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A Market view and trend for 1500Vdc PV systems

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

A PVS980i 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

f Region, 2014-202

l.ZDDCID 100.0%

) -
E 110000 0,08 E
2 o oo 2
g 70.0% g
S 80000 — 1’
& 70000 60.0% | ©
2 60000 S0.0% § B
= 50000 400 Zv
I 40000 W% =
g 30000 “z
o ——

m

g a — — - 0.0% o
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I Morth America N Europe Aziz-Pacific I Latin America Middle East and Africa

% of Projects = 1 MW

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

Power and productivity “ I. I.
Ial

© ABB .
May 9, 2017 | Slide 3 for a better world™




Esa Rissanen, ABB Power Conversion, PG Solar

1500Vdcd dzo J telsjJ .6 B O MdMmlisJ «
szdzce Otey BEZ2 OMEzEHO

1500Vdc inverters and system benefits and challenges




1500Vdc PV systems
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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
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Components availability still limited
A LV components
A Inverters
A PV-panels
Compliancy
A In some countries local / national standards might
not be ready for 1500VDC PV systems
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1500Vdc system voltage coming as standard



1500Vdc PV systems
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Benefits & Challenges - Inverter
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Higher DC and AC voltage
A Higher voltage = less current
Bigger inverter power with same current

A More cost effective

z d B Iz 2

7G O tc )

vlzdzg Otey B Iz Thaltefipedz H G

mkzo RigGADA BSEQEGHEL 2

c0 il FACH! 2
A MOBEd2dz BOGOHOO 3

8 d 2dz drid dydlbls 02 Bt Yy

Is 1l

COdz T OBREOOEZOEOE )

More complex inverter topology needed
A Minimum 3-level single stage topology
A Increasing inverter cost
Additional cost
A 1500Vdc LV components (switches, fuses,
monitoring)
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Moving towards more cost effective solutions
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1500Vdc PV systems
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Benefits & Challenges T Main transformer
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Bigger inverter station block size
A More cost effective ($/kW)

Multilevel inverter topology

A Lower THD content

Bigger block size, more cost effective solution
ML d3y 14 bRt SEMOB L OtcHOdz B OG (
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1500Vdc PV systems
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Benefits & Challenges - PV system components

Nte Oh Behefits  / blzdze Oty BE2 (
Challenges
DCC OB J dzd 2 dz d3ts dzls Oy R/V\J-Cf?dz VO O
ARA QI YHLIdz= BOGECO GUN2AHL & Is j » dats deE 2d0O Iz
ARMIN dtls Mteddzs1 1+ i 7 OABC 11 d3t dzls L OtcH O dz
- I
AC g@otﬁ o'gdzi B € 4§ @6 | dz B dzlgcg‘ﬁ-li?ggher voltage = less current A 1500vVdc B Il tg4 dzH 4 = Il 1l C
B A Shorter DC cabling dist
A R ’ THYHL d&z= BOGO cIl 2 . puégzongeﬁastrliggslsance .(-, hddzynnndz ¢y,
ARMIN EdMHEWK Al YyHi dzd ﬁcd%aﬂiin ad voltage = less current n Od5E 0O dzOdza )
LOicHOdE BOCO A No additiona% cost due to A 1500vdc ¢ OB § dz!
high I
I M OH &Oj ted Odz Other components. |
ALK Mistdde= BOGCO " oesjuncionboxes EPC6s 1500VDC technc
Mistcd dzc =~ sdzB sdzls™ dz -~ Otg d & itori knowhow
A MW dzo ozls BOC O ol tgl ©Is lns@IIationsan((j)r(]:locr)rzlrrr:?ssioning Additional cost
bted kb Okl B O Oh ¢ ¢ 20 ddiaDibiee o metall and A 1500Vdc components
stclzz dzO0 R commission (switches, fuses,
] . . monitoring)
Ai?i?g??fc;tsd@dz 50 LOBJd A 1500Vdc cables

Less components and higher total efficiency

1 OO0 BOIsjtedOdz Bsdzsdzg Jazll il da =41 d3gdz
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1500Vdc inverters and system cost calculation




1500Vdc PV systems
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One system cost calculation
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Assumptions

1. ROz Jlsted2dz ~t dgfi! OHd dz 1. Inverters sizes are the same

2. s 0OBJ d 2. Cables
A 1 OtOE OHddz 2 MsOdzyd?2dz ¢ OB J dzd 2 sz Gatdetsagtisatsulations for two
A Cables selected according to life cycle costs almost idemica' |OIantS

sOBjdz2 BlIlnan OhdcedzOdzlsr dz -G Oy
(L OtcHOAZH Oc D@ d2 dF B OG O

A [ lzdzH wllyHt dzd?2dz $OBj dz &Edz OHJEZ My cabling will remain the same
3. MBdzBtsdzZIsr dz ~nO2ttycd2dz sss B OGO B S MNHBENGS jubhctBiBbix&S Egnificantly
BOGO L1tl 6 EAsHETG less, but their cost slightly higher
A UBBYBBdsd HL Lt 11deHt fijdzt it dz n 1 d3dzt &Aings based on cost estimation
r operation was simulated for
¢ DdsdeE H [oWEYT d YO 0600k LtStGdt goa%ernEuropeancllmatewnh

L Oc o Oteyd dzm O dz
" dc dzO dzls O dzH
Stetstsce Il 2

]
]

StlzlzdzOn ,

correspondin
W 2O dzls T dz; O dofhfiRsid

ing to life
cost +

0 O tizH Caﬁi

cycle costs (Inv
losses = smallest)

tme

losses
R ot Baf fhitoring is

not taken into account

Equivalent plants sizes
dlsOdzyd2?2dz OHJ dz

© ABB

May 9, 2017 | Slide 10

a1 d3y L 1 dzll I H



1500Vdc PV systems
116 MmMdmlsj Bd2dz L OtcH dz" dz IsssYytsts

One system cost calculation

# Odzm 11l 62dz EGEGHOWI Il H Financial Parameters

d4lsOdzyd?2dz YyOH Oz 20 MWp Plant size 20 MWp

dbhdedzOdzls dz RkEcOY 25y d dz Lifetime 25 years

144 dzd2dz S 5 % Interest > %
Inflation 2%

R dek dz¥ y d 2% Price of energy 0.14 U/kWh

AGm sOtedW 0.14d/kl Is* y Plant price excluding cabling and

d4lsOdzyd?2dz L OtcH Odz, BOS 14/Wp

N2dz O} ddzdzOc OO0dzr 1104/Wp

1 OteH dz" dz dzl.%H4d gsHli0dz Costincrease 1.5 kV vs 1.0 kV

ki ¢ OB j dz 28 % cable 28 %

Hardware Parameters 1000 Vdc 1500 Vdc
¢4 OdzB Ots 250 Wp 250 Wp Panel 250 Wp 250 Wp
dlstcddze (ykzo ©O0O) k24 32 String lenght 24 32
glsteddze ( ykzeo ©O) Ist3360 2304 Nr of strings 3360 2304
MsdzB sdzls"™ dz -~ ©O2 tcyOG16 16 String per array box 16 16
MBBdzB BdzlsT dz ~ ©O2 teyGe d224 160 Nr of array boxes 224 160
Rdzo Jtolsjted?2dz YyOH OddBE30kW 630 kW Inverter power 630 kW 630 kW
ROzo Jtelsjted2dz Iststs 32 32 Nr of inverters 32 32
mize! MO "l YH!i dz 400 V 600 V AC voltage 400 V 600 V

A DD
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1500Vdc PV systems
116 MmMdmlsj Bd2dz L OtcH dz" dz IsssYytsts

One system cost calculation i Plant layout

String 1 String 2
“

IR o merer

String x+2 String x+3

@

Array 1 To MV station Array 1 Array 2

Array 3 Array 4

Array 3

Array 4
Inverter 1
and 2

Array 6

Array 5

Array 5

Array 6

Array 8

Array 7

Array 7

ay 8

Inverter 2 Inverter 1

A Rdzo jtolsjtc Btsdztsdz yzo OOdzzzn dz COBjdr fkzoc @Ot nt
A Azo0OO LtststetsdzgH dz L O2 HiI 1 H IsOdz d@ 2d35, BOG Is O dz
A Array wired to inverters in cable canal between the arrays.

A Space between arrays 2 m on the long end 0,2 m on short end.
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1500Vdc PV systems

11 6 MmdmlsJ d3d Asdz sry@Eee\Vde fipd M is J d3d 2 dz

One system cost calculation i Savings with 1500Vdc system

ME tCE dzZCE StokzlkzdzOdzls™ dz ~ 1
DC_~ * . (-36Rh) 550 000e
AC "~ © (-25®4b) 26 000¢
Yo 7% o Tt . e (10 %) h36 000¢
612 000e
ot g Hae 'HT (-0,031e/Wdc=
-3 %)

N2dz O0y3dazezOc OOdz" L OttH O
DC ~ ~—~ e ~ ~—~ ~ o} /_\. e -~
- te ' " 737 000

(-42 %)

AC ~ ~—~ e ~ ~—~ ~ o} /_\. e -~
_ ) T ' " 89 000e
(-55 %)

Hp . . _° "~ " "826000
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Capital Investment Savings

DCcabling(-36 %) 550 000¢
ACcabling(-25 %) 26 000e
Arrayboxes(-10 %) 36 000e
612 000
Savingdotal (-0,031e/Wdc=-
3 %)

Operational Savings

ReducedCcablelosseq-42 %) 737 000

o~

t
ReducedACcablelosseq-55 %) 89 000e

Reducedosses25years

826 000
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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
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PG Solar, Product line PVS, 06/2016
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ABB central inverters, PVS980
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ABB central inverters, PVS980

AvOdzd dzylz 2 dzeg ©
A [ dzy dzts @

A ACS880B Il Ist 4 GH 1 A Il Il dzA Introduction
sjfdsdzsed2dz y dh d A Highlghts

AsjiodedCd2dz ECEGHE A ACS880 product family

technology reference
AuvjndzgdCd2dz kte! HYJ A Technical specification
112 dzyd dzg 1 | A Preventive maintenance

AMEtGGEE dzsd2dz fdlsj A Coolingsystem
A HJ tc s q'W q' ¢ @u q- A Certification
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ABB central inverters, PVS980

U 52 dRverview

AKOr ddze OOdz Ml dzyt + dzH ~tSdZBSCH BR SB1E
PVdzOtecdzr yYyO=sddze ©Odz 1l el te

O dqdzlsls©2 "l tel egylllldzt dz Isj - desdzis 6
YOH dz ~nlltc200Q89 B¢

stcOdzmW s tc BOISBTACOIRe Otc EHO0A/dc?

~ Il YH 1 dz

IP66/ Type 3RG OH dzO IsOo dcH ODC ddze j telsj te,
Stesdzls™ dz ~+ ML glst 2

ST 5 S S 8

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

ABased on ABB6s highly successful tech
frequency converters and wind turbine converters

A Power ratings in 1818 - 2000 kVA

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

A 1P66 / Type 3R outdoor inverter with flexible DC input section.
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ABB_PVS980_2015-06-10.mp4
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ABB central inverters, PVS980

M1 el G dzt ¢ ud 2 dZustdrn&ber\@ifksz’
ROzIIl dzO2HoO OlsO2 0Oy ddzdzOc OO0

1 060 MdMmlsj B3d2dz L OtcH Odz
Vicls EZHOOdz =1 tcl ¢ dzt

Maximized reliability
Minimized system cost
Outlasting durability for outdoor use

UJ n Ozgsdzis G d 2 daue tBedzigodeiBnghiights Picture / artwork size:

L1G bllohdqd oK pesdd M ds it Gralls ool o
s OdzH Otels BOIsjted Odz, EdeHE BIIST T B

1dJ HOOMOdz ~ E GG E dzls, Olsj dzlsls©2, E dzHE t6
BIllls1 1 dgyIst 2, ktols { H{Ldzgt L st 2
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Single stage topology, low parts count, standard components,
high efficiency

Self contained cooling, patented, efficient, durable

High system voltage, 1500Vdc
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