnvwn n»p 2.1

NN MINND MYNIN NPHRN XD DY, TIRVNTIVIO NN YO DIDIN NN INNND WHWN NP
,DOMVN NPIPN 22237 P2 DTANM NOY NYIN NYNT,NNNDOND ,NIIPN MIMIND NIAN .DNVND NINND
PN DMANN TININD NPIDN NN TIYNDY OPINDID DINTIN TIVND DY POITNH NION YNID NIVINND
VN TINRD
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[2],[1] D229 MPNd wHYN 2.1.1

121 MMNOLNX DNAY ,WNYN NDD DOWNINNDN MY TINN 2IPDNNA XIN MINIION NINIRND NPN
PIOWIN INNWN 29 DY TPYNIND 101 19NN NONN JOP PON NT PONIN .OPHN NPNY DTN

E =mc?

9957 NP SNYD — NIRD NTID I MINKD VYT PON PI,NNINY MIIN NV YHYNY MIND

DY MYIANN MOIWNN : NNV OYIV MINDX NP INNY YT NPYADN 1T NN, NINT DY .NVDNN NPIPN
TPXIIND NDI81K 10,000 19 DT PN YII D92 NIND VT 292 NYNON NIRDIDN 7MNINRD MNOY 1o
98 D50 NN MDOY 5197 NIND IVTID YN WNIYN NN 7252 0.01% D, NYYND . MYNND YW NHNMON
.DMNI2WN TININD

SV TININD MNNNY 71579 PNINDD MINIID 72XIIND DIVIN PTRN INONIVIN NN DOWNITH YN DN
INIY NNNTO N2 WHRY NP MDY MIPTHNI TN 1NN O9YN

[2] ,[1] wnwn NP MAYaN 2.1.2

TIIRY WYY YIND T P2 MNWHRN PRINY DRNNA NN NI9DINVNRY XINK NPINIIDN NPIPN NNNIY
£ A Y PRI MY

N"P1.47 x 108 e

n1P1.52 x 108 e
:DINNA I EG N1IPN N0Xy Nt DY apy
1412 W/m? 7y 1325 W/m? e
: TPANDID PINVN 22IWINY D0 WHWNI, Y INIIDN NIAPN™D VTNIN YHINNN TIVN

Eg = 1367 W/m®

(4] ,[2] wnwH DN NN 2.1.3

2NN WHYN DIPM NX INNT YITI NPRVIIIVIO MDIWND NYIINN PIRIION NPIPN 1IWIN TNND
2 TIDY NPM HOINY NMYNNHNI

POND P PV wnvn M7 2 i (Solar Elevation Angle) — wnwn nan .1

DANY DN WNRWN P MY NN SPIND NI (Solar Azimuth Angle) — wnpwn VIR .2
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. = 05770 )PIN TN NINIID MINDNX MOIWNI

29DV 1902 NN NAX NPIY MVOY TV 2PN PYIIDI NN NN NN NNV

SV PNPVNN YIS PV -1 NLW 295 Nyndnn 1IONISIVIN N1IPN NN AWND MITVIND IOX MITHN
029D NPIIdN MIVND DINTINN PP

AZIMUTH
ANGLE

NORTH SOUTH

TILT

ANGLE /

TPINDID MNTNOVA NPMT NITHIN - 2.1 9PN

[4] ,[2] nYPW? NP WNRYN NP N0 2.1.4

: 022527 WN NAINN YPIPN 297 NYINN MINIION N1IPN

IPOY N INNMY N NOD W 12 wnvnm Ny»nn N p (Direct Radiation) — H9°ws 149 .1
.DYPNA D2 IPOYL ,DMOINND DOINTID ITPDY NVIPIN MIIND

POIPOM O TN, MY APY NI9DIMLNI NIONNN MR (Diffuse Radiation) — nanan N9y .2
DN DN NLYNN DX NYINY,PIN

: ©°2Y377 M)V DI NN NVWYN DY NI2ON N1IPN

G=B+D

:IUND
NP NIp—B

nmnan n»p—-D

[NpRNLPIRI 2NnwN NOTIN? NP7NNAN | 17N DTV -1 D12 NX7V D'DITIDON DY |
[1"awnn | |vaw N, jIvnw 'o w'V n0TINY NIMTpRN 092200 ,'0TIN 1N bP'Na

15 Ty




— -

JIYNY 'ND U”Y NDTINTZ N'NTZRN N7700n

[8],(47,[(3] ©2°90WUN 023NN N3N — YINDID Jang 2.2

YNRYHNN NP DMODIN PNHNY YDPInNY PV, n59y1n1a 2159910 259970 NI PROUINIVID DITIN) MINDID DIND
1320 NN ONY VAT NIRIID NN S HOOTIN NON TNXD (DC). v DI NN ONYN TPXIND
N1IP PO N0 ONIN DY NYIVNN DX ,NNN—DITN MNMIPY NX 1D NIPYN NUNN DTN NN ,DINID
DTN DY DMIDIIN DIMANNDN NN MNIPY NS 1T P92 3TN NPIAN DY NIVINNVI

NTIAY NN NYIPY DID9NN NN, DXITIND TIVHD MNON YXIWIND DIV DIVNYN TUN D INID
.DMINVNIN

[4],[3] *IN9D YINg YV 9042 Nyan 2.2.1

MON 07N (Monocrystalline Silicon) 500711 NON MININD TN WHNWNY TN NY LPNII
TNNY YR ININ NN DNY MIPHRY 119 ,NNV PNPXDI0 HY TN LN MONNIN MPT MO DIXPI
SPNNY NS

191 17%—20%, S¥ D¥27¥2 2770 NYHINN, NMIAX TPVINNX MDY NIN DMWY TN DINN DY 2137300 NINN
V) TINN PAYTHR NN WNT DNOY NNON POIN ,NINT DY .DOINWN XIN ONIN T TIHINRD N0 MTNY
190 NINNX NPNDNOVLY NNV TN MM NI MMDYDY DY) 9DIN 121D D>2mv NN,
lolvialvipihl

DOXNNN NT 21T ND,022I0 NP ONINA ND2IN MDY HONYN MDY M) NPIdN—MDY ONn> Hva
2NN VPIAI DVN PNIND NI 199) — DIT) POONA DMIRIID OIPNND TNNI

—— Aluminium Frame
—— Tempered Glass
—— Encapsulant - EVA

—— Solar cells

—— Encapsulant - EVA
—— Back sheet

Junction Box

YINDID D39 bW N3N - 2.2 MON
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1NN 19INA 191 DDA YINDID D19

S TNYY DN TN NP DMIIVWNN 027571 MDY 190NN 1971 MINIID DIN
.102NN MY NO0N NNNY PN DPYNION (Frame): 09201 o
PN MY 9N NNND DM MPY NOYA NPDINKD 10107 (Glass): 19017 519219t .
LDMINDION ORNN DY NNMY NIANHN NPV N1OV (Encapsulant — EVA): 10X na5y e
2NYND WNnvn NPIP DX DX PHRNN OHLDMIPIMMN NP0 RN (Solar Cells): ©»INID OIND o
Y9 MIND 79N NN TITY MNINK N25V (Back Sheet): »990N »0d o
APYN MTYT NONON DINAN DY NPYNYNN NNN NTIPI (Junction Box): 0920 nooyp  «

[8],04] ,[3] NN DIy $9NYN DTN — SINDID YIS 2.2.2

NN DY OnYN NNNINN Mo .DC 9w y9nyn D91 NNND WHRWHD DMXIIN DX TI9NY ININND 2990
INMNT IRVIINIVIY O NPN 91D NT DTN PV NNNN DIYH MIYNNINI ININ AN HPN POROINIVID
TNV NITINN ,NNNND TOIIN MIMANND DX THINMNN NTPT ,WHRYN NPIPD TW DN XN DN NN

ARgp TYTINN N G MO HYa 52PN NOYDT TYINY,NONN TN NRVANN R,
Ig Rs

T |

O
INYNN DTINN MNNYN

YINDID NN HY 1IN DIV - 2.3 9N

:92PNN NNINA DN PIN MYSNHNA

I = Ig - Id - Il
S0PV NNNWN P3DY 1M DT TN ON

q(V+IRy)
Iy =lo(e” AT —1)

S TPAPNN MNN TIT NPITH ON
I, =G, - (V+IRy)
: NN DY NYDION ONN ARNWN NYAPNN 1ID

q(V+IRy)
I=1,—Iy(e 4T —1)—G,(V + IRy)
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Open Circuit Voltage — V5 099 nom
1 = 0 omy NYY asna

4Voc
Ig - GZVOC = Io(e AKT — 1)

: ITITN YTOONM NYOTAN DINIYNN TWND
Vo = 2l 1 (2 4 1)
oc = q n ( I,

Short Circuit Current — I ¢ 98p ©9%
V= 09N
ISC - I(V= O) =Ig

[(8],[(4],[3] *NTD 939 YV NNN—O9F 129N 2.2.3

YNl 0911 P2 Wpn X IRV (I-V), ARN-09% NMIPY YT-DY NININND MINDIDN 939N NN

DN NNVINNIVLY NP ONIN NAY , PMIPAV NNNPN PaY poon
: NHNN DHYHN INNVNN HAPNN DN HVNNNPN WP

q(V+IRy)
I=1,—I(e AT —1)—G,(V +IRy)

VAP MTP) VYDY DTN NINN , 97 I-v nmpya 27Y DXWNNYN NOVYN 7772
ISC I8P D9

(V= 0) 03pn 5190 Msp IWRd DTy NP

ISC = Ig

DN NNNM ’bb’vpm 09N N2 ,NMIPya NOYNNPYN NTIPINOIIN
VOC oI nNNN e

(I = 0) Dy XYY MING DIN IWNRD NTIAYN NTIPI

Voe = 2 1 do v q
oc = q n(fo )

[NpRNLPIRI 2NnwN NOTIN? NP7NNAN | 17N DTV -1 D12 NX7V D'DITIDON DY |
[1"awnn | |vaw N, jIvnw 'o w'V n0TINY NIMTpRN 092200 ,'0TIN 1N bP'Na

18 Ty



— S

JIYNY 'ND U”Y NDTINTZ N'NTZRN N7700n

JSDAN DI MINPOPN NNND NA,NMIPYL NI NTIPIN SIN

MPP 39 paon nNpy »

, MPP-Maximum Power Point RN 33 NP 90010 pavnn nav NN nnop Ve Y Ige 2
0na MPPT Apa » -5y nyapn

:(Fill Factor — FF) »5mn 04pn X 1D i)
Pypp = lupp * Vupp

Vupp * 1
FF = ~upp " lupp

VOC ’ ISC

21NN HY AN NIV NODHRYN MDN O INY " -V “nnipy by yn may FF 71y
D1NN NPNIAS-PV, 1 ndyn on> ©021 Minn-MPP) Y, Ve Ige 2y oy 1o, [-V 1 nnpy
DNV NTIAY Y2XD NAXN PADNN 1IN DIINNN

IV Curve

Pmax

¥
o

3..
°
°

Power Curve

Current, Power

T
Voltage mpp  Uoc

PV 5711 5w D71 - nNn PIOIN - 2.4 99N

[8],04],[3] 2991 29%2Pm 913°Ha 0N Ay [-V 999I1x 2.2.4

NOIWNN DY NO5IDN TIONRYNN NNINNA NPOY DIAPNN , TN DMINIID DTN 190N DIANN IWND
MY NYIVN NNNN DI . 52PN XN IV NN NPIPIY MNXN PNV YSINNY 515> DN TIND NN
N5 Sv-1-V 1 prax by
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:(Series Connection) 90 93N
N2 DYTINN DY DOUN NNONOY TAN DITIN DY NPAPNN NNONT NN DYI2NN0 YNV TIvHNa
;DY NIPNA

VOC,series - ZVOC,i

ISC,series = Is¢

DY NOYY LYND INWI DTV IV, DTN 190N DY HYINIY Y1) NHNH — 9>
09252 199N TN DN DC-AC 7910 MDD NNHNN NXROYNY DORNN -

DIYAVN DO DI DT «— TN DYTIN NOHNN : NAIWN NN -

-
- - —0

+
’7 _ V=V]+I'f2+ V3
0

1mA A m

VOLTAGE

CURRENT

902 DMINN ORN NYYY NI [-V nmipy - 2.5 99N

:(Parallel Connection) ’9%apn 913°n

(D10 DM ,0IVAY DIZ) DXAMWN NN ONPD DIINND DN TINN DI 1572APN NN

ISC,parallel = ZISC,i

VOC,parallel = Voc

ST TN NNT IRYI NNND TR ,DMDITINND 19010 ONNNA D1 B9 — 90D
DPPON MOOSN 92 AN NIV MITNY INNDY DN NITHIND OINNN -
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3 modules
I=li+ b+ 13
[ T 1 +
2 modules
- 1y b Iy
i
o t 4 4 v
[
>
o
1 module
r— 1

VOLTAGE

.221pPN1a 0NN OORN DYDY MY 1-V n;mipy - 2.6 9N

09990 I-V 5mpyh 1925010 nman

NHNND 98 191295 NNNNI NMIPYN «— PNV NN °
09N 99K 1190 NNNNI NMIPYN «—OMIAPN NN o
19915 POON

Piotar = Viotal * Ttotar

1OV TPNVMVAIN NIVAND N1 NN NNXN ,)D0
0PN MYITY NN NNY NORN -

D>Y252 ©>2D NON M -

M9VNN MPP n1ip) ndnw -

[16],(3] ,[2] D919 DINDID DIND DY MDY 2.2.5

5 19PN IRIIDN PODNN 12D PN YDNRWNN PADNN 12 DN NITHN INVITIVID XN DY MDY
DDIND ONIN NNVINAY ,DMIPID DNINMIND ,NNN NVWNI ,ININD NN NYIVIN 1T MDY XN NLY

_ Pour  Vumpp - Inpp

P G-A

:JUND
NI MPWY—7) e
MPPnTP2 52pnnn »onwnin paonin— Py, e

939N NOW 9Y 1PN POONN— Py, @
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w
[=] " p paon—G e
m?2

[Mm2] Dyanow—A e
M1 DY DIWOVUNN 099
AMVINL .1
M2 NP 1IN, Voo NNNA NTIY NN RND NNVINY NMOY
NYHN PYAM WINAI MO .2

(17%—22%) NN MDY «— DOOVDIPMN OIXN o
(15%—18%) 1NN MDY «— DOHVDMPNY o

(10%—13%) 90y Nom) MY «— Thin-film o
APYOAIN JTAINY 7Y, mbbsn .3

[5c 2 DY «— NPIvNI PMYHYN NP o
01939 NI9YN *109N 4

Rs; D»MOL D109 o

G; TYTNOYTIMN o

(Fill Factor — FF) "5 o1pn

2T Y90 [-V nmipyn M2 NA D) 79N XNN MW

V -1
FF — JMPP " "MPP

VOC ' ISC
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D910 DXTDIN DY YMDN NN DY Py M) FF 77y
(System Efficiency) 5°n59¥1n m>y»

: D90 DXTOAN DI INNY XN Ta90

Nsystem = Nmodule * Ninverter " Ncables * Notherlosses

1220 27D DY) YNV NINDN PV noavn Sv nHHI1on mwn oyina
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Block Diagram - PV Inverter with MPPT (Grid Connected)
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Manual control of
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Circuit-breaker position
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(kV)

&3 12 15 17.5 24

Rated voltage kv 7.2 12 15 175 24
Rated frequency Hz 50/60 50/60 50/60 50/60 50/60
:;:;;’;m::ﬁ“m’"““”“ KV 20 28 36 38 50
Rated lightning impulse withstand voltage KV 60 75 95 95 125
Rated peak withstand current kA 63 63 63 63 50
Rated short-circuit making current kA 63 63 63 63 50
Rated short-time withstand current 3 s kA 20 20 20 20 20
Rated short-time withstand current 1 s kA 25 25 25 25 20
Rated normal current of the busbar A 630 630 630 630 630
Rated normal current of feeders A 200/250/400/630 *
Width (feeders) mm 310/430/500 *

(1] e (3] (4] (5] Deptn

* - without pressure relief duct mm 775 775 775 775 775

~ with pressure relief duct mm 890 890 890 890 890

é @ é [Tl:] [% Height without LV compartment and ;
pressure relief duct mm optionally 1040 / 1200/ 1400 / 1700
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¢ Load Break Switch
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[:‘ Relay  Protection Relay Transformer Bank

-+ Earthing

APNN2OYRIN MAD NNNN ITON DY OINP TN VIV - 4.7 9N

[NpRNLPIRI 2NnwN NOTIN? NP7NNAN | 17N DTV -1 D12 NX7V D'DITIDON DY |
[1"awnn | |vaw N, jIvnw 'o w'V n0TINY NIMTpRN 092200 ,'0TIN 1N bP'Na

69 Ty




— -

[IYNY 'ND WU”Y NDTINT N'NTERN N77000

NN 219121 BT INIY ,NNN INIY 4.5

YN PONN NN PMD ,MYPN MNTD NPIN JPNND NN 23D9H PON MNNN M) NNN NNNN NN
NIV, NINN MI0NN WIDOW YY) T TNXY .90WUNN NOIVNDY TPXD P3) YNNI MWAND 9NN 8PN 0%
DNRNNA NN NPXPND NHYAN O1HNYN DT HY NN DT TH 0 waNNDN, (VT) nnn »xawy (CT) on

.N59¥NA NN ONRIND

13N YomN

NPPNN MYIT HNYNN NIIN MYIITL TOIYN NNN 0NN MIPNNA 2NN PWRIN MAD NNNN ITON
MND NN INNII MIIT NN PN J9IND TVIY IXINK NNNN 10NN .NYID DM1INNN NN NPNND
STNNN DY MAN NNND PONY PIN NTIPS MY NYPN 228N

moyny ooxnnn, SIPROTEC Compact 7SJ80 oy 11 Siemens NI¥INM M1)N 9001 902 NT VPN
P TR LNNN NVIPND DY AN PN DY IWIND) M) NNNA NPIDN

| > 50/51 Overcurrent protection
Instantaneous / Time delayed
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@ 300/5A
@ 2.5VA

@© s
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@ IEC 61869-2
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(VT) nnn»mav

NIV .NIPAN MW DTTHN TN ,NNNN 20NN NN NIIWNN ONNND NTITHD DOWNWN NNND INIY
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Table 7 - Values for the factor n? (9.3.3)

r.m.s. value of shori-
circuit current kA cos ¢ n
=5 0.7 1.5
5=1=10 0.5 1.7
10=1=20 0.3 2
20=1=50 0.25 2.1
50 =1 0.2 2.2

a - Values of this table represent the majority of applications in
special locations . For example in the vicinity of transformers or
generators , lower values of power factor may be found , whereby
the maximum prospective peak current may become the limiting
value instead of the r.m.s. value of the short-circuit current .

[EC 61439-1/2 »95 0510 DN MTPN NIV - 4.15 9N

YN POON NINA
01 Yy, Tmax XT3 0)11 ABB n1¥inn »wxI POan 9Ny PXIVN DY AwIiNnn NTIayN 01D DXNNA
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M) PODNA NINID NID NINN NNPNY DIVWITIN DIWIN WX

TYY DN DTN NN INN ,NOIWNN DY 1123 NION YD XXM VPN NPIDINN NNPONN NNNX
2WANN NNPNN NMDY NMIPNINX ,MINNN MDY DY PY 19INI Wavn ,NINNI D957, 00XV NN
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.INNN TYN DY Y2010 5IND TN ,1PD559) 71250 1°N20 DO PNIN
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2NYNN NN DIPNN MYIITY OXNNA NDXM OXTYN
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X-Series: X21-470-COM SunPower® Commercial DC Panel

SPR-X21-470-COM SPR-X21-460-COM

46 mm

[1.8in]
2067 mm
* [B1.4in] *1 —-| |+
4
' —
-
1046 mm) 1
[41.2 in] - —
(A)
v . [
|[—s]
FRAME PROFILE 4 %398 mm
[15.68in] (B)

(A) Cable Length: 1230 mm +/~10 mm
(B) Stacking Pins
(C) Long Side: 32 mm [1 3in]

Short Side: 22 mm [0.9 in]

SunPower SPR-X21-470-COM 5y7111 S5¢ mMy110) D910 DN 9NN V19N - ALl 9N

NI - B nav)

210
'019'7-NTN MY
|PY N7IDND

#73'D13 1900
1800 kVA

:0Y73'n1n o'NNn
22/0.34/ 034 kV

DMI0PI NN
Dyn11y11
ang
ONAN

2P NON MNIV VIM - B.1 PN
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§

LR TRANSFORMER DATA
— L’;’"’-’ - s
g = | \m\‘. Rated Power 1800 kVA
‘ b AC Voltage (HV/LV) 22KV /034 kV
Frequency 50 Hz
" ! . e ' Transformer Type Three Winding
. Vector Group Dyn1iy11
| | . B Cooling ONAN
N—.Br——"t‘ Protection Clase psa
. Standard IEC 60076
LOSSES (at 75 *C) DIMENSIONS (mm) WEIGHT
No-load Losses 1.95 kW Length 2700 Total Weight 3700 kg
Load Losses 15.6 kW Width 1500 Oil Weight 960 kg
Total Losses 17.55 kW Height 1900
- Sy | e ¥
1 = ‘ EFFICIENCY (at 100% load)
)
=1
1 Ll & | 98.85 %
) | f=] B
LIy | QEnE. |
- 2700 - i 1500 h
SMA Sunny Central 1800SC v »nn - B.2 99N
TRANSFORMER DATA
./"" Rated Power 800 KVA
! AC Volitage (HV/LV) 22KV /0.34 kV
Frequency 50 Hz
| Transformer Type Three Winding
Vector Group Dynliy11
| Cooling ONAN
Protection Class P54
Standard IEC 60076
LOSSES (at 75 °C) DIMENSIONS (mm) WEIGHT
No-load Losses 0.95 kW Length 2400 Total Weight 2300 kg
Load Losses 8.7 kW Width 1400 Oil Weight 600 kg
Total Losses 9.65 kW Height 1750
p— -~ I
| = | | EFFICIENCY (at 100% load)
S B 2 98.90 %
} 1 {
- - — - - e 2
z 2400 o 5 1400 o

SMA Sunny Central 800SC X »»n) - B.3 99N
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SUNNY CENTRAL
800CP XT / 850CP XT / 900CP XT

Profitable Durable Flexible Versatile

* Upto | megawatt system power * Full nominal power in continuous * Wide DC input volioge range for = All grid management functions
os standord operation at ambient temperaiures flexible use of voricus module are included, prepared for “Q
Significantly reduced specific price upto 50 °C configurations of Night* including pure reactive
thanks to increased power * Optimized for extreme climatic con- * Perfectly odjusted for the tempe- operation
Maximum yields with low system difions between —40 "C and 62 °C rature-dependent behavior of PV Customized computer platform for
costs * Active lemperalure management arrays optimal monitering and control of

with OptiCool™ inventers

SMA Sunny Central 900CP 7901 - C.1 9N
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Technical Dato

Input (DC)
Max. DC power {at cos ¢ =1)
Max. input volioge
Viw s O e < o,
MPP volioge range (o1 25°C / ot S0°C ot 50 Hz) "™
MPP voliage ronge {ot 25°C / ot S0°C of 60 Hz)"*
Roted input vobage
Max. input current
Max. DC sheescircuit current
Number of independent MPP inputs
Number of DC inputs.
Output (AC)
Roted power fat 25°C) / nominal AC power [at 50°C)
Nominal AC volioge / nominal AC veltage range
AC power frequency / range
Roted power frequency / roted grid vollage
Max. output current / max. fokal hormonic distorfion
Fower foctor ot roted power / displocement power foctor adjusicble
Feedin phases / connection phases

.

Max. efficiency / European elicisncy / CEC efficisacy
Protective devices

Inputside discomnection davice

Outputside daconnaction device

DC overvelioge profection

Lightning profecsion [occording to EC 62305-1]

Stond-alone grid desection acive / passive

Grid monitoring

Ground fault moni Z llod ground fouk

Insulofion monitoting

Surge arresher for auxiliary power supply

Protection class | ding to IEC 62109:1) / oge calegory (occoeding to IEC 60664.1)
General dato

Dimensions (W / H / D)

Weightin kg

Max. self fon | )" / self (night)

Degres of protecticn: dlecwanics / connection ana [acconding 1o IEC 60529) / according to IC 6072134
\pplh L d ouidoor / indoor
Maximum permissible volue for relative humidity [soncondensing)
Maximum opescling alitude obove MSL 2000 m / 4000 m
Fresh air consumption [inverter]

Features

DC connection / AC connecsion

Display

Communication / protocols

DC current ing (Zone ing / String monitoring)
SCCOM / Flant monitoring

Color enclosure / door / base / roof
Guorantee: 5 /10 /15 / 20 years
Configurable grid mancgement functions

Cestificates and approvals (more available on reqees)

® Siondard features  © Opticnd features  ~ Net available
Type designation

Sunny Central 900CP XT

1010 kW
1000V
596V
722V 10 B50 V" / 656 V 10 850 V¥
722V 10 850 V" / 656 V 10 850 V*
722v
1400 A
2500 A
1
9

990 kVA / 900 KA
405V /365 Vo 485V
50 He, 60 Hz / 47 Hz 10 63 Hz
50Hz / 405V
1411 A/ 003
1 /0.9 leoding o 0.9 lagging
3/3

98.6% / 98.4% / 98.5%

Motordriven lood breck swilch
AC circuit brocker
Type | surge orrester

Lightring Protecson Level I1l
./
.
o/o
o
.
I/

2562 / 2272 / 956 mm (101 / 89 / 38 inches)
1900 kg / 4200 1b
—25°C62°C/-13°Fo 144°F
O [~40°C1062°C / -40°F 10 144°F)
64 dblA)
1950W / < 100 W
230V /400V (3 /N /PE)
OpfiCool
P54 / 1P43 / 4C2, 452
e/

15% 1o 95%

e/ 0
3000 m'/h

Ring terminal kug / ring terminal log
HM! fouch display
Ethernet, Modbus.

o/o
© /0 [vic Suney Portol)

RALDO16 /9016 / 7004 / 7004

e/0jo/0

Powesr reduction, recciive power selpoint, dynomic grid support [e.g. LVRT)
EN 61000462, EN 6100064, EMV-Konformadt, CE-Konformitat,
BOEW.-MSRL / FGW / TR8, Arrété du 23/04/08, RD. 1663 / 2000,

RD.66) /2007, PO. 12.3 / IEEE 1 5477
SC 900CP.10

SMA Sunny Central 900CP 79710 1) - C.2 99N
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Capacitor Products and Applications

D™DV DM
EX-7L/EX-7Li Capacitor

: Series Shunt ic filters m i
TY 24 KV 2 nnn

50 Hz EUR R

1200 kVAR 2'OFX 790N
180 A a1 or
65 kV MUWYN TN AT'RY NNN

(ApT1)
T 200 kV (BIL) P2 qnT 192 AT'NY NN
-50°C / +55°C 07X 0

limiting fuse
CLEANBREAK® element fusing system for internally fused unit

1.2MVAR 7@ raropxm poon' 22kV nnna o'7ap n7710
.J?NN2 79000 DTN 9'WY NTYIMN

0'A 19 %yn 1on 1000 Ty

IP65

“1n'opn Mpna nan

o L (2 'wav) AN an'g no'y

W Unit capacity 30kvar-1200kvar ,rated voltage 1000V-2400V ,50/60Hz ,internally fused

or externally fused (Edisol® a'%>nn *1Man ny MOFIR'T 210
W Low dielectric Losses .internally fused 0.15W/kvar fuessless 0.08W/kvar
W Definite tank-rupture curve provides superior safety characteristic Yin Mgna o
W The best capacitor dielectric fluid Edisol®VN-patented by Cooper .Non-PCB,

environmentally acceptable. IEC, IEEE oapn
W Stable capacitance, extremely littie change with temperature variation
B EX® mechanical connection system-patented by Cooper , fault current > 10kA CLEANBREAK® 1100 'n"9 11'9 NN N1aN NDWN
W Special tube and string that patented by Cooper for explosion fuse and current

nan nnn

1.2MVAR ¥ 771> 12'0px" 79002 2N2) 072y n7710
.l?NN2 P90AN DTN 9'WY ,22kV NN 11N

NTIAY DI 0»OoNYN 0NN 1.2MVAR 0°92p n5510 V191 - D.1 99N

E 9F PV Cylindrical Fuses

For Photovoltaic Applications

na9vny DC 99, - E nov)

Technical Specifications

Rated Voltage (U,) 1000V DC

Rated Current (1) 1..30A

Breaking Capacity (1) 50 kKA

Utilization Category gPVv

Operating Class gPVv

Standard IEC 60269-6
Construction N Cylindrical fuse link N o
Body Material Ceramic

End Caps Material :  Copper / Nickel plated
Weight v 19

RoHS Compliant : Yes

Catalog Numbers

s | Rated Current Type ABB Code Weight Packaging
¢ (A) (9) (pes)
1 | E9F1PV 2CSM213455R1801 | 0.007 10
2 ) E9F2PV 2CSM213465R1801 | 0.007 10
3 EOF 3PV 2CSM213475R1801 | 0.007 10
Description 4 | E9F4PV 2CSM213485R1801 | 0.007 10
€ OF PV cylindrical fuses are designed to protect 5 | E9F5PV 2CSM213495R1801 | 0.007 10
photovoltaic (PV) systems from overcurrent conditions. 6 E9F6PV 2CSM213505R1801 0.007 10
With a high DC voltag ting up to 1000V a wide
kil r‘:nge Aty il “f.;am 30:":( 7 E9F7PV 2CSM213515R1801 0.007 10
protection of PV strings, inverters and DC circuits. 8 EOF 8PV 2CSM213525R1801 0.007 10
10 E9F10 PV 2CSM213535R1801 | 0.007 10
Applications 12 E9F12PV 2CSM213545R1801 0.007 10
s ovolnk aving rotackn 15 E9F15PV 2CSM213555R1801 0.007 10
DE ibelbonee 20 E9F20 PV 2CSM213565R1801 0.007 10
+ DC circuits up to 1000V DC 25 E 9F25 PV 2CSM213575R1801 0.007 10
30 | EoFa0pv 2CSM213585R1801 0.007 10

Dimensions

J[_,

381 mm

Time-Current Characteristic

gPV characteristic according to IEC 60269-6
Typical pre-arcing time: 1 ms

Total clearing time (at 10 x I,..): < 10 ms

ABB E9F PV 7m) 5w 050 0onm 7om - E.1 99N
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Siemens 8DJH s wn Max nnn 9101 - F novos
SIEMENS Electrical data (maximum values)

Rated voltage W 7.2 12 17.5 24 Switchgear IEC 622711
8DJH - Comp Insulated Switchg Rated frequency Hz  50/60 50/60 50/60 50/60 |EC 62271-200
Rated short-duration W 20 28 38 50 Switching devices  Circuit-breakers IEC 62271-100
General power-frequency Disconnectors and IEC 62271102
8DJH type switchgear is a compact, gas-insulated withstand voltage earthing switches
metal-enclosed switchgear for secondary distribution Rated lightning impulse w60 75 o5 125 R TR
b Stsencorage Switch-f b IEC 62271-105
Itis used for receiving and distributing electrical energy Rated peak withstand current kA 63/65 63/65 63/65 50/55 il i -
i { ¢ Voltage detecting systems IEC 62271-213
kg malh and Yadisl systerns, Rated short-time KA 20/21 2021 20121 20121 poaietectiog prten
withstand current 3 5 HV HRC fuses 1EC 60282
| A R AN ET 2% PP 20121 Surge arresters/surge limiters IEC 60099
withstand current 15 Degrae of protection IEC 60529
Rated continuous current A 630 630 630 630 IEC 62262
of the busbar Insulation IEC 60071
Rated continuous current A 200/250/400 630 Current 1EC 61869-2
of feedors Voltage transformers  IEC 61869-3
Width (feeders) mm  310/430/500 P T Y e P
Depth transfarmers
- without pressure refief duct | mm 775 775 775 75 Lowpower voKage. | IEC 6186911
~ with pressure relief duct mm 890 890 890 890 et
Height without low-voltage SF, IEC 60376
Sompepment e Installation EC 61936-1/ EN 50522
pressure relief duct mm  optionally 1040/1200/1400/1700
Environmental conditions 1EC 60721-3-3
Operation EN 50110

8DJH Compact, RRT block

Electrical data of the switchgear Three-position switch-disconnector

Rated voltage U, [ 72 12 175 24 Rated voltage U, W 7.2 12 175 24
Rated insulation level Rated continuous current |, A 630 630 630 630
~ Power-frequency withstand voltage KV 20 28/42 38 50 g
(phase-to-phase/phase-to-earth) Rated short-circuit making current |,
~ Lightning impulse withstand voltage W 60 75 95 125 - 50 Hz kA, |63 63 63 50/52.5
(phase-to-phase/phase-to-earth) - 60 Hz kA 65 65 65 52/55
Rated fraquency f, Hz 50/60 50/60 50/60 50/60 Number of operating cycles, electrical 100
Rated continuous current I, A 630 630 630 630 Nt A shock-ehoolt malking Sperions 5
Rated short-time withstand current |, (3 s) kA 20721 20/21 20121 20/21 G .
Rated short-time withstand current |, (1 ) KA 25 25 25 2021
Number of mechanical operating cycles 1000
Rated peak withstand current |, KA 63 63 63 50/55
Degren of protection 1P65
- Switchgear enclosure 1P3X 7 IP4X

- Low-voltage compartment

Internal arc classification (option) IAC AFL/FLR

97900 NN 0»9nwN 02NN RRT nsna Siemens 8DJH ma) nnn 9700 = F.1 998

YN GONN MY ©MY PN - G ND)

ABB OTDC n770n DC omy sprmn - G.1 998
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Main technical specifications * OTDCA00...250 0TDC250...800
OTDC100...250E OTDCA00...200U OTDC315...B00E
Winng configuration : Twowire breaking | E types U types E types
 Single-wire US types
! breaking
fieference Standand (IEC 609473 (IEC 60947-3
Maming Current In (Amps) 100, 160, 200, 250 | 180, 200, 280 T 51E, 400, 500, £30, 800§ 256, 320, 400, 600
Flated insuation Voltage (L) 1V 1000 {1500
Polution degres 3 '
Hated Impuise Voitage (Ump) | KV TR
Number of Poles . 2.8 2.8
Rated Thesnal Cusrent ith () | in open air 1100...250 {315,800
{in enclosure 40°C | 100...250 1915...800
Hin enclosure 60°C § 100...200 :315...880
Utilization Category {DC-218 1DC-218
Rated Operational Current le (A) | 1 circuit 1100...250 £ 315...800
at 1000V DG

; 100...250 :315...500
i 1315500
500, 630, 1000

VDG - {31500, 545, 1500
Reference Standard [ULg8B ‘ULgae
MNumber Q{F‘qu; j= 2.4 -
B e T e E e s Ty -
- 100... 180 -
Rated Current (&) at 1000VDC | 2 nput circuts, - - -
{1 output i
Ambiert temperature 19G - 130,450 -
Shert Circut Rating ks per input, 1000V - 5 i-
iPratection Type | — { Circut breaker i-
Wire Size Range { MCM | #4-300 :

ABB OTDC pnn Hw 950 00 - G.2 99N

YN M) NHN 9191 - H novo)

DC 'wx1 ONND N1Y man
nnus /nen mpnn

» UV mnpy niTny

02129 PTiNND ONID anin

RAL 7035 vay

Ypwni nimn

Ll Lo 1440/1120/320 mm (Priv/man/ann) nirn

& LESL L L it 100 kg Ypun
BOREILL L
'ﬁ ’n !n "ln 1E ?: :c T 1100V (U DCmax) 23 DC nnn
b Bk By B Y 1 X 3 161y DC nin3 1900
wHEEEEE T
=t A 63A-250A M ym

v 140A DC D9 o1

any Moo

M10/M12 Dix DY 720 710210

2 DC niey: 1900

(2x1000A Ty Y77 IDTITY) AN TY Ay o

16mm?-120mm? A Wan

onpn

Conform CE

112130 XN NINWA NNT

P44 ENB0529 '97 NIn'ON N
-25°C Tw +50°C NANIN 22120 NILIENL

15% 1w 90% (121 ¥9%) nront ninY

v 2,000 m 0! 29 Ywn nan

Combiner Box - C 'wx1 qoxn NI 0'901 DY"OND

12107 797NN 78 DNNAVAI NIMIKIION NITINNDA DT 910K Type 2 nNR IWn3 190 R
nevon

(SKID) nox1 7w / v 7 mpna

1P 54 EN60529 'Y nin'ox T

YUNIN GONNN MY DY 0100 NN DC O una qoxn MY - H.1 998
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ABB Tmax XT7S 1600A >wx4 poan - I nav)

ABB Tmax XT7S 1600A - L1rx

ABB Tmax XT7S 1600A poonwo*dv oaim - L2

ov%% omm
690 Ue (V) 2 N0
800-1000 Ui (V) 2P TTA NN
8 Uimp (kV) nNN D191 ATDY NN
50-60 (Hz) i
34 01op
IEC 60947-2 T
T7
8001000012501600 Lu ¥ 072 u
\ L H S I¥p 07 APONA Y AN NY Iku
150 | 120 70 | so (KA) (AC)S0-60Hz 380/415 V
60 50 42 30 (kA) (AC)50-60Hz 690 V
(KA) (DC) 250 V - 2 poles in series
(kA) (DC) 500 V - 2 poles in series
(kA) (DC) 750 V - 3 poles in series
100% | 100% | 100% | 100% Ieu (%) P D P NFIBNA oM NN Ics 415V
330 | 264 | 154 | 105 (KA) AN A1 WP KW lem 415V
v ) = ,
(Ekip M Dip I ynnw n'n) nnann '019 - L3 W 5 . P 5 P T
Ekip M Dip | AuAd NN 10 (kA) (2VPON (W) lew 15 1P 293 AT'DY N1
LU PE nnnI oM T F-w nwora
nan F-EF-ES-FC CuAI-FHRAVR
04-1xIn (Long time) W omy nuan L P pxanvo
omann
1.5-10xIn (Short time) jnt %p nan S F-HRVR-RS FPpun
2-15xIn (Instantaneous) *1n xp nua | 210280 (mm)W 304
02-1xIn (Ground fault) anTx nan G (mm)D
Modbus, Profibus, DeviceNet, IEC61850 nepn e p— e

ABB Tmax XT7Spoan S 0150 0o - 1.1 99N

ELAND
CABLES

Photovoltaic Solar Cable PV1-F

TUV approved Solar cable, intended for the interconnection of the various elements of photovaltaic systems such as solar panel arrays.

Suitable for fixed installations internal and external, within unprotecied pi

ipes, or in similar closed systems. The cable is azone-resistant according

to EN50396, UV-resistant accarding fo UNE-HD 505:2008 (HDGO5/A1), and is tested for durablity according i EN 60216, The cable is tested

tolast 25 years.

These cables are especially designed for use in photovaltaic applications. They provide the optimal cable connection between the solar cells and
from the solar cells to the inverter or DC main cable. These cables are suitable for outdoor ground and roof mounted systems — though not suit-
able for direct laying under the earth. They are also suitable laying indoors and in fixed pipe installation. Thanks ta its halogen free, flame retardant
and low smoke properties, these cables are also sale to care the health of inhabitants in case of fire.

TUV Approval Nr. TUV 2 PIG 1169/08.2007
(Sizes 25emm-35mim anly)

Ozane Resistant according to EN 50396

Flame Retardant according to IEC/EN 60332-1-2

UV Resistant according to HD 605/A1

Halogen Free according to EN 50267-2-1, EN 60684-2

Conductor
Class 5 flexible tinned copper according to DIN VDE 0285, IEC/EN
228

Insulation
Halogen free cross-linked compound

Sheath
Halogen ree cross-linked compound

Sheath Colour
Biack. Red, Blue, Brown and Grey available on request.

Voltage Rating
AC: 60071000V
DC: 900/1800%

Temperature Rating
-40°C o +90°C.

Cald Resistant according to IEC/EN 60811-1-4
Low Smoke according to [EC/EN 61034

Acid and Alkaline Resistant according to IEC/EN 60811-3-1
Low Corrosivity of gases according 1o EN 50267-2-2
Weather Resistant according to HD B05/A1

Low tanxicity of gases according to EN 50267-2-1

Minimum Bending Radius
Fixed: 4 x Overall Diameter
Flexing: 5 x Overall Diameter

Rated voltage Uo/U
06/1 KV AC -08/18 k¥ DC

Max. Voltage Umax
1.8 KV DC (conductor/cenductor, non earthed system, circuit not
under load)

Max. temperature at conductor
+120 °C (for 20000 h)

Test voltage
65 kV AC according To EN 50395

or'vas - J Nav)

Eland Part Number No of Cores x Nominal Cross Nominal Overall Diameter MNominal Weight
Sectional Area taikm
Frmme

ABS10025 1x25 450 82100
ABS10040 1x40 520 50900
ABS10060 1x60 590 33900
ABS1010 1x100 690 19500
ABS1016 1x160 830 12400
ABS1025 1x250 870 07850
ABS1035 1x350 11.00 05650
ABS1050 1x500 1320 03630
ABS1070 1x700 16.40 02770
ABS1095 1x950 1740 02100
ABS1120 1x1200 2010 01840
ABS1150 1% 1500 250 01320
ABST185 11850 2600 01080
ABS1240 1%2400 2680 0ps17

Hominal Cross Sectional Area
==

Current Carrying Capacity in Air
Armgn

25 a1
a0 55
60 70
100 98
160 132
250 178
350 218
500 276
700 347
950 a6
1200 488
1500 566
185.0 644
2400 77

Maximum conductor temperature: +120°C

Maximum short circuit temperature: +200°C

Conversion Factors

Conversion Factar

Ambient Temperature
Up to 60 100

70 091

80 0&2

20 o072

100 058

10 041

PV1-F 5355w 050 oo ~ J.1 99N
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ELANDPARTNG.  |ND.OF| NOMMALCROSS | WOMINALSCREEM NOMNAL NOMINAL SHEATH | NOMINAL OVERALL HoMIAL
CORES| SECTIONAL AREA Cross INBULATION THICKNESS DHAMETE? EIGHT
. SECTIONAL AREA THICKNESS e mm kit
@% e mn
e ABKI0KV1050 1 50 18 55 18 2 1056
ASX20KVIOTD 1 70 16 55 19 28 1301
ELAND’ ABX0KV1085 1 o5 16 55 19 203 1567
CABLES N2XSY XLPE PVC - 12/20 (24)kV Cable ADXD0KV1120 1 120 18 55 2 300 1840
AGX20KV1150 1 150 26 55 2 327 2021
N AGXI0KV 1185 1 185 25 55 21 342 2572
Eg AGXI0KV1240 1 240 25 55 29 368 82
AGX20KV1300 1 300 25 55 22 302 ared
B TS ABX20KV1400 1 400 35 55 23 422 4715
ABX20KVI500 1 500 35 55 24 458 5743
T DA ABKI0KV1630 1 630 35 55 25 507 7215
S S eGS0 Secm s ABX20KV1B00 1 800 » L] £ i 2
Connechion. To'be i drecty n ground, autdaors, mdoors
Cable ducts. Flame Retardant according to IEC/EN 60332-1-2
UV Resistant
TERISTIC ELECTRICAL CHARACTERISTICS
Voltage Rating Uo/U (Um)
g o NOMINAL | MAXMUM | MAXMUM |CAPACITANCE | CHARGING = DELECTRIC | REACTANCE | CONDUCTOR | _coPpem CURRENT RATIG
i contnion s o g o, CROSS | GONDUCTOR | GOMGUCTOR | e | CURRENT | LOSSES | “ursowz | SCCFORT (SCREENSCC H
Temparatiie Rating sEcTIoNAL A e e :
um conductor operating temparatura: 90°C. AR | RERNE T | GremaTiG, - g
Initial temperature at S.C.C for metallc screen: 80°C. o m TEMP. AKD
Masrmum conducor tamparatute g 6. 250°C o
Minimum Bending Radius
16 x overall diameter o e b [T p—
uer Tl s e = gy v o G 50 0387 0494 o184 0693 3324 0133 5 az 234 245
Conductor o 0268 0342 0209 0787 ar7s 0126 1001 az 284 309
2 SNIad oS S il et e —— o5 0193 0.047 0227 0855 4103 0121 13.585 az 337 378
Conductor Screen
Sarisrinfrnpal e ORI, susmess 1 5°C o 120 0153 0196 0246 0928 4452 a7 1716 az 384 436
. Rt 1.5°C WS ) 150 0124 0150 0288 101 48.48 otz 2145 50 428 491
XLPE (Cross-Linked Polyethyane) 185 0081 0128 0288 1087 5218 0108 26.455 50 483 567
redetonsonn e EGULATORY COMPLIANCE 240 00754 0008 0321 121 58.08 0104 3432 50 563 660
-conduch metscel (Stppebie Type) T cable meets the requiements of the RoHS Direcéve 2018/88/EU and
cuoon T ik i e o o o N SRR 200 00801 0078 0383 1333 63.97 o101 429 50 a1 772
Copper wisa wilh Open Hall Colmor Tape idemest commeliy s ot 400 0047 0062 0388 1465 70.33 0097 572 71 607 883
e o) @ 500 00386 0049 0434 1638 7853 0004 75 71 783 1019
PVG (Polyinyl Chioride) 4 830 00283 0039 0.408 1876 80.08 0002 ga0a 71 &6 1153
Staetk Colong 800 00221 0.082 0563 2084 10008 0089 1144 71 945 1209
@ Red @Black

[IYNY 'ND W7y NDTINT N'NTRN 77000

DIMENSIONS

XLPE 12/2024)kVn2) NN 935 Sv 000 01 - J.2 99N

4N DINVINIVIDN BINTIND ND9 NN - K nav)

e
s
s
e
e
e
TABLE :- 319
CAPACITY :- 4.8 MW
PLANT :- 2
TABLE :- 319
CAPACITY :- 4.8 MW

Y I YD DMINIIDN DINTINN NDMS NN - K1 99N
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@ mmm—" PLANT :- |
TABLE :- 319
CAPACITY :- 4.8 MW

PLANT :- 2
TABLE :- 319
CAPACITY - 48 MW

2NN INYN INND ORVINIVION NTYN DY D55 Layout - K.2 9N
MHNPN IPYH

| 725071 W5 WTNND FPIIND SOVN 10825 023751 20N5 77770 DX, ORIWY Dnvnin nan(l)
.DOVYP

[2]1 IEC 60364, Electrical Installations for Buildings, International Electrotechnical Commission.
[31IEC 60947, Low-Voltage Switchgear and Controlgear, International Electrotechnical
Commission.
(4] IEC 61439-1/2, Low Voltage Switchgear and Controlgear Assemblies, International
Electrotechnical Commission.
(5] IEC 62271-200, High Voltage Switchgear and Controlgear, International Electrotechnical
Commission.
(6] IEC 62109, Safety of Power Converters for Use in Photovoltaic Power Systems, International
Electrotechnical Commission.
[711EC 61730, Photovoltaic (PV) Module Safety Qualification, International Electrotechnical
Commission.
(81 IEC 61215, Terrestrial Photovoltaic Modules — Design Qualification and Type Approval,
International Electrotechnical Commission.
[9] SunPower Corporation, SPR-X21-470-COM Photovoltaic Module Datasheet, SunPower, USA.
[10] SMA Solar Technology AG, Sunny Central 900CP XT — Technical Documentation, Germany.
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[11] SMA Solar Technology AG, Transformer Compact Station 1800SC — Technical
Documentation, Germany.

[12) ABB Ltd., Tmax X77S Molded Case Circuit Breaker — Technical Catalogue, Switzerland.
(131 ABB Ltd., OTDC Load Break Switches — Technical Catalogue, Switzerland.

[14] ABB Ltd., E9F PV Fuse Links — Technical Catalogue, Switzerland.

[15] ABB Ltd., OVR PV Surge Protective Device — Technical Catalogue, Switzerland.

[16] ABB Ltd., CM-IWN-DC Insulation Monitoring Device — Technical Catalogue, Switzerland.
[17] Siemens AG, 8DJH Medium Voltage Switchgear — Technical Catalogue, Germany.

[18] Siemens AG, SIPROTEC 75780 Protection Relay — Technical Catalogue, Germany.

[19] Siemens AG, Current Transformers and Voltage Transformers — Technical Documentation,
Germany.

[20] Raychem, RSTI-SA-05 Surge Arrester — Technical Documentation, TE Connectivity.

(21] Eland Cables, PV1-F Solar Cable Technical Datasheet, United Kingdom.

(22] XLPE Medium Voltage Cable 12/20(24)kV — Manufacturer Technical Datasheet.

[23] Messenger, Roger & Ventre, Jerry, Photovoltaic Systems Engineering, CRC Press.

[24] Patel, Mukund R., Wind and Solar Power Systems, CRC Press.

[25] Villalva, Marcelo Gradella; Gazoli, Jonas Rafael; Filho, Ernesto Ruppert, Comprehensive
Approach to Modeling and Simulation of Photovoltaic Arrays, IEEE Transactions on Power
Electronics.

[26] NREL — National Renewable Energy Laboratory, Photovoltaic Performance and Solar

Radiation Resources.
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