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Principle of Redox Flow Battery System
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20— (Flow) SEMEOBRENGY VI LB URY T TER(flow)
Redox: Reduction & Oxidation of active material

Flow: Electrolyte is stored in tanks and flowed by pumps
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W The SOC can be measured on a real time basis by
measuring electromotive force directly during operation

1 &~
To load

THRABTNERFOZREEENES
The SOC management in complex
charge/discharge pattern is easy.

53%%7)“5%@ Long-lived active material
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B The battery reaction principle is simply the change of valence of the
vanadium ions in the electrolyte

(without deposition and dissolution); therefore the life of electrolyte
is not susceptible.
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Heat exchanger (cooling)

Bt )L composition of single cell
EE MR EEWER
Electrode Bi-polar plate

Electrode Membrane

BRRI VT

Electrolyte tank

E 2 Safety
W A #RMETER TN TWVS

W Materials and components are non-flammable and incombustible.
BERR TENFIILKBR
W Electrolyte: Vanadium sulphate-water solution
<A
Non-flammable
EEBOBFERNMESLTHRALIEL
Positive electrolyte and negative electrolyte can be
mixed without ignition.

BEILRIY T BEJEEZI
W Cell Stacks, Pipes: PVC
B GBAORE 1455C)
Incombustible (ignition point: 455°C)
EJPTIFESHENYE

Self-extinguishing in air

NKDTTREED 1R TIE L)

The possibility of fire is extremely low.
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Positive Negative
FEEE Charge FEEE Charge

var 22 Vsrhe:

BE Discharge

V3+te 2 V2+

ME Discharge
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A long charge/discharge cycle service life is realized.
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Large scale flow battery demonstration for grid control with Hokkaido Electric Power Co., Inc.
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Installed Case of Redox Flow Battery System (Renewable Energy Measures)

5 & Appearance
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Floor 2: Cell stack and heat exchanger

B = Abstract

1F: 900 R REZBREE
Floor 1: Tank, Pump and PCS

BRANE: BEERE ABEEEV AT LEIRAER

B Objective: Urgent demonstration project of a large scale power storage system,
subsidized by METI (Ministry of Economy, Trade and Industry).

W REFE: HA15MW,. SE60MWh

W Scale: Output 1I5MW, Capacity 60MWh

W SREEIEE : 55 B HAZS B 41l ) i
(ANFTVU—1EZHIEH. SERIRAEIE. B - XELFEED
= [ BAZ B3N il 1l 1]
TIFRTEXREL

B Verification contents

-Frequency regulation
-Renewable generation mitigation

WERESFT UEEENRR) EFREEF

B Location: Minami-Hayakita Substation (Hokkaido Electric Power Co., Inc.)

W ESTHARS : 2013 4EE~20184EE

B Term: FY2013 to FY2018

W EEERHYE  REEEER 2015/12/25 A9 —b
W Start: Dec. 25, 2015

RENHIEHIE)
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Flow Battery Demonstration Project for transmission and distribution Applications in California (NEDO project)

W ERE HA2MW. BE8MWh

W Scale: Output 2MW, Capacity 8MWh

W EEIER - BAOEE T RILF—IENIC KB FREHFRICH T - . RFE D ESEEL
(BURBERE . RFEZBHME. TIFUH) ORIAKLZDEFEDEK(E

B Demonstration : to evaluate the management of surplus electricity and regulation of grid
frequency and voltage fluctuation. Data on performance in the transmission and distribution
grid will also be collected to improve the system's economic value.

WREE/N— b — 1 REAYITAIL=FMDES- ﬁ‘Zn*i

W Partner : Utility in California

W ESEHARS : 2015 E~20204EE
(201 74F:EERRRLR)
B Term: 2015 to 2020

REBM - ARKEBAUITFIL=7M
Y7413
B Location : San Diego, California, US
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First to obtain UL1973 Safety Certification for
Redox Flow Battery

B EtDOREEBICHI=BTTNES (BILAIYT) &,
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Il Our Redox Flow Battery obtained UL1973 the safety
standard for a large-scale stationary battery.
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H NEDO project
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Lineup (Minimal Module) of Redox Flow Battery
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Installed Case of Redox Flow Battery System (Microgrid)

Abstract

gﬁqz:g%{t‘ ;Eﬁm %i, ‘m :JZ j_'b Battery System for Load Leveling and Emergency Power Supply m E
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Micro Combined Generation System
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Il Obayashi Corporation [Tt JATHIYRRE U TEYERE R Leoen IVFHECKVEZEIR N IR T B R
500kWx6h (3MWh) 200kWX2 @A/ Town Gas) 57kWx1 M DFX—s
RS (B0 - 52 H Cost reduction
aste Heat Utilization ulti Meter g R R R
Hjjj - iﬂ.l !I ‘ @ I —— Transport,Installation cost reduced by containerization
N = =-} Solar Panel Total : 820kW
Output, Capacity 500kW, 3MWh 4 - .
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Charged / Discharged Power I . Footprint reduction
Increased output and two stacking

Grid Interconnection
Circuit
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Multiple tank sizes for selection
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Large Power Generation/Storage System

IZATFLIERL System Components

B|ART BHM66KV)
Power companies power network (66 kV)
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® E=JAhvhER @ XBEARBEBOHAZESTEE @ FrENFEE
(D Peak-cut operation (@ Output stabilization of photovoltaic system (®Scheduled power generation
oo% I ” KBS [ " 17 A
@ /}/d;-‘ﬂ; 8 o Llidd Qutput of PV 100 UF‘J A HAEHEE
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BEETREIRILF—DOHENGER. RBEICHUREREGZRRELET

W More efficient use of renewable energy, ensuring stable operation for commercial use.

B FEMS(Factory Energy Management System)[C &30 HERNREERZRIELET

W FEMS enables distributed power sources to be operated at optimal conditions.

B2 I0.tF17BIRIVF—IRATLERRBUET

W A safe, ecological and secure energy system.

SABRKXEARSRIE

Concentrator Photovoltaic System (CPV)

= | Features

B LS EFROREEBEBRFZAHVI
EWVWEESHE (SI/NRILD21E)
B Efficiency is twice compared to

conventional Si-PV modules by using
compound semiconductor cells

N 2EERRESFERICKUVEANS Y B E
TREURLHEE
B Consistent energy production throughout

the day with precise tracking of the sun by
dual axis trackers

N & SEHEICED
Particularly advantageous in high irradiation and high temperature areas because of
higher resistance at high temperature conditions of CPV cells

254yt ’M  Design Concept

H FE-BED/N\XIL

B Thin and light panels

B SLWEEMHERBEZRELET I EHL
O3 XF. T, VZIRUEHT T EHTIRE

B Advanced panel design, with freedom to
integrate any logos, letters, or designs
without compromising generation.

....
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CPV (Output: 8kW/Tracker@CSTC)

RBEA | BIAREABIBFAZEAREF vV

Location : University of Miyazaki, Japan
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F—Sm{EH:2015/11/28@DILH Y~ EOvI

Data: 28 November, 2015@Quarzazate, Morocco
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Case
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Started its operation from November 3016

CPV (Output: 30kW/Tracker@CSTC)

SRBIBAT . EO0vIFEDILYY -
EOvIEFHEIEETRILF—FF (MASEN)R&D TMW CPVHA
Location : R&D TMW CPV site of Moroccan Agency for Sustainable

Energy (MASEN) at Ouarzazate, Morocco
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SSMAP® [Solar Cell-String Monitoring & Analysis System by PLC]

“BEREB“SSESO0XAOHERE" U]
AZARNNIT = VARKIBSAMNIIOER !

Oversizing is not countermeasure for loss. To maximize yields, detailed monitoring is essential.

With cutting-edge Al technology, identifying faults and incidents automatically

FRETODAMNYIERYYI—-YIY
Sumitomo Electric’s string monitoring solution (l\"'J—:l“Ji"'»f*“JEIID;:'?
PV Inverter

F—9BE-BITRE
Data storage and analysis unit
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Combiner
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'xﬂwfé?@a &
box Ly

ARV VI BARERE (FH#) F—IINEREE R

‘ PLC slave unit PLC master unit T
, - A
“ o § () 7*—9&HE/Storage
b I i @ 95 75Rim/Graph
S 13-y ] —
a 3 P
-

IZI A— LB

“— E-mail notification

7BHOREBEBEROIFT. ZULTEIMOSLREHNSHSEET,
Our solution will detect seven kinds of abnormality and inform you with importance rating.

@ EEBRIEHE @ ea—XHr @ RS 1 —RiEi8orki @ =T VR
Short circuit Fuse tripped Blocking diode short or open fault Cable disconnection

ENETL L N Ry e,
o o . o o

Ng Ng ., Do Do

a2 a2 . a2 a2

LS L5 % L5 L5

XY v v el

1H/1day 1H/1day 18 /1day

© BEREORERS © B /SR @ BESLE BREOBLES

Combiner box temperature abnormality Soiling Degradation High importance
abnormality

FREDEVES
Low importance
abnormality

365H. LHohWER ! REBREIYEVIRTTEDMUPTV! FFvarys—ER)
On-line monitoring and Easy to locate faulted string on the mapping! (optional service)

HEHIHFEPODDTHY . REORBEFRBIET,
¥The screen images are under development.

Web2'S 7%/ Web graph BFILiR—bBX—)L / Daily report BEANIYIIYT (FTYaVHkE) / Abnormal string map option

- - = - == BNV TOEHN
e : ' S ( = == === = il
=TT ] = [ s Easy to locate the fault
| s o s s strings
‘ [ o o o o |
= : R S [ o e - — — Q@ EEHICHAS—UVD
LT f .
Voltage p— | o o ] s | TNERPTVRYS
\ . | mPCS CErT Coloring by abnormality
> [ e | ©® O_RMDFIZ{LICHHR
QHIERN Y I ZIBELTT—IRT £ ‘ s Contributing to more
Specify duration and string i Do efficient O&M
© 105 HOTET. M2 EIRE | MR ERT Y3
Save for 2years standard o : Y—EREBIET
(Average value of 10 minutes) ) N i . | % (Optional)
\. J \\ J \\ J

Sumitomo Electric’s PLC (Power Line Communication) technology enables cost effective string level monitoring.

FIZIF170%BEBTIF EFHEZDL5% HFHAMRThTOE, REEEDPHBLOR EFREED35% I3, 65%EHEZRZITET

o) Clouey <o)y coucy

'I 5% HAHHEIS 1> HAIHEIS >
Output suppression Output suppression

&

0.0
FEE / Total power [kWh/m2]

HEE / Total power [kWh/m?]

06:00 18:00 06:00 18:00 06:00 18:00

06:00 18:00 06:00 18:00 06:00 18:00
B¥R / Time [hh:mm]

For example, 170% oversizing enables 155% higher yields. 15%b is suppressed and this margin would be a buffer to avoid yield loss.
However it is only 35% of whole generated electricity.

=5 = y
Emotuwidal) (:=TI0O RN ERYU1—3V1E, 1007M, MW,
as€ Studies Sumitomo Electric’s SSMAP® is 1 million yen/1MW.

((mmisze | amw FH/Age | 4 ) (mmisze | 1mw 4/ Age 3 )
INZJLUEL / Number of modules 9,500 INZJLUEL / Number of modules 4,400
=pl MEARREY 1—)b1,50080 % FIE3TIR =l BiS0EEN Y FTEI 21—V 140D REELE
NS Casc Replaced 1,500 initial failure panels for free W, N Ca=c 140 modules shut down due to breaker trip in summy

3ERED - MEENSYFK

Before : Variation is large

iR : MEENSYF) W
After : Variation is small

BN BEREEICA YT

Faulted Breaker trips every summer!

sew

PCS(XD—avF+v3F)
PV Inverter

DC Power cable

LA AR R R R EREEEEEREENEERENENERNN]
R R R R R R R N RN N

SessseBERRORROE RO
sSesebeRsIRBRIRRRERRERRY

AR DIMRLLEE [/ Structure ratio of string [%]
—
o

AUV T EEREE (FH)
PLC slave unit

18 20 22 24 26
1E#RDOA M) 5RE / String power per day [kWh] PV module

5.5 million yen per year 0.37 million yen per year

I 550 75/ 14 w e 37 A/ 1

Improvement amount Improvement amount

(2013's FIT : ¥42) 8,800 75M/ 165 J (2014's FIT : ¥32) 621 M/ 175 J

88 million yen per 16 years 6.21 million yen per 17 years

) 1MWFEEFR STEX—Y PCSES1R ANV TEER EYa1—IVER
Ex.) 1MW plant Meter Inverter monitoring String monitoring Module monitoring

% '/IE 152 ~,
WAoo N F%2/ Monthly %5/ Always 505/ Always I/ Always

EREHOS 1 2 20 4,000

Number of monitoring unit

Determination of abnormal location
EANE L7 — —
Retrofitting O A
JARNNT 3= IR/
Cost performance X A O A

SEEORAOER : BIFERT "WEORHRER S R0

Countermeasure to yield loss : Pointing issues and fixing them quickly with detailed monitoring.

FEEIOAFIVIERYU1I—2a VT EBORZEHITELLS,
Let’s prevent yield loss by using Sumitomo Electric’s string monitoring solution.
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Power line communication module for Smart-metering System of the Building

EFREIDHEMSY—ERD'SY bIx—LSEMSA*-Home

Smart Energy Service Platform for Home [SEMSA’*-Home]

Bnr /4 mitt. 8LV eF a1V T« LAV, [LEEHEICE S @BSEENIC &Y
SISV AT LAZRIRTEIAV—MA—=9—HDPLCEY 21—

PLC module for smart meter realizing a reliable communication system by superior noise
tolerance, high security capability, and wide area communication cover.

2 ® Features

B EN:/ A Xt
EFRRNICEZEDHBGI-PLCAXDIFEBAERBED / 4 X7 4 LI HHTIC K D ZEEE

B Reliable in its communication by adoption of G3-PLC and an original noise
filter technology.

ESVLWVEFaUFT LRI
PLCEB{EMDIESE (AES-128) Z/\— RO I 7R THRIE LR/ LB ST S TL

B Very low risk of wiretapping and manipulation of communication by performing
coding (AES-128) of the PLC layer with hardware device.

B Ry DPEEIC KW LEEEIC/E < BISEHE
EVa1—)VEDRY I BETRRIET Y 3V (TN
B Supporting a large-scale buildings by hop communication between the modules.

& RLG System Composition

~W
A=5—7-5EBY27 L PLCEM BPLCEY 1—I)ILABANY—hX—9—
eter Date Managemen ystem section . .
- Smart Meter built-in our PLC module
:l {ERERIIC AY—hX—5—
— ﬁﬁ&ﬁﬁ .| Smart Meter
The master is PLCEY 22—
VPNIL—5 S N
f-’-\\ VPN Router pressure side -
Internet AY=pA=F—
pe &‘ Smart Meter

4 PLCEY2—IL
(Slave)
vy iBE A —hA=F—
Hop N Smart Meter
communication . PLCEY 21—l
s T (Slave)
S P - S

AY—hX—9—

Smart Meter

EJa-b
(Master)

- < 5
Ei jd PLCEYa— = . I R -~
AERENSE v 200v " Rt (855 | IAREESH / BNKES Y5 —F 3 3F)1)

T & Specifications

BEAVITT—X ®PLC: ITU-T G.9903 (G3-PLC) BPLC:ITU-T G.9903 (G3-PLC)
Communication Interface B Ethernet : 100BASE-TX B Special interface for the meter

wEONINL m ftp, http, ntp, etc.

Communication protocol m ANSIC12.18 / C12.19

LT | Features

B2 ISYRLEICY—EREEL. FERIISEY—ERZEH

B sEMSA®-Home provides various smart energy services for individual home owners.

a Y
M Virtual Power Plant —EXIC II\Q _ )
H Virtual Power Plant Services @ SREIY—N—
= Energy resource management server

EEHIEL. EHOHBIGARZITVET,

SEMSA®-Home allows the aggregator to remotely @
'] L I } ') L

control

control energy resources owned by individuals,
and balance electric power supply and demand.

HAHEE Y —/N—

W TS f’ﬁ?‘@

B Restriction of Solar PV Output ~ PV power generation control server
PVORBEN'S <12 BB —/N—H S DIERIC o - PSR | |
o TRBEEHL, BADRGERELIEET, | T
SEMSA®-Home provides a service to control and restrict A\ control ; : =

solar PV output during the peak time from the server,
and stabilizes the balance of electric power supply

and demand

r ) )

BEEEERI5(L REHEIC _ -

m Indication of Electric Power Usage / &) : \ %
Control of Home Appliances = N P S
23— N7+ Y7 FUTERNICER Bt - ‘ [ HemsEmY -
I7 AVViantr ESEREDIREIRETT, . ' " HEMS management
SEMSA"-Home offers intuitive monitoring electric > RE :
power usage, and controlling of home appliances -
and/or energy resources such as air conditioners -
and water heating systems by smart phone app.

\ J

M sEMSA®-Home

Home Cloud
DERMS: 7B EREEY—/\—
PV “ = Distributed Energy Resource
~ Management System
S HEMSE&IEH —/\—
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Virtual power plant proof system Demand Responses solution utilizing SEMSA®
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B A Virtual Power Plant, operated by an aggregator which directly controls group of energy resources of consumers for ——
effective demand control to adjust the power system, is expected to be an alternation of conventional power plants. mb‘fﬁﬁgﬁﬁ%ﬂﬁ Li?’o

[IN=FtIIST—FS YR —EZ | DA A= B A demand response signallislissued by utilityccompany-at theopower-supply:and demand
Virtual power plant service image balance contingency. SEMSA®R receives thessignal throwghrancaggregator and veéduces
imported grid power automatically by using Redox Flow batteriessand - CGS;etc.
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Charge, electric discharge of the electric car Wind-generated electricity
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B Return-oniinvestment of apparatus facilities'is improvediespecially by option of a batteryoroa selfcgenerator being
controlled'remotely-in‘additiony Demand Responses ("negative 'wattbusiness’) enables incentive acguisition.
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sEMSA® simulation for introduction of disperse
power devices
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W Sumitomo Electric could propose both the best combination of power devices in capacity and the
simulation result by them to the customer who has any interest of energy cost minimization by them.
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Bl Based on both power rate and gas rate, PV capacity
already installed, and yearly consumption data of both
power and heat, not only the best combination of
batteries and co-generators in capacity is introduced, day1 day2 day3
but also yearly operational indications of them. < > > >

il M. s il
liifl

=
=il [ TR

| EBAM 1 SRS 3, BEEE e ODEU/JE,E r

B U EMBECLOBsE -SoC (FeEFEE) fEFFEE <
—~— o

: cGs THRE @ ---~--x~-w~~~mm
EHet - TEAE. {E FRERE NEDHEEDT—Y 0 b
-t <N - TRILF— e () ‘ I ' R

ZE PV HRAIVYY mmRF —FGEBEEE
(b)ERBE : PV. BRI VI VREK, RFEBOBH

=

BRE

H2LeH | n‘»({?— EHIBEE0NT—
AR | -5xXlE

HRBEZH s

XsEMA“l?{iE'E-uI%HEﬂ::*iOEf—Z?

3#SEMA® is a trademark of SUMITOMO ELECTRIC INDUSTRIES, LTD.
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POWER DEPO"II

Portable Lithium-lon Battery Storage Unit [POWER DEPO"II ]

NE-BETRBEDNESVRIERBEYFOLIA VES

POWER DEPO®I is Lithium-lon battery of low cost, small sized, with high efficiency.

2 & Features
B 3.2kWhZEEhZ20/H7E. vETH DBEECRMEZXRIR

B Realized low cost with enough battery capacity (3.2kwh, 2 times a day)

BN MRBEQEITCEREISIX M XIEHE

m Compact & lightweighting, Setting construction cost is low.

BIREOA VNI Kl CHRBEBFDERMNEI5.5%ZRIR

m Realized 95 5%.0f conversion efficiency adoption an original inverter technology.
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Buy power at night, ?EEE'
use it in the morning. B8 Charge
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Charge power at noon,
use it in the evening.

Power generation
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B R System Composition
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Solar panels
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Watthour meter

Watthour meter
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Power conditioner I]]]] Power grid
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Interenet Distribution board KERRBETIS
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v of the solar system
SEEESEE Emergency

AC100V (fZEB5ER)

Distribution board
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HEMS controller controller

POWER DEPO®II

Tt Specifications

ZEMBE Energy Storage 3.2kWh ZHRGNER (E:f(;irl\i/srr,ﬂ;n 95.5%

RIEZR  Grid Interconnection | AC101V/202V-1000W  RERIRE Environment %ﬁg%%'t”u?ﬁi 0~40°C
HiIt/1  Output Voltage AC101V,1500VA AN Dimensions | \W530XD300XH650 (mm)
PVEIIAJI Input Voltage AC101V,1500W =} g  Weight About 55kg

FEHEB  Charge Time About 3 hours et communication | |EFEE802.11b/g/n,E-L
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New Technology of Transmission Line for Smart Grid

ENERGYMATE®-Factory

E=REERA BIEKE:ZES—2J)U HVDC Submarine Cable for Interconnection
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DC400kV-XLPE (1GW) DC500kV (2GW) B Submarine cable laying ship
H DC 400kV submarine cable for l DC 500kV PPLP-MI cable )
NEMO Link PJ
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BEOREIRILF—EMICHEMUTVET,
B SEl is frequent contributor to Renewable Energy.
B (58)

Conductor(Cu)

HERRE GRIBRUIFLY)
Insulation layer (XLPE)

HEE KT 7A1N—)

Optical composition (Optical fiber)
BrIRSIE

Wire Armor
TISRAFYIV—

PP Yarn

EEROIES S EREM Dynamic Rating Technology for Transmission Line

W XEROBREREZAEUVZETELEZAETS
CETOXEBROBEZIBINSEDVATLTY,

B Dynamic Rating system adds an extra capacity
of transmission by temperature monitoring.
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Over head line (Radio transmission tempsensor)

EERA
(RRIXEFTERE)
TSO (Maximum transmission

capacity control)

tthoh, SBIRIXER OET 71\ —)

Under ground / Submarine transmission (Opticalfiber)
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UL S ENERGYMATE®-Factory
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