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1500VDC PV cucrtemyya

1500VDC PV systems
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X6T9ﬂ66p Agenda
1500Vdc PV cuctemyya / 1500vdc PV systems

« 1500Vdc PV cucrtemyyamunH 3ax 33an, TpeHa

« 1500Vdc uHBepTepyya O0OMNOH CUCTEMUINH YP aLuur, Tynrapy byn
acyynan
« 1500Vdc unHBepTepyya 60M0H CUCTEMUINH 3apaliblH TOOLIOO

« PVS980 - 1500vVDC ABb HapHbI TeBrnepceH MHBEPTEP

« Market view and trend for 1500Vdc PV systems

« 1500Vdc inverters and system benefits and challenges
« 1500Vdc inverters and system cost calculation

« PVS980 — ABB solar central inverter for 1500VDC
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Market view
1500Vdc PV systems to dominate by 2020

Executive Summary: Global 1,500-Volt Installation Forecast, 2014-2020E
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1,500-Volt Regional Forecast [MWidc)

MNorth America 14 295 2,876 3,244 5,345 7484 10,503

Europe 0 1 496 3,876 9,248 13,611 18,405

Aziz-Pacific 0 12 630 7,260 24 966 37,129 45,024

Latin America 0 4] 112 1,536 3,023 3,860 4,815

Middle East and Africa 2,475 8,408 13,610 17,681
-_mmm

1,500-Volt Percentage of Projects Greater Than 1 MW 5.2 31.6% 69.8% 27.2% 92.7%

1,500-Volt PV Systems and Components 2016-2020 - January 2016
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Esa Rissanen, ABB Power Conversion, PG Solar

1500Vdc nHBeptep 6a CUCTEMUNH YP aLLWT,
TynrapXx oyn acyygan

1500Vdc inverters and system benefits and challenges




1500Vdc PV systems

EpeHxnin bangan General situation

Yp dLlUNl  Benefits

v OnoH TepnunH PV xaBTaH 3ax 333n4,
6auraa

v TpaHccopmaTOpbIH TEXHOSOMM Hb 63N3H
v |EC ctaHaapTbIiH cepTudukaTTam
v UL ctaHpgapTbIH cepTudmukaTTam

v CuctemunnH CAPEX, OPEX 3apanbiH yp
awwmr

Good number of PV panels available
Transformer technology existing

IEC certification up to date

UL certification up to date

System CAPEX and OPEX cost benefits

Tynrapx Oyn acyygan  challenges

v BypangaxyyH XacryyaumuH ongou
XA3raapnargman
v Ham xy4ypanuuH
v WuBepTep
v PV xaBTaH
v [Aypam, cTaHAapPTbIH 30XULLOS
v 3apum opHyya 1500 VDC PV cucrtem
X3pP3aNKyynaxag 63an3H oumw
Components availability still limited
LV components
Inverters
PV-panels
Compliancy
In some countries local / national standards might
not be ready for 1500VDC PV systems

1500Vdc cucteMUMMH Xy4aan Hb cTaHaapTynargaxan 63anaH

1500Vdc system voltage coming as standard

© ABB
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1500Vdc PV systems

Yp awwur 6a Tynrapx oyn acyygan
Benefits & Challenges - Inverter

Yp awur Benefits

Tynrapy 6yn acyynan Challenges

Unyy ux Torrmon 60noH XyBbcax Xy4aan
Unyy eHpep xyuaan=06ara rynaan

Aavn rynanasac MHBEPTEPUNH UNYY UX
yagan

Unyy 3apaan 6aratamn

Higher DC and AC voltage
= Higher voltage = less current
Bigger inverter power with same current

= More cost effective

Unyy TeBerTan nHBepTepunH 6yTay
X3P3rTau
XamrnmH 6aragaa 3 TyBWHUN
wartnanrtam oyTay,
MHBepTepnnH 3apaan ecHe
HamanT 3apaan
1500Vdc 6ypanaaxyyH (WWImDKYYnary,
ran xamraananaru)

More complex inverter topology needed
« Minimum 3-level single stage topology
« Increasing inverter cost
Additional cost
« 1500Vdc LV components (switches, fuses,
monitoring)

Moving towards more cost effective solutions
Byp vnyy 3apaan XaMH3C3H LWWNAINPYY LWKMITDKUX

© ABB
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1500Vdc PV systems
Yp awwur 6a Tynrapx oymn acyynan — EpeHxun TpaHcopmatop
Benefits & Challenges — Main transformer

Yp awur Benefits Tynrapy 6yn acyynan Challenges
Unyy Tom niBepTtepumnH ctTaHUMMH Tynrapax acyyaan 6anxryn- Ynamxnant
X3MX33 TeXHONoru

3apgang nnyy xamHanTtTan ($/kBT)
OrnoH TYBWHUA MHBEPTEPUNH OYTIL No challenges — traditional technology

Unyy HUUT rapMoHuK 6yypyynanT

Bigger inverter station block size
- More cost effective ($/kW)
Multilevel inverter topology

= Lower THD content

Bigger block size, more cost effective solution

X3aMx33 ToMpox Tycam 3apaan 6aracHa
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1500Vdc PV systems

Yp awwur 6a Tynrapx oymn acyynan — PV cucteMmnH dypangaxyyH
Benefits & Challenges - PV system components

Yp awunr / Benefits Tynrap4 6yn acyynan
Challenges

DC kabenuinH MoHTax UXB-unH 1500VDC

Ux xyupan= 6ara ryngan TeXHOJIOMn Hey-xXay

Unyy npT CTPMHraac xamaapaH HamanT 3apaan

- DC cablin

apau 6oruHo DC kabenb MoHTax . Higgher voltage = less current . 1500Vdc 6ypangaxyyH

AC kabenb - Shorter DC cabling distance (LWMmKYYnary
— - due to longer strings ’
Vllllx Xy4pan= bara rynasn AC Cabling ’ ’ Xamraananry)
Yy eHAep Xy4YAa3JIMUH avyaap = Higher voltage = less current
3appan 6ara - No additional cost due to : 1500vdc kabensb
higher voltage
Eyca.q MaTepuan Other components
. = = Longer strings = Less string )
YpT cTpuHr= 6ara = less junction boxes EPC’s 1500VDC technology
CTPUHI=XoNI60NTbIH Xapuuar LeeH . Less monitoring knowhow
« XAHanTt 6ara xaparTan '“Sta”alt_ion and fommissioningt Additional cost

CyypunyynanT 6a awurnantag and cables to install and + 1500vdc components
opyynax commission (ni\(/)vr:tis[:oreir?, uses,

Bbara maTtepuan 6a kabenb . 1500Vdc ?:)ables

X3pPIrTaun

Less components and higher total efficiency
Bara matepuan 60M0H UNyy UX XaMHaNT
AL 1B HD

©
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ABB Power Conversion, PG Solar

HapHbI MHBepTEp Solar inverters
1500Vdc nHBepTep 60MIOH cUCTEMUNH

3apaSiblH TOOLIOO

1500Vdc inverters and system cost calculation




1500Vdc PV systems

Har cucteMmmnH 3apasibiH TOOL0O

One

system cost calculation

Taamarnan

Assumptions

MHBepTEpUMH X3IMXK33 agun

Kabenb

» Bapar agun 2 ctaHUUMUH KabennMnH TooL00

« Cables selected according to life cycle costs
Kabenb 6yx awumrnanTtbIH XyrawaaHg COHFOCOH
(3appan + anpgargan = XxaMruuH 6ara)

«  OyHA XyYA[3nuuH Kabenb MeH agun

Xonb6onTbIH XaupurumH Too 6ara 6onos4 3apaan

Gara 33par eHgep

»  Toouoonon A33p YHA3CNICIH X3IMHINT

©mHea EBponbiH Lar araapTt 3opuynaH

3arBap4uicaH

AwwurnantaHg opyynax, XaHanTblH aXuUn TOOL,OOHA,

opooryw

Inverters sizes are the same
Cables
. Cable cost calculations for two
almost identical plants
Cables selected according to life
cycle costs (Investment cost +
losses = smallest)
. MV cabling will remain the same
Number of junction boxes significantly
less, but their cost slightly higher
Savings based on cost estimation
Plant operation was simulated for
Southern European climate with
corresponding losses
Commission work or plant monitoring is
not taken into account

Equivalent plants sizes
CTaHUMMH agnun X3aMX33HYYA

© ABB
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1500Vdc PV systems
Har cuctemMmnmnH 3apanbiH TOOLOO

One system cost calculation

CaHxyyrunH ereranyya

Financial Parameters

TexHUKUWUH ererpen

1000 Vdc 1500 Vdc

CraHuminH vyagan 20 MWp Plant size 20 MWp

AWMrnanTbIH Xyrauaa 25 Xun Lifetime 25 years

333MNUNH Xyy 5% Inter(_ast > %
Inflation 2%

ViHcpnsiuy 2% Price of energy 0.14 €/kWh

LISX Tapud 0.14 €/kBt*L Plant price excluding cabling and

CraHuunH 3apgan, kabenb 60noH BOS 1€ /Wp

YW axunnaraadbl 3apgan 1€ /Wp

3apanbiH Hamaraan 1.5 kB vs 1.0 Costincrease 1.5 kV vs 1.0 kV

kB kabenb 28 % cable 28 %

Hardware Parameters

1000 Vdc 1500 Vdc

© ABB
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Cambap 250 Wp 250 Wp Panel 250 Wp 250 Wp
CtpwHr (uysaa) ypt 24 32 String lenght 24 32
CtpuHr (uysaa) Too 3360 2304 Nr of strings 3360 2304
XonbonTbIH Xarpuar gaxb CTPUHT 16 16 String per array box 16 16
Xon6onTbIH XanpurminH Too 224 160 Nr of array boxes 224 160
NHBepTepuiH Yagan 630 KW 630 kW Inverter power 630 kW 630 kW
NHBEepTEpUIH TOO 32 32 Nr of inverters 32 32
XyBbCax Xyygan 400 V 600 V AC voltage 400 V 600 V
A DD




1500Vdc PV systems

Har cucteMmnnH 3apanbiH TOOLOO
One system cost calculation — Plant layout

© ABB
May 9, 2017
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Array 1 To MV station

Array 4

Array 3

Inverter 1
and 2

Array 5

Array 6

Array 8

Array 7

Inverter 2

MUHBepTep 60MOH LyBaaHyyA Hb Kabernb cyBraap XxonoboracoH.
LlyBaa xoopoHAbIH 3ail 4334 Tan Hb 2M, 6ara Tan Hb 0.2Mm.

Array wired to inverters in cable canal between the arrays.
Space between arrays 2 m on the long end 0,2 m on short end.

Array 1 Array 2

Array 3 Array 4

Array 6

Array 5

Array 8

Array 7

Inverter 1




1500Vdc PV systems

Har cuctemuinH 3aparnbiH TooLoo- 1500Vdc cucteMmMnH XaMHanNT
One system cost calculation — Savings with 1500Vdc system

XepeoHre opyynanTbiH XaMHINT Capital Investment Savings

DC kabenb (-36 %) 550 000 € DC cabling (-36 %) 550 000 €
AC kabenb (-25 %) 26 000 € AC cabling (-25 %) 26 000 €
XonbontbiH xanpuar (-10 %) 36 000 € Array boxes (-10 %) 36 000 €
612 000 € 612 000 €
HuiaT xamHanT (-0,031 €/Wdc = Savings total (-0,031 €/Wdc = -
-3%) 3 %)

Ywvn axunnaraaHbl 3apaan : )
b Operational Savings

DC kabenuiH anrargnbiH 6yypant 237 000 €

(-42 %) Reduced DC cable losses (-42 %) 737 000 €

A(\nga;)eﬂl/ll/lH anrarAnbiH byypant 89 000 € Reduced AC cable losses (-55 %) 89 000 €
- (o)

25 XXWAWIAH anrargnbiH 6yypant 826 000 € Reduced losses 25 years 826 000 €

©
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1500Vdc 3apanbiH XxapbLUyynanTblH XALKNT
1500Vdc Cost Comparison Benchmark

Greentech Media

FIGURE: Current Cost Changes for 1,500 Vdc System in Comparison to 1,000 Vdc System

Component Component Count Unit Cost System Cost

PV Modules ' +$0.02/Wdc

-40%-45% e ] Same -$0.03Wdc

Combiner Boxes -33% ' +10%-20% -$0.005/Wdc

+80-100%

-40% ‘ (due to larger inverter ' -$0.01/Wdc
size and limited scale)

1 w.1 5* -w-Wk

-$0.03/Wdc

Source: GTM Research

| Total: -0,04/Wdc =-4 % I

Ref: The Next Opportunity for Utility PV Cost Reductions: 1,500 Volts DC : Greentech Media
http://www.greentechmedia.com/articles/read/The-Next-Opportunity-for-Utility-PV-Cost-Reductions-1500

ADD
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PG Solar, Product line PVS, 06/2016

Abb TeBnepceH nHeeptep, PVS980

ABB central inverters, PVS980
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XeTern 66p Agenda

ABb TeBnepceH nHeeptep, PVS980
ABB central inverters, PVS980

« TaHunuyynra
o OHunor

« ACS880 byTaargaxyyHun
TEXHOIOTMUH XULINT

 TexHUKUWH erergen

* TexHUKUNH ypbaovuscaH
YUNYmMnraa

e XeprentumH CUCTEM
« CepTndukauu

© ABB | Slide
May 9, 2017
& 16

Introduction
Highlights

ACS880 product family
technology reference

Technical specification
Preventive maintenance
Cooling system
Certification
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TaHunuyynra Introduction
ABb TeBnepceH nHeeptep, PVS980
ABB central inverters, PVS980

TOUM Overview

« LUaxunraaH cymkasaHg xonbéorgoxoop 3opuynaracaH
PV HapHbI LaxunraaH yycryyp

 ABbB-H paBTamMX XyBuprard, canxmH TypouH 33parT
aMXUNTTan X3P3NKYYNCIH TEXHONOrrM

*  YagnbiH xyp33 1818-2000 kBA

 TpaHcdopmaToprym IGBT 3arBap 6yxumu 1500 Vdc
Xyyaan

+ IP66/ Type 3R ragHa TaBurgax uHBeptep, DC
OPOJSITbIH X3CArTaun

» Designed for utility scale grid-connected photovoltaic (PV) solar
energy production

+ Based on ABB’s highly successful technology platform used in
frequency converters and wind turbine converters

* Power ratings in 1818 - 2000 kVA

» Transformerless IGBT type design with 1500 Vdc max input voltage.

* IP66 / Type 3R outdoor inverter with flexible DC input section.

© ABB Slide Power and productivity “ I. I.
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ABB_PVS980_2015-06-10.mp4

OHUJIOT Highlights

ABb TeBnepceH nHeeptep, PVS980

ABB central inverters, PVS980

X3parnar4ymMmH yp awur Customer benefits

nyy HangsapTan axunnaraa
bara cuctemuinH 3apgarn

YpT yoaaH Xaparnaa

Maximized reliability

Minimized system cost
Outlasting durability for outdoor use

TexHONOrMnH OHUJOTI Due to technological highlights

Har TyBwWHUKM GyTaL, Oara ToOoHbI Canbar,
cTaHZapT maTtepwuan, eHaep OYyTaamMX
bue gaacaH xeprenT, naTeHTTan, eHaep
OYTI9MXKTIN, YPT 343Mr33TIN

CuctemMnnH eHgep xy4aan, 1500Vdc

Single stage topology, low parts count, standard components,
high efficiency

Self contained cooling, patented, efficient, durable

High system voltage, 1500Vdc

—— e

Y]
Abbi

© ABB Slide
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ACS880 [IX-tan xamTpaH axumnnax TeXHonoru
Shared technology platform with ACS880

ABbb TeBnepceH nHeeptep, PVS980
ABB central inverters, PVS980

TexXHUKnnH nﬂaTCbOpM Technology platform

PVS980-H yaupanarbiH nnatdopm, TEXHUK nporpam
xaHramx Hb ACS880 [ X-yyatan Haraman nnatopmMTon.
OXHUM ByTaargaxyyH He 2011 oHg rapcaH

ABbB [IX, canxuH TypOuH, HapHbl MHBEPTAN XaMT axunnaHa

Ax ynnaeapunH ACS880 X Hb 5.6 MBT xypTanx Yagantan
« 2012 oHoOC ynnaBapnacaH, ~67 000 w xyaanacaH.
ACS880 canxuH TypbuH, 0,8 — 8 MBT

« 2014 oHooc ynnaeapnacaH, ~1,8 GBT xyoanacaH

PRO 33.0-TL HapHbl ornoHuyBaa nHsepTtep

« 2014 oHooc ynnaeapnacaH, ~3000 xyganacaH.

PVS980 has control platform, control hardware and common
software platform with ACS880 product family

First products utilizing the platform released in 2011

Shared with ABB drives, ABB wind converters and ABB solar
inverters.

ACS880 industrial drive series, up to 5,6 MW
. Released 2012, sold ~67 000 pcs.
ACS880 Wind Turbine Converter, 0,8 — 8 MW
. Released 2014, sold ~1,8 GW

PRO 33.0-TL Solar Multistring Inverter

. Released 2014, sold ~3000 pcs.

© ABB Slide
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TeXHUKUNH ereeJ1 Technical specification

ABb TeenepceH nHeeptep, PVS980
ABB central inverters, PVS980

3arBapyya Models

PVS980-58-2000k VA-K AR
AC voltage/xyygan: 660Vac
MPPT @ 50C: 935 - 1100 V

PVS980-58-1909k VA-J
AC voltage/xy4gan: 630Vac
MPPT @ 50C: 893 - 1100 V

PVS980-58-1818kVA-I
AC voltage/xy4gan: 600Vac
MPPT @ 50C: 850 - 1100 V

© ABB Slide Power and productivity “ I. I.
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TEeXHUKUNH 6 re06J1 Technical specification

ABb TesnepceH nHeeptep, PVS980
ABB central inverters, PVS980

TexHUKMNH erergen Technical specification

Xamraananr: IP66, Type 3R ——
O23p MPP xyupan: 1500Vvdc (@ 35 C)
CUCTEMMIAH XYYA9N: 1500 Vdc "“H;
AYK: Max 98,8%
Euro 98,6%
CEC 98,5%
DC oponr: ran xamraanarytam, 8 — 24 w
Xamxaa (D/H/W): 1519/ 2366 / 3180 mm
KuH: 3850 kg

Technical specification

Ingress: IP66, Type 3R
Max MPP voltage: 1500vdc (@ 35 C)
System voltage: 1500 Vvdc
Efficiency: Max 98,8%
Euro 98,6%
CEC 98,5%
DC inputs: scalable, fused, 8 — 24 pcs.
Size (D/H/W): 1519 /2366 / 3180 mm
Weight, approx.: 3850 kg
i vy JA IR
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CTtaHpapTt pyHKumyq Standard features

ABb TeBnepceH nHeeptep, PVS980
ABB central inverters, PVS980

DC oponTH ceKu:

LLnHnn 8 ran xamraanary
Type | Xxy4gan nxcanTumnH
XxamraananTt _ _ ADD
Fan xamraanaryyyq DC input section: | LVTIT)

DC 8 busbar inputs fuses
adaalan Tacnard Overvoltage protection Type |

KoHTakTop Fuses

[a3apanarbiH xamraanant DC Disconnector switch

AC rapranraaHbl cekL; Contactor

NHBepTep moaynb 6a Ground fault measurement

rapanTbiH douneTp 2 LW AC output section: r

AC Kabenb xonbonTbIH cekL,
Inverter modules & output

KoHTakTop . filter (LCL) 2 pcs each

Type | Xy4aan uxconTuiH AC output section for cable
XaMmraanant connections

AC avaanan tacnary Contactor

an xamraanardyyn Overvoltage protection Type |

AC Disconnector switch
Fuses
Auxiliary control section:

HamanT yanpanarbiH 65n0k:
[loTooa xy4Hui

TpaHcgopmaTop Internal auxiliary power
2kVA 1-phase power output
© ABB Slide Power and productivity “ I. I.
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HamanT oyHKUWMyO Optional features

ABb TesnepceH nHeeptep, PVS980
ABB central inverters, PVS980

DC oponTbIH ceKu;:

WnHun 12 - 24 ran
Xamraanary

DC rasapgyynra

DC oponTbIH rynannmnH

DC input section:

12 - 24 busbar inputs
fuses

DC grounding

DC input current

XAHanT monitoring
AC rapranraaHbl AC output
ceKu: section:

lLnHnnm AC xonbonTt

AC ayaanan tacnary
50kBA xypTanx 3 dasbiH
Yagan

Xon6oo:

Fieldbus — Ethernet IP
Fieldbus — Modbus RTU
Fieldbus — Modbus TCP/IP
Fieldbus — Profinet

ABbB xsiHanTbIH nopTtan

Busbar AC connections
AC breaker

3-phase power output up
to 50kVA

Communications:
Fieldbus — Ethernet IP
Fieldbus — Modbus RTU
Fieldbus — Modbus
TCP/IP

Fieldbus — Profinet

ABB monitoring portal

© ABB Slide
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Y3yynant — 3ap4MbiH CXEM

Specification — Singleline diagram

ABb TesnepceH nHeeptep, PVS980

ABB central inverters, PVS980

3apyYMbIH CXEM Singleline
diagram

DC fuses DC ran xamraanary
DC disconnector switch DC Tacnyyp
Surge protection - Type 1 OnH
DC contactor DC koHTakTOp
DC grounding as option (positive / negative)
DC rasapayynra (HamanT)
Insulation resistance measurement

TycraapnanTbiH 3C3pPryyuan XamKux

Power modules Xy4Hum moaynb
LCL filters Puntbp
AC contactor AC KOHTaKTOop
AC fuses AC ran xamraanary

Internal aux power transformer
HoToopn Tp-p
AC surge protection - Type | AC OInH

AC disconnector switch (AC breaker as option)

LAC TacOyyr (Hamanr)

/_ il _\
Y

F51

IE_

— — 5 P
P
% =1LC 173 %
b
— - o
- =
- —1F43
-
ox O 21 0
\_.j Funetionall Insulation
greundingiliresistance
—0F13 : Mmeas.
-0X13 ﬁj
-0Qi2
_—L‘X'I? &
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Yayynant — Temnepartyp

Specification — Temperature range

ABbb TeBnepceH nHeeptep, PVS980

ABB central inverters, PVS980

TemnepaTypblH 3aar S [%
Temperature range
Rated power S =100% 110
Yapan At 50°C (122°F
i ( ) 100

Maximum power S =110%
[oag yagan At 35°C (95°F)
Maximum temperature S =0% 8O0R---------t-mmmmm--
[aoag Temnepatyp At 60°C (140°F)
Knee point S =80%

At 55°C (131°F)

Minimum temperature  -20°C (-4°F) as standard

[oop Temnepartyp -40°C (-40°F) as
option
t[°C]
Oo/ﬂ ! 1 g
35°C 50°C ' 60°C
55°C

. vy JA IR
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Y3yynant- PQ rpaduK specification — PQ diagram
ABbb TeBnepceH nHeeptep, PVS980

ABB central inverters, PVS980

TemnepaTypblH 3aar

——lemperatuwrerange

Rated power S =100%

Yapan At 50°C (122°F)

Maximum power S=110%

[330 yagan At 35°C (95°F)

Maximum temperature S =0%

[aoag Temnepatyp At 60°C (140°F)
Knee point S =80%

At 55°C (131°F)

Minimum temperature  -20°C (-4°F) as standard
[oop Temnepartyp -40°C (-40°F) as
option

Q [%]

110
v

-100%
100%
110%

Power and productivity “ I. I.
Ial
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YpbaunncaH TEXHUK YATTYUTI

Preventive maintenance

ABb TeBnepceH nHeeptep, PVS980

ABB central inverters, PVS980

TenesnereeTt yUnynrag
Scheduled maintenance
PVS980 Hb TEXHMK ynnumnras bara
Wwaapaaar. Punstp conuxryn. AraapbiH AR
peLueTKa LaBapragar.

Lda
.\

PVS980 is low maintenance inverter. No exchangeable filters.
All air grilles are cleanable.

3eBnex 6yn conunx canbar:
C3Hc 6 xunpg 1
Xy4Hun o6nok 12 xung 1
HamanT 6ydrep xanxaa 12 xung 1

Recommended exchange parts:

Fans every six years
Power supplies every twelve years
Aux. buffer circuit every twelve years
© ABB Slide Power and productivity “ I. I.
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XeprentumH cuctem — Abb-nnH eepee xeprex cuctem

Cooling system — ABB self contained cooling system

ABbb TeenepceH nHeeptep, PVS980

ABB central inverters, PVS980

XeprenTumH CUCTEM
Cooling system for true low maintenance inverter

Xoép hasblH, TEPMOCUGDOH aynaaH CoNULox
TEXHONoru

- ABbB nateHT

= YPT HAaCKuNT

« butyy cncrem, xeprex LUMHIAH HAM3X

lWaapgnararymu.

Byx LaxunraaH xacryyg Hb GUTYYMXTIN

« |P66 / Type 3R cambapT cyypunyyrncaH
36BX6H LI3B3PIIAXYML, araapblH peLleTKa XoparTomn

Based on compact two phase, thermosiphon heat exchanger
technology

= ABB patented

= Long lifetime

= Enclosed system, no refilling of refrigerant, no

commissioning

All electrical components located on the closed air side of the
drive

= |IP66 / Type 3R cabinet structure
Only cleanable air grilles needed

Power and productivity “ I. I.
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XeprentunH cuctem — Abb-nmH eepee xeprex cuctem

Cooling system — ABB self contained cooling system

ABbb TeBnepceH nHeeptep, PVS980

ABB central inverters, PVS980

Two separate air flows | H
Exhaust air

Z 2> T

< ncoming air_|

-Main channel at top of the inverter
= Equipped by cleanable air grilles
« Power by controllable fans
«Internal closed air flow
« Type IP66/3R
« Power by controllable fans

= Electonics, power electronics

PVS980 cross-section

M
© ABB Sli§¥ Power and productivity “ I. I.
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XeprentunH cmctem — TexHonoru

Cooling system — technology

ABb TesnepceH nHeeptep, PVS980

ABB central inverters, PVS980

Xoép TYBLLIHVIVI TepMOCVI(bOH TEXHOJI0TU Two phase thermosiphon technology

TyBLUHMN ©0PYNIONT: Wpicture / TepmocudoH adpdekxr:
“%e  Hacocrym xeprent

* YpT HackunTt :

e XeprenTunr HOMaMNT cyypunyynax

(Water values)

%&%C 1kg = 2250k %Okogoc X3 p3 FI'YVI
=420k =203 kL

o o TexHuK ynnuunraa waapgnararym
Picture /

-

Phass changa tenpirsters 'C)

I R ) «
-]

Thermosiphon effect:
*  Pumpless cooling
* Long lifetime

+  No commissioning needed for
cooling unit U

. No maintenance

* Maw nx aHepru
Aamkyynargoar

2T t
S emperature

« AYKeHgep

Phase change:

« Alotof energy is
transferred

*  High efficiency

NapHa 6anpnax MHBepPTEePUUH XOPreNTUUH CUCTEMA TEXHUK YUINYMNraa Oara
waapppar True low maintenance cooling system for outdoor inverters

© ABB Slide Power and productivity “ Il I.
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XeprenTUNH CUCTEM — TEXHOSOMMWUH XNLLIBS3 ACS800-38
Cooling system — technology reference ACS800-38

ABb TesnepceH nHeeptep, PVS980
ABB central inverters, PVS980

Bahrain

Self contained cooling system st

{
N

UnitedArabzs "
Emirates

Oepee xeprex 60noH ragHa 6anpnax
3opuynantTtan KoHuenTt Hb ACS800-
38 3arBapblH OX-4 awwmrnagar

ACS800-38:

. 2014 oHp xypangaaHg rapcaH.
*TypwwunTtaap 2012 xounw
QXUNIyyncaH, XyH4, OpLUMHA
*[lagHa opuymHg mMaw canH
axunnacan

Self contained cooling system and
outdoor enclosure concept used in
ABB frequency converter ACS800-38
low-harmonic drive for outdoor.
ACS800-38:
Released for sale in 2014.
Pilot installation running since
2012 in aggressive environment
Excellent outdoor performance

© ABB Slide Power and productivity “ I. I.
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M OypaH wininaan Complete solutions
ABb TeBnepceH nHeeptep, PVS980

ABB central inverters, PVS980

Power and productivity “ I. I.
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Caxapa- TexHUnKNnH OHUJ10I Sahara — Technical Highlights

=

>600 m2 PV vHBepTEPUIT TYPLUNX 3al
Llar araapbiH TOM epee
3. 5000 A PV nHBepTeEpUNH TYPLUUIITBIM OSTOH TYBLLHUN
Xy4ygan gaap Power range up to 8 MW
4.  CyImDKI9HUA TypLUMNT
= LVRT
= 60y
5. ABB lNJlK-aap 6yx nabopatopuir xsHax

N

1. >600 m2 floor space for testing PV inverters
2.  Large climatic chamber
3. 5000 A PV inverter test setup with multiple voltage levels

= Power range up to 8 MW
4.  Grid code testing possibility
= LVRT
= 60 Hz
5.  ABB PLC control for the whole laboratory

© ABB Slide
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Caxapa Lar yypblH epee

Sahara Climatic Chamber

5700 H 600

[loToo xamxaa/Inner dimensions:
« H=4,2 m

[ 5] % | % 7
- W=6,0m P S AN PN
. L=8,0m Q@éﬂ:ﬂ | B s
LWanHbl gaau/Floor load: 10 t T D ®$
Temnepatyp/Temperature range: | L g
purge aF et i'\jd ! i w
u '40 OC+100 OC i srga\:rrﬁﬁf‘ i :
. o I gt | o
Yurrwumn/Humidity: Voo |
I Tl I : _
- Max 95 % Rh D PN R
T e
= 90 % Rh @100 kW B P | 'u: e 1| 1
E | release | | [y Il |1 release | } g
_ G| |
WHBepTepunH 0334 aynaaH . 1 | S ;
anpargan/ Max heat losses from . 2 5 |
inverter: n '

« 150 kBT (Temnep-aac / |
depending on temperature "
|

XamaapHa)

© ABB Slide Power and productivity “ I. Il
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ABb HapHbl nHBepTep — PVS OyTaaraaxyyHum caHan

ABB solar inverters — PVS product line offering

Hanpax 6onoxyny, bypaH wmnnaan

Packaged solutions — a matter of trust

Ei A I | Inverters with performance, AyHp Xy4n3nvinH ToHor /
functionality and reliability MV components from world leader
Q = Oil and dry type transfomers
-PVS800
S— = Air and vacuum switchgear
I' L |t J 5 «PVS800-MWS
EEsR s = MV stations:
e «PVS800-IS
PVS800-MVH and
-PVS980 PVS800-MVP
«PVS980-CS

PVS980-MVP

Packaged
solution

3acBap ynnuumnras MOHUTOpPUHT

= AlmrnanTtbiH Oyx Xyrauaang, 3op ‘%;‘} ; XAIHaNTbIH WMXAA3N

rnmo6an npouecc o

= YpTacracaH 6aTanraat xyrauaa

= lHBepTepT cepBUC XNNX MrEP3I .

. Car163r Hb G3M5H = LlyBaar xsHax xavipuar
. =« SCADA

«TeXHUKNINH O3MXKNIar

= Global organization and processes following Mon |t0r|ng and control solutions
lifecycle management modell -. Remote monitoring portal

+ Extended warranties . Weather stations
» Solar inverter care contracts

- Spare part availability =String monitoring junction boxes
= Technical Support

». ANCbIH XsiHaNTbIH nopTan
= Liar yypblH CTaHL,

= SCADA for control and monitoring

© ABB Group “ I. -
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ABb HapHbl HBepTEpP — PVS ByTaaraaxyyHum caHan

ABB solar inverters — PVS product line offering

HapHbI MIHBEPTEPUUNH CEPBUC

Solar inverter services

Services

Global presence and life cycle management:

Presence in 60+ countries with around 1000
service people

The best service practices applied to solar
inverters learnt with 20 years experience in
managing the life cycle of its numerous
drives product families

© ABB Group
May 9, 2017 | Slide 37

Replacement Prepurchase
and
recycling

HanxnnH xaaHa 4 60nMoOMXTOMN

« 60+ opHyya 6onoH 1000 rapywm
CEepPBUCUNH aXunTaH

« HapHbl nHBepTepT y3yynax 20
rapyv XXuUnnnH TypLunaratan
LUMNAJr cepBuc

HapHbl nHBeppTEPUNH CEPBUCUNH COHIOMT:
. VIHBEepTEPUINH Y3N3arMnH rapas
= Cyypunyynaxap y3yynax 43MXIiar
«  CypranTt (3aiHbl, aHrua)

. TEeXHUKUNH O3MXKIar
- Conbar

= YpbOuuncan ysnar

. [a3ap 093px 3acsap
«  Workshop cepsuc

. WnHaunax

- Xapwuy uar

Service portfolio for ABB solar inverters:

Solar inverter care contracts

Commissioning support

Training (e-learning, class rooms)

Technical support

Spare parts

Preventive maintenance

On-site repairs

Workshop services

Upgrades & Retrofit Ak
Response time "



ABb HapHbl HBepTeEp — PVS ByT93araaxyyHum caHan

ABB solar inverters — PVS product line offering

ABb HapHbl HBEPTEPUNH CAHXYYITUWH Y3YYNanT

Bankability of ABB solar inverters

Standing behind the products What you need, when you need
it, where you need it

'ABBV Hb [anxun .qaﬂapv1 00 « ABB with a truly international "ABB Hb xaparnariaaa . ABB SupDOrt its solar inverter
rapyv opoHp canbaptan, footprint, operates in over 100 rno6an xyaanpaa ppo ,

o o tri d | d 6 o customers with one of the world’s
150000 rapyu axunrtaHTau countries and employs aroun OJIOH CepBUCUUH most extensive global sales and
- ABB Hb TOrTBOpTOM, 2013 150,000 coworkers. CYMX33raap A3MXKAICr service networks
OHbI oprioro 42 Tap6ym * ABB group is very robust, with C . Senvices offered for solar inverters

P poy annual revenues around $42 billion in *LepBUC Hb h . lue chain f b
am.nonnap 2013, cyypunyynantaac _spz;m”t tc_e erltlre value (f: ain rorrf1 tI e
5 installation to years of successfu
%ABE’ Hb PV 3ax 33311 ;)Qr'ff';i%ﬁfirf;\‘/’”r:grelfgtr 3XI337 ONOH XUIUIAH operation.
YPIH WuMUASR cahan Na)XKunaraar xamapaar

6onroHo

A reliable solar inverter is the heart
of any PV system

Standardized, certified and reliable

+ABbB Hb cTaHgapTynncaH

YUNBA3pPNaapa3 eHpep - With industrial-scale, standardized .. ABB nHBepTep Hb 40 « ABB solar inverters utilizes
YyaHapblH, HaMgBapTan HapHbI production, ABB delivers high-quality, rapyi XunuiiH TypLinara over 40 years of experience
o reliable and safe solar inverters on and advances in inverter and
VHBEPTEPUWT Xyrauaana Hi time, every time. A33p cyypuiicaH power converter technology
HMﬁﬂYVﬂA:}F = Global production capabilities .HaﬁnBapTaﬁ maTtepuan '
Mo6an VnaB3apnanunr Xvy4Tan supported by strong R&D, grid code ’ - Proven components a_nd
ywnaeap . Y and performance testing laboratories, TeXHOsoru ypT yaaaH technology platforms with an
CX TeBeep, TYpWHUATUIH Nab- give a manufacturing footprint that is axunnaraaHbl YHA3C established track record
0oO0p A3MXUrAAar Hb 3ax easily adjustable to market changes. Gongor ensure maximum reliability
y and uptime of the PV plant.
333J/IMNUH eepuynenTen 03n3H
6anpar
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My 5, 2017 Side 38 Mmpp



Power and productivity “ I! I!
for a better world™ ’ ‘I' I'



