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(1) EME LB R L ER A G 1 2 B B BT Se4 SRR BB (Vanadium

Redox Flow Battery, VRFB) &5 2 » i EE BB 484k 2 SR A

AR E A st ~ 1R - 4R RONIER - W B G EEL

T~ P AR 2 BERE AR T E RIS - DUE R R EI

SES B AR AE S -

(2) EbEHABET(NCK)HRA G 4liii = B 2aiE EEEMETE - &

WO HERRE T - W SRR & A (NAS (Sodium Sulfur) Battery

System)fE i EE4E 2 i F Rl > W0 St ¥HINAR Bt 2 2 4iakat ~ EAEE

B OREETRCRETER LS DUHERARA G 5 R > THIC

R BT TANE ~ A 2 (B 25 S PAG IR -

@) BEHAERNEC)KRAFHE AT 257 - KEEEE T
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3.1.1 VRFB FE#fE1-

2N A LB FE R 7R & (Vanadium Redox Flow Battery, DL f&fE &
VRFB &) » 22— A RSN A LS AR AIRE T - nJ&E R b
RIF SRR - R MR E SRR FRE ERE A > T
ARREANE 2 o FEAHKESR - VRFB Bt AT DL f Bt (o FH B[] 2 e P B g i o
Al 28 E e 2 (pump) Fet BXUE A8 o P B0 2 S B Al 2 A MR 732
BT R LRBIF N E - NIPE IR E LB - VRFB & 5%-F ]
ISR IR B S & - 1 S MR Y BB AR AP 2 5o o h— (A o
R NI B A P 2 H H R S MNER Y E SR - TR LSE - 4
SRR A iR i R I [ B R R N - VRFB B £
(BEEE I ATERAIR 1 - RSN A &y VRFB B 70 e - RIJAT %
(R e AR B R ey - AR DAIZRIEER - SNl EFE I &4
ARl (U ~ T S EHESFIEE I ZY)  REENHEHER 2

FAMER—HRIVE - VRFB &t Bl — R BN [ - Hoal s R
ELR] R B9 A B R R - HA)EERR - VRFB B AT R RTHA2 AR
BRI AR ~ B T SR R R i I A B R RS (i B TR
/INRTE - A EFRE BRI R IRIRE AR A EE A NRE -

i

fF 2~ friRErERERTHY VFRB B RE A4




VO?* + H,0 &= VO,* + e + 2H*
Discharge

FEW Charge

l——’; M pischarge

2+ S LRI B (VRFB) T (E RS
(BRI AR A (B T A D)

% 1 2P CERRREM(VRFB)ERE TR
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fhist

LA RIS

LEIREEASHA

B HE T
A 17~20 4> HA
xR A0 R R R
f& > Az R A T e

SJL
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2.7 R

2 (B ANE Ry = 67

HCEE SOCH AT &L HA
Al 2B M B i T
R > HEEMERE S > JRA]
PRIEHZ 21 -

w
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=
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BRI R

I

.M T IRAR
il 7 etk 25 i A B A
MR EARE

LGB BUE A~ #
T T ERR R
35kW > EFE R 100 ~
150V » Fx KN EE R
Fy 600A > FEFIEAE
AR R UL

4. e EER T A T

KB T s R AT A
FIR » EERECERE)
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A[4fEEE 70~80% - HEE
BB R A R TT o

RSB TR

RIS LR ' RIS -

USRS AEL il SN
6. A {kF R EF AL - RO A FREEE ]
TANRE PR KT -

3.1.2 VRFB AL 4 B ERRE B B

PEIACE 2014 4F 17 BT AL HHE R T SE R A T I8
1R B R BN TR VRFB BEEEE TR » SR es ST
19 L0OKWp 44 JH 8 AT BB 2 - MW F35C 346 24495 K% SMWh 1 VRFB
BB TALAGE - 0B 3 SHEIBERAY A - A B A
st - F OISR [ - AT A TR A B B U B
EFE R AT AR A FIAR SIS T R AR Rt 5 JOR
NITEEBIRE » HUE D — B R 2 -

BHat E|SHE(B6KV) Power Company Grid (66kV)

élgg HERBYERT Vokonama Works

Grid incoming power

Power Line

HE HE FE
Consumption Generation Generation

I FNE
Charge/Discharge

. i '
TiEaH J—JIxRb—vary | EHBEKBEARE LURyIXT7O-EH

Redox flow

v

' FEMS Center

SBIEFRBaE HAI Y RE Concentrator PV

Plant/Office Co-generators "\ \
Communication Line T

3~ RERERATPY FEMS 24t twE]
(BRI AR i gk~ (£ /7 78 TR
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#% VRFB B EERE R AR SRR U0 RS Ams ] anid /- 3 K&l 4
WA S A FIRER R QAR « (QINESE T - G)FF&®E
TEER ~ (OISR Ot Fa bEHE > BRIEA FEER L
HEYT - FEF EAtey A (Rl - BE ST ¥ S35 {b(Load Peak shaving) -

A B B T B m VR ~ SRR EF RGN - DU RS Y L)

% BETRE I ISR A AR B AL PR (L BANMRPTEEN GRS
s LR (R » 41 SCADA SRS AT S ACH (T -

g 3~ VRFB & FRE N H A g R UL (FEMS center)
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4 ~ SEMSA(Sumitomo Energy Management System Architecture ) 2475 2844

(&RI2RJE: http://global-sei.cn/company/press/2015/01/prs002_s.html)
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32 HABET(NGK)PR=E{t

ERITREATE H AR TR G LB TR NGK)AL 4 s 5 ik
BEHEEEM TR - {UEH B ALY 55,000 A » ALY 205 %
FHRE - FHEERRESE  FRERBDCE - FP%ERLY 238 & C > A5
SRAEE A IR By H AR 2 A SRS C R By 3R R Sem 3 B
SRS 19,000kW (Y= 88 B AT K2 70,000kW Y= 55 S8BT - 45 E R
& 5 89,000kW » 3154 1 JAE 600KW sRe#Ei BUJE 55 Bt K 4 % 900KW [
FIEEEREAH - IR EANME 5 - 5550 > NGK f£ 2009 FEHFE ] H A FE
ISR E AT P 2L B S BN A R R AN B B EEmYE
EESEAE SR rE L - BiE 4,000kWp KIZEE 230 28,800kWh
S A (NaS) ERE 4% B LECEAIE 6 o or#utt i SRR AL HTEES

BEEMERTE > TEASFNERESEE,  FEES—F -

T1

1. SHEORELRE
SEE"REMIT 1 —TI) 55000kW

PREOR SHEN6SH 600kW
IR I RBIRER
FRBD1 - 25#% O00kWX2E

BHEIRRRR

EhAZS-CVERH 15000k W Y7IREN1 258 900kWX2&

.
.
o

© REFREN

- W 2
= : ® Eg:

— BB 22k

“eEBISE 22KV (8D BE)

“RBHE 66KV (BE)

: A6 R
BERAHY—5—REFRBE |

5 BEHEENAYGACEE
(BRI AR S5k NGK AHEHE
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B 6 B R BB TR
(EERIAO: A 56 NGK {AREEDRD

SONFERAIE NGK I ST A0TSR iyt - 9 = H R B &
RS B S - BT B = R AT
IR & VRBRAATS T PR B3 38 » 1 2000 FE A BBATE AEBER T A
B - DU T BB SR (RR TR R (TSR
L BB A T T R B 2 R T % T R o )
AR 0~ B R B IR 0% A 250KWh £
NaS ZEt1 A5 0K 720kWp HIRTEL AR e f 4  WIEl 8 » 2% 2014
1 4 FHE S ABAITSE GATE SQUARE 5ERct - TRl 4 52k - HIZE
EHE A 8 -

Electricity
Provider

500kw

- N
J / Kashiwano-ha Sm:
£5255 BERSR 220kw
.
T Powerjntercharlg)
f g emergeqcies

— -
s RS
B0ge Shopping Center ESESE Kashiwanoha Campus

e 1 Di
rt Kashiwanoha y Nibangai Direct

4 % Offices and Hotels

Gate Square

Residences ’
Electricity | Park city Kashiwanoha
Provider | Campus Ichiban District

7~ NaS B E AT e T Y I A
(ERAOR A 5 i 5k NGK HHEH &R
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3.2.1 NaS i)

SgBR B (NaS Battery » L ARG NaS 2ith) i S BIREEE /A FIR
1967 42550 » (BBLEAS RARTRITLLR - LA KB AR TR
M o e UG R SR R B T (%) 300 FE C) U » HIALTB A
SR ) A B AR TR B (NGK) & E BB 1 B B A A E
T — o EIRERTR UPS RERE 245 » (IR SR 1o He s
RIVE 24 » Bk e T -

NS 5t T [ BB 45 B S T A A 5 » B B b
LY BB EISRARER L4 BRI IFARE - DAL 1
HETT O » EE (IR 9 -

Negative Electrode Solid Electrolyte Positive Electrode
(Na) (B-Alumina) (s)

9 - Sk BN A [
(BRI E: http://www.cgcpower.com/266.html)
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% 2~ NaS EERE I TE

{ERG G fhst

LA (E A 10~15

LA RIS I SUITAZ . U AN 5 et R R
JCAH A

A6 DR FL 5 i AL 2 i
A (9 BB ) oA 28 1R
P PRI AT [ RE&E G - 35
IEAE B8 Ry IRREA A

2R HERER | 28 ENAR S LTI S E

BER (RFAHARE - 8%
KX &EE RN R
2k~3kA/m? > R E
TR 3C° -

4 FRFFAEX) 300
fE C AR -

3B IMAG BT 3JAPRFFHAE Em i I E T 5 5 e 45

T E AR 2 AR AL
7)) -z AN N

4T {RF R AL 4,

RL0E ATy e KT
PR KU FFRE R E A
TTANRE PR Kk T

X
Hp

3.2.2 NaS EEEaE Bl REE T

NaS BEA7EA & =R E % 5 v] et e E - (HERFRE
E L R ER P AR S (SRR » (R EL ORI iR RE MBREFILEE(E
AR AT > ZRtE AR ELSENRE - AR PR
HES  EERSHET > EHEA NaS LG EEENEN » &4
BE IR > WHSTHEE - RE - BIRUA SRR E T ETEY
it > BCEREF TR LRI ENELR L 2R > A 4 KRR
5 -

2 Current - fi§fffy C @ {EEZEME TP B EMOVEEE B ET > 40 2000kAh 251y -
1C AT EE B By 2000KA - 2C YA EE BE 7t £y 4000KA » DLLEEHE
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idfH 4 /EPZHEE.ET%E’J NaS B {HAE Z &

B2 5 alE TS HY NaS B EARE S S R HERIE
B EBAVESEEEN L > EEIEEMEMERRE > B8
hEEER MRS - R RBDCE > TEANTHESRE &85
55,000kW - # T 32 PAGEF KPS C R RV B RE B HL I L OB E - AR SR 4R
REHEBEEIR Ry 60Hz) f X > WAL H KRRV HIBEIERREL - FARPE
BB - EIF 2N ERAE BRI B L - 4fE 10 -
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PVHAOEBEITSHET KSIC L Lo o

NaS & D FTEE URR MBI HNEF0 60.3
60
Dowd - 4-EER P NaSTIE —+459.7
3000 + PV "': ,,,,ky,,i,dj_».' b L [Hz]
2000 WI nl"I‘ A lr’U‘er M 1 n')
10001 VI WWi ™ W

PVHAZEBICED |, /_,,\; VUV Aarvs L s

O-H RSO E — ¥
-1000 Mesem Y " WY \nnv
5000 [(NaS#Eh Hil s L) (NaSEmHIEE 0] V v

10:20 10:30 10:40 10:50

PV DO ENHIEIZI SR OIREES B

60.3
e — —— &0
2 NaS®BHDFERMI= S0 -59.7
Dewd RS B 1RO I
2000 A r"\vnffm A x,\_/?’v [Hz]
1500 Jf” \\ // X : vwl" m
1000 vt o et ‘_B/ﬂ\“‘\wl s
900 s lﬂb%st:\;:l‘; ,M?Sé; P
508 | BIC KD ERS TS ol M7 ™4 A/
1000 | (NaSEEmHENR L) (NaSEEM@ED]
10:20 10:30 10:40 10:50

[BIREZ ENHNHIRD R DIREESS 5

10 - B NaS Tl e Al 2
(EEIFAC: 8 5142 NGK AEBEEDED

FIMEHEREREIR T H 1 > NaS BERERE RS ST AEIEH
FUC(E R = A B A 7B B E ST B B eIk PRV RE TR AR (F 5H
B - MER RIS YT ~ IR KRR RS - DRHE
BRERYADE T2 > 40 - SOBAHIE R R T [RIRF A P e ke (£ Tl > 3R
B HETE A AMIATERRRRAE SRRV ER - BRET(F
HEFEEE R 2 eRE T EHm i - AR  S9MERSRNE A
SCERF > TRREst HRERETIERIEE > ERETE AT - IREEELK
FrElfs S s CAORFF AR - B AR O 6 -

S B —1RHYE - B BB DRETRUERE - P BRI
YRR FANEDE > WEADCS B R =N - AHEBRAER LS - bR A
fEft e FH RSN » TR AT AR = A dAk > AR 7 BiA R 2004 -
ERKARER > ZPRCRITARRERTERE - ZEEA R HEER
KRIEINE R ANITH BRI - TR ERGEEN > M SR mNeR
KA BIYAAERESRRERCR - WiRR 8 - ELMEFIIHE H N R sEsE - &
RSP E K 2R A MRS T ARSI A R
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3.3  HAERNECHEA Tt

NEC g1zt 1899 4F » B HABIIFEELHE TER AT » KA T
EEELY 10 B4 HEEREIRRS 2 240 « BN - B8 - BRE
X OIS - BHETEMFAMFRERSES - ERAITEHAERERN
& tt(Nippon Electric Company - f&jf# £ NEC){ir jA 0B 4E A B 23h R
NEHEA AR FEAFEEHMER > W2 HESRAEFHT
(MEIDENSHA) £ & 7 S8 ERES T - NEC fEH A R EEIR BEEERE 280
FYA s -

B RAE NEC 8N FI A48 4 T A RE R 2% BB S SRR A T 26 - 1
AR

(1) 5 4 gk J5 ¢ & 7H M| % %% (Heterogeneous Mixture Learning
Technologies) = - KE {2 (Big Data) ST R FURRTERSE [ > A
RAH ~ Rt ~ FE SR BdE R R E SUE SR AR A TR AR AR
TR ERN - 408 HBERL 1.6% i ARE R KEIEHERL
50% -

(2)FF A RER A A B 21470 (Smart Maintenance) : 4554 FAR A& EE RFID
Feffr - mla—E AR 24 - WA LSRR A > 2R
RIEHRE - (BEEGENTT -

(3) (W EE A E £t ( Small Grid Intelligence) : 5% F AL ATMT A RETREE
B RGTHNAESE b TR AKES G 8 R B s Bt EE
DAL PR 4 N TN P AR R R 2 B AR -

(4) A EEF 2 B 5 1 .47 (Situational Intelligence Overview) : DIt E
ZavEH > WSS B E S - nEEE BRI B S s R nh
T PRAHAENE - R SRR AR > DI g e

AT FEE A B S AT AR A R e o TR B Sk B

FAMERIFESE, NEC 2BUEEFHAE LMIEE S e E TS

(Yokohama Smart City Project, YSCP)» :Z Z48E i (F 2015 4. 3 H B 52K

\
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X H 6.6KV HREIAE LG - ERE R 1,560kW » HrfReeE 7 NEC 1Y
GBS &t - FeEA 8 %Y 250kWh » WA 9 DURAE R & S BNV A LS
& BEMS(Buidling Energy Management System)ify PCS(Power Conversion
System) - DIFZERIEEAINREIFMAEE R - 40t A 10 IR SRy HEE
TR EER L DI YSCP B ety R R R iR 11 -

2/ 11~ YSCP HyE s RE M Ll
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3.3.1 GBS & E/

FEAGEHAE 240 (Grid Battery System - fij## &y GBS) /iy NEC SV &
(A R st - FhECH T HAHY PCS Z&1 > LUk NEC #EREE M -
et de e A 5 fr St A i A AR B S Or e sE AR ] -
&aRz AR (R HFIEIEE] A123 BRI, » TR RS o EEEUE
AR AHEE RIS AR 3

% 3~ NEC 1y GBS SHMHEIME R

FRH GBS S EESS GBS

2557 GBS-C53-L.D40 GBS-C40-LD28 GBS-C20-LD12 GBS-C53-HR20
TERE AMWh 2.8MWh 1.2MWh 575kWh
KHE TR BA AMW BA 2.8MW BA 1.2MW BA 2MW

16.2mx2.6mx2.9 12.2mx2.6mx2.9 6.1mx2.6mx2.9 16.2mx2.6mx2.9
E# m m m m
FUES 97% 96%
DC 1 - 960V (ZEEAH
— 944V (B Bk & B 750V~1050V) #iE 750V ~

1050V)

RERE -30C ~ +50C
e BL T (#2255 2.4 F2. PCS(Power Conversion System) -

G = A P T A e o 7 = T /7l = s | s 2N DU
ARG (LICIO4) s 4E S (LR EE - DUEBTTRIE § B —
eyl 2B 2R B Ui NEC FragfEny GBS St HIE N 2% E =
VB FIAIRE R © 5981 - ZRAARE R PG BRI i S B R i AR AH A —
PR BRI Fy A U SOC ke MIE(FEE B — e HYERENE: - Bl —fi%
PHEEIAEEL - WA DR AR B BRIV - B8 DURAIY B 484K
FERE R AEARE - AIRZER N HEREN - DI G TR s BB
KRB FRAEAMBAL - s H o — s R SR e T - s sl
s i FL Y EE S T 2447 (Battery Management System, f&#% 5 BMS)gtiE
HIFFEEE - NEC 1y GBS B EGEL I ATansR 4 -

g‘{%
Em

=]

L

eara
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| Standard containerized battery packages

GBS HR
= High Rate (HR) design, up to 2MW/575kWh in a single
container

Designed for 15 minutes of energy storage at high power
output

Number of energy storage racks is customizable (up to 20 racks)
Utilizes Nanophosphate® lithium ion cells

' = GBS-C53-HR20*
= Power rating 2.0 MW
Energy rating  575*kWh

\ \l : : 53'x8.5'x9.5
\ At
\ \ Cpntamer 16.2m x 2.6m x
\.ﬂ size oM
Up to 20 HR
Radkaty Racks*
Integrated
Fire Included
Suppression

*Containerized systems shown populated w/ 18 racks. Other rack quantities available . Capacity directly correlates with
rack content. Power capability may be limited below 16 racks

11+ RHGEESE GBS fHAE AA4EHITE
(PRSI At 5082 NEC HIFIZTED

] GBS-C53-LD40

GBS LD

= Long Duration (LD) energy storage, up to 4MW/4MWh in a
single container

Designed for 1hr of energy storage or more (at reduced power

output)
= Number of energy storage racks is customizable (up to 40

racks) iohti Access Door
= Utilizes Nanophosphate® lithium ion cells Ovevheadlighting : /

Fire Suppression,
Electric and

ancillary panels Zone Control
Rack

DC Isolation Switch

Battery Racks

Fire Horn Stroke
(External/Internal)
Fire Horn Stroke

(External/Internal)

Smoke Detectors

GBS-C53-LD40*

Power rating Up to 4.0 MW
Energy rating  Up to 4.0 MWh

53'x'8.5'x 9.5

Containersize il 4 ¢ 5mx 2.6m x 2.9m

i _ Zone Control
ire suppression  p 3
agent container Rack gty 40 LD Racks
Integrated Fire
Suppression Included

*Containerized systems shown fully populated w/ racks. Partially populated systems available.
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News Release S FRET News Release S ERBT

March 24, 2015 In the project, the SEMSA™ connected itself to EnerNOC using the

Sumitomo Blectric Industries, Lid. ; international standard OpenADR. On the basis of this result, Sumitomo
; Electric will promote the sSEMSA™ to our customers as a standard negawatt
Demand Response Demonstration Test for Negawatt ! trading tool in the domestic markat,

Trading Successfully Completed U an Energy
Management System, “sEMSA™"

Under a national demonstration project, the Next-Genaration Enargy
and Social Systems Demonstration Project led by the Ministry of
Economy, Trade and Industry for negawatt trading,” Sumitomo
Electric Industries, Ltd. has successfully delivered appointed
negawatt power within 15 minutes after the issuance of a demand
response (DR) request by using an energy management system
"sEMSA™" developed by the company.

The demaonstration test was conducted at Sumitoma Electric Yokohama
Works (located in Sakae ward, Yokohama) using 3 largest redox flow (RF)
batteries in Japan (totaling 5 MWh), 6 co-generation systems (CGS) (totaling
4 MW), 15 concentrated photovoltaic (CPV) units (totaling 100 kW) and an
energy managament systam "sEMSA™" developed by Sumitomo Efectric,
which controlled these generators (Figure 1). |

The sEMSA™ responded to a DR signal within 10 seconds after receiving : Figure 1

the signal fram EnerNOC , an aggregator, and delivered the appointed amount
of elactricity {540 KW x 1 h) within 15 minutes fully automatically. By doing so, ] T et pin
tha sSEMSA™ reduced the power from the grid during the DR hour (Figure 2). i
Meanwhile; the DR request was issued using the international standard .
OpenADR 2.0 protocal.™

Sumitomo Electric implemented the demonstration program jointly with

I
i

EnerNOC Japan, KK {headguartsred in Chivoda ward, Tokyo and led by David
Brawster, President), which is a member of a consortium of power companies
and aggregators. EnerNOC Japan Is working on & DR demonstration program

for peak-hour supply and spinning reserve™ led by the Ministry of Ecoriomy, =

Trade and Industry. Sumitomo Electric tock part in the demonstration program Pos -

25 a customer of EnerNOC Japan. ; R
The sEMSA™ |5 an enargy management system developed by Sumitorno : ~

Electric and has the following features:
1) Conforms to a flaxible and expandable architecture that meets diversa '
customer needs and a variety of power eguipment requiremenis } TP I.ll am lal am

R . -l.#.nl.-_.-

2) Adapts instantaneously to DR requests m O T I I e = I T
3) Manages genarators, including renawable energy generators, optimally and !

comprehensively to minimize energy costs and achieve other goals
4) Performs contract power and various othier simulation functions i
The following press release provides an overview of the sEMSA™: i Figure 2 — sSEMSA™ E%ﬂﬂuﬁﬁ%ﬁnﬁﬁ DR request
(hittp://global-sel.com/news/press/14/prs113_s.himl) :
0
mmmmmm
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Accurate SOC Monitoring

=,

* Electrolyte stored inside individual cells

* Monitoring and Re-balancing SOC
amang many cells is NOT so simple

+ Scale up with large energy is challenge

= Toavoid over-charge is important for
safety

-

+ Electrolyte stored outside cells in commeon
tank

* Accurate & Real-time SOC monitoring

= No need of Re-balancing of S50C

_ g

« Easy operation
i D = Easy scale up with long duration
« Wide rmnge of S0C utilization
¥y for charge/discharge cycle

: e g k

Vanadium Redox Flow Battery - Key Features

1. Long Life Cycle

3. Multi-Purpose

4. Easy Operation

5. Design Flexibility

*Unlimited Charge/Discharge cycle {>100,000 cycles)
-Electrolyte is reusable after decommissioning

*Non-flammable Electrolyte

Flame Retardant Materials
-Accurate and Reliable SOC Management

*Fast Response & Long duration Applications

= Hybrid Application such as Flexible Capacity

*Accurate and Real-time 50C Acquisition
*  Operational DOD : 0~100%
*  Operation Ambient Temperature : -5°C - 45°C

« Separation of Power (MW) and Energy (MWh)
* Easy to build large-scals systems
e.g. GOMWh ( 15MW x 4 hours )

R — L

Reuse of Electrolyte within Long-term Operation

¥ Since electrolyte has negligible degradation during charge and

discharge, it ma
term operation.

Expense

|/

13579

b T

Y \ glectralyte

sxcept electrolyte

kes the reuse of electrolyte possible within a long-

no need for
sectrolyte
e ™

..h-«\\\.. repiacement o
i IR

Except
electrolyte

11131517 1921232527 2931 333537 39 4143454749

year ;
i i) h

Specification

For : IMW x 4hr system

Max Power (Pmax) 1w

Min Power (Pmin) ~1IMW

Max Storage Capacity AMWh
Ambient Temperatura -5 to +45°C
Min SoC 0%

Time from Min SoC to 100% 5.7 hr

Time from 100% SoC to Min SoC 4hr

Max Ramp Rate (-1MW = 1MW)

10MWisec

Response Time Stop mode: <300 sec.
{fram O to rated output) Standby mode: <0.1 sec.
Round trip efficiency (AC) T0% (typical figure)
Designed Life Time Elacirolyte; almast parmanent
Major components: 20 years
Cycle life Mo limit
Efficiency degradation per cycle Negligible
& 5 b
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Footprint (Container Type)

Use Case: Demand Side Management System

¥ S00kW x dhrs system
20m x 15m, 300 Mt P -

|

ABDRW 3 7H 1008
A0 u BH 000 | b
200N ® BH 2000 M ”
LT 2000 e
MR x BH 2001 m -
TR x 1.5e0c. 1SMAW 8 TH 2001 o
N 8 ITH 200 -
EO0MW 1 10H Fi) m = f
A2 2H 2 3 bsee] M |
0NN = TH 003 o] |
120 v BH 0 h i
SN 1 21 2003 La
100 x T 2003
B0 1 2H 00
TTTR A 2008
100 ¢ B+ o4
TEEW i 3H e
T2ERW x B 2005
100NN 5 4 =0
AP 5 1.8 o
1M W 5H w1y |
TN B w i
SN 3 BH Foal) '
TR w4 s \
i x M faruiiae s inacten i 1
[ —— ! e SpTC



_.r J=jiog

|

|

|
E
5
8

i

¢

=1

¢

m,._._muu_mm_ e g
== ooe
- mi, A:._ P
JERH seb jeimen .ﬁ.m
(']
o E
o
L]
L]
- =
- o
=
am
@
Ew
oo
- i fre H oo
Jauad E..a..m dISA YShas " (ARADGE Jumig pRiey ‘Eapueg n!._____m E:.sﬁrﬂu-&maﬁsm_cﬂﬁsuﬂ:g
3 ! ﬂﬁggﬁhﬁﬁagﬁmqﬂnaﬂﬁ_uﬁuuﬂgsﬁﬂwa
@suodsoy puewag g S2unos amod sidpnw jo januos jowpdg : R m A i e 5 & b

K & & % e = e il -
B A58 S5 :

_H..__Eq ﬁd&wﬁ*%jtﬂné m _ . “__,

_ OGS, J0 UOTILRUAI0D O < g P mw

_ samepeas s o sy | | gg E8

ar mm

» 05 mm

_ o 1
oz

om Eamum
< 08

Anuﬂh‘“hiﬂt»u—ﬂmﬂm..ﬂu . puE .nue_EﬂE!.:E:nnﬁ._n_.itﬂrn.nu l
M pasTED pue Aauaiiyn wassds jo esaucap ay| m A[SNONURUCD PUBWILICS [BLUSHS SUo DRLUOT SEM Wa

. ‘uopiopajep Jueayiubls ou 8| sy Yeak | jo vopeiado Uj« | {M¥05Z st Jamog paiey (o) yueg nnu.m.%hd e s koL
WSIEAS JSLUBHONOA, Ul BujaBieptin 51 j5 sousuiaind Hus) Buo« | ‘wisjsAs Bureyoyos, U pauuopad s (L'A8Y 010ZZ-TNNG) 181 uoenBay Asusnbaid<

2JUBLWIOMad W3] Suo] snonuiuo) ! apo\ uonesadQ



Yokohama Smart City national PJ (YSCP) Use Case: Renewable Generation Firming (Control Method)

- City seale trial of Demand Response Service under support of Utility
- Aggregation of Home, Apartment, C&! (Sumitomo’s Factory) and PEV

# Funded by Japanese government
REESRRN  | > Capacity : 15 MW
= ¥ Energy: BO0MWh

- Stabilizing Wind Turbine’s total output of 31MW
- FB System: 6MWh (4MW x 1.5hr)

¥ location: Substation of HEPCO
# Application: Multi-purpose

- Frequency control

- Renewable generation mitigation
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Use Case: AC/DC Hybrid Micro-grid System

Applications

Generation/Consumption (W)
2000 2
| Genpration (plen) | .q...\.\L Generation (resuit) | _

1500 H— f_-.ﬂ m.

1000

n_n_n_ u._ua u._ca 00 10:00 11:00 12:00 _hsu_...suhg__.?ﬂa 1700 ud.nn__.._.m.s

e ot e 27 ), k

& T =

Joint demonstration project with a utility in California
2ZMW x 4H system In utility’s substation

Expected to be commissioned in middie of 2016.

To demenstrate VFB can be used for both fast response | 0 .
and long duration applications and would be the best . e
solution to address Issues caused by Increased use of i =
renewsable energy resources.

L5 RS

Net load in CAISO {GW)
SEREUY

EE&

;
b

AciveiP) | Appiications
Reactw(d)
Diéstribution Markat (150}
Activ () Tirna shift Tl ey —
.%Euﬁn Ancillary sarvice
5 o caypeak “Fraquericy regulation
* Congeaticn nolie ~Spinning reaerve
* Daferrnl Rosmirca ASBmuscy
Actwo powsr regulation Flaxibly resource sdagquacy
Rasctive (3} Foacivd powar regulaticon
(Veltage regulation)
o _, ==l

EMS Contents

1. Overview of SEMSA basic functions
1. sEMSA system overview
2. Dptimal Planning and Dynamic Reallocated Control
3. Optimizing system configuration
4. Weather forecast service

2, Proposal of EMS and RFB package for Taiwan isolated island
1. Smart Power Supply [SP5) system
2. Grid-Linked micro grid system

3. Works
1. A Proposal case of optimum system configuration for smart town
2. Project Reference
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An Optimizing System Configuration for Smart Town

Smart Power m:ﬁu_im_umv System

2 gk 2gzregates Photovalialc power e A with renewable and dispersed by
pe—y L H smart town Energy powier system is developing
rhﬁﬁ% Hx_wﬂr..___enu&fl i H house developer [a 15 years long project)
¥ ' Iﬂl
systerms (FRs), Eﬂﬁﬂﬁﬂﬁﬂﬁh.ﬂdﬂﬂ % . m = Detached houses and commercial facilities is going to bulld step by stetiin 2 15 years long project .
and centrols them to provide 25 a stabio single ™3 *  Renewable enenpy and dispersed power system which is optimlzed copacity and implementition timing
PR SOWFCE. »_ i the target of simulation
* The power demand and alge thi cold-heat damand and the eschange slectric power betwoatn houses
exivmed al foad = ey
B oo omtcting | = e e e R and commercial facilities need to be optimized
schadulis, —= <L Tirwat
2. Use case: ey

1. Reducy the numbser of Dirsel Generator in the
grid by replace Diecel Gunerator by 5PSin order || =
to reduce the power peneration cosl -

e v =KLty -8 mut 0

Jeabising fuctuation of renwable energy by SEMSA and 78

[ prevides a stable snd corplete eontrotiable |
: tl._.ml.ﬂ-ﬂwﬂ

Euipvess inlormation: LMW P, IV W, 3300 DoadioG1)

i SRILNAN TN IF , The BF s S0C contral raags. $0A-DIN,

W Features : B LUse cage!
® j EMS aggregates Photovoliaic power genermtion systems (Fi) & Cptimurm pOWer generation !
Wind Turbine generator systems (W), Redoa Flow Battary cost of # micro grid by ! ; '
systerms (RF85), Diesel Genermtor systems (U3} snd contrati them | renewable energy sources and : EIChBngs St pawar, Yes Ves Yes Yes o Ho
to mchange alectric power to other grids while supply power to ako able to exchange electric . Commerchl facilites with Py Yes Mo Yes Na Yes Na
.ﬁn:: ioad. s - power to other grids. ' Total Investment Of the 1stysar  26.76 2534 1837 1633 2676 2534
o Co L ! i bt BoXT o B
ol n_sm._u ..u.-s- e .ﬂsai n.an” SE.___. s Es..._u 5_ . = : Tozal Investment Of 15 years 100.00 9857 8547  B4OS  100.00 9857
J £ ' The profit of 15th year 25.95 2573 24.98 2477 22.86 22.63
E _ Total profit of 15 years 67.06  65.00 6651 6434 4386 4163
15¢h year=*IRR{%) 13 13 i6 16 9 9
o Toiad imvestrrent Hlidﬁ.l .F!.!.n_..-k 1t
Of 15 years
-]
bl
5
k-]
0+ -
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Accurate SOC Monitoring

= Elactrolyte stored inside individual cells

* Monitoring and Re-balancing SOC
among many cells is NOT so simple

« Scale up with large energy is challenge

+ To avold over-charge is important for
safety

J

« Electrolyte stored outside cells in common
tank

= Accurate & Real-time SOC monitoring

* No need of Re-balancing of S0C

_ $
:E * Easy operation
i @ * Easy scale up with long duration

* Wide ranga of SOC utilization

far charge/discharge cycle -

Reuse of Electrolyte within Long-term Operation

¥ Since electrolyte has almost no degradation during charge and
discharge, it makes the reuse of electrolyte possible within a long-
term operation.

-

no ne=d for
electroiyte
& eloctrolyte
\\ ".1\ qﬂh.f..m_ﬂ.-.:ﬂ/{
¥

except : O&M
elactralyte 1

except slectrolyte

Expense

1 357 8111015171821 232527293133 353739 4143454748
year

o ume : sl

Vanadium Redox Flow Battery - Key Features

M A h R ol -Unlimited Charge/Discharge cycle of Electrolyte
-Electrolyte is Reusable even after decommissioning

-Non-flammabie Electrolyte

giiggng

ER TR e Tl - Fast Response & Long duration Applications
> Hybrid Application such as Flexible Capacity

4. Easy Operation

= Accurate and Real-time SOC Acquisition
+ Room Temp. nﬂl&ﬂ:

Rl 0o - Separation of Power (MW) and Energy (MWh)
- Easy to build large-scale systems

o . I..!I.IIL
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Plant Type Battery System

Containerized Solution (from early 2017)

Demanstration @ SEI Osaka Warks

Capsdty 125 kW
Enegy & hours.
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Operation Mode Response Time

*>Response Time of Flow Baltery << Responsa Time of PCS
¥System Response is the Issue of PCS & System Design (nol Battery Issue)
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Operation Mode

»Frequency Regulstion Test (PNNL-22010 Rev,.1) is performed in “Yokohama” system. *Long term performance test is undargoing in *Yokohama" system.
(Using a Bank (#3), Rated Power is 250kW) " »In operation of 1 year, there is no significant deterioration.
*The system was controlled for one day by external command continuowsly. m { The decrease of system efficiency and capacily caused mainly
i _ by “dotedioration of membranes”, and “deterioration of electrodes”. )
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Use Case: Renewable Generation Firming (Control Method)

Conceptual Diagram of
Interconnection to Grid

Block Diagram of
[y — Control for Smoothing

Use Case: AC/DC Hybrid Micro-grid System

¥ Indepandent power grid systém
fram commerdal power grid

¥ Stable use of renewable energy
using Vanadium Flow Battery : <

¥ Efficient use of power through DC- Link .

¥ Working with Demand Management L= ,
System to keap minimum SoC

L g i

5000 450
L] - 400
MH_unﬂ. |§m
% 1000 | - 250
W o 200
m.uﬂo. —Ew
2000 100
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| Yokohama WORLD POTERS B¥ | The Smartification of Existing Institution in an Operating Section W%

& Commaencemeant of operation: Seplembar, 1989 {210 stores, B cinema screens etc.)
@ Total floor area: approx.100,400m2 (6 floors 1 basement with 2 floors parking)

& Land area: appron.20,000m2,
Copirigrn O B MEIDEMENA CORPOMATION . 4

TN

| Equipment of YWP @ x NFC ERF »

Elec. Powsr Senoor Panals =2Tunis Calormaor =17 oty

Cémale Senzor =1oet
Ceppighl € NOTE MEIDEREMA CORPOIRATION 5
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| YSCP's Schedule | Result : Example of Each Season

- i
- g

L=
-
el rame

nﬁa&?xﬁmﬁ

« The number of active CHP is optimized by considening the alectricity and heal load,
(2 CHP = 1. CHP)
Cogviigns £ 33418 MEIDENSHA, CORPLRATION 12 m Cangrwright & 313 MERDENGHA CORPORATION 14
| Resutt | _mmmc_ﬁ Example of Each Season [\
: E\Wrw ¢q B e Eﬂ.ﬂﬂm
thst: | Snaner Operation by BEMS Reduction
Winter | Small | Miadie | Control CHP aperation when heat load is iaw, Energy Cost
Waekday 2 CHP operation —+ 1 CHP aperation Aabouk 44
Winter | Small Low | Control CHP aperstion when heat 1oad is low. bzl
Holiday 2 CHP operation—+ 0 oparation
Summer | Laroe Wigh | Operate more CHP whan heat load s presant.
Weekday
m:.-_w._u.,!# Large Low | Control CHP operation whon haat laad i not presant.
Spring | Middle | Middie | Operate more CHP when heat load is present, and
fitumn Control CHP operation when hoat load is not presant.
Wosldary _ k&iﬂinﬁitﬂfﬂl%t&iﬁii&n?iiﬁi
“ !
.__ui._i Middie Lew | Control CHP operation when heat Ioad Is kess or not | N
Holiday | ¥ Actheato CHP aa much s possible because the sleciricity price in summer i higher than the cther seasons.

Coppnghl 0 38 MIDODWNDHA CORPOAATION 13 m Caprpright @ 3 WEDENDA COfROmaTICH 16
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NEC Worldwide: “"One NEC

Business activities in over

H- mm Countries and territories

‘203

[

Latin America :

Venezusia

5

&

" formation in 5 regions

-.um.p._,
s [N
m Billion Yen in FY2014 sales

M

NEC

NECIR{HAuEERS =

uREn tEEs umam
Femy

| Strategic collaboration partnership with SMUD
NET, Is poisad to enter Into strategic collaboration partnership with SMUD, the
sixth-largest public power utility in the United States. Areas of focus
include investigating the creation of technological architecture for a utility
integrated grid management platform for distributed resources, including
energy efficlency, demand response, non-carbon emission, energy storage and
the |ntarnet of things

EMUDH his ranked #1 In California
for 14 consscutive years in 10
Pawer’s Electric Utility Custamms
Satisfaction Study,

rates are among the lowest in
Calfomia.

emitting sources, which hawe highly-
varisbie sutputs
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TPV Power Generation Prediction Services ”” 2PV/Wind Power Generation Control System

s b g ‘ y ‘
B_ra_n__ b iﬁ PV/Wind Generation ...#.&v./
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NEC's Four Target Applications

| Standard containerized battery packages
o Grid Storag Net
i Result

Regulation E L +.M__,i,.... L\I/ ﬁﬁ%ﬁhﬂ:
s el |/ 4|\ R
cavovate TS [+ = e

Integration 4;

GASHR
* High Rate (HR) desgn. up to ZHW/5T500Wh in & single

L.
“ GBS-C53-LD40

GBS LD

* Laong Dunstion [LO) energy storage, up to 4MWAEMWh ine
ainghe contalner

. iﬂ&iqﬂiﬁigﬂﬂiﬁﬂuﬁl;
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4 Power Plant Entrance Control

Generation Transmission Distribution

\Derhasbrating & oyl sl zmh

Needs for Critical Infrastructure Management

Eneray Industry facilities such as
power generation plants and the
control center are critical elements of
an island’s infrastructure,

Disruptions to these installations pose
a massive impact on society, which is
why it Is important to ensure that
these places are well protected.

NEC offers a reliable and easy-to-
use entrance control system
using its face recognition technology.

Fase rocognition
BEFVEL

® A Tace can be recognized in 0.5 second.
® Real time grasp of those who stay in the facility

s5)ISmartMaintenance
- Plant Maintenance Support System -

Generation

Transmission Distribution

Smart Maintenance

Wierhestraling o frehies i zmn
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o e =2/ .H._ !

Value for Field Worker (2/2) ! Value for Manager (2/:

@ Workload down & Workload down

& Error prevention @ Error prevention

g . 4 By AF tag, products to inspect are cormect] & Effidient -
[ Efficient repoarting work I reporting work

iy faund, Inspaction items are displayed on ! - ; : y Registration of location dita for the
I Prevention of improper Inspaction the tablet. i I2 Prevention of improper Inspection inspection by GPS,

Un=lnspactsd items are easliy saarchad.

A lot of similar products A 'report submission without

any inspection

Value for Manager (1/2)

B Workdoad down
2 Error pravention
| m._..._..mﬁ.”mj.ﬂ _..mﬁu.ﬂwﬂ_l_m WOrk After the _aﬁnﬂwﬂﬂ__ ..‘_LHH _._.ﬁ__n-ﬂ_

O Prevention of improper inspection Mo need to change-paper reports into
elpctrical data.

6.Power Demand Prediction Services

Manual input

v A
0

Much tme for making a report
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Situational Intelligence

- Faster, More Informed Decisions

Business Operations Anzlyst

Situational Intellizgence

= IT, 07 and XY

Bope——

All data correlated, amalyred and
— visualized in a single pane of glass

|crm || ere || as |-{sem || Fin |

| MOM |

{ EMS -—| SCADA —| Asset

Weathe

c - Fire - { Social - Trafie

Data
| Wareho

Energy Analytics and

FROM SIGNAL
TOCEQ

THROUGH ANY
PLATFORM OR GEVICE

PROVIDING
COMPREHENSIVE
ACTIONABLE INSIGHT

RAMOLY VISUALIZED
THROUGH OFF-THE-SHELF
APPUCATIONS

ANALYZED AND
CORRELATED

DATA OF ANY TYPE, FORMAT,
SIZE OR FREQUENCY

| BigData | File
use | ‘System | :System

1 Situational Intelligence

o & B4 L a

Planning Enginesring Operations  Analyst  Service - Executive

5 3=

WHAT -~ WHERE  WHEN =~ WHY - HOW
— did/might something happen?

e, P — B 4 g
g i

e e —

a—=

@ sratlally
® % % \\&7

ALrOss Anomaly  Sireaming _-._E_m_n:...
Nodes Ditection  Andhytics Annlytics

E® HO&

Enterprise Data  Operational Data

n_E_ il E— _u

MEC

| ORI TP L e RT3 e

— Analytics |_

=ituational __.__...m.__:.nn_w._._.r”_w.. A bypical implementa

- n_mﬂu:.n Frommescar
Ly - — Enterprise |
b DAz 7 Deawings, Applications
Anatysis Documents
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Values NEC can Provide : . Offering an Optimal Solutions

| Stable grid operation -ﬂ.ﬂl@:l i
| Greater penetration of Renewable energy = “l;i{imu.wﬂmwﬁs
| Reduction of carbon emission _ e
oo, | e
: y - CEGY, o, .~ GES ol mnargy ime shil = —| and G55 capacity |
| Fast and accurate decision making for demand-supply balancing oe et =
— Easy management of various types of generators gl |@|ﬁ\h¢
T GES for primary raaponss
| Suitable decision making for asset management £
| improvement of maintenance work efficiency ] W
| Improvement of power plant security : NEC can offer an optimal
._ solution for each
n
H
8-,

Proposal for Migration towards High RE Penetration

CYZD16! | €Y2016"| ©¥Y2016 | CV2016 | CY2ui7? | Cv2o1s
10 20 30 a0

Financing
Budgeting

P I G55 Capasity’ (MW, MWh)

| The process of Taiwan Power is assusnad by NEC.

vec BN - oo Nec|
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