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KOJLIeTus OAO «CO E3C»
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3rieKTpo3aHepreTnyeckum cuctemam - CUrP3

KpynHenwas npodeccrnoHarnbHasi HEKOMMepYeckasa opraHu3aums, 74
cogencTByloLasa passBuUTUO N pacnpocTpaHeHUto @Clg‘e
TEXHUYECKNX 3HAHUM B 06nacTu BbipaboTKn U Nepegayu SameE
9IIEKTPO3HEPINN Ha BbICOKOM HanpsiXKeHumn des Grandeise'seaux
Electrique

OcHoBaHa B 1921 r. Bo ®paHumu, wtab-kBaptupa B Napuxke
Mopagka 11000 yneHoB — nccrnegoBartenu, yYeHble,

NHXXEHEePbI, cneumanncTbl U MeHeOXepbl
co Bcero mupa (6onee 90 cTpan)

16 Uccneposartenbcknx komutetos (A1-A3, B1-B5,
C1-C6, D1-D2), 230 paboumnx rpynn (38 — 3akoH4YUNn
paboTty, 33 — BHOBb CO34aHHbIX)

n bonee 3000 akcnepToB

HaunoHanbHble KOMUTETLI B 57 cTpaHax

PHK CUIP3 otmeTunn 90-netune

PerynsipHble MeXXayHapoaHble KOHepeHLUUN, CEMUHAPLI N BbICTaBKU
(45-aa Ceccua — 3235 pgeneratos, 464 goknaaa,
B T.4. 10 goknagos ot PHK CUIMP3, TexHn4yeckasi BbiICTaBKa)

_________________ [MopTan www.e-cigre.orq, XXypHan Electra (OBya3blYHbIN)
@-agre | © MorogexHoe Hanpasnexue
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HoBas napagurma pa3Bntua aHeprocuctem —
NHTEerpaTop MHOroobpasus notpeburenemn u
NPON3BOANTENIEN NEKTPNYECKON SHEPTUN.

PocT anektponotpebneHund
PocTt ropogos (6ornee 80% HaceneHua mupa)

AKTyaﬂ bHbl€ BOMNPOCHLI.

[oBbieHne TpeboBaHu MO 6€30NacHOCTU, HAAEXHOCTU U Ka4YecTBY

CTapeHune aHepreTnyeckoro obopyanosaHus
QKonormnyeckasi 6e3o0nacHoOCTb

[TpupoaHble KaTakN3Mbl

U3meHeHne napagurmbl pasBuTUsS IHEProcucTem
— nnbepanusaumsa pbiHKOB, HapacTawLlee
MHOXECTBO CYOBHEKTOB, NUHTEHCUBHOE pa3BuUTUE
pacnpeneneHHon reHepaummn, HoBble TEXHOSTOMK
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Sandy — October 29, 2012

i
A
LL
=
(O
o

9




Extreme Worldwide Weather
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> EREA
Two disturbance events: “8.8”(2012) simultaneous il

commutation failures in four HVDC lines /1

On Aug. 8,2012, Typhoo "Haikui” hit DG —
East China Power Grid .| (Before the accident)

/v 4 HVDC lines with power \
9,173 MW feeding into
ECPG (Shanghai grid)

v UHV AC tie line between
NCPG and CCPG with
power 1,500 MW from north
to south

‘ Events )

(/ A 500kv line tin Shanghai R
, grid temporary short circuit
and tripped the line

v" 4 HVDC lines simultaneous
commutation failures )

) "\'. : T2 b -
. ¥ 2%
p— 3

2014/8/26 Al

S Wedther.com.cin N

PEENESEHRER

CHENA SLECTREN. MOWES BEARARCH DNNTITLTS



July 5th, 2013
in bad weather condition

2014/8/26

1)
2)

3)

4)

/€ éfore the acc.de@\

Load 186 GW in ECPG and
122 GWin CCPG

2) 4 HVDC feed powerin
Shanghai area: 14 GW

3) UHV AC tie line 400 MW

(Events )

A 500kv line in Shanghai tripped
by transient single-phase fault
Two HVDC line commutation
failures

single pole blocked at Fengjing
inverter station by mal-triggered
gas relay of smooth reactor

two low ends of bipolar at
Fulong converter station

: S AL 8 blocked by cooling cycle pump
: vﬁk (N \failure /

@@ N FEH TR

CMINA FLECTION POWES REALARH PNTITLTS

10



Social challenges
toward a Smarter World

Natural
disasters

Population concentration

in urban areas

Traffic congestion ® Population

Air/Water
Pollution
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OOwune ycnoBusa n TeHOAeHUUN Pa3BUTUA

NaBneHue oOLECTBEHHOCTU U TPYAHOCTU UCNOSIb30BaHUA
3HEeproTexHosiormm Ha 6ase opraHM4YecKoro Tonsmea

PocT nctouyHmkoB Ha 6a3e BN

FapMmoHUYHOe pa3Butue bonbwon n Manou aHepreTUku

OcBoeHue TexHonorun CBH n CBepXxToKOB Ha HU3KOM
HanpsXXeHnn

PasButne aHeproobsegnHeHUN

12



Rellable Controllable and Resilient
Terry Boston - President & CEO

25 000
If you like wind ... 22,300 MW
20 000
=
%15 000
% 10 000
® ... You have to
love Storage o
0

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
13



PasButue aHeproodos

High Capacity Transmission Corridors NEW TECHNOLOGY
‘ INITIATIVES

1200kV UHVAC;
+800kV HVDC

[(High Temperature Super
Conductor Line, Fault
Current Limiter

}Dynamic Compensation —
Large and Medium size
STATCOMs

\
o

@ X M (Smart Transmission- Wide
aramran | GO S . =~ Area Measurement System
" axd NN oo (WAMSs)

\-_

4 AL |
k4 Q (
:

Smart Grid ( AMI, OMS,
DSM/DR), Energy Storage

,\‘-




Indian Power System : A Glimpse

Total Installed Peak Demand: 135 Renewable: Growth Rate:
Capacity - 249 GW GW IM1GW 8-9 % p.a.

Figures in GW (as on 30.06.2014)

Transmission line Existing (Jun’14) By 2016-17*
ckm
Renewable,
317 12.7% 1200 kV 363
I 765kV 12,367 32,250
400kV 127,261 144,819
Hydro, 40.7, 220kV 145,561 170,980
16.3% HVDC Bipole
9,432 16,872
(+500kV)
Nuclear, - HVDC Bipole
; 1,728
4.8, 1.9%4/ —WE:;;‘:-E'- (+800kV)
Diesel. 1.2 J,/ ' Total 294,621 367,012
0.5% cos 226 T’“T::;:;t:t“’“ Existing (Jun’14) By 2016-17*
as, 22.6,
9.1% MVA
765kV 88,500 174,000
Generation Mix 400kV 180,872 196,027
220kV 258,444 299,774
HVDC 13,500 MW 225,000 MW
Total 541,316 692,301

L5



igré The WAPP network in 2020

Bando Gas to Power Gowing Hydro

(200MW) Plant (1400MW) SCATEC solar
(10MW)
Tobene HFO Plant o £ YI5TING Interconnection
[88MW) auritania New interconnection
[finance secured)
“OMVG" ¥} | Planned Irterconnection
/ enega :
transimission j i "R RIprgject
) Niger O Existing Hydro Plant
Sambangalou iy, |pafore WARF)
Hydra Plant Wit T 0,. Hydre plant under
(130MW) ‘. L O construction (finance
inkga Ei M securad)
Souapiti Hydro uinga Bissau 5

Nigeria Hydro plant under
a construction (no WBG

invelvement)

Plont (515MW)

Kosso B Hydro
Plant (135MWV)

*

:’fﬂw,:}?"g:ﬁ‘:; Benin O Planned Hydro Plant
L .
Semafo Hydro : Togo Planned Hydro Project
inw |
Plant (50MW) e G':”d 00 ((((( [no WEG involvement|
(= : ©

o Existing Thermal Plant

L]

g )
O~ _+L(©O
%]

——

Planned Thermal Plant

a o project

Gas fields under
L3 development

Liberia

Benkonaor Hydro
Plant (200MW)

Kenie Hydro 1000 park Adjarala Hydro .
Plant (42MW) Abbata  ppgisse (250 MW) Plant (150MW) 3’5 Planned Solar Projects
(330 Mw) EQM Sithe WBG energy v
(20 M) (450 MW] business plan

{2000+ naw)

Source: World Bank

PopmMupoBaHue aHeproooveauHeHus B KOxHon Acdpuke
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dopMMpOBaHHe IHeProoGbLeaANHEeHNs B cTpaHax ASEAN

i
‘%lgreConnectivity & Collaboration (cont.)

ASEAN Interconnection Master Plan
_ North

~
~

PEOPLE’S REPUBLIC OF CHINR,
NNA

/ /F“o \
\
IUPHN* 2020
X! L.

W%'ﬂ

¢ kg
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OOwwme ycnoBua n TeHAEHLUN pa3BUTUA
TexHonorn4yeckne AOCTUKEHUSA:

(2)

|. BbicOKasa cteneHb OCBOEHUS:

HoBble NpOBOAHMKN, N30TIMPOBaHHbLIE NPOBOAA, BLICOKOBOSLTHbIE Kabenn ¢ cyxon
n3ondaumen, cyxme TpaHcchopmatopsl, 6bicTpogencTeyowne KA, YLLIP, KPY3,
NHTENNEKTYarnbHbIN 3aWMTbl, MUKPONPOLECCOPbI, AaTYMKN, CUCTEMbI BCTPOEHHOWN
ONarHoCTUKM U MOHUTOpPUHra, AMI, pa3sutblie cpeacTsa obpaboTkmn 1 nepegadn JaHHbIX..

OcHOBHOU pe3ynbmam:. CHUXeHuUe cmoumocmu ob6opyodoeaHusi, NnoebiuieHUe
HadexXHocmu, peMOHMOnPuU200HOCMU, yeesiludeHUe MEeXXPEeMOHMHO20 rnepuoaa,
pPEeMOHmM Mo cocMosiHUK, y8esiludeHUe CPOoKa Ciy6bl, MaKkcuMasibHoOe

UCrnoJsib308aHuUe 803MO)XXHocmeu obopydoesaHusi u A3C e uesiom.

Il.LUHTEeHCMBHOE pa3BuUTHUe U Nepexon Ha CTaano KOMMep4YecKoro
OCBO€EHMA
PoTO3NEKTPOHHOE Npeobpa3oBaHne IHEPTUU,
Power Electronics / Converters / Inverters, BESS, FACTS, 'mbpuanbie AC/DC

lll. CTagnsa TeXHONnorn4Yeckoro ocBoeHus
CeepxnpoogHukoBble TOY, HVDC Grids, Lindposble INC/INoa3emHble anerasosble [1C

18



O6wume ycnosua n teHaeHumn passutusa (3)
3apoxaeHne HOBOro Knacca 3agay TeXHONormn4eckoro
N PbIHOYHOrO Pa3BUTUSA

3apo>Kp,eHMe HOBOIO KjiaCCa 3aga4 TexXHOJNTorm4ecKoro u pbiIHO4YHOro pa3BuUTuUA.

YcuneHne B3aumMmoaencTBUA TexHomnorndeckux onepatopos (TSO — DSO) um
noTpebutenemn c y4eTomM pa3BnTUSA PbIHOYHLIX MOAESIEN U PETYNIATUBHOW NPaKTUKK

Habnrogaemocts 33C (WAMS), B T.U. nepexogHble MpoLecChl C CUHXPOHM3aLUnen
no spemeHn (GPS/GLONASS)

Cynep3ada4ya — Habnodaemocme UCMOYHUKO8 Pl

Ceepx3adayva — Habrnrodaemocmpb rnompebumenel Kak
aKmueHbIx/ceepxaKmueHbIX y4aCmHUKO8 MeXHOI02u4ecKuUx
rpoueccos8 U pbIHOYHbIX rpouedyp

YnpaBneHue ObICTPbLIMU MpoueccaMu, B T.4. NaBUHA HanNpsKeHusl, KackagHoe
pa3BuTUE aBapuu

YHpaBneHMe B yCnoBuax MeHARLWNXCcA rpaHMy KOHTPOJibHbIX 30H
MyﬂbTVIareHTHble CncCcteMbl yripaBJieHUA j

Y

HoBble 00bLeKTbI yripaBrieHus:
VPP, VLB (MDB), Aggregator, Microgrid, Energy Hub, Multi-Energy Systems

/o o

19



f .
peMeHHble rpaHuLbl NPOLL,eCCoB

B 3Heprocucremax

Unit Dispatch etc.

LA, | | | | | | | | | |
I | ! I ‘|‘ I | | I | ! ‘|‘ I |
10 106 105 104 0.001 0.01 0.1 1 10 100 1000 104 10°
A A
1 cycle 1 minute 1 hour 1 day
1ps ims Bpewms [c]
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/ﬂ
WHTerpaumnsi aHeprorexHonormm

UHTerpauua BUD / Pl B aHeprocucremy;

Microgrid;
Hakonutenun aHeprum (npe3eHtauusa JIeHaHepro)
. YHugbukauusi npoussoocmea
. LnumernbHbIl XXU3HEHHbIU UUKIT
. bbicmpoe epemsi 3apsiOalpaspsioa
. be3onacHocmsb
. Kommepuyuanu3ayus
UHTerpauma 3sneKkTpoTpaHcnopta — pas3Butue rmbpuaHbIXx aBTOMOOUNEen ¢

3apsAAKOU OT INEeKTPUYECKOMN CeTH;

AKTUBHbIM (CBepxakKTMBHbIA) noTpebutenb / YnpaBneHue CHpPOCOM
(vHTerpupoBaTb cnanabl);

AKTnBHas pacnpegenutesnibHas ceTb;

ICT — UHTepdenc, NMPOTOKONbI / UHcpopMaLMOHHOE obnako,
Knbepbe3onacHoOCTb

Jsornouna aHeprocuctem — Smart Grid
Meranpoektbl — Smart City
Smart World (IEC, Tokyo 2014)

21



/ | npo6nem,
Poto-BUI ana Adbpuku — pewueHue npobnem
P XU3HeobecneyeHUs

o :
gre Solar
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Spain

India

United Kingdom
Htaly

France

Canada

Top 10 Countries by Total Capacity [MW]

20.150
18.321

10.531

8.551
B.144

7.473

7.698
6.201

4772

4.162

#2013 = 2012
Fig. 1: Installed generation capacity in Wind [4]

91.324
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Integration of Renewable Energy
W Rapid increase in Solar Power (TEPCO)

[10MW] [1,000 cases]
450 600
July, 2014 g
400 £33 Mw] —+— [coses] 559,000 cases 413
4,130 MW 7 900
350 |~ Ohgishima Solar Power Plant 13,000kW o
300 T 332 1 400
250
4300
200 - ki-shi,
-~ =«Kandgawa
150 ' J 169 71 200
100
57 4100
50
57
rzr, [27], [33] |30 | *
0 | | | | 0
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014\

( July, 2014 )
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RES: Installed Capacity versus
Real Infeed Capacity since 2011

—— Renewable Energy

MW | e Installed Capacity

T —_  yearly average ——__'—‘_F_'_-‘_'_—'_?—A—'_

PDE r—— max. RE": 37.642MW
wind; 23.574MW
PV: 14.069MW

50.000 _F__.-_,_'—J! approx. 53% (14.04.2014)

il |

40.000

I‘ 1 ||

30.000

20.000

“WMMWW = i |||I RN W ik
i |

il Pv: oMW T L1
1| approx. 02%{1?022013] H i
LU 1]}

Source; Amprion GmbH

P S S
2014 1%t half
18  CIGRE Session 2014 - Opening Panel | Klaus Kleinekorte | 25th August 2014 | © Amprion
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i RES push conventional
power plants out of the market

Renewables
(wind and solar)

Low Coal CCGT
Demand Plants

» | Increasing share of renewables
(Germany: approx. 34 GW PV
and 32 GW Wind installed)

* conventional power plants
become unviable because of
low prices

+ Steadily decreasing time of
operation of conventional power
plants

* Just minor peak loads, thereby
exposure of the profitability of
energy storage

The shutdown of thermal
generation capacity

endangers system stability!

27 CIGRE Session 2014 - Opening Panel | Klaus Kleinekorte | 25th August 2014 | © Amprion
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Byayume HVDC kopuaopsi 5 33C

Offshore wind farms, planned and

FepmaHumn

y
YTt v ]

# Opennuclear reactor

2 Closed nuclear reactor



/‘:i/é gl‘é Allocation mechanism of the

Renewable Energy Sources Act (EEG)

horizontal socialization

EPEXSPOT
EUROPEAN PDVVER EXCHANGE energy
spot market sales
_

|
about 20 B|II|on €

subsidiaries per year
|| o { g S

according

to EEG privileged final
EEG- consumer consumer

generator

vertical exchange
7  CIGRE Session 2014 - Opening Panel | Klaus Kleinekorte | 25th August 2014 | © Amprion
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~ Efforts to make most of renewable energy potential (NEDO Project)

/ Develoemen’r of Simulation and Anqlﬂicql Tool for Renewable Integration

B Key concepts
- Grid-friendly Renewables - Power System Planning and Operation
Effective use of Enhancement of
B RE Forecasting and Control/Curtailment B Conventional generation flexibility
B Energy storage B Wide-area operations
C'a;rrrrab"(?nrrar.‘l'mc:nf | %/y%

5
)
Ei

Wide-Area Operations
Effective use of InterTies

"~ . : prigee
{,-— . I Conventional Generation Flexibility |
: st | I
| *Variability i H ne  Effective use of :
! *Uncertainty | - Pumped-Storage Hydro Puweri
k ;.ucah;na]hi i — ql - Battery Energy Storage !
epen en“) N 22

*eP
€9 TOKYOD ELECTRIC POWER COMPANY 29
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AesntenbHocTe CUIMP3BI0GRacTyh Hakonnenus: § agre

/4

ANIeKTPNYEeCKOU aHeprnmn
CIGRE TB 458 «Electric Energy Storage Systems» =
458 WG C6.15 (2011) N
CIGRE TB 533 «HVDC Grid FeaSlbllity StUdy» HVDC Grid Feasibility Study
Electric Energy Storage Systems WG B452 (2013) o B
K 3/ 'ETEE‘TSEQT\'/(EZISLFES N b WG C6.20 Report: «Integration of Electric Vehicles

STRBERIE BT in Electric Power Systems» (2013)
B SHCIENS CIGRE SESSION 2010: Cone

C5-201 - Role of storage systems and market based ancillary services in
active distribution networks management

Gore

C5-210 - Integration of advanced storage technologies in the New York

@cm wholesale electricity market
/

C1-209 - Optimal storage location and layout in power supply systems

CIGRE SESSION 2012:

C2-112 - Development of output control technologies for a large-scale PV system with battery storage -
Wakkanai mega-solar project

C6-115 - Combination of energy storage and demand response in the residential sector

C5-304 - The practical application of advanced energy storage technologies within existing and planned
market structures

C5-111 - Economic assessment of energy storage systems for renewable integration

C6-307 - Economic assessment of providing primary reserve service with energy storage systems in
isolated systems 34




3Heprun

1000 1000 2
Harpysm ﬁl CES Renewable Integration
& NI ORINBETE. pawatowmica BbLIPAaBHUBAHWNE PHIHOYHLIX LEH £ Y oadi i R \
= 100 -} cucremm peseps Ha 3NEKTPOSHEPINIO £ oad leveling
= ™\ 300 [ T&D postponement
£ MNMoanepxxa -_— oy, Bo3obHoensembie g
S perynupose® N | MeTouHMIM aneprun =
X nanpsfkerns - Betep S Load leveling
g w0 F ConHeunas 3Heprua g 100 Generation
s ﬂ.,eﬁao CHATHE MiKos \ = utilization
= & PerynupoBaHund , nepenaua u « J ) 1n
NEKTPO3HEPTUM :
@© 4acToTbI pacnp , 1 / [ i
-In ‘ OTnoxexHan nepeaaua‘ :
= bie YNpagrnexne coeguHesnen 30\»"— e e
© 1.0 JEBEIEE ) End-user F :
T nepeGou noaaum : J requency :
= ‘wepru Tipsmsenenn ZUtA YRancHL Pgak shaving Regulation :
= e u3onm /OHOB giianesy :
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T \ nmﬂm 10 bpi | ; : 10 min
8 - ~~—
Y L T SRS ), 100 kW 1MW 10MW 100 MW 1000 MW
0.1 T = A\l 1 1
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CUrpa Bpemsa paspsaga (Ocb He B macwiTabe) ABB
*CIGRE TB 458 «Electric Energy Storage Systems» *ABB Application of BESS for frequency control and smoothing of renewable
A generation
Spinning ang el o Duration
1GW 5 "0':5':":'"5 Arbitrage > - =
— [ = c -
- = s g 01s 1s 155 Tmn  15min 1h 8h
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§- resource following E
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upport _ 5 _
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\100 Kw Demand ?ﬁ E 0 :
shifting | @ I = nh, Primary
{kw and peak T 0 Regulation
R reduction _g, ?u g [ —
1oy 21 £ —
a Z
~ |- /
Microsecond Second M;T.lte H}cLur Dalw W;ek Molnth " /
Discharge duration /
[m] Electricity-only applications a Thermal-only applications [m] Electricity and thermal applications ’
—_y -

*|EA Technology Roadmap «Energy storage»

*|IEC White Paper «Electrical Energy Storage»
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Hakonutenb Ha nogctaHumu
MowHocTb: 1-20 MBT
Bpems paspsaga: 2-6 4acos

B 99C

HakonuTtenb B pacnpenennTtenbHON ceTtu

MowHocTb: 25-200 kBT
Bpewms paspsaga: 2-4 4aca

Hakonutenb ans npnMeHeHna CoBMeCTHO

c BUO
MowHocTb: 1-100 MBT

Bpema paspsga: oT cekyHa A0 15 MUHyT

HakonuTtenb 3Heprum B KOMMeEpPYECKNX /
NPOMbILUIIEHHbIX MOMELLIEHUSAX
notpebutenemn

o
MowHocTb: oT 10 KBT oo Heckonbkux MBT

Pa3psaa: 2-4 yaca
Hakonutenb 3Heprun ans *Xunbix
NoMeLLEeHNsX noTpebutenen

MowHocTb: 1-10 kBT
Pa3psaa: 2-4 yaca

A NPpUMeHeH

YnpasseHre MaKCUMa/IbHOM Harpy3Kou
Pe3epBHas moniHocTs / paborta 3C B
M30/IMPOBAaHHOM peXHume
PerynupoBaHue HanpsbkeHus /
peryJimpoBaHue peaKTUBHON MOLIHOCTU
PeryninpoBaHue 4acTOThI

PBIHOK MOIITHOCTHU

Hakonnenwne snepruun

CrnaxuBaHUe pe3KuX KomeOaHUi
MolHOCTH / [logaep)xka TMHEMHOTO
n3sMeHeHuss momiHoct BOC u COC
HMHTerpanus 3/IeKTpOTPAHCIIOPTA
ObecrneveHue y4acTUsi TOTPeOUTEIS B
«Ynpasnenuu Cripocom»

32



mom BESS

System frequency profile BESS P-f characteristic

f f
Absorb power

Frequency
Deviation

BESS BESS
discharge |_charge |

Nominal Frequency

—
o

non-critical frequency window

Frequency
Deviation

Supply power

MpuHyun pe2ynupoeaHusi OCHO8aH Ha NPOMOPUUOHaJIbHbLIM yripaesieHuuU ¢ 3a0aHHbIM CUCMEeMHbIM
ornepamopoM cmamu3MOM pe2ysiupoeaHus

BESS npeeocxodum mpaduyuoHHbIe 2eHepamophbl 8 Kadecmee rnpedocmassieHuUsi ycilye, mak Kak OHa
crnocobHa peazupoeamsb U NMOJSIHOCMbIO aKmueuposamb pe3epe MmeHee yem 3a 20 MUnIUceKyHo

3mo Moxem umems gaxkHoe 3HaYyeHue 0Jisi IHep20cuUcmemM ¢ HU3Kol uHepyued

*ABB Application of BESS for frequency control and smoothing of renewable generation 33



Development of integrated control of batteries
.Battery SCADA enables the System Operator to control Multiple Dispersed

Batteries as a Virtual Large Battery.
Functions of Battery SCADA

v'Load Frequency Control

v'Daily Demand & Supply Balance
v’ Spinning Reserve

Hydro Power

— = -

=

Central Loading
Dispatch Center

-—

' 1\
130 1140 . 11:50 1200 I | 1 I 1 .
Trial result o ICD ICD L Substation
Virtual Large /| System Sz x
P |
(it e ——" )
== | oz Connectmg to % lﬁ_ﬁ_*.JL;,
,L: Batteries of @ ,
""" -LL SHARP & SON i LM
4 ) k N ——
! _ : - Utility-side Batteries
\ ‘ Customer-side Batteries )
1 | | |
P Syst ] ] .
ower Bysiem t Distribution System >

= = = |Information Network

*eP
€9 TOKYOD ELECTRIC POWER COMPANY
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. pyuMepbl co34aHUA HOPpMaTUBHO-TTIPaBOBLIX YCITOBUU OANA

y4yacTusa CMCTEeM HaKomnsmeHus B pbiHKax 33 — onbiT CLUA

Peaynsmop | 3akoH/llpuka3 Pa3bsicHeHue Bosdeticmeue

FERC |_|pVIKa3bI YcTaHaBnMBaeT, YTO CUCTEMHbIN onepaTop NPpon3BOAUT
o onnary ycnyr no peryrnmpoBaHuUio YacToTbl Ha OCHOBE
Ne755 u drakTa oKkasaHusA Takown ycrnyru, B TOM 4ucne onnarty
No784 MOLLHOCTM, BKIHOYAs MapXUHamnbHbIe N30EPXKKN

YCTaHOBKM, U onnaTy cobCTBEHHO yCnyrn — BENUYnHa
KOTOPOM 3aBMCUT OT TOYHOCTU N CKOPOCTU
npenocTaBneHns Tpebyemorn MOLLHOCTW.

FERC Mpukas YctaHaBnvBaeT 0643aHHOCTb CUCTEMHbIX ONEPaTopos 1
Ne719 PEervoHarnbHbIX CETEBbLIX OpraHn3aLmn NpuHUMaThb
B 3asBKM OT 0OGLEKTOB «YMNpaBrieHNs CNPOCOM» Ans
onpeaeneHHbIX ycryr rno ob6ecneveHnio CUCTEMHON
Ha[EXHOCTW, Ha OCHOBE MPUHLMMNA COMOCTaBIIEHMS C
ApYrMmn obbekTamu.

California Public Utilities Commission obsizana

CuncTtembl HakoMneHus
9MEeKTPO3HEPrMK ONnnayYnBaTCs
BonbLue, NOTOMY YTO OHU
obecneunBaloT 6onee GbLICTPYHO
n 6onee TOYHYHO OTPAGOTKY
3aaHUA CUCTEMHOTO
onepartopa no CpaBHEHWUIO C
TPaAWLMOHHBIMW reHepaTopamu.

[laeT BO3MOXHOCTb
KOMMEPYECKUM 1
NPOMbILLMIEHHBIM NOTPEBUTENAM
Yalle yyacTBoBaThb B
nporpamme «YnpasrneHue
CMPOCOM», UCMOSb3Yyst CUCTEMBI
HaKoNeHns

mpu KpynHeuwux

3JIeKMpo3Hep2emMu4YecKUx KOMnaHuu uHeecmupoeams e eeedeHue 1,3 'Bm mouwHocmu

cucmem HakonneHusi anekmpoaHepauu k 2020 20dy.

MuHucmepcmeo 3Hepzemuku CLUA (DOE) co3dasio 6a3y OaHHbLIX MO 8ceM MpoeKkmam

cucmeM HaKoIJ/IeHuUs1i 3J1IeKmMpPOoa3HepauUU.
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http://www.energystorageexchange.org/projects
http://www.energystorageexchange.org/projects
http://www.energystorageexchange.org/projects
http://www.energystorageexchange.org/projects
http://www.energystorageexchange.org/projects
http://www.energystorageexchange.org/projects
http://www.energystorageexchange.org/projects
http://www.energystorageexchange.org/projects

OKpbITHe AeduULMTa MOLLHOCTH MBT 3a cuer
YnpaBneHusa cnpocom (notpedrieHnem) Ha pbiHKe

PJM (CLLIA).
i Load pickup stops and reverses direction — l | \ 2
73,000 when Load Management invoked. \\i&

3 3
18,000 ! g
3 i ¥
o - 7
-
i i i
® = ko
a 2 2
15,000 ‘
4 000
o0 o0 o~ o0 2:00 1€ 00 oo oan oo
o7/17 /20 Fa %/ 2. b A - ) /2 /2083 nr/o>m o/ / o8 Yl

NcTouHuk: FERC
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MNet load - March 31

78,000

26,000

74,000

22,000

20,000

18,000

Megawatts

increased ramp
16,000

po‘renliu' overgeneration — \
14,000
2018

12,000

2020

10,000

12urrli 3am I|fM::rr|I I I'S:'nml 12pm 3|'::nn'|I I|fr|:|n'| I Fpm

Hour

KpvBaa oTobpaxkaeT Harpysky CeTU TOSyYEeHHY0 MNyTeM BbldeTa U3 (PakTUYECKOW Harpysku
3Ha4YeHns NpoM3BOAMMON C MOMOLLbID UCTOYHUMKOB Ha 6a3e BUO anekTpoaHeprun. [aHHble
3Ha4YeHUNs ABNAKTCSA NPOrHO3HbLIMMU.

[paduk HarmagHO nokasbliBaeT TeKYLUM M MPOrHO3HbIM YPOBEHbL HECTALMOHAPHOCTU, KOTOPbLIW
OOMKeH ObiTb MOKPbIT 3a CYET TPagMUMOHHLIX MCTOYMHUKOB reHepauun, OpYyrnx WCTOYHUKOB C
KOHTPONUpyeMbIM OTMYCKOM 33, a Takke 3a cyeT YnpasneHmsa Cnpocom

Nctounuk: California ISO Demand Response and Energy Efficiency Roadmap: Maximizing Preferred Resources
December 2013 2/



Power grid

> Electric flow
______ Information

Electric Power Systems -

Smart Grid

Electricity

____________
E A
lllllll

storage
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Electric Power Systems —
Combination with Hydrogen Grid

Thermal -
Power Generatlon

~ ‘y\ 5

Wind Power | e, ~c b : , ¥ <=z
‘ g BatterySystmr; ; = Q/‘
Renewable:
Energy oy

q - N, ‘ |
Business / : P L
Resadentnal - - ‘

.*-..,,;'»\ .y :'; - Industry m
s / ~?‘.-3 .r"'/ a8 . j;y ")
Gasification B L] ‘. -J o o "V I
Photovoltaic i~ PN " Heat Utilization J %) ; /)
Generation ‘ _b s - ‘ =]
v nydrogen-Electricit;‘i' > /“'
. b'l‘:y . Conversion )w
£ Water Electrolysis [ I Power Generation L_l_i\iit
y o= o ' B Energy Flow
L ) _____)——,-—» af emica ants_} j Electricity
Wil . Hydrogen Grid
L] %/ : ~ > Hydrogen
e 4 Hydrogen Tank ‘
.~ Heat
Biomass Large Amount/ 3 = ,
Long Term Storage' e Fossil Fuel |

' Automobile Fuel
Source: HyGri ﬁagj G i

roup, Ministry of Economy, Trade and Industry (2014)

29



}gBaﬂ:B:MMPEJJQQQEMHaH GiS-noacTtaHunga . 500°kB
i ="
Shin Toyosu, Tokno, AnoHus

2}

TERPCD

40



agoshima Nanatsujima MegarSolar. Plant=0
r.Karocuma, AnoHus

5=1,270,000 KB.meTpOB

fopoBoun oTnyck JI:
78,800 MBT1*y4

ArneKTpocHabxeHune
22,000 noMOX0O3SIUCTB

Hauyano
CTpoUTenbLCTBA:
CeHTAOpbL 2012 .

=) OKoHuYaHMe
=l cTpOUTENbLCTBA:
OKTAOpbL 2013 r.
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- 3anapgHaa BupaxuHua, CLLA

Laurel Mountain,
1.;" West Virginia
Wind Farm

98 MW
61 turbines

Battery Storage
Lithium-ion (A123)
Power 32 MW, Energy 8 MWh
PJM Total Grid-Scale Batteries

§ Connected 81 MW
== Under study 275 MW




poeKT “Yokohama Sn art C ty P
(Konnoksuym CUIPI, AnoHua 2013 r.)

Supply and Demand

- [ 8

HEMS for Apartments

Balancing Batteries \ HEMS for Housing Complex [l (Toshiba, Mitsui Fudosan, JX-E)

{Toshiba, Hitachi, Meidensha NEC) h - (Tokyo Gas, NTT-E
45 NTT DoCoMo}

SCADA
(Toshiba)

i e o st o

— " " -

Collection and
Delivery Systems
(Hitachi, Toshiba)

{Daikyo Consortium)

HEMS for
Detached Houses

e e e s e s o 5
o o " o 0

FZ

-

— o o o 1 ot ot o o -

(Toshiba, Accenture)

BEMS for
, Consolidation Global Data Center

{Meidensha, : {Nissan Motor)
Sumitomo Electric Industries) ‘

Smart BEMS

BEMS for Office Buildings ™ bl
(Toshiba, Marubeni, .. Smart BEMS g {JGC Corporatio
Mitsubishi Estate, Mitsui Fudosan) {Meidensha, NEC)

\ L

Buildings

Chargeable and

! Dischargeable EVs

(Nissan, Hitachi,
ORIX, ORIX Auto)

n)



Smart
meter

panelboard

Measuring

equipment

Via the
Internet

lNMpoekT “Yokohama Smart City Project” — HEMS

Mor'tar'inage Electcity urchasedtﬁdcy

m"?\ o)l

Energy Monitor
10:48 2.12(sun)

Elecmciwff.:sale " Purchasedelectncrty
Elctricty generated Blectrictyused L Chargeremaiing
D 1 inbatey
e ’ (harging ‘
} HEMS screen
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TaHAAPTN3IaUUA-«SMart» NHPPACTPYKTYPL
ypoBHe HEMS (CTaH.qaprl EE)

Enabling Consumer Connectivity
Through Consensus Building

Smart Grid into

Home Devices Standards

IEEE 1547 Sories

(Distributed Energy Interconnection
Solar, Wind, Storage, elc.)

IEEE 2030

IEEE P1703
IEEE P1704
IEEE P1705

Home Ne Standards Electric Vehicle Standards

EEE 802 / IEEE 1901 IEEE 802 Series / IEEE 1901
IEEE P1901.2 / IEEE P1905.1 IEEE P1901.2 / IEEE 1609 Series
(Communi cation |nside (Vehicuar Cormmu nications)

the Home ) IEEE 2030 / IEEE P2030.1

IEEE STANDARDS ASSOCIATION < IEEE




574

Guide for Consideration of Duty on
Windings of Generators

Working Group

A122

GUIDE FOR THERMAL RATING
CALCULATIONS OF OVERHEAD LINES

TexHU4Yeckue SpoLlopbI

576

IT Strategies for Asset
Management of Substations -
General Principles

Working Group
B3.06 TFOS

Past, Present and Future of IEC
And |IEEE High-Voltage and High
Current Testing Standards

Working Group
D1.35

August 2014

Cogre

587

Short Circuit Protection of Circuits
with Mixed Conductor Technologies
in Transmission Networks

Working Group
B5.23

June 2014

Gogre

TexHun4yeckue 6powtopbl CIGRE — ocHOBa Ans co3gaHuUsA CTaH4apToB
MeXAyHapoAHbIX opraHusauum no craHgaptmsaumm (MIOK u ap.)

3

B pabouunx rpynnax nccrnegoBaTenbCKMX KOMUTETOB
CUTPO B 2013-2014 rr. BbiNyweHO 82 BGpoLutopbi:

* ObopynoeaHue: A1 — 8 bpolwutop, A2 — 4 BpoLltopsl,
A3 — 3 6poLutopbl

e [Nogcuctembl — 06bekThlI U P3A: B1 — 4 6powtopbl,
B2 — 4 6powwtopbl, B3 — 5 6powutop, B4 — 5 6pouutop,
B5 —6 6poLwutop

e QHeprocuctema u poiHok: C1 — 7 6poLutop,

C2 — 1 6powtopa, C3 — 1 6bpowtopa, C4 — 14 6poLutop,
C5 — 3 6pouwutopbl, C6 — 3 6poLutopsl

e [Opu3oHTanbHbIe cBA3N - maTepuansl u UT:

D1 — 5 6powtop, D2 — 1 Bpowutopa

Jgre

Overhead Lines

B 2014 r. yypexxaeH HOBbIN TUM TEXHU-
yecknx nyoénukaumm — Green book,
obobLarLWwmx onbIT nccneaoBaTenbCKUX
KOMWUTETOB 3@ MHOrMe rofpl
(nepsbin BbiNyck no SC B2, aBTopbl naen)

‘r‘/—".‘-g
/4

Jagre

Accessories for HV.
Exfruded Cables ™ =
s e




PasButue ctraHagapTusauum

< IEEE

Advancing Technology
for Humanity

* YyacTtue uneHoB CIGRE B * CornaweHue CIGRE/IEEE o

ynpasnsaowmx opraHax MOK + Bonee 200 pabo4ymx rpynm nonuTuke coTpyaHmnyectaa, 1993
* CornacoBaHHble genctema MOK nccnenoBaTenbckmx kKomuTtetos, °© MemopaHaym no noHMMaHuto

n CUTP3 B T.4. coBMecTHo ¢ CIRED, IEEE  cTaHgapToB Anst Smart Grid,
* OnbIT paboumnx rpynn CUIMP3 kak - PerynapHble KoHdepeHLun 1 CIGRE - |IEEE Standards

OCHOBa OeATeNIbHOCTU paboumne BCTpeun no Association, 2012

TexHun4eckmnx kommtetoB MOK aKTyanbHbIM BOMpocam * Obwme paboune rpynnbl

« MNepuoanyecknin Bbinyck IEEE/CIGRE no tepmuHonorun,
{ IEC TC-95, WG 10 J TeXHUYecKknx bpoLutop nan v gp.
PaspaboTka cTaHaapTa

SC B5 (paHee 34), WG 34.01

P IEEE FeHeanc ctangapra COMTRADE Pabouas rpynna IEEE PSRC H-
INTERNATIONAL 5 Paspabotka ctaHgapTa IEEE

STANDARD l

IEC 60255-24 / IEEE Std C37.111- Part 24: IEEE Std C37.118-2005

=i AR S [SEE ) el CTE! (Rev. IEEE Std 1344-1995)
penenHon 3awuTbl — O6wnn dopmaTt
COMTRADE anst obMeHa gaHHbIMU
0 NMepexoHbIX NpoLieccax B 3Heprocucteme

i
1]

CraHgapT no cuHxpodgasopam Ans
AINEKTPO3HEPreTUYECKUX CUCTEM
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____—FpwopwnteTAbIe HanpaBneHna 46-om Ceecnn
CUIP:

« SC C1 - lNnaHnpoBaHue C Y4€TOM BCETO XNU3HEHHOrO LuKa obopyaoBaHus
— OnTnmMmnsaums peweHun gna 33C B Lenom, nNpm y4actum BCeX
3anHTEepeCcoBaHHbIX CTOPOH
— MeToabl nnaHMpoBaHus ¢ y4eToM UHTerpaunm obbvektoB HVDC, npnbpexxHbix
ceTen n obecneyeHne TEXHONONMYECKOro COoTBEeTCTBMA 00bekToB BNO, ans
OKa3aHWA CUCTEMHbIX YCIyr
« SC C2 — YnpasneHune 33C c y4yetom PI/BND
* SC C4 — Bo3geuncteue Ha 33C BOC, C3C, CHO
— TexHn4ecknm Bbi30B 1 n3ameHeHne B 33C B By MacCOBOro BHeLpPeHUd
reHepaumn Ha 6ase NHBEPTOPOB
— MogenuposaHne HVDC un 6onblunx anekTpoctaHumn Ha 6ase BAO npu
aHanuse nepexonHbIX nNpoueccosB
* SC C5 — NHTerpauua Pl 1 mMexaHn3MoB «YnpaBreHUs CnpocoM» B NEPCNEKTUBHbIE
MOAENN PbIHKOB 3NEKTPO3HEPTN
« SC C6 — Smart City, Multy-Energy Systems, Microgrids, Hybrid Systems
« SC D1 — Nanocomposites & Eco-friendly materials
— Non-standardised stresses — Offshore and Subsea application (high pressure,
corrosion, etc.)
» SC D2 — Smart Grid applications for DSO & TSO
— Convergence of SCADA, EMS, DMS, MMS
— Cyber Security cid
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