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BB AT RERFHEEGRENLVRD - 1 XK PVHAEH
L AE BB ESE REENETHYRMHil4 T ¢
* FBORENE FRBRREEES - FdE PV #85
Rk o
¢ RABHARARKEE RSN > AHBIRBRAEE PV
LGS~ TRAMARE R UGB RR ALY BE -

BHMAREHRARE 2 ST IEF A
EHARPRTHEREBEALRME - AL RAL -
493 DER 8538 8 AR R B BRL -

REXFEHMNERRBEEAREDTARER -

* 6 o o

EPVRHEMERRE  LEMMAEARE AR BERKEY

PV@FQP%?T/)&W\S%H‘I REAKOHETEE - Z2H - EN &b
HEARM P AR SR RV ENERRREGTHRT

?'J 3R EsRIRA -

* AHBMERTENREHRA B RERAE  HiwHAMBRES
HHRGERALS LR ZERAE S HR - "’]"Fﬂﬁi%g
R-BEBEMBYETE > FRBGBE ey PV X
W B R BEHENEREESR -

o REWFHRA D BA B ERAEE PVINEER - 2k
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BHRBEHER - RETHERTRIRME - #3¥ DER a8 TR
Z %% ~ PV hi “l’ Q PR BB Be2ERL -

* JFERE rié’m’\%z%ﬁ Fﬁéﬁ%‘?\ﬁlxﬁ BRERBPEREFK
s mE AR B ﬁ%liéﬁ% %@‘Aﬁkﬁﬁﬁ%liéﬁ E3
AR P B R AEIEEE F B 4 2 o (AR A SR8 7T
RE -
TEHZ L PV AN X E2E2 E_RTLBAEREHAR
ERmEREN AFEMERE IR EHMEK B E4HIF PV
HELETHEBIRNER R A LEFTHRAERPESFR A
1”’*/% TENFR ERARRATEIAPHUEULRLZABIRSY
BEEAAR - BAIAMEAREERRERD EH K REOH
&Y P AR 7] #)eR AR AE AR Wl 4o TR

* B TERAERERNFANE O w2 REERALE
B EE s EARENRE -
* FEIBHENRAR -
¢ =8 AT
* MEALMEWANGE > 3o Fie s EEMRT » &
VBB EREANRE -
* RREGRWENRE  wER{R —_REIH=HF -
* e -
* BRAEA THI ey RS M B2
o BR/EHIEH
o B B IEH
o BR/EHIEH
o ARE R GE A /) (LVRT)
o B B IRAESH

o EIEFIAAE
¢ KBRBREBTAL
& IMW-2MW 69 PV 2 4t B B B SR 4 pk B3R
® MW A Eey PV A% BRIFEIERENEHE  UBRTE -

T HWERRETRBKE -
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Z~RKHEH AKBN
() RHERESR

BRHEAE SEENARBAB L OB L ERERKIEC
60038 & & & A 4558 & 230kV 2L k> FHE A 35KV X
% 230kV: &S 1kV £ 35kV: RESH 1KV A F > ERER
Btk 3P o

& 3 &EMENRAERFHRE 4 (IEC 60038)

System Nominal voltage (V) kV
LV Vi=1

MV 1<V, =35

HY 35< V. =230
EHV 230 < V_ =800
UHV V= 1050 or 1200 KV

{practized in USA)

Note
For all voltages above LV we have used the nomenclamre as HV unless
where the voltage range is specific such as for motors and generators
we have used MV, Similarly we have identified.
Transformer voltages as: Lower voltage side — LV

Higher voltage side — HV

(=) RARERAREH IR

BRMAER 2 EARTRERAH 132KV £ 750KV R &
MME O BREARBEHRTALZLY  WHTALDERERMNE
W RBEENRES > Wl 2 AT o & BT R & 710y
A RUARORATENAHKNTHEE > EERTA R
MEHREHEAFNE  SRAXHEHNZEETAEY > AR
RGEMNENTIHEREEEIRERGAE - EFAKRA = LAY
REBEBIMGRBGES  RAOBNEEERER Wbk - B
MERZ DB RRM LR TG EIL > REFXRFF 69454 -
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European high voltage transni 'ssﬁ%;rfd(l‘ ? _
5 1 =S N

Voltage Categony

-‘_, w= .;‘-«,--'-. 1.-._..- —:
T NS
i L2
R4 %) ~ ] =/
g = - ri S Yo 1

B 2B BT AL LR
BN AEWmELA Sz EZd UCTE (Union of
Co-Ordination Transmission of Electricity ) i % S8 8 £ & >
BATA 22 ARAZARGE 5 BREAEGE  XEAHKTAL
z B AEk4E UCTE #4128/ & UCTE B4 FHMEAL ¢ ERE
&z AZ# > B 8544 NORDEL - UKTSOA - ATSOI ~ BALTIC %
RERFZWER A > WEH AR~ 2~ IFFE=ZRN » BR—
BRI ENLHE HBARBRZIBERARERRG TS -

B3 #UCTE 2 ¢ BadZs# HeBEURMRKEAE
bR R EFHRRACEEERNT AR TN RS
EFP@META48REEALE ABHEBRV T BERARELH
REHZE > BLABRMNEREELLRE I ERBEANTR
ZHoOBNZHWEA L —Km T HERAL 100 KV 2k 2345
W& 4o 3 B (SCOLAND o) EEF 44 132 KV AT ARE
R4 M- BRATHEAGIRELALZI S LAUEBRZ TR
BE > LUERETRXARMAEMGE Wb b EEX I HAE
RABHEREAL  REAHRTAALTREERNY DR E M
EABANRIER o
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B RG Continental EurcpEWUCTE
R i
Bl RG United Kingdom
R
R

G Baltic -

3 % UCTE e E 5 B aa iR 4%

() RHREALEEAREALES

BRMHENERAGCEE G _KAS%an FMEARNESR
(TSO)REEAAEHXDSO) HmiTALEF L Za AN TAKE
R -MEEIMEE  BEABRBELE - mRTLA SN EHEE
BERTALENLD HEETARE BRAGELE-TH
WS TAREYERE  wB 4 PF -

DSO as a network operator (and owner): = Get
rermuneration, incentives to innovate and tarification right

DER and retail
markets

Generation
connected to T grid

D50 along the value chain: = Get the boundaries vis-a-vis the TS0 as well as vis-a-vis the markets right

B 4 &M TSORDSO £ EHA %A &

BEEH 23 R R T A £ EL(TSO) I T & RAIE
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BE%AE 1R ER 4R A - HTRARE 3 E~ 7
2% KA 1TEHAE1 R BFAABLOEE - mELE
¥4 (DSO)£RB K &K Zu9EHA 869 K ~ ®3F A 351
% ~100-200 £z ey A 4 BB E ~ 10-100 £z ke kF 8 B - 18
EE OB TRALRZEEAREZZIHARARFEER K
Rey£% > DSORBEIA P T ABRKGER AP RE10E P
8 DSO fe4wsE B A 794 £~ @B F A 117 £ ~ 100-200 R = B
£ 4B ~10-100 £ ke 7 B ~ BaseyE 5 B > BT HHER
TAAELREHKMBA T AR EH (BB > ok 4
FRow o 3B B~ ®mILT ~ RabF| & Kig A E R 568 £ DSO &y
BE ARG BP0 A ey HE -
% 4 %% 23 B TSO & DSO & £ # %3t

Country Total number Ownership  Total number Ownership Legally Less than Exemption
TSOs unbundled D50s unbundled  unbundled 100,000 cust.
Austria 3 128 - 1 117 yes
Belgium 1 1 27 1 27 12 no
Bulgaria 1 - 4 4 4 1 no
CzechR. 1 1 3 - 3 NA yes
Denmark 1 1 7l - 7l 71 no
Estonia 1 1 37 NA 1 36 yes
Finland 1 1 85 - 51 82 no
France 1 - 143 - 5 143 yes
Germany 4 2 869 - 146 794 yes
Hungary 1 6 - 6 - no
Italy 1 1 144 119 10 134 yes
Lithuania 1 2 4 yes
Luxembourg 1 1 5 yes
Malta - - 1 - - - no
Poland 1 1 22 - 7 15 yes
Portugal 3 1 13 10 1 10 yes
Romania 1 1 37 5 8 29 yes
Slovak R. 1 1 3 3 162 yes
Slovenia 1 1 1 1 no
Spain 1 1 351 - 351 345 yes
Sweden 1 1 173 - 173 167 yes
The Netherl. 2 2 7 5 7 3 no
UK 3 1 19 13 6 5 no

Source; EC (2012) - SWD(2012) 368 - Accompanying document to Communication on [EM

B 28 B2 B E A A ¥EH (DSO)Z RE RIS A P 6 RE
HFEFwRB S Am - — BT RELCEEASRE L AHKY
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FHEETA24¥H5DSOHRHALELERZENRSF -

00 BE3

m Total number D50s

1 Less than 100,000 connected customers

(170 151 148 137 58
a5

.413?2521133565411

3 B g S b =3 <2 P * & ‘Jb o B s P
& G O F 2 .,-3?-‘ ,ﬁ A
(}@é\ %QL"’B(‘ e,t’?' % (:fsﬂ‘ q& ?_41.‘? \ q&{b 156\ {;f} @é} q‘}@ <& Q\"‘F \0 \}_} %\a& g qp-f"

5 g ® DSO zx%ﬁ&ﬂ&ﬁ‘%ﬂ% P o REHER B

RALRAREAAKXEDSO) R GERFREARRG LR
REREETRERTHELE 200 KV 4o & KF] > 132 KV 4o FE3E
Fof4h REABEE 110KV wEE -~ RibA - FHAEA
BE o AR A 70KV ~ B AT A 65KV~ B EHF A 30KV~ %
BRI % 20 KV > 34 [ 6 A7 ©

L3

Vaoltage level [kV]
200

150

10
0 I
3
ol
& 'i {é‘b +\2. {\'

[=)

=]

@*b
'a» o 4

-
\}
% W o ‘{“'

6 kB DSO BT TREBRZ YA

2012 FREHABATE BB E (A3 2%)ZAF
AR EREEG BB BRI F A 49% B - 34,197
MWP % 2,000,000 F = K7 ER P pF o KR AR S 7/55 45% ~

% 31,851 MWP # 9 3/ f 1 2 % B © % 6% %% 3,940
MWP # 7,200 p GrEE AL SRR 0 Ao B 7 B A D AT o
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6%

3,940 MWp
49% LV
45% 34,197 MV
31,851 MWp
MWp HHV
7 KR EE 2012 FRHHE@Z B ERILS

A O5BRBEKGAETZE 2012 FRERMH EHEZ P B 4T

Low voltage

=2,000,000 =90,000

Medium voltage

High voltage

=/,200

LR B 2012 SF R A RRRGEIE BB IR AR BB K

n o3

TG REM B E > TR EE— RS

SR AE o HhE 8 AT o

GW
30
B Hydro
25 )
B Biomass & other RES
20 B Wind
PV =
15
10
5 —
EHV*  EHW/HV  HVY HV/MV MV MV/LV Lv

Voltage level

EHA O @A RE

Source: EPIA based on DGS figures

RES capacity in Germany connected to different network levels

81EBl A ARRE 2012 F R EMER FR&KT
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®E 2012 £ & K5

P

e E B E
B R HE b4k 6 FFT o
96.849% L & K36y P # ~ HHB ?R%SH/%%o

grgj‘bj{ﬂ‘ﬂ)’{%ﬁg&/\‘l—g s ;a:_/;%ﬂ_i
H P OEBRE P #oay bt

£ 6 15 2012 4k o BB F HF IR AT 00 A
N2 Proportion | Installed Proportion
Installations | of power (MW) | of installed
installations power
LV 1.270.000 96,84% 19.851 63,39%
MV 28.000 3,11% 9.538 30,46%
HV 513 0,05% 1.928 6,16%
EHV 1 0,00% 3,7 0,00%
Total 1.298.513 100,00% 31.317 100,00%

Table 7.1.1 - Photovoltaic installations by voltage level in Germany 2012
(Source: BSW own calculations based on data from German TS0s)

ERBB A E AN 2013 £ 10 A R4t & R > e
3~20 kW 2 M& %4318 %Kk > 1~3 kKW Ex4 17,%
%k 20~200kW # 5 # & > 200~1,000kW % 11 B &
B INBEEKRI Sy BUABBEEARA X #&n%?)—"ﬁ
E

&7 & 2013 FEAEEHFHRX KRG LEHE

Installed ;
Installations

Year Voltage range power (No.)

(M) "
1==KW==3 490 1756.543
I=<KW==20 2.421, 312.867
20=KW==200 3.7A4A7 48.067

31.10.2013
200<K\W<=1.000 F.193 10.986
1. 000<kK\W<=5_.000 2157 949
kW =5 000 1.484 154
Total 31.10.2013 17.492 549 576

Table 7.2.1 - Photowvoltaic installations by size (Source: GSE)

BT PV BB E L B RERER WA AN 2012
ERGHER UEEHBTRERATKY U TFTES%34% %
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B R 1~36kV 214 1.9 8 % & > 5/ 36~145kV 2 B # 4
F48 %R HEI6~725KV 2 L 4F4F 5 k4575 E 725KV
REXHYT1FO6EER  dERTAEH T ~AREERISS > B

RHHEE LKA E > Fhok 8w o
8 1&H 2012 FRERHHEF I KGR EHETH

Energy Installed Ne
produced  power Installations
Year Voltage range (GWh) (MW)
D=KV<1 2.854 1.608 34.158
1=KV<36 3.855 2.138 19.570
36=KV<72,5 1.004 523 4.411
2012
72,5=KV<145
271 142 855
145=KV=<400
147 81 771
Total 2012 8.130 4.492 59.765

Table 7.4.1 - PV installations in Spain by voltage level {Source: CNE)

# PV HEBAEIL 0 > BRERFR MR 2012
FRGHER HBMERFRL0AKY KERSZH2E SR F
JE22~35KV 2 ¥ 1 F5B SR SBULER 4R > BEH
CARBAE RIS AU BREA KA E > Fhok

ST A B
gﬁﬁ/‘\ °

& OB 2012 FUERHMFRZ KGR EHE 57

Energy Installed Ne
Year Voltage range produced power 2
Installat
(GWh) (MWp) nstallations
0,4 kv
(LV) 2371 241,9 20376
2012 22-35kV (MV) 1827 1693,1 1548
+110 kv
(HV) 143,5 131.5 4
Cumulative total, 2012 2.207,6 2.066,5 21.926

Table 7.3.1 - Photovoltaic installations, Source: Czech Regulatory office ERU
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(W) KHEAEMMA

BMEEREE/H M BARGREBR2013F1 A1 84
REEH > RRSLEEAMFLFAETED 2,500kWh 2 5,000kWh
EERAEZHZERFAEEEALLBRNAH  FHEATEFAY
Z 400 kKWh 2 —fx e A E-F3HKE - B BN EBREZERF X
BB A 4B 9 AT -

Legend

_loozo- 0080 _looso-013z o=z - 01z40

El 0.1z40 - 01947 B 014497 - 02277 | Mot available
Minimum wvalue:0.038 Maximum wvalue:0.228

B O RAREMP ZARFHEF/SA

BB 9 TriEE - EAA - BT - REARTABZER
B (€0.1447—0.2277) » A4~ 58 ~ MR A LA FER(E
0.1249—0.1447) > /il&%lﬁ\l—i 4?*9%7%4&(@0 089—
0.1132) » X BRI ANBEELEETS > MEHRBERLES -

EMHE%‘I% BEYREAGE A RROGEZE R THAEAMR
SR HAEGE R - BAM - BARRM - AT i%mfr &
10&!11£ﬁ@M£%l%%ﬁﬁz%@\ﬁ RE B
THEESBETEAGHBEA T LARERER > FARERBFEHS
BRBAERBRMMETRE REESFEBRMNEFRERAEZXE —1(E
0.2940) & % —4i(€0.2920) ; ¥ % B B A R LB BIT AT -
R X e T o
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nyeT
0 Taes and |eews cther than VAT

Bz price Sethowt laces and keles)
M1 BRERER P ZER(BER A ER) T34 EAE » A B

BRMEEZREIEREEE > RIEAUEZ 201351 A 1
BAEER  UARASHRELFAEEdH 500MWh 2 2,000MWh &
BESHMILYRAPASEEEALRGER  EoWENEE LT
YREXE/B>H4wE 12 Fiow -

mE 12 T FRAERBXETERS(€0.1125—
0.2002) - # B ~ & AA] ~ & B T & R(€0.094—0.1125) > 1£ & (#
B k)~ B8~ A HEAK(E€0.0799—0.0971) > A BF Rk
B % & (€0.0391—0.0799) » X B4 AR ES -

FHEAEEBIFMRENOE - EZETRR A TEALER O
MEF OLTERETERLBIBR THAEARNAT) BALSBRHIER
THEROREFABRGER > FAORW -~ A & FBARR R #H R
AN B4R~ HAER BEREZNMATEF -
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() BALEXERMAAFTR LB

BERARNBRBERRMURKGAERRANEEA X
W) MW ERRAEUSFEFEL S L BEBMEKBLAER
HoBEMR(SEBRREAENR)AATELEREZE  EEBOCHESD
RS ETEXAKE  BRHERA BRI A EXHMFN e ¥

TEFPEAMHEREOES > AR RELTE ARG EE -

IXEERBREATEERBNMA RIS ER — Y
REERGAPMET ML AQEMEFRAT T mmiRD B
FREEADGhAELSAP > RERLHBEKR - & %_,»]L&%
MR AR E — AT BIKE T1% > ZF52R LG IEFR
T & 6% R 0 T A MBRARK A PR TR A #ﬁké%
WF A e

F 10 FH AR B A 0 P AERBAE N1 BR F 818
o mAR P E A REER e BRI BRI AR B 694
MR A 56 €/MWh > FRECA IR R %09 3 KR %, %8 % 32 96% (4w
56 €/ MWh £z 2 €/MWHh) -

& 10 DABRR B B 2R AR R AR E N AT IR 18

Figure 2.1: Summary of electricity and energy tax rate reductions by fuel type

(EUR/MWHh) Fossil Fossil fuels used for heating and electricity

fuels
Fuel type 1Stand. | 2 Stand. Aland2 | 3Reduc. A2and3 |4 Min. A2and4

tax and tax and tax and tax and

levy rate | levy rate levy rate levy rate
Electricity* - 56 0% 16 -/1% 2 -96%
Fuel oil (light) 49 6 -87% 5 -25% 4 -33%
Fuel oil (heavy) 12 2 -81% 2 0% 2 0%
Natural gas 14 6 -60% 4 -25% 2 -62%
LPG 32 5 -83% 4 -25% 2 -55%
Coal/ Petrol coke 1 1 0% 1 0% 1 0%

" Includes Environmental Tax Reform, Renewable Energy Act and Combined Heat and Power Act

RN GUTER P A EE AR - 7] 8RR E A R
felaE BAYTEEAERRRGAL  AHR LN IEER
Ko dwREEL T MV ST 2 P o 3 A ¥ % BRA R0
& B M TEA 600 GWh 52 R B RB A & 6 1o i
2] 75% ~ PR T2 8] 45% i %, o SR Bl R B A RRIRAE T ¥ A
THBARHA LB BT R TR E AR R -
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Figure 4.2: Average variation in policy component of the energy price

W
]

__________________________________________ B Max. cost

—ES%{ Min. cost
45%
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Annual energy usage of company (GWh)
* Energy mix equals industry sector's average

[
=

|

0.001

Policy component of energy
price (€/MWh)
[
Law]

A2 /AT KGR/ AR - 54T TR T Mo o) SAERF
ERTKRP Btk o F1H B/ TAT S RBAERM - E
AR RERERBAZETRANERBEL R P ToTE
AE Y TRELGRH RS TEI%  # LRENRAKZAA -
TR 6 BT T T1% -

R12 0T ETEAHRRDH LMW R FIR L0 18E
Figure 2.2: Summary of electricity tax and levy reductions for manufacturing industries
60
50
= 40
s — L71%
= 30
=) - -96%
20 +25% -G9% 1T
10 90%
Electricity (StromStG only) Electricity (EEG only) Electricity {KWKG only) Electricity {all policies)

Standard rate (EEG, KWKG, §3 Strom 5tG)
Reduced rate for industries (reduced acc. to §41 EEG, §9 KWKG, §9b StromStG)
Minimurm rate for industries (reduced acc. to §41 EEG, §9 KWKG, §9b and §10 StromStG)

FIBHUBBRLIESBERE RELEATSEZIRIARL
oM AREETE T M EERFE > bR P TR E R
IT¥NERAERFORERHHFTEAMRELL 54%)~ KRB
AACEIEHFTEAMREL4%) FZBEAALALBE T E(HF
THMEL 14%) BHABREHFTEAMELL 14%) - dERFT
o EREIREERPH RS R RBMELER -
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Figure 4.1: Variation in policy component of the energy price by company scale and industry sub-sector
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enargy mix)

Basic chemicals
[41% electricity in
anergy mix)

Basic metals [14%
electricity in
anergy mix)

Minerals {14% regulated in 2010)

electricity in
enargy mix)

Exemplary companies from various industry sub-sectors with differentshares of
electricity in energy mix and differentamounts of annual energy use

() BEERER(CHELERTFEIRB)EH GRS

R EBARREN2014 £ 8 AEXRAMZ RS TH
i ERARTHEHFH - ATHARESCBARRRAELTER
JE o MO RE R AR T RAFASRATH RS > Fw B 14 A7oF o

Direct
Systam Oparator  Markeals (EEX) Marketing
Purchase of Agaregation & sale Sabe of ancillary Feed-in tanff Scheme
ety of Resibilty sendees to the grid M t
| : | {EEG 2[}1 2
Aggregator (RWE) Remuneration) P

[E4 T

o
Rasale of e . " Zain o CRTRGE Market
electricity ® power

.\

premium
i DER‘ Cortrollers ‘\.

TTTTT Bl_El Lyiy

Customars’ Ganeration Liniks

Elecitricity
price

* Distibebec] Energy Besowoss  ** Decentalized Epergy Mamagement Sysiem

14 ﬁ%&%ﬁiéﬁ a n*#f\&%J& ;ﬁ’ E Q,J lllLﬁi

“EAE¥ RWE e 2L EHEROLE & 4 0 £ 2012 £ 1
z%ﬁﬁzs% 20MW 345 £ 2015 4 % 200 MW > 3 3% % F1-F 2 DEMS

VAEBARERSEAGLIBC  E6RN AN~ AHHE - X%
HEZH AT > 4% DER Controller # &7 & 313548 €%
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# > DER Controller #= DEMS 2_fij#% IEC 60870-5-104 & i &
#i8 GPRS #&i@ziEd - RWE rTl g SRR B h g
TEARYG  REXRBGREANRETTHEEBm L E LR
# By (Market Premium)Bp B € & & X AR5 W B8 48 A K - B v
FEARGGAAERZEIERAN > ERERTHRTIHAERL S G
R EXGBHROCINFRERBEZEL  EXHTHLEE RS
B B 15(A) TR EARZTERRAMB R » B 15(F)R 8
o~ VPP 324 Bp e o R A 5 85 4 TSO/DSO » £ & FHRELRZ

‘/‘ﬁfi °

Energy TSOMSO

M;a:'ffn‘?ém Market -
g Direct

Premium
Marketing

Energy Market for MR/SR

€ (Subsidy)

(Renewable)
Distributed
Energy Resources

15 JE# R et al R % & i

RAAEAERELRBEN KB PHR—RENE LIS T
TEBRG  CEHMBARROELKERELSL  BERT
FREAE N T 32 LA T 35 2 8 B AR R BRI > 3E ke 8] 16 Ao o

Wholesale Energy Market Products
(Energy, Capacity, Regulation, Reserves)

VPP Operator / Aggregator:
Forecasting, Optimizing, Scheduling,
Marketing, Setilement

$l + NIWI
Renewable & Conventional
Generators

16 % 35 B B T 3B Sb 28 7 35 4 B AR A%
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BHRELEEE ERETHEERA MR AL © € ¥ DR/DER % 3%
ARG ABEEER PO FELBARBRBEREERE > ik
TR AR ERA e e RPEfZ > UREHRBETIHHE 4
B~ BE S HERBRLZ RS XE BN mﬁﬁﬁ%m&n
17(£)pr - Ri8E—F > THREHEELEEAANER >
R &N T 3% 85 F 48 (TOU) ~ R R R & F /& (CPP) R BpF & 4?
(CPP)z %3  ma RELATHANAERE G EIEHODLC) - 5 F
& RMEEDR) ~ % & 542 (DBP) R & & #5142 (CBP) M 4#] > £ F AR
MR B 17TCE )P °

Wholesale Energy Market Products (Energy,
Capacity, Regulation, Reserve)

Wholesale Energy Market Products (Energy,
Capacity, Regulation, Reserve)

Aggregator / Scheduling Coordinator /
DR/ DER Management: Curtailment Service Provider / Energy Service Provider

Distribution Utility Control Center

|
: 5| \ S +mw
TOU DLC
Distributed Participants Participants
«Base Load Gen Generation &

Distributed +Peak Load Resources Storage CPP er gency DR
«L 0ad following Resource

Generafion Demand Response g = E. aricipants
Programs Utility §3 P“’W

Owned P

Net Fe e

Electric
Vehicles RTP DBP
Participants Participants

Metenng Tarit § e based Incentive-based
mgrams programs o
Participants

17 ERERERAE R & Rizhl R4 6 DER 7 &6

m
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EZ-BRHAKEFACZIRRMA
IEA-PVPS Bt B 3 24 B € B R A S AR a8 45 12
m;mﬂl FREB ~BA~ KM~ 8E~RME > £ 2013 J’:F)E:i:
RERTEEERE 12320 22 R AN AEE RS 13
GW 2 92% > H4oE 18 PR

140,000
Evolution of Total Installed PV Capacity (MWp)
120,000
B Cumulative Capacity - IEA PVPS Reporting Countries
100,000
m Cumulative Capacity - Other Major Countries (Est.)
80,000
60,000
40,000
20,000
0 _— ]

1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

18 1992 £ 2018 £ EABHATRHREESE

ER &R ] Bl ki [EA-PVPS RE L& S 4 &
59%&jtb % > ZRMEER > EMNMERZ > FwBE 19 ATF -

140,000
Regional PV Developement (MWp)
120,000
Middle East & Africa - IEA-PVPS

B Middle East & Africa - Other Major Countries
100,000 W Europe - IEA-PVPS

M Europe - Other Major Countries

80,000 B Asia & Pacific - IEA-PVPS

M Asia & Pacific - Other Major Countries
W America - IEA-PVPS

60,000
W America - Other Major Countries

40,000

20,000 I I |
@___-_.u

0 —

1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

19 KEHRH 1992 £ 2013 £EABAE R AR ERE
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FZURZRENBRE AUAEHEERZERT  FERSHRS
% 4% B (35.5GW) ~ ¥ B (18.3GW) - % X< #] (17.6GW) ~ 8 &
(13.6GW)~ £ B (12GW) > # 4@ 207 L+ H 7 ERE L E
EEFIGW UL HRRA TR EERELAR AL > 2013 £ 4
BPEE113CGW > Rk EA - EEDES H LB AR RORE
IR e

Installations -GW Total Installed Capacity -GW
1 CHINA 11.3 GERMANY 35.5
2 JAPAN** 6.9 CHINA 18.3
3 USA 4.8 ITALY 17.6
a GERMANY 3.3 JAPAN** 13.6
5 ITALY 1.5 USA 12.0
6 INDIA* 1.1 SPAIN** 5.6
7 ROMAMNIA* 1.1 FRANCE 4.6
8 GREECE* 1.0 AUSTRALIA 3.3
9 UK 1.0 BELGIUM 3.0
10 AUSTRALIA 0.9 UK 2.9

L J L. v

Y Y
9 “GW COUNTRIES” 17 “GW COUNTRIES”

20 REVFAIBIH E 2013 FRABAT R AR ES &

AGHRERBEEN SLANZRALENERE 1%E > B4
o 21 po 0 H P B RF] ~ 1B ARA BRI &7 D o

9%
Theoretical PV Electricity Production Based on Installed Capacity end 2013

3%

7%

5%
5%
a%
3%
2%
1%
0%

COUNTRIES ABOVE 1%
Figure 4 — Theoretical PV Electricity Production Based on Installed Capacity in 2013
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WoRHSELABACEXARAREHE

wE M (EV)16 EE R 21 @ rsrr4a s PVGRID £ £ 8
%o HBH L RAGAENHA HIRFERABREE-_KRE
o FREATLEEBLTHBBACRREZ MR £ - LHE
EA4¥4£(DSO) - APzl &4 &k 4 £#PROSUMER) » &
it =z M B RE sy 7% (INTERMIDIATE) % F > #F XK
FRAKF Edok 14 PR o

& 14 HEAE - PHAERRKE =R &

1 Network Reinforcement
2 On Load Tap Changer for MV/LV transformer
3 Advanced voltage control for HV/MV transformer
4 Static VAr Control
et 5 DSO storage
6 Booster Transformer
7 Metwork Reconfiguration
8 Advanced Closed-Loop Operation
9 Prosumer storage
10 Self-consumption by tariff incentives
PROSUMER 11 Curtailment of power feed-in at PCC
12 Active power control by PV inverter P{U)
13 Reactive power control by PV inverter Q(U) Q(P)
14 Demand response by local price signals
15 Demand response by market price signals
N TER AGIIE 16 SCADA + load control
17 SCADA + PV inverter control (Q and P)
18 Wide area voltage control

Table 6 - List of technical solutions

H P 4t4 DSO &y 77 £3tA 8 78 » Bréd k581t ~ A B & 54
MEEHERER - AT RALD R TEE RS - HREDHE
R ORRARES W Ee - hEMEB AL A P A 5E
Bp & s i 773X~ BARMA] ~ o BB RG] FIR BT IR
BRBREAZEHE -FNEHA S B FREBE/ZIEFERE
M5 EB2E ERME - SCADA & g #ix#] - SCADA R %R &
hEIEH - RRERIEHE -

A bz 18 Mglbi E@ay iy £ > £ ¥R RIKE &
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%%L:g%%&ﬁﬁﬁﬂﬁmﬂﬁﬁw’ﬁum&*ﬁ$‘
‘?‘-é“,ﬁ\ BB E s BEMNDE RIFTRAMY - FEBREERTHM
@%“ﬁf ?Aﬂ\ﬁﬁaéiﬁﬁéo

FEARBA T & HRAER - ERA - BT RFBAERGAE
DR RGBT  RAELEZNRMT I ELIE T 64 > B
BrEtEE 2 B B FRA] - BOE A TRAE C R B E IR #R
REHIES - AP B  FROBEHEARTYRES - PHBEH
EAH 818 MR BRA 4B Hk 15 -

15 BOAKV A TF)EREMEBLE 53 E > P R BEFTE

Effectiveness of solutions Technical solution EE“
Curtailment of power feed-in at PCC ----

Metwork Reinforcement

Reactive power control by PV inverter Q{U) Q(P) - --
HIGH EFFECTIVENESS
Active power control by PV inverter P(U) ----

Prosumer storage

On Load Tap Changer for MV/LV transformer
SCADA + direct load control ----
Metwork Reconfiguration
Self-consumption by tariff incentives
Wide area voltage control
MNORMAL EFFECTIVENESS
Static VAr Control
Booster Transformer
SCADA + PV inverter control (. and P) -
DSO storage --
Demand response by local price signals --
Adwvanced voltage control for HV/MV transformer

LOW EFFECTIVENESS
Demand response by market price signals

Adwvanced Closed-Loop Operation

Regulatory priority index - Legend

Adoption of solution requires regulatory and technology developments
Technology is not mature

Can be applied where problems occur

PR & ARER - RAF] - BT RIELERGL

DELBEGERIN > RAEABHRMT T ELIETHIT7 &

EP@&‘%‘&I«%&N@% SRR RIS RAIGHMBRET S~ GRK

REHES - BLEERE4 > SCADA @ Boh&ByEH - BRLil

TRALADENETERESR - PHBEHEH 678 KB HF S
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k16 PRESHEBLEDLE - PALE -~ &

Effectiveness of Solutions Technical solution EH.

HIGH EFFECTIVENESS

NORMAL EFFECTIVENESS

LOW EFFECTIVENESS

Network Reinforcement

Reactive power control by PV inverter Q(U) Q(P)
Curtailment of power feed-in at PCC

Active power control by PV inverter P{U)
Network Reconfiguration

SCADA + PV inverter control (Q and P)

Advanced voltage control for HV/MV transformer
Static VAr Control

SCADA + direct load control

Self-consumption by tariff incentives

Wide area voltage control

DSO storage

Prosumer storage

On Load Tap Changer for MV/LV transformer
Booster Transformer

Demand response by local price signals

Demand response by market price signals

Advanced Closed-Loop Operation

Regulatory priority index

R 35 Halr &£

Adoption of solution requires regulatory and technology developments

Technology is not mature

Can be applied where problems occur
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% ~ SIEMENS % ABB 2 3] & & # 2 & & 4 S A & B
(—) 728 SIEMENS 28 4 mE 5= 4 %

SIEMENS = %, it &% 4 72 4 # Spectrum Power™ ADMS -
% 4 8,5 B % % 4 Br(Spectrum Power™ 4- A2 31 3B )z o)

fesh TR BARRLIBEIETEMANRZLKT > it

o Bt M E R ~ B3k &R E (FDIR-DNA)
o G5 43 BE AR EPE R F A & (SCADA)
oL E R K Mg FHiEH (VW0)

* 8 %35 & (MDMS)

o g &% (IMS)
*REXBEZAREMNUA-1-P-Q

* R % E4FEEHE(OMS)

o &k EERIEA % (Trouble call)
HAEMA I MZEE A %4 (Optinmal)
*A L B 3 4R #E 35 (Simulation)

o HAMREEUNI-P- QTR G
o T YEHEAE A TA 48 & 8% M o) e (ETR)

T -

® ko> % H /R4 (CIM IEC61968 & IEC61970)

Spectrum Power™ ADMS 2 % #2424 4o ] 22 Fiow -

Mg/ L

feREE e REEE TR TR B BHEFR 2

EARBEEEFRTER A KBTS H IR -

Base functionality:
data model, Ul,
SCADA, archive

IMM

oM
TCM
1IEd
ul

22 Spectrum Power™ ADMS = & % %2 4%
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Crew Management
Distribution Network
Applications

GIS Data Import
Management

Historical Information
System

Inter Control-Center
Communication Protocol
Independent Frontend
System

Information Model
Manager

Outage Management
Trouble Call Management
Trainings Simulator

User Interface



SIEMENS pri8 B = B 4% A8 R & 22 % 4 (DEMS) B-78 8] ~ HERZ &
B EAAEICHRWE 23 7 SR XEARRNEEwE 24 o o
AP ey E 2 RIEDRMS # 4] E A4 B 25 #% Microgrid #
HiZEAER B A % (MGMS) & At 4o B 26 £ 46BN ~ KRG E -
A EREATEAE  Bobka  ThageEorwlER &5
ThTsmA el EfER(PPYBMSEENTIHR S >
RAETBEGHARATERIS RO HRZTEEATIHETE
"RG -

ey 4 Real-time optimization

o

Maonltoring and
contral system
SCADA

B 23 SIEMENS p7f & 2 & 4 fe iR & 32 % % (DEMS)

DEMS Z FE A% 3t MG dofT A B A RERA T KX T R
ERMEAEREMCS) M tE T ETA EHFERPMEER
JE(DRMS) &9 sh e o A Ea REHE UEBR TR I RXAEEN
BE LR ALBEETHTHELETR S R RRGFEA
B A% o

Weather Forecasting

Energy Trading Modeli
L eling
Billing = Forecasting
: = Scheduling
Contract Management m Real-time
Optimization

Network Operations

Conmecind ThesTEl R et es

CHP/Backup .
Industry e Biomass

Aorad And, Goneraihem

B 24 SIEMENS p78 & 2 & 4 A8 R & 32 % % (DEMS)
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RAAGKBARAEBRBAERRTERATARETHRHX
#A > K+ DEMS designer B-A &AE1beyE /1 a3k oh ke >
TR T 3 & A9 F KF A R B AT R E A FE R 6y RE > SRR
BHRBEEET R BT LA % b (MGCS) 4 F 4 At
REHAEE a‘f“éﬁ#&%l’ﬁﬁvﬁa@%:ﬁg 3 % # (ADMS) = & A A5 R
HHEEIERAE MRS S

SIEMENS F# 2 DRMS 2 4w E 25 AU EEREA L
BHOMRTHAMAMFRIBEARNREEZF wE T - RATAR -
R 5~ BBHE AP AR TAE ) EsHE%E s DEMS
MESS  AHTERPE -HERP -AERAPAEHENELA
TAMGEE WA AFHNEERIE- ﬁﬁm%éﬁ%yﬁﬁ%
FERBEREX  FARIRAFML - BFHILAZER g REBHL L5 o
FBAERBELEBRETRES ALY T E > DRMS %/ﬁ%ﬁi‘%
BRPwEREERZUE -

Weather Forecasting

Energy Trading u Enabling various
DR Programs

Billing  Forecasting and Load Load Shaping
Evaluation B a—

Contract Management = Automated Dispatch
= Load Shaping

Network Operations

Residential

& 25 SIEMENS 4 < DRMS % #

DEMS % DRMS z iimPE & 254 » 4n 8 26 Fiw > 1A
1AL R &% B F % % DEMS 3474 & 1808~ BITHE -
BB RIS > fu R BFa)iiEib o 327 DRMS fI#4iT 8 B R F
TS SHEMRTEMEG ARES  ABNR G BIEHEE LA
TEAMNYRE - ALK FEER 2014 /738 H 69 B A B RE
MEBARBRTHELETNARETHR ) U THERES B
AEBEHNTHENERMREHNEABET  HABARRNE
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2 M) 0 BT 4E A DERMS 8| = 4 -

DEMS® DRMS
The decentralized energy management system The load management system

*» Generation and consumption » Management of loads and customers

EEEEE » Versatile, flexible load bundling

Distributed

< Sz * Planning and implementation of

* Monitoring and controlling Ll load control measures

* Real-time optimization IR » Preprocessing of billing data

...can be optimally marketed

...can be used more efficiently

DEMS® and DRMS — for optimum, flexible energy management

26 SIEMENS =z DEMS & DRMS % % B ¥t &

SIEMENS pi#s2 MGMS % %40 B 27 7% » % 24 SICAM
Microgrid Manager & +.< > 25 BAEBRR S RAERAE
o MMM IBEALORERZF LS RATAR RS A
PAXUFITREAEHE MGMS BEAA41t ~ #HB1/E - R~ 2
Ao R ERAAEICH AL - BAE X TEB B TIH L E - HE
RN RKGARE - ATEAE - RhRBAME s Thafre®
HHEXERREMNZEREE  MAMNTHRBEERSHE
AR KRR DEMS 2 —385b - RTRAHENTEEAHH®RE
RZRPZENHBEFE AR - BEIRFEZIEA
PrBR -HHIMERAZZEEWEIAEER,  £E)
BEREWY—BBRRETE -

oot Effectivity £
: TehmrmgErraT Sy, Current
Weather Forecasting e
FREY . Y
= Modeling

He, Fraquency

e o) Optimized .
# Forecasting \ == sns -
Contract Management 1 5cheduling :'—r -
1 Real-time ]
Optimization

Distribution
Cabinet

L0, Gonet 2o, and Uad,

27 SIEMENS B %z MGMS % #
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SIEMENS 2 DEMS/MGMS % # 2 %4 B % B 4 B 28 Fr
o EEAESREPONEBA P RATELSBARRRE»#HAXE
B BEALEBERPAEETENE, XN POl B R B3 5%
# DEMS/MGMS % 1% i # & B (VPP):E4F - 12 B A £ AR IR T AR
ETHR5H > FELOCAEHGHARRE DT EEaa M E -

Ore or more 5 to 40 MW
gac turbines for CHP
@ _ PO
g B
kl.m
L LT
Roieia
rA | sUbBoEw
al
torag
Hesidentia . S, 5 Up to S MW
1 i 5 Solar % arrayls

Light industrial

Storage

el

Monitor and

control syste
DG=Distributed generation, G(C)HP=Combined (Cooling) Heat & Power DEMS / MGMS
DEMS = Siemens’ Decentralized Energy Managemem Sys’tem
POl = Point of Interconnection

28 SIEMENS =z DEMS/MGMS % #5456 B &% E

=

BB AE TR R AR ML) BB R R B AER A AR R
ko |8 29 77 > B 48 3% (BEG Box) 7 & B 2014 SFHR A A s iRk
AT E e > TR AR AERAGEIEE A RS AN KE
BHRRENTHRERH %42 H > AFGTRIEFLEEE - §
R DFRAMBRNFEEEASY -

Siemens
DEMS Platform

outer &
Internet/GSMIGPRS

Load balancing
Tertiary regulation
Aggregation
Secondary regulation

fuel cells

Windparks

Distributed Renewables
loads

\
B g

B 29 DEMS %+~ & B A H B IEE N EHE
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DEMS %o 37,35 28 T3k #6938 30 > 7T £ 18 |IEC60870-5-104
WA T (EAZ —)FEARIER A E - &5 DRMS &1 A i #t
THREBLHAAKERETHRS > F4 B 30 Aiow -

Overview Solution Architecture
Trading- Energy Exchange
Schedule Production System { EEX)

Workstation

Scheduling / Optimization
of Energy Resources IEC 870-5-104

via GPRS

' v v
DER DER DER
Co Controller| Caontroller) Caontroller)
Virtual H H H

Power Plant

B 30 DEMS/VPP i@ E# R E N X 5+ 7

W

|
G
5|
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(=) ABB #.& % 3% % % MicroSCADA Pro DMS 600

ABB 2 3] % & 2 MicroSCADA Pro DMS 600 €, B 4 %4
BARBRODE OFEBETER -ER TS ESHHERE
me v o BABUT A RBR e - B 31 BAFRKGAE -
A ERBECRBENEETEHELERMADMS 600 ¢y E 4B +
I AR B BT EHAT & BHBR 0 BT B BE AR AR
MM BERBRETERGHEATEFEE -

- Lots of small PV
- Biomass plants

H=di0400 4 =414651 [2230km) | Bustensbeckachbirn i Frefoeg (W1E), 20.4.2012 um 1300

Lsa| hm |[eTomson woretamon | @ s
31 ABB /2 3} 2 MicroSCADA Pro DMS 600

MicroSCADA Pro DMS 600 +] Z5:E H 4+ s iR 2 Bl 1% & 4%
o B BESR R S RE T e B 4w B 32 AR o

e Meww  @nohyws  Emat Cpershons  Setboos  Window  Hel
L] = ER A S e v [ = v [F |30 0 0 o m |
oo gy by F

Al et =,

[ =i o | e | v 3 2= & %, = || B WT|

32 ABB DMS 600 =T #a -~ & o) 0 & o) B4
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BARREBGZ THEPLEBETHALRIERES
BABHOEE wBELEE BB TR TR FHHE
ENBEREFG(AEEATRIG) > HwE 33 7 B ®
LET R B AR ARG EBEAARABE AR LT
ITERBRAGIE A ARABEREBR B ENERYRREE
RERPREEBRER - PHE R EFHE > ThEHLAY
MM Em S AL SREFLTEEER B R EN
ek -

Conductor af feeding s=ction AFE2
El=ctiol=chnical =tate of ihe node
|l= B.3A

P = 2187 kMW

0 = -22.32 kar

U = 2025 kY

lk3max =0.0 A

12 =005

lkZmin = 0.0 &
lk=Z2=0084
Hegion: HE IRMSAHO

E =k a regiors: WIRRAT

33 ABB DMS 600 #8 -~ & 4 At /R 2 F

MicroSCADA Pro DMS 600 B4 EE & % ¥ E R 4R S
WEEEAHE  PATEN SRS EIRT AR e |
(R D 10 MBAT 1 R BB BEBRBRIEE
SRERARBREGI, > UEKBEG I Y EEEB 0
RrR  BIEEE - R B BB RERAK ER
G- R 1T T ERSABARBRERZERE T L7
FOBRWRNHEREZSBEIR, TIERB LB R BHER
ZEFEE THEBRE - ARBRE - FREIFZHFH
AR E AR E R R E S LR AR B AR
BREBBEEFTZEE  HBEARRITEHZEKR -

DMS 600 4 4 MAE &% &5 - A A AR AE > BLb
MEALER - RPAEREARATERAZEALTRE»HA
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TRFARATE SRS
CEAEAHEHMHZEHE -

% 17 DMS 600 4/ 4 fE B a4 TR &%t

FRMBATABR LR T R

E Motices and Events
| MNotices ! Events | System evenis I Qutage events |User events | Violation ist

Time Wialation Node/Saction Faeder Regon Welue
2014-05-21 18:00:00  Owervoltaos 5209035754250 7_8 PIHLAJSWES] EILLIMKDOSEL 106 %
2014-05-21 15:0200  Transliomer overload 4535910546507 10 “wirniford WIRFAT 104 %
2014-08-21 18:00:00 Transformer averload 4939526343841 3 1ZEITULA BHTARI 125 %
2014-05-21 18:00:00  Transtormer overload 51091 525825401 4_3 PIHLASYES] IMH2A 103 %

3571354571 51
SRFANREA25TAM

7_0 PIHLAJAVES]
7_8 PIHLAIAVES)

2014-05-21 19.00:00

Dhwervliags EILLINKOS K]

2014-06-21 18:00:00  Owervaltaos EILLIMKOSE] 106 %

2014-059-21 13:00:00  Owerwoltage 51 2303541576M1 7_8 PIHLAMSYES] EILLIMKOSE] 106 %
2014-08-21 19:00:00  Owerwoltage 512904328322E1 7_2 PIHLAJAVES] EILLIMKOSE] 108 %
2014-05-21 19:00:00  Owervoltzos 5129043293Z2M1 7_8 PIHLAJSYES] EILLIMKDOSEL 106 %
2014-05-21 13:00:00  Owervoltage 51 23038237 Z5M1 7_8 PIHLASYES] EILLINKOSE] 100 %
2014-06-21 19:00:00  Owervoltage 51490794251 2E1 7_8 PIHLAIAVES] EILLIMKOSEL 108 &
2014-05-21 19:00:00  Owervoltags 1590707342081 7_B PIHLASYES] LILLIMKDSE 106 %
2014-05-21 19:00:00  Owervoltags 5149079435721 7_8 PIHLAANWES] EILLIMKOSE] 106 %
2014-05-21 1900000 Owersvoltsos SRFANRTRISTAK 7_B PIHLAWWES] EILLIMEDOSE 106 %
2014-059-21 13:00:00  Owervoltage 5143073415121 7_8 PIHLAMSYES] EILLIMKOSE] 106 %
2014-08-21 19:00:00  Owerwoltage 51 490BESE542E1 7_2 PIHLAJAVES] EILLIMKOSE] 108 %

D eviceConductor

310z
2010
2005

Renewable Microgrid Controller MGC600 14 ABB /3]

¥ A LA
e B&BEAR
S E R R GRIES B
AFEwRE 34 or 0 R ARESR ST
%%“‘\%iiﬂ&m %ﬁﬁ@
RAEEGHEIEEE > A B AR
TEWG RS

ERIEH B
SAE = R s

EREAGPERERG A G REFESBAR

ER e
SRS EHE PR AR
LE RO RE o R A A A
LA &N WIE
Yo FEHIE - EHF S

EEHREBRERCHE —

£ IRy 22
T~ K

Redundant fiber optics ring

Solar photovoltsic system Wind turbine gensrator Diessl gensrator PowerStars
el g —
= ~/ |=
e
T [ = Py
Data racarder -= SEE
- QEE0 L JL ]
MGCEO0R MGCEO0W MGCE00G Power quality s
et I MECE00E
1
[ Local Area Network (LAN) ]
Feeder
Control room |
1
| — Ethernet

Head office | | I
NRSSH Lnal
- - (VPN/SSH tunnel)
Remate
SCADA PC

34 ABB & 4 st R E I A AR
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ABB /- 2] Renewable Microgrid Controller MGC600 #
P2 BARREEAGREBAIES A 8 REF HKAEEA
feagzxst - NEEL - HNERIBERRE - BMASKF KRR
MY EAFETENORAENE  BABTE BN
% ~ 7T i@ A% MATLAB/SIMULINK %88t 2 % - AT L%
4 SRY LR Fhok 18575 > BT ¢
4% 18 ABB MGC600 A4 AREIE A LB RIEH B

Firmware / Controller Description

Diesel/Gas generator (MGC600G) To control, monitor and interface to diesel generators

Distribution Feeder (MGCG600F) To control, monitor and interface to feeders and their protection
relays

Photovoltaic Solar (MGCE00P) To control, monitor and interface to solar array inverters

Single/Multiple Load (MGC600L) To control, monitor and interface to large loads like crushers,
boilers, etc.

Hydro generator (MGCG600H) To control, monitor and interface to hydro plants

Energy Storage System (MGCB00E) To control, monitor and interface to the ABB PowerStore™ or
other energy storage devices like flywheels and batteries

Network connection of Microgrid (MGCB600N) To control, monitor and interface to other microgrids or larger
grids

Wind Turbine (MGC600W) To control, monitor and interface to wind turbines

* MGC600G : i/ Rt M I8 RIEH B
EROHREAERRIER RiGIRRBEERZIIER -
» MGCO60O0F : & & 65 4 ff 3 0 28 & 3% 4 B
ERZNNREAGERRERNE LRGBS LEFN
N
* MGC600P : K7 €4 EHA8 RIEH] B
RGN AGRRIER KIGRER T 2 R BEF -
* MGC600L * ¥ — & & & B A RIEH B
ERZNARAGRRIERALY & Bho s R HIE -
* MGC600H : 7k 774 E g Ae R ¥EH] B
E R0 AR B ARRIER K ERA &@EAE -
» MGCGOOE : #& R %4 77 &0 38 A IEH] 5

£ 290 A B AR B TRBE TS M o b TR M K
¢ % ABB PowerStore™ z f+@ -
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* MGCG60O0N : £ & 48 4f Bt Boek & 4 8 32 B B8 B 4E 4 5
ERGHERERRIES B AR A XM EEf R T A
SprBZ N | EE -

* MGC600W : & 71 4% M #n48 R IEH] B
E R ey e A B AR RIERR S B B EEAE

ABB 5] Renewable Microgrid Controller MGC600 4t
HEEEXEEMRE X EREE B wAFBR B )
fe4o B 35 Fiow o ARB B B 5 B A SR H] R SR IR T sA R
BEHMERARGAECBETLERETLREAKE B E -

General Settings 3 =]

Disgrane | Swnbol Lirits  habaoek Yiew Il'l‘bcl materisls | GPS; F=p I+
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[+ Uncetzin svabch state 5 wknomn nefwork color

[~ Modoad color For circui breab.erg without load
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— Euents

Srhade SES0E Everts I=
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= Molices

Unzppliad
e | Loooed fesdeis I

— Codelnfa

Show and Edit Cod=lrfo delintions . I

35 ABB MicroSCADA Pro DMS 600 &4 4R Z E @

ABB MicroSCADA Pro DMS 600 #& 4] & o i 478§ % 32
AHRERRAE THBLERMAANEE - M ABB Renewable
Microgrid Controller MGC600 # 7] B 4% 4t &7 8% & 3% 4] %5 41 4
BARBFEIERAGHRERAXE - MEESH TR EH ALY
FEX A BEAVEIR B RIAFudE 4| B84 & DERMS /E 438 oy
PRI I REAETERIRBCI ABREL -
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A BHLERERLLELZHEG TR EY
AREUZ HRRGAEHEE L8 RUAE B LTHEHSS
LB ARRBAADESHEMANS > TRANE LRI E
] » AE R BERIFENBER INGIEE > B FEFE BT S M4
fT VR A R H IR B #6918 82 R IRER GG 5 -

* F-BEFNGNBLENBIBESETRE HH LT
AGHERBEE  AHB T B0 R ALY T A
E e
* F o MBMEMFGNHNE 14 IS KGHAEHABTEE > AT

P18 38 64 I R do 4] LR AR R BB AR R -

* FoEEGGNBLOMN ARG ATR P B ERBHBHRE
& #69 30% > HF e A7 3B 3B 0 I B R ko] SRR AR R 64 B F5AE
% o
(—) &£#]— : & 1.7MW PV 4% PHI 58 4 458 T R £ |
PHI & XA EH B R R R EE > AN
250kW & PV Bt R En b o5 & - 5 B L TR A
BmEBHENAE 1 HREGLOEE - HmER
B RAEIAL ~ WG E N B AR IERE R L > B
BHATENBRA A - ABTHEARER AT -
A E (Plant-]) B 6+ 5 & bR BHBE BLils B 266 B o >
2us T PVERS SR FBELE WO EREL R
TRREREG A - 24 PHL R A B SAE 2
ENE RBEERASENGABSBABERRERY
BayskE > REHI R E %2 PG a R 28% 0 Bo
RFES L BAERBRAERTHRITZEAE - A RAR
B2 s B 0 A P B E AR M X B ER R AR -

1. Plant-J % & & # i
Plant-] K& E3H7 2010 FoF ot E b - 2 AE 3555
DA R HF-BEEREES 1,235kV A -—EBEXRE
B4 AT5kW > &3t 1. TMW - BEABLE & 4 di4h > RIS SR
BREEZIFMRABRIBEEAPLP AT ARG EEF B
[ 36 Frow o
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36 Plant-J K% # &35

MM T 7,967 ERGALERE 18 et
HELEABENE > ok 19 FAF -

%19 Plant J XRA&EFHE L ZHE L

Plant J Power Station | Inverters AC Rating (kW)
| 3 285
2 2 190
3 5 475
4 8 760

B EN NIRRT AL ZBEESEE BB ERHR
BB SHABERZ A ZE ok 20 i BEHBEELTTE
JE 12.5kV ~ R4 & 4 6MW ~ PV & b & 45 28% ~ PV 35 153 4
Trr# 7.6 22 -BERLSKYH O 2 -REXYEE
OLTC(£10%) ~ #5424 3% 3 BB B ER AL R -2 BB T X
BRIEREHNKXEEZ@ - HERP 1,260 F o

REBGRGEm»HwBE 37T AT » ABRSKRETER
L4k BT Plant T 2 1.TMW 4> B4hRA 10 a4
10-15kV 2 /A KR E6F G A T F @R PHI iR
FEEO 180Way KRIFaEhie  RAIF ML E ~ BHRA
Lb¥ 2 A oo
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% 20 Plant J 28 E A

BRI

Characteristic Circuit
Total Circuit Miles 35 mi, rural
Circuit Footprint 35 mi®
Distance to PV Plant J 4.7 mi
MNominal Voltage 12.5 kV
Peak Load 6 MW
PV Penetration 28% of peak load
Minimum Daytime Load 0.7 MW
Substation Load Tap Changer Yes
Voltage Regulators 3
Capacitor Banks 2 Fixed, 3 voltage controlled
MNumber of Customers 1.265

+ Monitoring site

37 P BERBRRE LA A E

2.Plant-d 4t S EMA B2 TR EHBAAEHE

AERP O EHBRELFT RYTMLERYGERN T
@%%«ﬁ%%ﬁlﬁﬁ BHFEE > RBNERRLS
ANST 120V5%¢#5 £ 1R > % PV 482 4% » 43 PIR AR 4
BERGHY > AFBERYFRATERALRLE
A RE Rﬂﬁmmﬁw XBIAYE > HEN S ER A HRE
eI F AR RGTE

AHA 2012 45 A B4 G MBS 4T L0 9 B BM Y T
HEREA Kb H e) TIRAE 5460 LR FIF R A

BT 124.8V e R - 408 38 A7 0§ Plant J #r i
T3k 1% 30 o B84 TR B AB AR 38 5. 5U(ANSI <
5%) -
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38 BB R G EayFMER 5 AR 1. 05pu

414 b3k ey B A8 o PHI BPAR AR AR 24 35 B B AT SR K
MREFRFHTE HFEOLIE:
¢ REE RBFRA BAFRELEF RGBERAK
Hie o
¢ FHERA P HABZARRAERT BB A G RRZRILE
AR E R o
¢ BELLET T UBEENLRUES BEETR -
o TEBMITHREH/LEHA PHRALBRLHELZY T X
AR PLE 0 BARBR R AG S ERGRFIR T -
PHI A& K & S &y 85 Rl BE 3746 K A THF B A
BHREORABETRYKE  EPEMEREL - L PP
1 E sk 500kVA/1500kWh %4 — 2% BN PV SR 0 b
FRTAHAEIK PV BB oER ARG FHEERFE
RGeS e EAREREEERARCEN - X2
BB BEBEERARACEAN M EELEFARYELA
500kVA/1500kWh @ —% - EERATSE L2428 E T -
HAAThuyERiBE %PHl BES—HE Bt
BB B A ATT B RD4540 > o B T i A
18 1B FEEREN AR RETER » b XA KGFHEBG
B2 RAERBRAR > AMEHELBYERALS2
TREAG -

= 3

50



PHI €37 LR =—F % —BAAAKRZH ARBE
AR HREEFIEFE HALRAPHNGRBOSHER
HARBAE S s ET A2 E TR MRA 4 ANST & ICE &
MEBZN - THERXGAEHBRATEALS IV ER
N BB R AR TR BARA AT = & 0 R @2 EE o JbIA
FETURHITRRAEREZEAF LA LIBANRET EES
Eof PHI fuFl P 3T FE R B & F » A4 T PHI AL
MBS EEEBHF] -

LRGTENRETRE - GRER - LBEERALRE
BREBRAZERwE 2l A7 AREBLERARS NE
R~ BRIALEEMN - RERARRAAEGEREX
HERE EAHAETRRREGABRAZ /10 A4 Gk T
REFNMEEAIRER  BERAGFFRRYEE -

\W\

%21 BEBEEELAY FZRALR

C

Maximum Voltage
Maximum Maximum Change at
Steady State | Voltage Change | Upstream Regulator
Option Voltage (V) at PV site (V) V) Cost
Without Mitigation 1253 23 1.0 0
IS = e 1240 12 0.2 $2.200
Factor
500 KV'-U]M_{] kWh 1250 05 .1 51115014
Battery
A ey e 124.7 00 0o 52,189,390
Battery
477 AAC Reconductor 124.9 1.3 1.1 5266 000

éﬁ’éiﬁé)ﬁﬁéﬁ%ﬁz%/ﬁxiﬁilﬁi% 0. 965 leading

1_0?—;' T TTTITTTTTIOT O TTImTmmomommem s sammmssmemem e pon mmmnemgmemmmanoos s s pee =

105 =t

Voltage (per wit]

»or 2
S & 8

1o1l-t

i i ; i i i i ; i i
! o o1 0.2 0.3 .4 0.5 G.6 0.7 0.8 a8 1
Power (% of Rafing)

39 BrEEEREEER I 1. 05pu
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PHI 42 Plant J £ BT R 2 RELER » AT A

(R AN o

¢ HEBARBRNBEEERSF  HATSHEEA
B rEERAHIHE R R R R ER -

* MBI EZTRAABENEL LTETELERPL KG5
BAEAEEBEAEELBERFBEREZE -H PHI F4£
HHREETEAGITAER AP SRRSO T A1EF
FRAEER P G RB ) FREZAFFRIST o

¢ REZRARYBOTRALGRBZHFRE HALE
B BEREBF BT RBRERAME -

(=) £#/= : BlueWingPVPlant EEE£¥RBRZ AEAEH
CPS sER 22 v) DEGC %37 30 ey EEA4 4 > K
WIRZ A A 14, AMWac (16. 6MWdc) & 13. MWac & £ K
&5 0. MWac sy R ~3Gpréank o #4E M 214,500 4
BRGAEHE  HRABEZXNEE  R2Z28EFAE

mEEes 1l REA% —EEABFREEE BN

Blue Wing PV K% /% & 356 2 R E 40 B 40 #row o
# San Antonio W4E 1T7.7T 2 » B4 L 11,300 F
¥ smadmfgiz 140,000 FH N E o

40 Blue Wing PV XI55y TR E
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o RGARERE G - T T LB EHYE
HFowE 4]l R  A— PG R BB m— BN —FR
B R W R

B4l KI5 EERE - Ehes - TEHAR:

REBBEN N BT AKX BHRITH 215 89587
B ¥ RGAEHE T 24 EHEEY NI ATREY
ST BB EBMERP LKA LS HE > HHEEXR
R AZITALE I BB Z A RET » 4ok 22 o

& 22 BEEABRERSB A RE

Characteristic Circuit 1 Circuit 2
Distance to Blue Wing (km) 11.4 8.9
Nominal voltage (KV) 13.2 13.2
Load tap changer Yes Yes
Voltage regulators 2 1
Peak Load iMW) 8.0 5.1
Minimum Daytime Load (MW) 5.0 3.3
Number of Customers 1755 997

Sample power flow: September 2013, midday (MW)

Distributed generation sources 7.0 6.2
Customer loads -1.6 -3.0
Penetration Level 152% 207%
Net (reverse into substation) 24 3.2
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FEAEe |- TR 13.2kV~ 51 KRG AE 8 &
TMW~ R v & 4% 8MW ﬁﬂ&ﬂ fl & 3 OMW~PV & bt %45 152%
PV Emay 1.4 02 - BREXHE LTC- AR K

X2 EGBERALER -HERP 1,755 P -

FLEeRe 2 BAXER 13.2kV - 3| RKFAET & &
6. 2MW ~ R & 4 5. IMW ~ sMx B R & 3 3. MW~ PV L ke %
#2070 -PV ISR BEETMLH 8 I N E - BEEXEEE LTC-
BHREX] BB ERALS - #HERPL 9T P -

HFITCEEALAGEH N KBRERALSARLEL
Bl —ABERHUARLETRAANG TN & PV £
BB LA 100% > BEBETENTARAANTEE

THEERPEABHEREBAERE S HE M & CPS @
TG TEZEMNENBERERZ 22 NEHEREIEHEE
%] Blue Wing PV KI5 A EH B AL AT > RBEMKE
MG ETRREFTERNET AR BT ELES
885, 000 T -

FERG M EL 0 CPS e iR 3 BATHAEE S » UK
Blue Wing 14. AMW &4 TRt E ¥ 2B EA % A 3 & é’J
FUBEAER BALER YT E T TA T OEELARAE

¢ RrEHeENBR
¢ BHFETERAERETHEN
¢ THBRAERMIBEYNTERALS

- REZQEN BN

DAGEEE PV 28 ke84 1 A5 » CPS RATE A # %
BRANEL  LEHAFRXERPRAETZ TR
F R HARGEmz Rt RAREREHGRT > &
&3 B E YRR o

BHRAEAGREBARASE -1V, mRXEGAE ?"ﬁ
A 7 5MW/’$ HFZXTRARANGE TN E T
I R RS R F | B i S A LA R E éil“lk%/m.
FEEANRTAALMAE LR EHESE RISy RE
NERNAAEGG T o R EERGEESHEE -
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Voltage (per unit)

#2013 9 A 22 84&F 1 10-11 257> PVR& &
Ee#) 100% > T4 2 25 884 PV L b Bz 152%(7/4. 6) 4 B
42 > fedbAmsgE T > REAKLE RSB ER PR -

12.00

B 42 2013$QH 22 H %‘?1—1%’&&1’\/?‘&

RAZEXEN O GFLAETGRERFALZSLIBERRE
Je 4 B3 ey T EAE %E'Jﬁ“fii?%ﬁﬁﬂ"ﬁéﬁmﬂ—réﬁ
w2010 SFFKR (4 20 X £4) 0 % Blue Wing PV 3535,
LR HGRBERAEELESR /x%;“f“”%’t ] 45 & 69 48 X
T(HEEGEARR)  RERWEGHBRAwE 43 9&R A
\%ﬁ"iﬁiil‘?‘-éjf:l TR OFR LGB R > KERGREE
BAEBSBERAEE(HARKRET G ETRERAL)  #15E
E—’Eﬁé 0. 94pu R4&# CPS &9 €A ( LR & 1. 03pu ~ F Ik
20.9Tpu) @ M TEHFBEERE N HAGEARER A
HEALEY BHABHTHREEREE -

1.030

1.015

1.000 ,
0.985 C C
0.970
0.955 E
0.940 t
Sep4 Sep 19 Oct 4 Oct 19 MNov 3 Mov 18 Dec 3
Date in 2010

PBRBERALZERALEEGENARZIERERE
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2. EREFN-BRBIERALS

AERBEM2010£9 8210 Ainx TR EAE
BREMAABAYEE LGHMBEEAL S 1. 03pu 8934
% SR BETRERFFERL > BHTHRRAL-HIE > BB
MABFBERLERZ LS LR 1. 03pu ~ BARN T IR
0.97pu > HERAEEEDI R R HFERALZUARAE
A EREA 1 03pu £ 0. 97pu 2 Fl4e B 43 B R Codwosb>
KA BT RERTHIFRANEFAE - B D RIE AT/
GAWRERRESA — LR TR R LB ik
e EE G C 2% x> TRAEFFIZBTHER -

— AR BAEREGEL T EhTHENE
WM ENBE  GRERALERE —RTERIABRION
FEA > MAEERMNEE c MERKFTAEMAERE K
WABLEERERHUEHRETEALRTRGERE » HBF
CAARERETHHE W WERSHHELE o

BEAGBRIERGHHER KIFHFBRERE &4t
RYHF SNAELEHBRERNGBERALES (K305) 8y
RIERE »CPS na R @b k28 K ER
HBEFAMATRALNETR > BTERARKTUER
G MR T RMALARERLGRERALBALR
BEOEX  #IT8 RERMBHERGILZAE  RAFE
BERBSMRERRENZETEZAN FXHT 1,200
(2B R (22 ABF ~$53/hr) -

. ERH{-TRAMBAES

B &K AEE B LR A IEIF BELA
ERB e mias > BATrBBEVRALZYTUL
20 SRR 0 A A 100 BReyERBES  2¥EH
BB ALEZRYAE 10 BB ERRES -

4 Blue Wing PV 353, CPS #5 iR\ 8] 3#4& - #:85 134
WERE AR Ao TSR £ 201244 8 20 8
MER > BRAGATHBRMOBEER T ERBEAZH EX
T RIFEHIFEFRL - SN _EGBRETRALSR
VR100 & VR1001 » 4 %]34E 10 %k & 13 &k » o — A2 8% R &4
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BN ELEM > ot RET o HBAVBRAESIE
Fuyf2 B R B 44 Fiow o

< Clear Sky Period (Daytime) >
10 Operations

Regulator

VR1000
w
= . a ——
o
4
a2 13 Operations
o

Regulator

VR1001
§ | pvPlant
2 Output

24-Hour Period on April 20, 2012

44 5B BEAE B L 2012 F4 A 20 B ey R 31E

e — yi%ﬁ@%ﬂﬁ%ﬁﬁm#ﬂﬁm%%
B9 LA SR - £ 201245 B 27T BRI Z —1) >
BRER By — E%‘?ﬁ%""‘ﬁ*ﬁf_mVRIOO&VRIOOP%EU%M’F115
K ZH 135 %k > fuE RABLLA S E 1042 > kol 45 Arow o

Operations

Power

= High Yanability Penod —

115 Operations

Regulator
YWR1000

135 Operations

Regulator
WR1001

PY Plant
Output

Daytime on May 27, 2012

45 BB AL B £ 2012 5 A 27T B R 34F

LT R R AR 60 B H PV AR T BR
AR EROPE K 23RBS | RBTEREE DB
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SAVIHR 35 0 £ R Bl AR RAE ZIRME DL > AR PV A S %
IR # 10%69 44T > VRI000 2 3% A3 3R 5 & L4
Faey 27T FHRE 13 F > VRI001 X 5 EEWMRAL R E
WG 2] FIERE 1] F > 2 EBAMBALESHRIFERE
HTHE—F  HEMSTBERK -

& 2GR ERAE R, BB R B RERI LK

Assumptions Regulator VR1000 Regulator VR 1001
Number of Tap Changes (Normal Operation) 10 13
Number of Tap Changes (High PV Variability) 113 135
Percentage of High Variability Days (%) 10% 10%
Design Limit for Tap Changes (%) 100,000 100,000

Potential Outcome
Lifetime for Normal Operation (y13)' 27 21
Lifetime Accounting for PV Variability (vrs)* 13 11

1 Assumes 365 days of normal operation
2 Assumes 330 days of normal operation and 35 days (10%) of “high variability” operation

BRALEZSER LGB ERESE — KM THTI K
BRAERER RGEE e PUREG B REATH
18 R 8RB o ATk CPS Bk 3] 3 48 5y 56 & Bt BRER Sh &Y
TRALBHEAET  TREFTRSAHImERE - £ 2457
BERZ &A1 BEER

& 24 CPS fe iR 8] Bl K B 8 8 BF 4887 38 i A

PV Integration Issue Mitigation Method P?St ?f Cost Incurred
Mitigation By
Physical Interconnection +  Circuit Extension (2 miles) $885,000 PV Owner
. i (1 milac (Blue Wing)

* Increase conductor size (3 miles) =
Unintentional Reverse Power *  Noaction taken. Monitoring as
Flow into Sub-Transmission needed
Maintaining Desired Voltage *  Reconfigure regulators for co- $1.300 CPS Energy
Levels generation (24.5 man-

* Relax alarm limits hours
Increased Voltage Tap Change +  Replacement at Failure $14.000/24 | CPS Energy
Operations yreycle

*Unloaded labor rate for specialist (overhead not included)
**Additional cost beyond the normal replacement cycle

A% CPS #8R > 3] A= DEGC %?%T—ZE%’;"‘“A%  fE A
TR E T 885, OOO C BERERAESR
WEHENRET 1,300 £ iﬁf’ﬁﬂ TR IR R 2 3R

58
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HEE 1 MRAERELTALYAARBEG A HRERER
AWz EmxERENmERAYE - &k CPS sy E68
22> PV Ko HOKW % JE 3% 4% ) ST AT WAt 50 0 AR 1% AR 52
MERBRIRETERE—FHESL -

BB E £ e e PV R EARN LN Bl /84 K 2
Bt R U 2L BP A PV 3% 8m R ARk
BRI E - THALETRBITHEHST » LBHKK
GAEHBRERBHERNEALEZRENEAL > TEEK
AR ERBGHEFIINBETLH T - FLZPVHEEKR
RIS T ERRFHEAZEHEZRABE AR
% o

CPS AAEaEEPriEE EohFREIEH G F KT
ABHE BB T o B BRI RE ) 2 15 B 4E A A G £ 4 CPS
CEBERHEREAALHZTAHMGHA > T LEEXA
% Reqm iy -

WO R ERBREERIBE NG APV HEL
L RRAFENRIETHEBMEREGER  FRE
B PVastgga A2 E 2wl PV i 5 — A28 > R
R BERZ S H Ao et R A BB A £ 5 TR PV &
HE R RHZ R RERAETE » B4R P TR
KRB ETHRE R CPS EEH LTRSS L EHEEN
B AJEAT RAEE 0 F LA A -

5. AR VERAAFETHER
ZHRERGAETGBNBERERE > 5PV ABEX

LR TPREAGER XN LT RZTE - A&

B iR TIEFGEBETREER B ERE MEREIE-
RGAEHBEGRERGBERALZ P HAY
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41 0 BRELE R SR R AR R Gy e o A8 B AR AR B 3
FINEE -

PV WA ERFHASHFEHRRBCAEH R T
GUOBERBTEERR EHFRUOALERELEBRY
RS TAEZRFH MAERMEERE > RAERTEY
R GHBRTME -

HBABGGRER2E > EAREPVHBERTRES
e BERRENHRGM G ATATEREESR
BERS  AREBESETALHEMES £ > AF 4
BERPEESEXBEFRERFYRE

TPV EHMAEREREELELRE T Lo &
AGESIRAEL BN ARBAKAERBEERE
295 PV % B A e R ey 348 MAR &5 2R 6 ) B -

A
o

(=) %£4#]= : Flagstaff Community Power Project (CPP) #f %
LS
APS EhnalBTHARRES SLEIHA > HA A
Flagstaff #&47 7 —28 CPP (Community Power Project)
BHEEMRFZE UREFABREERFTRG ELBHBARER%)
AR ERGEBBHOBMN - REXZ A LW 4 K5k
EHANEE & #thég SV04 (Sandvig 4) » s E A FH &L
JF 300 B £ uaysish A4S B A » AR HEAEART
BARBRS W FOLSHEMEENSERENTEE
MR R L KT - AT PVHH - EEHTRED -
TEBE A RS RO ERBEERAFE -
APS NEl B RKMGAE LB & AT &A1t
B ARAETEBARBRGIES > &S0 T PP £
HEAREGFH N THZNERRZRRMG > A~
WU R IR S b Lh 69 3RAR SR 22 3L A 48 b &Y F AT o APS
TAEE 2020 FRIGAES &L 462 T Fay 15% > 7
013 FEBEAARNGATHRECBATE S » Biv LK ER
RBETHE #2020 F B A2 RIE R LB - ETESK
GAREREENEZRDNRAEGE S K > Brd B Ar OkW
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& 290 kW =22 4¢ 10-12kW 2 IMW-> & PV 2 B S 4% 4%
o BHEEALBEETEREFREIUBAEERE

K o

1.CPP EH AGAEH B RBEREZIF

* 22 2 B

@B APSZENEFREMABPT

AL HEBAERRRKGAE)IHHEE 2 4820
HAEZHES  c BREBTEREALKREWANNE — 41
HERRERAD ~ EhiES] - #XEN ~ FHERINE
EFh QB TRALSERR  BLATFTEEEREE
BORBHBTME S TR Bk A B IRREIE o -
PRE R HOIRE - RS2 A
VBERRRFEZ L% Faok 25 Fiow o

* 25 CPP 3 K G A8 A

R YR EE A B

BEAL ~

Concern Concern
Issue Level Issue Level

Protection System Coordination High Multiple Inverter stability Low
Increased duty on line regulation devices Medium | Flicker Low
Reactive power control Medium | Harmonics (UL certification is checked) Low
Reverse power flow Medium | Increased Capacitor switching Low
Unintentional Islanding Medium | Inverter trips due to line transients Low
Voltage regulation Medium | Protection of network protectors Low
Balancing resources and demand response Low Temporary overvoltage due to faults Low

Variability due to clouds, weather Low

2.CPP Z it B #4338 3%

CPP KGR EH A APS SV04 #54 > X Z £ B %
A& APS e #fiT 8 g & AML &9 &3k > T H A AMI W&
P aBAPY e EREN AFNSH & &b PV BT 44
FO)RJE - 248 CPP £ £ PITHE o B 46 Arom » B E M
N5 40 4 B 48 & Flagstaff Mall A& & &k 2% 80 22
1 % Sandvig % Erf > B EEEZE Dony Park $EEE
REUEGHRP - BATH £ APS prdef ~ Bt ey K
GRERS BN PP ey R EF (PP EER P YA
BRAK 1/SHEEZRP R 2/3IHITERPF » LIATH R
NEZXTHSLHERRIEFGERMHE FABZEREXE
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4.CPP z PV R P 3h gk B &F AR R

BT EEmAMS APS £EZ CPP AR P iF -
G H A P R TS 0 T IE AR 0 & 20 BT
oA TOETF - o FAETEA 4,800 B L~ ETR
ZHEVDTEM 3 FEER2 -3 4KV RGAELSR -
EVEETAI0F-BETRY T & U APS AR H 45
IR ~EV—FNE 6EAAEAEEESRMSF -

& 20 ¥EKRGHRESKEET RS

CPP Residential Rooftop Eligibility Requirements

Annual average usage Minimum 4,800 kWh, in excess of an average of 40-kWh/month;

Roof space Contiguous space for | of 3 pre-designed, standardized 2-, 3- or 4-kW PV units
Roof age Minimum 10 years remaining, with sound and structural engineering integrity
Roof orientation* South, southwest, or southeast orientation with little to no shading

Roof accessibility Unrestricted to APS for periodic maintenance

Home type Single family, detached

Full-time resident Minimum Property occupation of 6 months

Note: * based on field survey results, rooftops with east and west exposures were eventually allowed.

5.CPP Z PV R k- # K AN H

Cromer 56E 4 4720123 B £ EH# R v & 400 kW
ARG ELABEFANTEGREL > B 48 Arow -

48 Cromer Elementary school A%t E 355k

Doney Park PV & ## 2012 s 3 A # & Doney
B & 500 kW s KIF AT AHINTENRTERE
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% 0 g 49 ATow o

] 49 Doney Park i:l‘ﬁyt""‘iﬁi&

6.CPP 2z PV @A BERRA

B TR ARE BE ey %R B4 Fronius ~ SMA ~ PV
Power/Advance Energy ~ GE/Brilliance % - # APS #E
T R ) 8 B b & L LA Ao B3R 69 2 451 o

50 GE/Brilliance SunlQ # /A % > HEFHZER
BRERGHALNE KT I F LR TEBFMEY
FER HESDETIHBGRAELLERALERERAEEREE
BRENGEHEREBERS RN TERABATEREY
W RBHRIES ALY BB EGRELN T
R o

SunlQ #R ENAE SunlQ %7 2% SR E

50 SunlQ R % WA E & s ik & B
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7.CPP 2 SV04 & 5k
SV04 Bz BR 4R - 3BT

REESER 1A -BE

tmdo & 27 PR o

TR 12.4TkV~ 5] KRG AE &
B 1. OMW~ e & 3 10-11MW ~ &K 8 ] & 3 SMW -~ PV L tb
&£ 30%~ KA 1D /\f.@_ ’é*%‘?\@%’il 810 & ~ # &7

7 JE 2

FE GR35 IRk
BRAES - EBX ;‘332&‘,{&_&‘?%)5 3 000 A ~ kx4 186
B IS B -BTRAREE 2 BRMME

F 27 SV04 B & 4R 47 45 ML B A8 B 2

Characteristic Circuit
Total Circuit Miles 9 mi
Feeder Segments 1.810
MNominal Voltage 1247kV
Peak Load 0—-11 MW
Minimum Daytime Load IMW
Substation Transformer I
Distribution Transformers 02]
Voltage Regulators ]
Capacitor Banks 3
Existing PV 1.5 MW
Number of Customers 3,000
Fuses 186
Switches 18
Ower-current trip devices (OCRs) 2
Switching Cabinets 66

8. APS 23 CPP %% ﬁﬁiﬂﬁ e X3

APS >8] CPP %%

HEEE B 51 A7

66 B -

i > CPP & & #H47 B 4 4] Fﬁté i APS B & &9 AMI % #4384k -

WAL GE D RGSERER > BEENLD DAS (Data
Acquisition System) A#%WEETH o4 0 B EERE
KEGRP ~ RAEEER > MmN BTG
%M RIER OSISoft BMFER AL REGFET PV %
GHBROBEETH 7 A ETR ‘K PVEREMN - ART
ARG ENEKERBEER L4
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Device Total | Legend

Substation 1
Transformer &
Feader Segments 1810 | PhA

PhB

PhC
Capacitor Banks 3 0
Distributicn 921
Transformers )
Residential PV ~200 G G 0

Systems™

Green Field & 2
Comumnercial PV 2:}
Systems

bl APS >3] CPP %%t & B A sk W

9.CPP £ PV~ A RABRTHKE

EHUKEERZNERAS L PV $45EWHANE
B ki BER - FAERSICRAG - A TFHAE
HERE @R 25HUHPV- AP aRRBEEEIREE
FREBERBAS  BHEESMER - BRI
LHREENH B A A c R PR A ARy E
TREX2,950 B PVHEEHLELR 2 B -PVHERE
AHEENE ISR RBELHMANE TE - HRARES
SHEBERMRENETRM ] BEREBR SO0 B Hok
28 Z BB BARFT -
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& 28 CPP £ PV - AR 8 BAEBEE NS &

Measurement Device / Sensor | Data Collection Location Time Interval Total
Customer Load Elster AMI meter All customers on feeder 60m (energy 2,950
consumption), 15m (PV
generation)
PV Generation Elster AMI meter CPP rooftop PV sites 15m 125
PV Generation / SEL-734p Power CPP rooftop PV sites and 1s, 70 measured 13
Power Quality Quality Meter 500-kW Doney Park plant parameters
Environmental Campbell Scientific | Sites along the feeder (3), s, 10 measured 7
Parameters CR1000 area substations (4) parameters
Feeder Load / Power | SEL-351 Relay Feeder's originating 10s, 9 measured 1
Quality substation parameters
SEL-735 Power Pole-mounted sites along 1s, 70 measured 6
Quality Meter feeder parameters

10. CPP£PVEE  -HBBAaRABREN
CPP 5t SV04 #5418 » 2012 F=11 A298% 12
A1 B#n > HeEga#H K EREERBBE W
D2 Ao o BE4L A BB ARG PV BT FZH KRR
Kb BAR A%E T4 -

& Powar (KW) #

o GHI

EMSW4 ﬁw%»~%ﬁéﬁ&a%%ﬂ

11.CPP £ PV B R E X AR

(1) x 8%

TR E R F B APS ABBRE ’\#ﬁr?‘% &t PV %
BHREAPOBERR SRR RA DT Ay
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e BT RIERS I PV~ BB X B A RIEZ S B -
BATEBTHIGRB A TREE > MERARG EHL
PVt A A TR an ey B o

et —EE RN BAZHZEHE
BHEMMBEEY THRABEENEHILERSACESR
BREWEE > TS L PV t@s oA > sbikgd
ITATTHITEFLEROEERLT L5 ARME PV &4
Wi B o

Baieey HiE B b3 A PV ERAE AL AfE
IR E RERZE A BA A~ A OpenDSS(k
%A £ R EPRI SR A E TRER )T HEIER
& BT RARE WA o s K15 0E A Copper
85 & 2 CYMDIST Model :EHE - f4dr MATLAB & 1A
CYMDIST = & %2 EHEXHARBREANELIFZE
FoBHLHUMABGAPSAB T G RFRER
BAEEEHR S %mb GIS MM BB AR ERLES
HEH > aB&x M AELASHEH PV THAK 15
o4E AR T A RARB R S HE R -

Equipment Data APS input data
* Conductor and protection GIS Data
device parameters T — Load Data PV data
* Source impedance : 4 = AMI data + 15 min and fine
= Transformer parameters locations and attributes + Meter locatio resolution data
[

=Initial calculation - PV/Inverter data

*Equipment mapping *Data » Manufacturer
conditioning » Ratings

* Load mapping * Detailed params

oTap ide tion
*Add equipment to network
*L.oad mapping

*Create import txt files

| network txt | Load txt i
network tx oad tx \ Power Flow Analysis

e i e | Time-Series Load Flow Analysis
CYMDIST CYMDIST Model »

(OpenDSS)
LProtection Coordination Analysis

B 53 PV @&k sa b2 AR E
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(2) X2 E3-A MR

@y APS 2 CPP 5 &tk PV EH EpERRE

% MR H R4 SV04(Sandvig) 89 B & - A % B4R

EE983R > m A Bl T

* PVEH B BERAE
SV04 #54 PV = & tb .3 40% #2818 R % APS 2 8] pr
mEey 0%z RE RAGG aREBFEY
S RERTHBHE TR EL B T e PV
BERBEERIS Rt HH PV ST F
B LG ER R AFHNGEK -

* PYBREkEFmthui

£EBASVA B RKFAEHE TRLOEE HH
WS R XX E 0 AR A4 (2K ~ 4kW)
GHRAEFEG(HE-FdH-EEH R~ BE)RES
BE RUANPSAELFRAEPVEE - FTORHEY
B o Bl fed G e K B e A — B/ ey B B
EZRCHINERETAIONETLREEREZXY
RER BB RBM -

* BIEEHBE
PVey B3RS A TR R E B RT4
RARIE  KEBTRFANBZEHRERTHAELES G
BB RGAEHAEE  WRAREMARTH
B ZA & o

s RRBHEANEARE
TRGAERENENEBANTEELYT  KHHE
AHMANEANBATE TUREFEZETRYK
BETHARBIRS] 0 MmLBEE I EE 0 R E
AP REENXERBE  KEFPHELS L
GERAME > A B RFLTEAFL &R
B L -

* BERYRLE
BAER T2 HERERAAZELREZEHE
A HAPS AB B KRB R BHEFETRA K86
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LIRGEELE > AN HAERGAEEER
HELRPRE  CHSEFTRELEAGKE > 4]
4o Cromer /N Z&KIGHAEFRZE i K& &
MAZHERAETREE - BZATEABRSIHLR
o Bl A PV 2 B & & 7 &) B 7] 7% A3 R 48 04 A R
& S

0%&%#%%#

ERGAHENE CEEHBKRE £ TR
Wé’J oL £ REF S4B PV P 3 k584 - APS &
MABLEEROERBIET LKA ETEPPER TR T
BB EHR -

* WEABE
REGAWAPY BEEA B ZRCEBERABRGH
Wike sy RRERTAEZGNEHOE ETHH
B> BB ARGAEF LN ERBIERERE &
o APSHMTABH}EN R LE I LRREGRA A
Fo BB 0 BT AR Fo K %8 = Fa) 64 BA BE
S

(3) XRBA-AWBEAS

Z BAT AL Doney AEZ KRG AE & #ik A
TGE # 700 kVA 9 HERAG RS OLEAELY 1 £ 10
B8R HIEANBEREL fé’ﬁ KRR > R
*%Tuﬂ%£$%ﬁ%%ﬁéﬂﬁ’ﬂMTuﬁ$%

ABAeIRERE -
¢ AERARRESHRBIBABSTHETREEL

PV ARABBEREBEATRAGEREZIRTA
T EHBMER I BENTRAL A B ERLS
M- FRBZyEA - REHHERRE > TURRL
PV Btz - T2 AR ATR BT R AHHRERE
PEIBIAM > AR RGN E T T X RS IR
Q*E%ﬂ'@ﬁa%? °

EEENHBIBREXEATEAGAEINER
5o E%REFEF3 f’%ﬁ—ﬁ%ﬂ%&“ﬁ MR TR
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AU CHERRALASFLHETH P-B b4-B 550 &AE 56
BFiE— S RAERBSERNRGESBEEZTT L&
Y EIL o

x 10 2012/12/3 - 2012¥12/9

100D
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72 o6 1po 144 1

=]
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oo

Reactive Pnner{hbar&chve Power(kW) Line Voltage(V)
Y

= = 8 8

% —

Time (hours )

b FRBUNERIEFNEXATEFERRSERIE

£20124 11 B 1985 25842012412 A 3
BHE9BR #HUSABSEAAHBEATREXRE
NEXT BEGBRER RAEDRRESNRFZRE -
Bl 54 B R BUNEREZERGBEXTENS  ThHEBE
RINEERAGHEX THRBR TR T UF 2 RMEE
Bl ARME DR EBRAIGEY LT RS - sbBp Bk %
2R BENGRERESALEZHEAE IERE
1R o

B GG R BN E SR OEX TEE Thik
WBREZNERGHERZTINRAS T EFILGE L@
RBLEREDEFEAT > EREHZEILKRET  THE
B TR LB Bk ERAD R E ThERE
VEE A - MR D FEHEXT > T Ey LRA
FEEGEIES o BIEHIIEE R o B EESIE X T A
B MHRBEANRET > ERAANE KMZELRE
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BYHE R, o

BLEE 56 b T AT ey R
BRGA A BT BB 1 REER 2

BAH AR
BREETH A8 B
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Al A KRERGLES MRS 3F KI5 AT HBGH
fax%%zﬁé"'“f* TR AFHEH] o

® 10"

20121118 - 20121 1/25

)
s
o

24 48 T2 L=}

Time(hours)

120

1
g
s’ mwfwm /
| AN Y
= S5 120 144 168
g &00 - ' .
= rat e Fa
T w0 [ {H a AO AU AN AT
AN PR NNATNAS
% a | , R R N
=< 4] 24 48 y = as 120 144 158
= 500 ; . . . :
o) ol |
g MWB‘"H
o =500+ =
=
o 1 1 1 1 1
é 1000, 24 a8 72 96 120 144 168
Time (hours)
BO ARG B LR i H a9 X T EE
2012122 - 2012/12/8
2 L
Substation
1.5 Fesdar DAS &2 |
Feeder DAS 74
1 Feeder DAS 72
= B Fesder DAS 21 []
E osk Reactive power mode Voltage mode
% o — T — .I o = e .! pErT 1 .
5 | ' |
2
S 0.5
m
an
i | l ) _
| ]
1.5} "y -
-2 ] I I

144 168

06 %M B HIEF R TR IEFIE AT 69 EE

56 MRAGABRABRERPLRER 2T
M1% > % Doney MBI X B X G A B TR AL L

72



A BT RABE L AEREBIREET LA
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5~ R
— SR ALERTEAKIBR

(—)

()

SIEMENS 3] % & 2 # & ADMS(Advanced Distribution
Management System) @& & 4 fE /R Z B iE A\ i B B &
Bash TEABRLENEER -ER TS BAHRERT
©) 0 B BT & BRI A -

SIEMENS /8] & #t & Bx VPP(Virtue Power Plant){4 28 & 5
#he R 12 %4 % DEMS(Decentralized Energy Management
System)ey 4w &4 F 2 RIEF #E 4 4% DRMS(Demand
Response Management System)sf &£ & AR ETIH K 5 ™
F A7 69 4% < B & MGMS(Micro Grid Management

System) > T} B £ A8 IR B I AT RAMT YRS R B IZIEH] -
EhEERBTHEA ERIMTE > HBHTETEAT
RAEZRAERY IR  ARMNECHRERBEEEZ KA -
ABB /) % B 2 & %% E £ 3 4 # MicroSCADA Pro DMS
600 FEMBARRZEEMANLEREEEAL  Fo
SIEMENS &y 2% — 4 > N T AL LEHNEER - TR~ F
P BARERTE > BA AT & MBS

ABB 3] 8 & B £ AL B T 494 4] A 4 Renewable
Microgrid Controller MGC600 14 ABB /3] 41 #f & 4 4 R &<
CFERERG A S BAESBARBRALERETEYY
e BABARRES SAR B NEHE > PEFLEER
FERH R RIERSEER  BEHRETENIE c HBHEAR
EHER 8 REANBEANEBH/ AR/ A TR FHAE
wAbEEH > N EELS - JNGERIEAERREE BWA ALK
FRAMBHES  BARAFETENTBERENE - BAHTE
H B EshsE ~ 7T 8 A A MATLAB/SIMULINK %83 & 4 -
BATRAUMEFHME -

BRI B A AERZ M A 4 > 14X IEC A X34 > SIEMENS #v
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ABB #2245 14 4% IEC 60870 A IEC 61850 > fudb £3% A
% CDC Type 2 &% DNP 3.0 = F] > tE:t #AH A4k CIM 8y
# X, 24 IEC 61970(EMS) & IEC 61958(DMS) i-i& &34
@At R 2 MY e £ B EPRI R &% & ¥ DERMS B %3
%) DNP3.0 #= IEC 60870 =T & #} X 4 64 7 KX & 4718 3 & &
A FAHLBRERASE ARG
ANd) %&b EPRI# %+ 2 DERMS 4 %4 > ERE kR EGE
FARRIGER G R BN ERR A AT R B4
B4 iE R KGAETRENEEY TN ARG E
e AR e AT 0 HRG AT E RS AEMZ LVRT/
LFRT ## 2 ER/MAF 2 hre A DER B ERHBEER
EURBRFHERYER  BUEEHRE TEEggH
RERBEXRZAHA T EL  PFERMERPER AL -

—~
N
P

~—

Z N ER CRHBERBLEAERZIAGEER
(—) RERAFBEAEREORSE  SFMB® A€H &
W BEBREE® > S EMEEAL ﬁdl.ﬁizﬁéﬁ 2 4 o

()K@@%%iﬁﬁ%%i% ) kAR R F AR BB AR TR
MO R RERR ik BREFE KR é\ 53 %?ﬂﬁ’)—“ﬁ%‘ﬁ

Z fERELLE B AR -

(Z) @B BB RELFARBBERGAL  wRRAKETE
R~ RAREE RS R 2R ETRRS D
REEREmMME TERERBRLEEN - BAARRRED

RHHEEHES - ERBIFRBBERG S 5> BAELE
ﬁi%ﬁ&%%%$°

(W%ﬁéﬁﬁﬁﬁﬂiﬁﬁﬁﬁﬁﬂ"ﬁW%%m EENE
BoOBRMNGEEREwERAALEEGEERBARRY
ﬂ%’ﬁﬁi%ﬁﬁ#@%%é%’Rm%é%%%ﬁﬁi
REFT L JBAT M) BTRAE R E > L EE T > W REM
EAF - BAEBRS  AESHEARABEIHZRESE > LER
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ez B BEREGBEBRBRAGNEL  ABERESERLTRL
R HARBRGE N ER -

() BT EmEE B ERERSBARRKGHAEREHCE &K
R MR LT EA BT RBARRRATROMG
o BEHEBREEIERREFELME  AERETH
AR EBES e EE - ERXETEEED FNA £ Bl
LT # 8 EEGBox A E £ @M b AAENEBIIHEEN LT
Mo FAARBRTHEEMBEGRAR PR EEF -

(X) BERBBER I HFABERBREERE > B REBARRKR
B R HEER > ENEBE PRGBS ERHB M AR
B R B AR R 0 T E TR PRI R R M

() BH @R E LB ERAFN B ARRBRGEE  wETEHE
BREWMPBESE > LBEAGAMESENKBREGERCS
BEA - BHRRBBREWGER > A TEZIHBERTHA
BERAE  UIFBARREHNTER R a4 > ot
FAKMBAEBEEERAEREBROEZRY -

Z~2R - ANBLARRZIAZEEN

() B BARBREFEAAAAMNB AR BRZIELZAG AL L Z
P BHSEEREEAANERRATHRILME G LENRS
EZAKREBETHAE T CRBRAZL T SHES - RIATH
BREBHMBATRAFTRAERBEFELESRE - ¥R BTRKE
BAITEFEZ NIRRT HEHITERME N EhEE A
SAR R BT IR L AT B ey T AE -

(=) BARREEALZBNM TR EREAESHESL R
SARNENFBUILEAZBR A KA EH > kb EPRI s
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Bhee r MAEBEZHREZ(AMW = 500kW X k)R] B 4#
LVRT 2 LFRT zh > TTifhBh & o4 TRAZE - B4 LVRT
IR FERVBAAGAETRANELEREREALKELEER
B2 40% A 4 - BArE 35KV s L2 &35 % 0 At eh £
Mlarr 2 R ERAER > RERBEMEHE LVRT 255 - K2
SIREAKHBILEL > KGATEASELWBI ARET
Fi o HBERERETER N AEL
() Ana] BARBRFBERHBEFBESREAKCTEKES
LVRT a95e /1 c e E KRG A TR R B IS RIS R A AR T
RELRERFEEREAAMITARTENNE > AR E 4
GAREWBAIEERE 2 W ERERBEARRIHEET
Wy E MRS RS AE P B AR A LR W AR B
B FRAEREEA&LBEN > LVRT 2 hiE KA H 2
£ % DER S bt/ ef o @3 e W EH BN e e F TR
%Ez%%ﬂﬁ~ﬁ%&?%% BERIPE =
(ﬁ) BATANG ZEEABRBLRAZLT O HRBEBAELRE
By A e sh e 0 s34 SIEMENS % ABB 2 4 %4
SRR AN TEF R LRI b N -
() A BARRZ &2 HEE 54 4% EPRI M4z OPEN
DSS TTH A REERAFMEE W FEZ XL - AHTE—F K
FHRMARBZE 5 E > Copper 2 8] 784 & CYMDIST
Model ##¢ - t4d MATLAB A # 2t E M a B A H4H
CYMDIST = £ #23%#HEMERX AR » £EFFHKTHIT
ARHAREFEFEEURER > THEAZARER AR T
ZH &R -
(£) KEATGABHBLTREF LML B 6 &F414
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BUgFHFZE -

77



6~ $4 FH
— ~ SIMENS 7 5] #g 35

http://www.siemens.com/entry/cc/en/

=~ ABB /3] 43k
http://www.abb.com//

= ~ EPRI 483
http://www.epri.com/

W9~ LT Oy 4k
https://sweden.se/society/energy-use-in-sweden/

Z o~ R 2 ZBE B
http://cityclimateleadershipawards.com/2014-project-stockholm-seaport
/

75 ~ BR ¥ eurostat 4835
http://epp.eurostat.ec.europa.eu/portal/page/portal/eurostat/home/

+ ~ |[EA Bl R A 4 fE TR 4 %6
http://www.iea.org/policiesandmeasures/renewableenergy/?country=Ge
rmany

A~ PVGrid 483k
http://www.pvgrid.eu/en/database.html

U ~ eurelectric 48 3h
http://www.eurelectric.org/interactive-maps/

+ ~ren21 &gk
http://www.ren21.net/

+— ~ der-lab 4§35
http://www.der-lab.net/

+ = ~ ela 493k
http://www.eia.gov/cfapps/ipdbproject/IEDIndex3.cfm?tid=2&pid=2&aid
=7

+ = ~ sma 43k

http://www.sma.de/en/products/monitoring-control/power-reducer-box.h

tml
+ g ~ germanenergyblog & B A& R 3 % 4%
http://www.germanenergyblog.de/?page id=283
+ & -~ iea-pvps 483k
http://iea-pvps.org/
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75 ~ vde 493k
http://www.vde.com/en/Pages/Homepage.aspx
+ -+ ~ world-nuclear 435
http://www.world-nuclear.org/info/Country-Profiles/Countries-O-S/Swed

en/

+/\ ~ energia 4k
http://energia.fi/en/energy-and-environment/electricity-generation

+ /UL ~ entsoe 43k
https://www.entsoe.eu/about-entso-e/inside-entso-e/member-companie

s/Pages/default.aspx

= - clearingstelle-eeqg #g3s
https://www.clearingstelle-eeg.de/english

=—-+— > nordREG 493k
http://www.nordicenergyregulators.org/publications/

—-+ = ~ nordicenergyregulators 44 &
http://www.nordicenergyregulators.org/wp-content/uploads/2014/06/Nor
dic-Market-Report-2014.pdf
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