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* AS4777.1-2002 Grid connection of energy systems via inverters
Part 1: Installation requirements

* AS4777.2-2002 Grid connection of energy systems via inverters
Part 2: Inverter requirements

* AS4777.3-2002 Grid connection of energy systems via inverters

Part 3: Grid protection requirements

~IZ BP solar FilfY SMA il o EF & V’Inverter%“¢g¢4AS4777$PG4#5
%% > B Sunny Boy SB 1100 %] Inver ter w A PR 5 -Fiak F A 2.2.1
N
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#2.2.1 Sunny Boy SB 1100%] Inverter & & % = & i g0 % 38 fm P

Standards Test type Test result

AS4777.2 clause 4.1 | Insulation Test not fested
The Sunny Boy SB 1100 complies with AS3100 clause
8.3.1 for the insulation resistance test.

AS4777.2 clause 4.2 | Compatibility with electrical installations complies
The Sunny Boy SB 1100 was physically inspected for the
earthing connections between main components and
chassis and good earthing practices were observed. The
inverter output AC voltage and frequency comply with

AS60038.

AS4777.2 clause 4.3 | Power flow direction noted
The power flow during the test was from inverter to the
grid.

AS4777.2 clause 4.4 | Power factor complies

The Sunny Boy SB 1100 maintained a power factor in the
range of 0,992 to 0,995 over the operating range from
20% to 100% of output. It does comply with the
requirements of AS4777.2.

AS4777.2 clause 4.5 | Harmonic currents complies
The inverter current THD is less than the required limit of
5%. The individual harmenic current components up to the

33rd were within the limits and complied with the Australian
Standard.

AS4777.2 clause 4.7 | Voltage fluctuations and flicker complies
The flicker level is within the required limits under normal
operation and even with transients induced by switching
the dc from the DC input.

AS4777.2 clause 4.8 | Impulse protection complies
The equipment operated normally after the lightning
impulse fest.

L o0 0 ‘ma a0 00

FBIE YRR - pREIBIRGE (: UL, VDE, JET) - JIFR G
F"§§ o [7?[”@%‘5 NSRS AR (PY Inverter) T XF] T R = B G
*UP‘ 2RI EIL J7 » 17 AU B 2 938 UL1741 & TBEE 1547
_qéi%l":fxgujrbaEﬂ#\@qlﬁﬁljﬁ‘\ﬁﬂjbl_ﬂ@é‘g—jg RIS S 1R Fg[ﬁ\é‘;ﬁ[gi Sppud =
gt SE BV TR FRE SR R R e 2 2R
» PV Inverterl?i%wli’ NI 4 TRl A RN A Fad TR T 2
FETORAET (R FERET B W03« AT PV Inverter R R o) o
5_ o [ﬂH“u FEVIFIRY 7 25 P?ﬁ%'z » Bl A wgag UL 1741 ~
VDE0126 = JET = *fﬁf\f;[‘ulmuﬁ’f?f” “F@a—g’,{ ﬁ%[’ﬁlz fér?i?ﬁff%i%%ﬂfi?

7\4\ o
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F S E R ['é|\3[\ﬁkﬂ7@_’PV Inverter l?ﬁﬁg”&b ’5’ P R Ll BT PV
TR BRI R (=R o R 2 U, INVERTER 3 s
VDEO126 ~ 3B UL1741 » |1 JET & 37y~ JIf iy Fifersds - 1=
U BRI U ISl 5 T E R 5 2R (EERLO = [ A A 7
INVERTER » i fuL X S . ] 1 SEfTI e B8 I B ke
P > SN Tt INVERTER S 17 7 LI ARt i F o g w5 VB -

[ UFT T2 Fo 50 Fo e A (R PO R B U P (PV) #5768 INVERTER 1%
VRN 2.2.2 7 « BRI TR e RSP - INVERTER
LD L= SIS TR T o fil- INVERTER H {420 ] LI 28 i o
[ Tag RS

TRV 2 Hr%l&ﬁﬁ R 4] A 1T~ INVERTER 1% Tﬁ‘"[*ﬂﬁl
WYL EHEUL 1741 ~ VDEO126 ~ JET ARG E. Ptk 2.2, 3 i

—\,

F2.2.2 F| % f L T (R (5T R T (PV) % R INVERTER 1

FE P12 IR | [T INVERTERH {2 5 APy
i
PR | BBa 2=+ 2wk | Fi- INVERTERFHIE™ | LT | 2[H2
#%%WUT@%% FIFY | AR ]

Py BT s BY f;{rr%{_m{,
£ 4 EIJE%EBIHY;LF%%%E‘F‘
FIMRER I 1 B s
B

SEEED ‘E%ﬁéﬁi@%# 228KV ({5) | ff1— INVERTERH] [0 7 ok 25
bt el | R R
@\éﬂ« “ EAER) XS]] F
B e TSI (R

@&EM'EMRT rﬁ?ﬁﬂm%

4_.—

TG | il TR U 85% | PR R T 1.0
ftﬁf&—: 100% Vi -

AT [ﬂa;gzr e AR IR | INVERTER  ffi™ [% 100~380V [
fge /slt Wil 31<v rﬁ FRESTAR  — A PV O M
i ?:@@“& gfff [VEErif THD<S%

Eli,’ﬁﬁ*}}} rﬁﬁ 0. 5% =B=E Y145 17 INVERTER [ Biﬁkﬂﬁlﬁ LY
73 AR

HUBSEG | SR e = g B (- HT | R B P LR R
fatUAER | RBETE S - 2 SERIW AT INVERTER f1
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F2.2. 3% 2SS BIULL TAL 70 PR P50 A S U 7] INVERTER
e
T B e T
il
,I%L_':[ﬁ:g’;ﬁ Mo E [f i 58 QLTE\%?{ : IEIE'JTE"‘J_P?J@ﬁ“%E i fﬁﬁqﬁ?
L;.uq Elﬁjﬂ PR | 85%%&“&‘* SR H (0. 5%
7554 TEEE StleO/ AT RS f b
519-1992 Y EAE L B WU (R a L
TS 85WIT i PRI S - &
E3 95§%F «/FE% PF F
X UL |77 TEEE Stdfd ,P\/ﬁﬁ\ '&ﬁ”g‘aﬁgﬁﬂmﬁfﬁzﬁi_ﬁﬁiﬁ PV = ¢ Sk
1741 519-{992 Fﬁﬁ{gﬂ.g & 10%H > # ST i E*m
VS g S U S 0,85/ BB g T A PV
IEEE 529) HIE o ST o — % HIgh IS S o fEEL R
), ’[sééqfﬁﬁju%&% Vi o 5%
ﬁ[i ?E_{j:f S s
3«1@# Wi pv 9f >~
1 {531 PV B B bl
e S ELEE
T 1.0
%Esgl% ﬁ(i?gbl3EN2/A14 NUERES e ’p“lgr?: f?g;{ﬁf’%ﬁiﬁ@iﬁ ﬁl i’F }qu*i T@
23- R R
YR (i HPBBE R F"iO 28 J
% HIT IS 55 e P R
o
I JET *ﬁ%‘y@ffﬁ@u (I} 45pj3 JET l;:’:;;j (#~F 174 JEAG 9701 3E[J§~:%’éf N
Bﬂ@ﬂ]’f&’@ﬁ%ﬁéq% PV Inverter 3 15 > PV Inverter| M &Ny
i [EC N 0.95 1) 34.? = g by 5 iy il
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2.3 7“&[‘%&“?‘4‘?‘?’(PV Cell)FHFE=EFHILRY

A IR E RPN %‘FH’%&%? ZRA %?*(UNSW)TH?E‘? L Iﬁfjﬂx[&fjp){ fF-{T—'gﬁp (PV
Cel 1)L Frpmaerb U » bF e I B Tt 1 NI F b DRI s
j@g@y[m :

PR
EFfFE”h’ﬁ:‘/(Single crystal silicon) - up to 24.7%( UNSW 7Pk )
%If[[!fﬁ"’/(Polycrystal silicon) - up to 19.8%
?Eﬁ#l’ﬁ:‘/(amorphous silicon) - up to 14.5%

?ﬁﬁiﬁ%‘ﬁﬂ :
IT-VI #%(CdTe, CulnSe2...) - up to 18.8%
[11-V#%(GaAs, InP, InGaP...) - up to 25.7%

E 5 (2etflpi multi-junction tandem) - up to 33.3%

[0 11 TS 7 50 VT At = o B PSIER] PR
PRTEHREH » IR T PR A S
RO R R LTS IS TR (Cel BB (lodule)
S R TR sk AR A

W & % E(Wm)
N = x 100%
1,000W/m?

I'IE lﬁfj‘ﬁﬂﬁﬁ'ﬁg ’?‘?Fﬁ[!,;_'/}k&ﬁf%‘?tﬁ'ﬁ‘,%m YR 2. 301 R L NS R
FEPBIAE 5 ab 12~14% ©
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H0.3.1 HI5 P B B b B

B Sharp Kyocera Shell BP-Solarex

£ e

Plus160-C

SX170B

SAHEHDE
(Wp)

SABESE
(Vmp)

No. of Cell
H£mm

85 160 170

34 354

72

2R /EFFmH

s IR £~ S 2 B i s 9t - A ﬂ";'/JFE?fH” EATRIP T1-VI
2 (CdTe, CulnSe2...) ~ III-V % (GaAs, InP, InGaP...) ™ % gt [} i
(multi-junction tandem)3" ’lﬂﬁg‘p# ﬂ?ﬂﬁ#[ﬁt’lﬁﬁ«”f} E«Lﬁ By [#{ FERY
?ﬂﬁ%%ﬁﬂxﬂﬂﬁqﬁif}’ﬁJiﬁ“iﬁﬁ¢%ﬁ#h*ﬁ“V§ﬁ%ﬁusiﬁ%E‘q
Eli’J)E'ijf‘*E'rU/f\Bﬁﬁ‘-ﬁr% CETTE T %’Eﬁ‘/ii’ﬁif[ﬂ['ﬁlg* LSRR
I’FBEIJ o
3T PV 8 P P b R Thin Fi m) FE 757 IO fipct ™ AR
%WJ@/ [T Fﬁhpf? FEEIF/T* (U SR A 7 = U 35 U A L [EP"/’\E&IFE#[F‘/%J &
Bep 1tk (em) ﬁ'ﬁf’:\%%ﬁi?WQE'JE’EFE’&F/%QF&%‘FJFQ@?J%%(/Lm) ORI
F'FJ“?&MJ PAIT S 58 o 35N Pyl ﬁ%ﬁ ﬁ_w Fidnk > if?’? o [EE D
Bl VoS BRR=aR o = RURNER s ﬁF S 10% o HEPRREE
%@%&%ﬁ%?ﬁ%*ﬁ%éﬁh’éﬁﬁﬁiﬁ’ﬁﬂﬁmﬁﬂﬂiiﬁﬁ
U 5 B T (R
+ ZRETIRURS S o AR B
+ BV T%E'J”F'ﬁﬁ*ﬁ"@’jfﬂ%mjﬁlﬁﬁ? %Fﬁ’![ﬁ"/ﬂ/ fﬁ?l%ﬁ#[ﬁ/ﬁlﬁ
PR SR B (S
Ff PR 5~T%
PREEH Jf&'ﬁ(%%i?ﬂﬁm" SR f@%i& e o R [RE)
i TE T‘E'F"*E’ﬁ ] > YR ‘%Fﬁﬁiﬁ'ﬁﬁi : f%'\rﬁ#[ﬁ/%ﬁu Eﬁ?#fﬁ/ﬁlﬁ%’{g °
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ﬁ‘[rﬁ?%‘ﬁﬁﬁif“ﬁ E AN F%f*r‘@”Jﬁ"&f“V [lS 'ﬁ'J;Jf R 7] ﬁlj?ﬁ

B I e

=5 PV O R [/Fﬁ%%ﬁfr‘ﬂtzifw*n Y 5 E (Cost/W) » 1=
R S5 I AL - BT PRt .
e ﬁﬂ%$?iajfﬁﬁlf%ﬁgjﬁ%?\ B [RIER R PR AV EN ] Wl”f“%%gfl#fﬁ
BV HNFREYEE DN F[«F' "’F"FJS"%' IEUF%EJ%?FI@E‘:J [~

v sk

v ﬁﬂl’%ﬁ"ﬁﬁ/*?’ﬁ

v' BIA(Y[ Thin-Film 5J7#)

v H PR RS R GRS RS- 2 )

+ j’ﬂ?@?%%ﬁﬂ’ BRPVEFZ PR B S S L PR L A
#H o Elmt@%ﬁgfﬁﬁfgg\@ﬂ/ﬂ 2o i % ) & SlE > . [/’F?I
P 7L FJEHTEFF 1= (ARC Photovoltaics Centre of Excellence) »
Australian Research Council, = fEFE={ERUETER s 2S00 [H U Bt A J‘J[ﬁj
=ERI6] 0PI E 450 85 3 [ (1 Generation » 2" Generation ® 3rd
Generation) » E f[1 1"Generation = EAHF/FEF[ [EVEL L HED PR (Wafer Based
Projects) » ik =33 1 ¢ [/W‘“‘“"g%ﬁ?ﬁ SN B s E e
%@bﬁlﬁ?'iﬁa FEET -

2" Generation FJfEEV R ~ BER™ HIAH - | F,fﬁ'iﬂi F,n,ﬂj}“ﬂ*?ﬁ—ﬂ
=4 15S%(E Ry 5~T%) > (7100 ?;I%qﬁl*ﬁﬂﬁg'ﬂﬁﬂd“*ﬁ » IR B
i uiﬁ?]*’pm“Hm“jtFocus DR T EE 'ﬁ‘?ﬁﬁ@ﬂﬂﬁr F,n,}ﬁ}f“r
A FIPF R "ﬁﬁéjﬁ'  ZUEv= 600 % 7 Si Vaporize 'ijg‘?rfk
P SR - I R S R
25%)E i o i""fl‘?”’%E'J“ ¢ Si — "¢ Ge I'] Tandem H =W nFdi » I'JHEF 355 -

3rd Generation [ 3£ based on Thin-Film > 3E5 P14 V%‘Frm e ek At
Ao L /ﬁ#[ﬁ*lF‘PE'llsrﬁ f\ﬁﬂ%’%i‘i’iﬁ [ESERet 25%%@1?’5‘“}‘?@
fill > FlIPT e i ?F}H*jﬁ SR B Si fﬁ*’\%ﬁpﬁﬂﬁ
07~86.8% » P E 1] v B A

3 PR ;FEIFJI GV BT S fifhae o T R

M |st Generation - Wafer Based Projects(#% US$3.5/Watt )
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W 2nd Generation - Thin-Films (CSG il vt BBE! % ’§‘E|"Ff, 1.5 B+
/Watt > < 9.8%)

B 3rd Generation - Advanced Concepts (Also based on
Thin-Film) “all-Si” Tandemcell » i Si 2 lﬁi"ﬂ‘}”\%“ 67~86.8%
cost =+ US$0.2~0.5/Watt.

PV Cells $ F4% PN 4 ULV 4 (53 ) F(FE /i) 3l R ]
UPE 2.3.1

Front contact

Photons \ {
¢ Emitter
Load
Absorber
Electron
Holes Back contact

[{'2.3.1 PV CellsHl A s FFRE

RS RBANFORIRE ~ /e R - SO B PRI -
P~ VO o 0D o S R AR R 05 L R
equations ./ %’_'f/—\l P TEAET ?ﬁ’ﬁﬁﬁ%guﬁgéfgﬁ@“ Bt - AR PC A
A YCHHE P R LY SRR S (B Y FI
?’fi’ﬁlwa‘\%\ @%%@%ﬁﬁ ML Solar Cells JVASHE-PCID K5 UNSW EJ%F;’Z
Y SR » 157 Solar Cell FFFEHLAMHLY T 5 [ S
IR AR R -

FIMT PCID FORHRRIRAFE - 4 PN A BRAG LI ER R G) 4 N
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Device/Region/Excitation/Results) » Z/D[ﬁ' 2.3. 25 o

Device @ = fol Ellflvﬁf}?l%ﬁ ~ APRCE  FH (Emitter) /By (Base ) $
[CUERESE 1100 '

Region:= fit Wi SRS PN A %F[JE?’H VF AR R (Thickness,
HENTT 300 em f Mg ~ A EVH (U Siimat) ~ fF EHIEE
(Dielectric constant) ~ f=&i(Band Gap, F/f=Faifh 1.124eV) ~ #
FiE (Intrinsic constant) ~ ¥ (Doping) /#ifr(diffusion)
Bk EE.

Excitation : ﬁli?ﬁ%ﬁﬁ%iﬁ;'/ model [T one-sun.exc * L ~ L %’%
model &

Results : £f Fit yﬁffltb%ﬁﬁw’%ﬁi'y%g‘ﬁﬁﬂ@? LR TR 2.3.2
VYL GG =N HES cell VEE 33, 4mA ~ 17, 1nW
626.1mV > [NIAES Device area = lem2 ~ SU3%= 0. 1W/cm2 ~
H 1T 1mW BETY 35675980 17 1% ©

EEN Q{;ﬂ FIVRFE R el < 3"~FE[§ Double Click ﬁﬁ‘%ﬁﬁlﬂﬂ['q‘%\'ﬂ/%ﬁf’ EI’LJ?L?T?F[TE ’

PR S g e AT 219 Compute ™ 4P Run i TR & VAN - R
" Compute = ZIF[I9F ) # | H T ﬁjv[l[ﬁlz 3.3 4] @ TSy A [ [ﬁi,ujglﬁg
RGeS ',%ﬂfiﬁﬂﬂu cell Jﬁ,“ﬁﬁi{l%& g el N ?W—k[iﬁ,ﬂ
cell [%;ﬁﬁ [T USSIE I
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D ks et e Gaf Tre o By

il o) pia] =

AEISTS, ] At [orEEm| 2wl

DEVICE

Device area: 1 cm?

No surface texturing

No surface charge

Front surface optically coated

No Exterior Rear Reflectance

No internal optical reflectance

Emitter contact: 0.24717

Base contact: 0.1 Q

No internal shunt elements
REGION 1

Thickness: 300 &

Material modified from si.mat
Carrier mobilities from internal model
Dielectric constant: 11.9
Band gap: 1.124 eV
Intrinsic conc. at 300 K: 1x10%° cm3
Refractive index from si.inr
Absorption coeff. from si300.abs
Free catrier absorption enabled

P-type background doping: 1.513x10'¢ cm3
1st front diff.: N-type, 1.14x10'® cnr? peak
No 2nd front diffusion
No rear diffusion

Bulk recombination: t, = 1, = 51 5§

EXCITATION
Excitation modified from one-sun.exc
Excitation mode: Transient, 50 timesteps
Temperature: 25/%
Base circuit: Sweep from -0.8t0 0.8 V
Collector circuit: Zero
Primary light source enabled
Constant intensity: 0.1 W cm?
Spectrum from aml5g.spc
Secondary light source disabled
RESULTS
Short-circuit Ib: -0.0334 amps
Max base power out: 0.0171 watts
Open-circuit Vb: 0.6261 volts

Device Schematlc

Front-surface recom.: S model, 8, = S, = 100 cm/s
Rear-surface recom.: S model, S, = S, = 1x10° cm/s

[2.3.2 PCIDEURHH
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i T o - 11D e 100 x|

D@ | Rl@ =1 dTEE. ] #4% ojED e
Energy Bands
04 Tl o

02

00—

-0.2

200 400 200 400
Distance from Front (5

0461
D44

042
0401

0.38
0.36
034}
0.32/
0,30
0.28

D28 | .

0 200 400

For Help. pres FL L6 elemenh Trsm |50

P2 3. SPCIDASLREAT N 5 P12 e A =

Rt RO 2.3, 4 57 RO BT AR 51 LR
(index=2. 13 ™ VR UL E - ADES RSTR AR T0nmGE )R
N ] 19 %Y s o P R G S AT
SRR R VA S M R P -
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B D . . . .

Dlwla | el S RS, o Ak P e Single Layer Antireflection Coating (SLAR)
Mo Exterior Rear Reflectance Design of the thickness of SLAR

No internal gptical reflectance

Emitier contact: 0.24717 © Thickness

Base contact: 0.02784 0

No internal shint elements

nm) B0 B4 66 67 63 69 70 71 72 73 T4 75 76 80

REGION 1
Thickness: 200 &
Material from si.mat

Index 21 21 2.1 Gl 2.1 2.1 71 2.1 241 2.1 2.1 2.1 2.1 o]

- g
Litetimerus) &1 a1 &1 &1 51 §1‘ 51 a1 &1 51 &1 51 &1 a1

Carvier mobiliies from internal model
Dielectric constant: 11.9
Band gap: 1.124 €V
Intrinsic conc. al 300 K: 110 cm? FF(%) 8324 | 8334 | 8308 | 83.0pe] 8052 [ 8352 | 8357 | 8362 | 8352 | 83.08 | 830¢ | 83.33 | 8334 (w32
Refractive index from si.inr Eficiency(®) | 187 | 188 | 189 |+%89 | 190 | 190 | 190 | 10| 1ao| 18 | 1sa | a| 1wa| 188
Absorption coeff. from si300.abs vt
Free carrier absorption enabled o

P-type background doping: 1.513x1017 cm? i Dl D
1st front diff: N-type, 1.14x10" cmr? peak
No 2nd front diffusion
Lst rear diff:  P-type. 2x10° cm® peak
No 2nd rear diffusion K

Bulk recombination: ¢, = ¢, = 51 & o
Front-surface recom.: S model, S, = S, = 100 cm/'s o
Rear-surface recom.: S model, 5, = S, = 1x10° cm/s ..'°
EXCITATION x

Excitation modified from one-sun.exc

Excitation mode: Transient, 50 timesteps

Temperature: 251§

Base circuit: Sweep from 0.8 to 0.8V

Collector circuit: Zero

Primary light source enabled +2
Constant intensity: 0.1 W cr? - 0l
Spectrum from amlSg spe o

Secondary light source disabled ol 0

hlzn.m.'rsih 30 400 SO0 600 00 800 900 1000 1100 1200
Short-circuif Th: -0.0329 amps o
Max base power oul: 0.0190 walts ,*" Wavelength (nm)

Open-circult Vb: 0.6915 volts \ —o—Intemal Quantur Efficisncy —=— Extemal Quartur Efficiency Pri-Surface Reflectance

M) 6012 | 6914 | G016 [ G015 6915..0§I.5 G015 | 6015 | 6016 | 6016 [ 6015 | 6015 | 65014 [ 6013

Jzo(m Adem 2) 35 323 319 39 3!% 319 318 3z9 39 319 219 328 322 318

R, BQE, IQE(%:)

RESULTS
Short-circuit Ib: -0.0329 amps
Max base power out: 0.0190 watts
Open-circuit Vb: 0.6915 volts

[f2.3.4  PCIDAYRSAFI— Tk i Sl b (i 2t
2.4 PEHCIRATR(PY) B ~ BRI R

F A RIS EHEPY Generator (PV 1855 /Array & &+ U/}%’Eﬁ/%ﬁu/ﬁ@? ﬁﬁJH’,
F=SPED Tnverter fay /a1 35k ik :%”F:Tffé PV Generator fl&/l'ﬁ%f
SRS PR SEEPY generator v = Inveterﬁ’[@?ﬁt'iﬁqffﬁi‘“
F%fé[ikul/*ﬁﬁﬂﬁ%—??ﬁ , [ﬁJEﬁ"&*ﬁfﬁﬁfé PV generator flt/ == Tnverter
“‘[’ﬁ}/[’[ﬁ'g?ﬂ/%ﬁ%fﬁﬁﬁl”l Central Inverter %’Wﬁ * Master/Slave 1’/{[1*% - %
String % Inverter g™ Team %’%F%%Eﬁﬂ/ @Z—H{%W f"ﬁi’r—gﬂ‘ PV 5 T R
[ 1 SCADA g -
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2.4.1 PV Generatorﬁt"@lnverterﬁ“ - f%ﬂﬁ'?ﬁ%

i/[[[ﬁ' 2.4.1 PV Generator ?ﬁﬁt“ﬁﬁ%@ﬂ@ﬁ’ﬁ%ﬁ% ’ @I%PV Generator
TERC-I0EE=4T0% C) EJ[JEI%%EJHEE@EE T MPP %l!l‘(Maximal Power Point) °
(£ MPP Q@B@}f’ﬁﬁ%@ﬁ% [ Inverter ¥l iy %’E@@'(Tﬁiﬁ“)wﬁﬁmﬂ
TICHEy » 8\ ERTRY ek A (R 0 st o b o [ 0 G0 DG
P15 17 PV Generator ;'/ﬁ'E?JH 'rF'ﬁE'%‘u%E‘?ﬁiﬁ} Inverter @ﬂ\ﬁ"ﬁj“ "F%E‘*Eﬁ Héi%’?:—{ﬁ%

FA(El B Inverter FRF -

+ L
Fa F ot
o et
- N
Fan' Fa
et et
Py . . Ibct
Ppv ! : Poc
o - I iy I e e
I':‘;:(T?UD%:::::::::::::_'1'“ I I
I
:
I
VPv Vo
Wipp(+70°C) Wl-10°C) Vb emin Whomax
PV generator Inverter
[ji2.4.1 PV Generator/Inverterflif =PV Generatorf!t» Inverterfi * = =

il

B EGELEE T (SR PV Generator @t = Inverter i * =0 - B Z g
i/[[q*éﬂ' 2.4.2 B o L'*‘E\ﬂj‘f“\iﬁj,f{l* Inverter ?‘,i'r ffl PV modules MPP 7%+ Inverter

T (AR Y Bnergy Losses fVE @ -
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lpy 4 : ,
Ppv I o MPP !
I 1
: 1
hape (10°0) SO R CL T = T= ——5EFE]
happ (FOCY 1T T T 1o o el
t
I
1
1
1
1
Mmpp(+70°C) Vo (10°C) Y bemin Wemax

[#12.4.2 PV Generatorfaji!i ¥ Inverterfiy * 1/ ftﬁﬁ[ﬁ'%m

[T FIEVISTERY A PV Generator it Tnverter fi J/%*E%“‘%ﬁ'gﬁﬁﬁ
frgEE “é‘*"ﬁlcase’caselypqﬁl2 4.3°PV generator MPP BT Inverter
(7 [EHESV 9t > ) PV Generator ! I'E%‘ﬁylgrf F[?"f » A MPPEﬂ‘ 1,;_;’?}'

BRI

lpyv A
P O MPP
|anr X Point of operation

VDCmin Vbeman

[ﬁ'2.4.3 PV generator j/MPPFF“fMEJt‘TéGfiInVGItGII’Sj ["E%ME*;W]]‘

Case 217 %1'2 4.4 7. > PV generator J/ffRET ERE ¥ Inverter &7
I'_F_fE&VDCmax ' ’Hulp’?‘f Inverter I ﬁ%ﬁ[{;\%ﬁiu o
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IpvA
Ppy o MPP

X point of operation

|max -1

VOCrin Vocmax

ﬁ%ﬁ'2.4.4 PV generator ;'/F'av?Ji‘—f‘.%’Eﬁﬁ,'ﬂf?Inverterﬁ*‘\: I"E%’E.J*VDCmax

Case 3 : J[H' 2.4.5 %7 > PV generator J MPP ?ﬁﬁﬁﬂﬁf\ Inverter f#52
(e IDCmax > Inverter I'J3s Power il W&3@ " (=4 Power to Grid ;@?‘/
BRI i

|pv A
Ppv © MPP

X point of operation

Imas = — = = L - - - — = — ~

Vpv

Vocmin Vocmax
[’%\'2.4.5 PV generator J/MPP%?ﬁﬁﬂjﬁ?Inverterﬁ*2 ["E"FI#?;’TLIDCmax
Fi Ft S T SR £ B A PR
B +70°C PV MPP voltage > Inverter min. input voltage

W -10°C PV open circuit voltage < Inverter max. input voltage

B Power ratio is between 80 .. 100%(Power ratio : power into Inverter/MPP) o
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2.4.2 FCNEIPVEL Fr R AR R

F{'I Frfj éﬁfﬁ—ﬁﬁ '/FL -{ﬁ*‘\ﬁxﬂj ’ "EJE\jJ‘ PV Generator Fl‘ﬁ:ﬁ?ﬁ'vﬁ‘};% FI1Y5Y
Array i \/Uﬁlﬁ e f[ll/j’,}%'p H”fl ,fﬂpﬁ]ﬁ;‘,l}%‘i@&ﬁﬁiﬂf Inverter %fft’] }ﬁ
B Inverter i £ » BRI Al V sdemeb e o T RECEL TS5 4 78 e /A
(A ) p’lfJ’;‘F]J\”'Fk Wi Tnverter » F VR A S5tV Inverter ﬁf‘ﬂﬁ‘ﬂ
M PRI AT £ R, R T U -

) Central Inverter 754“

| | | || l'losss caused by mismatching

2
1

~ —m

0% o% % A% 0% 0% % 0% % 0% 100 % 1no%

Normalized input power of installed inverters [P /R, 1

%'2.4.6 Central Inverteri}ﬁ“ﬁ%
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v['ﬁ%ﬁ‘ 2.4.6 IF’%EW%T%” 1 [#E& 1= Inverter ¥ #F| PV Generator - 'E?{%F
BERIDITN = (+NABET - PR
+ ﬁ.‘J nominal power ﬁ.ﬁﬂ“
- ﬁfjmismatch losses(1~3%) (P RHI2 8= & ~ Cable } A B Loss
TIRlCell 7% ~ T[HIEN ~ Shadowing ~ Dust %7.)

(2) Master/Slave %1 -

0% 0% % 0% 4% S0%  60%  FOR  B0%  AD%  100% MO%
Normalized input power of installed inverters[P /P ]

%1'2.4.7 Master - Slavei’/ﬁ"fﬁ

OPig 2. 4.7 PAEER R L IREE T 4B Inver ter U TE PV Generator > Jj PV
Generator ! 7 Inverter & {F HRf - 48 @RS F Wl Inverter
U R 35 (RN

+ TR (independent of load)

- ﬁ,'Jmismatch losses(1~3%)
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- Inverters A2 FEvR L 45
(3) % String % Inverter %E'I% :
DIl 2.4.8 51— fII/I[:':* PV HGE 5 1 i ] ?ﬁ’EIﬂ/ Inverter S » [IUFMBIAE 2 ol
7.V mismatch loss ot = 464 {25 [FlIR] Inverter $H83T PVASLE il ppiiii
+ minimize mismatch losses(~0.1%)
+ [#{%DC Cabling
- (s

s

95 %

90 %

efficiency

|
I
I
I
Conf o
I
I
I
I
I
I

4 %
0% 0% 20% 30% 40% &50% BO% 70% G0% 90% 100% 110%

Normalized input power of installed inverters ]

%'2.4.8‘-’@String %Inverter%%‘ﬁ
(4) Team %’EI‘% :
riE 2.4.9 "I-%E'?Fﬁix F’—‘[_Ff_ 3 ﬁj%"ﬁ'*ﬁﬂ/ @Z@ﬁ’ TRl PV TI@‘II‘E?HIE?T CFEREI
& (WEe Inverter #&7 BYJEE -
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efficiency

0% 0% A% 0% D% % 0% 1o % 0% 10% 0% % 0% W% 0% 0% 0% 0% 100% 10% 0% 0% W% H% 0% D% 0% 0% 0% 0% 100% 0%
Hormized inputpe Wdh rl I-B«C]P Normized inputpower of the irwerters [E4P Hormizedi rputpower of the inverters [PLE]

@'2.4.9 Teami’;ﬁ?f%

A 3 AR
+ ﬁﬁvﬁﬁ?
IR R ]: Al
K%'J'%Tu%ﬁ]‘ﬁ*ﬁ PV Generator ##=" Inverter I’[E{EI?‘/?;[‘EII /A —zfl%?%fﬁ‘zli
,%E'f']‘ YRR = A R R R [ ‘*J%‘?rf S 0 = PV Plant
R F,JFZ,IE#‘ fMyF1 =0 PV Module/Tnverter B[Sy * Sl 2Ly PV
FBAE (T E] ~ B W5 (T IS )~ NI & F » Plant Design(KW)
Module/Inverter Hfga qu ’%f“fﬂﬁﬁj@{#ﬁwl%h FiF “EI PN Y
MPP "F%E{/ﬁﬁ/ﬁJ}?bﬁ* DC/AC & F‘-f ik JH’ AR HEER T EﬁJ;{‘ﬁEﬁ [F‘-f
P EEE2.4.10 F W 24,12 £ A B 2RI BP Solar G R SHA
I ‘FFE—%*:f I/Ti]*ﬁlﬁj\’ﬁﬂ[}%ﬂfl?—p’ﬁ [fs‘ﬂ[ 2.4.10 £% PV Module/Plant 2251 B%\'
2.4.11 15 Inverter ZHEh o [ 2.4.12 KRR 2 2 nafdlihr o T f{foridss nEl!,‘
SRRy R sty A H RSN o B S ﬁ%“i.'”‘ﬁ—??ﬂ IFEVE I
PV Module/Inverter f¥ Fﬁ#?ﬁﬁl’?ﬁll I LS ﬁ'*l‘ﬂfj‘#{( ISP E 320 Sy Iﬂ
B o (RS PSR el B I 0 ™75 il 5 B RN T R
L -
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Location

Country Deutschland [Gemany] =

City [Kassel

PV-muodule ternperalures

[ﬁ[2.4.10 SMA

R

-

[ Stong imeerters

¥ Multi-String inverters

™ Transformer inverters

™ Transformeriess mveriers

[ Team mode capable mveriers
W Sunny Mini Central

¥ Sunny Central

™ Indoor

™ Ousdoar

™ Archive

Modules

VS A4

System ovendew

MINIMUM INPUTS:

1. Plant bocation (country and city)
2. FV-module (menufacturer

and type)
3. FV-plant design (any peak

power, Humber of modules or
available sarface)

4. The settingzof Angle of
inchination, Azimufh and
Temperatore sre optional sad
T e adequste standard

wiloe
5. Change to mverier sade

ADDITIONAL ENTRIES(OPTIONAL):

= PV-module temperatures

select any witing angle for
the PY- genesstor)
- azomuth angle (you can select
any onentation of the
PY- genemstor or tracking system)

|VPV Plant ﬁi?%aﬁ'ﬁg-Pv Plant

Cahbling

[Sunny Boy SE 210071

Sunny Boy B 2100TL

Max. DC power 2.2 kW

Max AC power 2.1 kW
EU-efficiency: 952 %

Max. efficency. 96 %

Grid voltags: 198 - 260 V¥

Orid frequency: 498 - 502 Hz
Frokection Type: IF 65

Check list

MINIMUM ENTRIES

1. Tnverter category
2. Tnverter type
3. Chenge to page Result’

ADDITIONAL ENTRIES (OPTIONAL):

- gnd voltage (e voltage

at the feeding poind)

- cabl

= check list for revision of the
P¥fverter configustion

[{2.4.11 SMA Fi

|.VPV Plant ﬁi%ﬁﬁ’?%}-lnverter
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Result .’vr"'
r "44-

| Help System overview
' Location
| Kassel: Deutsehland (Germany)

Compatibility check Angle of tmeknshon: A

P\ pesk powes PViinverter compatible Azimuth angle: 0"

Tolal numbes of modules

PY-module
Area of PV-generatar

x5;
Fassadenmodul
| MPPveltsge: 319V

| MPPcunient 4.4 &

, MPP-power; 141 W

Number of irverters s —

)
VBC,min VMPP.Design YDC,max v

Max. DC poswer of inveiter 2.20 KW

Mas, AC power of inverter 210 kW Inverter

Inverter effectiveness B2 % " | Energy usabiity factor 1000 % o )

Nominal powes ratio "2 % Perfomance Rabo {approx ) * 8% HauDCrows: LELH

Yearly en. yield [approx ) * 1698 kWwh Spec. enecy isld (approx ] * Kwh/Awp Max. AC power: 2.1 kW

Cable losses [% m PV-Energy] 00z Ell-efficiency: 952 %

Mok, efficisncy: 96 %

[®  Preview| [ Layout =L P . Orid voltege: 198- 260 ¥

Grid frequency: 498 - 50.2 Hz
* Impostant notes The calcuation of the vield is bazed on estimated values and mathematical models. SMA is in no case kable for the real weld, which
caneg deviste due to contamination or diferent efficiencies of the modules Protection Type: IF 65

[12.4.12 SMAZ FilVPV Plant BUSHHE -5

2.4.3 PV BV B 5% (SCADA)

T PV SRR A IR ] T R b R e
e M e — Jﬂ?ﬁ:"ﬁﬁ [ Local  SCADA s » L A5 9P ™ FREIH 53 Web
Server I'J i omEiaif e fy s FU i e PRI ER o3 A7 > — AEREHIEETE U )
(KW) ~ B P51 (KWH) ~ BBUIEVS ~ PV AUEEVE ~ Tnverter S5 ~ PV A
/String fPRuTfE ~ DC/AC FHES/ Fffe ~ Hfick ~ CO2 Hitkl ~ (REIsRTE mz%ziﬁ
S PRI Tt R AR T AT P R P R R SRR E
B%‘%JEU%%E*’&%T%@%E () SCADA 56 I Akl » ¥ = ) > 6%~ B i
FVRL - F{" Ej e T Bt S R R O TR S R IEII'EIE‘:"E": Y
E;J: > TR g }ﬁrh ﬁﬁ*[ﬁ\%yﬁé{/g&ﬁkﬂ/,, RN %IH\—{\QF q\%ﬂg
2.4.13 SMA ” flJ I SCADA #l;[—%‘?;;:l{- s FELH 2

LH

\\
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Sunny Bery

B {

— analeg )—i

|. Sunny Boy Control Plus |

+ RS232 Schnifstelle |

Sunny lsland

bis zu 50 Gerdte

i Ra|aisaus§ung wm
Kiivi Yol

odar
+ R54B5 Schnittstelle |

I R52325chritstelle |
nger
. R5485.5chnittstelle r

url
©ven Verbrauchern -

q‘ieﬁ'Z 4.13 SMAZ RId SCADA#WT@J

F=t
LT =

MA = FilEp -

szmg

VP

P IR |

I Olympic Village VRV
I T R U A v TR UL
Inverter IJsiaslty 28 @S == ] BI(UIEE="E4E) F 18 U]
o Y BAIATLE TR Y N BREAY T B
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B\ 5 (Fﬁlﬁ’\?—ru— HFEICH
31%ﬁ%ﬁ
(1) WP B T N T R S [
LR (G A N i S B
(2) BP Solar ™ SMA % Fild % —??ﬁﬁpﬁ'ﬂﬁjr"[r SRR MR D b s
i
(3) M= S TR R S T RPERICUE Olympic Village) ™ & (1dk FE)
(*Plfﬂﬁﬁ'ﬁﬂ PV array) U W REVRRRE S R E iy = e (L
RECVES SRR R E il E
(4) *[‘ﬁﬁbéﬁ%‘ﬁgﬂ ARV I AR AR ‘/#"fﬁ(ﬂﬁ'ﬂg*ﬁé * B
TR B R RN R RN R4 2 Smart Grid
RAE
(5) S RS FIEL ~ FIPD R S AR - [k FEJT“F%#PFHFWLP B ;%FIF&
P o s R B R R SO A NI P Y R
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3.2 gRIACH

() HFES lﬁur%f)jrju ’ [Ff[ il F TR B VN A Rl B [iﬁ”ﬁf}yﬁ‘—(y
AR - o PRI BRI

(2)«7-$% Iﬁ[ %““JJ PV 1nverter F[ F[“‘jjﬂu [/F‘rgﬁl J/::?'?Egjg;g& °
(3)#-&2%%[@‘7}&*@7& R AR inverter 292 fEERA AL

(4) HREPLR EIJ] 2212 PV inverter i -pobfn b R R0 O AR

(5) Epfer o R RS L R | A Véﬁ?‘??@?[lﬁﬁfij ‘ V’%E’r? g

(6) "= 5% P e o e A 2 il RO A o7 =t R S R & 2 T
i > ke B AT RS
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] HidrEE > Introduction to Cases of Clustered Grid-connected PV
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