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Tahle.1 : Analysis conditions
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Tahle.3 : Predicted output
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Table d.: fEiTRE SR T L

W B B # (# i
EES (&) ? 3 4 5 6 7 8
DIGH 5 %) B.08 5.68 11,46 1229 1275 12,95 13,00
HiliEo A - e B 4.97 £.80 8.6 B.76 8.08 8.23 0,24
5 B i (MWh) 5.70 17.74 3161 | 3161 34,33 a5.47 49.47
| 3 R th A4 IE (MWh) 6,26 18.51 34.77 34.77 37.76 §4.42 54,42
m;\: ﬁ’eﬁljﬁﬂ {MWW) LG8 213 378 .79 4.12 5.04 5,01
HEPCSE R =¥ 4 5 8 B B 12 iz
6. ORELELER R MO T
Table.G : {t{F— %
Battory model Energy Storage
Battery type LL1500-8 LL15005-8
Mominal voltage B av
Mominal capacily 1,50008h0 1,50048h
Erergy capacity 12kWh 12K h
Height 473mm 473mm
Dimension .
Width 799mm E7imm
[£3 mm})
Depth SO6mmMm S0&mm
Welght (Approx. kel A30kg 485kg
Frpected life (at 25°C) 3,000 cycles 4,500 cycles
L0C range 30-20%
Charge condition Per SKE's instruction
Balbery construction Sealed with regulated valve

Installation

Horizantal

Connection

4 cells in serles

T

Fig. 11:0_ MW -class Lead Acid Battery system
in comtainer

Washer —ga Nut 3 Safety valve

Bt —* ... Terminal
k\\[ﬁl‘;i ,ﬂ"} Head cover
—Megative pole
: ,Jf
Pasitive pole ool .
e o - Megative plate

Positive plate -

Container

T

Fip.12:5tructure of Lead Acid Battery
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Vanadium Redox Flow Battery

Sumitomo Electric Indusiries, Lid.

| SEI CONFIDENTIAL & SUMITOMO ELECTRIC

Overview of SEl's VFB 2

F. >
2 Long Histary of Development since 1985

2 18 Years of Operational Experience
-1 More than 20 projects deployed
=1 SEl held highest number af patents in the warld |

- Using the charge-state differences of vanadium
ions dissolved in sulfuric acid

- Mo chemical reaction

|- ACSTHG convarar ] m
S & i

: i 5 .L'|L'I.'|.r'3'ij »
frama elﬂ:lrudﬂ membrane bi-zolzr plate
" :.'{ | e . e
: R [H Lol |y A

Frommey L I‘r
=% Elactrode Membrang == - | I_,’:r{ !_ l ..
Fumz Nz e T ynit gell
| SEI CONFIDENTIAL | & SUMITOMO ELECTRIC
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System Configuration ?

i Floviing 2azhode Electrzhyoe - FlOnmtingg Mepatve Electrolyts

Coaling Exchangers

Grid

AC
fF
Electrolyte [T
tanks
R | SEI CONFIDENTIAL | & SUMITOMO ELECTRIC
Advantages 4

Chur WFB storage system have long life cycle and no risk of burning, suitable for both fast
rezponse (<0.2sec) and long-duration {several hrs] applications at the same time.

1. Long Life Cycle  Lifecycle not dependent on depth of discharge
' Unlimited Charge/Discharge cycle of Elactrolyte
' Electrolyte is Reusable after decommissicning

2. No Risk of Burning *Non-flammable Electrolyte
* Flame Retardant Materials

3. Easy Operation *Accurate and reliable S0C Management

 Ambient Temp. for operation

- Power possibly higher than Rated Power for a while
'Same Electralyte when fully discharged

4. Multi-PurpusE * Fast response (<0.2sec) ideal for Renewables
*Long duration for Peak shift, Demand Response
*Fast Ramp {Up/Down]) & long duration applications

AN -Separation of Power (MW) and Energy (MWh)
*Easy to scale up to large-size systems

. Ing anions Dynam
i umﬁmlﬁnm‘f.u.

(S

« SUMITOMO ELECTRIC

| SELCONFIDEMTIAL



Long Life Cycle ;

# Operation data of Yokohama PJ shows there is no degradation
on current efficiency and cell resistance.

Operation Data of SEI's Yokohama Works Project
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| SELCONFIDEMTIAL

& SUMTOMO ELECTRIC

No degradation of Electrolyte 4

# Electrolyte has almost no degradation from charge / discharge.
¥# Makes electrolyte reusable for long-term.

no need for
electrolyte -~

electrolyte

/ 77 replacement s T

[ 11

1l (I |

2 i 3

= i % except . L D&M
- - - . 1 ¢
._% except electrolyte e electrolyte .. i
s

T3 5 7T 311315171821 2325272931 3233537304143 454749

yoar

Ing e Dynam

= A EETH) ] .
ECTCE e Y

| SF1 CONFIDENTIA < SUMITOMO ELECTRIC
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Easy Operation '

~ Mon- Flow Battary
e * Electrolyte is stored inside individual cells
* Monitaring and Re-balancing 50C
among many cells is MOT simple
* Scale wp to large energy size is difficult
» How to avoid over-charge is critical

o

A

* Electralyte is stored outside cell stack in a|
cammon tank

» Accurate & Real-time SOC monitoring

* Na need of Re-balancing the 50C

=

; - ~|- I [ - =
E _ijﬁ Easy operation |
i * Easy scale up ta long duration (hrs)
Tl - T > B
o l * Wide range of SOC utilization
., FadEMantbnngasll for charge / discharge cycle

.'?E!?"‘t!ﬁ-ﬂ_‘}’;ﬂﬁ | SFI CONFIDFNTIA

& SUMTOMO ELECTRIC

Fast Response 2

# The response time of VFB cell is in "ms” order.

¥ Measuring device and control units decide the response time
to stahilize the fluctuation,

33
S0 .—————-——————--—-—————-:
_ H == o Ol ol Sinu ke Signal)
25 - 1
i
20 - :
|
s - i Feecln Flow Bateny Ciofaut
= i
i
'
|
1
L

EER Sy}t Ly oYt
14 L L
20 160 ) 100 200 a0 400
T el riesese]
_ngm'“E ﬂ"'gw_'na'w I,I_TE | SFI CONFIDENTIAI & SUMITOMO ELECTRIC
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Fast Response

Example below is smoothing of wind turbine output.
It shows that the response of WEB is fast enough for frequency regulation.

——— W D)
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" | | Al Bordid  wml J,
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v M e
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Y
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'\l | Changing ! divshariging of VRE
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@ SUMITOMO ELECTRIC
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Projects & EXxperiences

@ SUMITOMO ELECTRIC
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_Field Operation Experiences: 20+projects installed !

Application Inwtsll
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Ingeniows Dynamics |1
o ﬂlmﬁw—lufﬂw-w .

Total : 10MW, 20MWh

12

Major Projects

*Lang Histary of Development since 1985

*Operational Experience since 1996

Period 2003-2008 Since July 2012 Schedulad in 20153
Type Co-located with goncrator Usar gromiscs Distribution
Location  Tormamae Wind Fanmn Sumitcmo Electric Haokkaido Electricity
[Hokkaida) {"fokobama Warks) Power Company
tHekkaido)
Application  +Stabilizing Wind Farm *Demand Side Management | «Frequency Hegulation
Lutput for Grid Inteqration | «Renawable Inlegralion =Adjustmenl of sumlus
*Renowable Firming Ranswable genaratioh
VFEB Spac  4MWEMWh LT LTI ] 15MWEIAW
Motes =\Wind fanmn: 3TV ~Gas goencrator: 3GMW =Contralled by ofility's

Ingeniows Dynamics

o

=270,000 Cyclesl3 yoars

«GPY 100K
«EVERYDAY DEM

control center
+Multi-<applications

e ﬂl“hl“’“’.'\"w .

Sumitorro Eledtric Prop-istery

& SUMITOMO ELECTRIC



Sumitomo’s Yokohama Works

13

photovoltaic [GPV]

Redox Flow Max. CQutput: 1 MW
Eattery Capacity: 5 MWk
Concentrator Max. Cutput: 100 kW

{7.5 KW x 15 units)

EMS

Sumitoma Electric

Applications

M ulti Purpose

Renewalde Firming,

Paak Shaving,

Demand Response (DR
[fMokohama Smart City P

Place: 5El Yokohama Weorls

i Ilwm Frznlmins Werk=

e
[ L

Livangden Caracal o E ImErEeST
‘ | [l

Elaeiorvl-n i':l!uuui.-'. O

- I § ’
-H._\_\_ll\-a.ﬂl kadi 1""\-\.,_\__\--\-\- lIll /.

L A
i e B
— o B S Lk

s = Len su-as ek

| SELCONFIDEMTIAL |

@ SUMITOMO ELECTRIC

. s
Sumitomo’s Yokohama Works 5
Operation Types of VFB Applications
Load Leveling/ Stabilizing scheduled
Pealk Shaving Power Fluctuation Power Supplying
ZFY Caluc .
Eeg ilated Tltans i
N T I_T T |-;E'.u-.-r[l,. A Ljr::;_“ﬂ
g &= Corswmplicn E |EFI".-'+'.-'-F:I:.
nn- ' e CP gL _.-"
B Irczriing i
rght  wnrlrg e (ST marnirg raco £vEr ag ’ miarr g nana n-.-:-nlrg.
Charge Electricity During Stabilizing Fluctuations of CPWV and VFB Enables

oHf Peak and Supply During
Feak,

Load Leveling/
Peak Shaving

IWlax, Derand Supprassion
1MW BYokahama viacks

CPV Power by
Charging /Discharging

*Reducing Dependence on
Thermal Power Plant
*Increasing intraductian of
Erocn CRCHEY SOLFCCS

Scheduled Power
Generation Regardless of
Weather Condition

Enhancing the value of
CFY

SELCONFIDEMTIAL

42
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Sumitomo’s Yokohama Works 19

#» Example of combination of Renewable Firming and scheduled
discharge operation with Long Duration {from 7am to 6pm)

120 - , - , ,

System Cutput VFBE output
G - P Syl Lo | _— Ny
BD -

Gl -

EHI

Cutput (kW)

21

A

Concentrator Photovoltaic uutth

i

G600 ¥000 800 889 1000 10 1200 13480 1400 1300 1ED0 CT00 12480 1000

v ing
i o Gl e

| SEI CONFIDEMTIAL «© SUMITOMO ELECTRIC

Yokohama Smart City National Project 18

# City scale trial of Demand Response Service under support of Utility
# Agaregation of Home, Apartment, C&I (Sumitomo’s Factory) and PEV

MOl CME R o HEMS

Sumitomao Electric |
Yokohama Warks FEMS

VFE systems [FEMS)
- O5M, Open ADR

v ing
i o Gl e

|5Fl CONFIDFNTIAL | & SUMITOMO ELECTRIC



Yokohama Smart City National Project 1€

» Demand Response: According to a consumption reduction reguest
frarn TEPCO, SEI's Yokohama Works suppressed its receiving
power at max. 40% during summer by means of our FEMS system

incl. VFEB systems.

100% thr.tual Dermand ]
= ans 4 -
g N
&
= HL -
2 s
%
= b0% ™1
= s Received Fower from TEFCO
&
= ans (Gas Generator output =
[ o
T A
T s
= RF battery output
= l l

0% -'~| CPY {,-l.'rtnut| |
-1 'I'# T T t t = I: L T

01235]55'}8 10 12 14 16 18 2021 22 23 24

| SEI CONFIDENTIAL & SUMITOMO ELECTRIC

Hokkaido Electric Power Company Project ™

W

Capacily : 15MW

Energy:  60MWh

Location:  substation of HEPCO
Application: Multi- purpose

Under Construction

vor

5!

- trequency control

- Surplus power adjustment

SRR

Win F i 1T cd s
T :m TN crnnw-lljb.::;ilr:ul-n:?:n 1503
|'1 L Iu""*;
| : B TT) Treguny
* -
s Solar park i
= o - :_.
—1 .II Ill. !
|F.FI COMFIDFNTIAL | & SUMITOMO ELECTRIC




AC / DC Hybrid Micro-Grid System 19

2. 219 Thin-tilm Si P'Ys 2, 26W Crystalline Si F'n.";.
: A0

1khe wined Tu-bine

S L LT TPl d Bt

kW
Concentratc+ Mhotowaltaic:

- Concepts

# Independent powor grid systom
from commercial power grid

# 5table use of renewable energy
using VFB

# Efficient use of power through DC-
Link

T LA -

3k
1
o
L
5
r
i

2wy 10 kwvh
VFE system

Started in 2011 at Osaka Works

\ Inaenious Dynamics” |F.FI COMFIDFNTIAL | & SUMITOMO ELECTRIC

AC / DC Hybrid Micro-Grid System 0

Stop of WFB
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WVFB's Role in This System
# Keep the balance between renewables and power consumption
#  Keep DCvoltage at 350% by charging and discharging in 100msec

- Ingeniots pynamics SFI COMFINENTIAL & SUMITOMO ELECTRIC
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NAS

Sodiur Bullur Saitery

Sodium=-sulfur (NAS) Batiary
anergy storage systam

ERREEEEE Epepepapal
December 12 , 2014
% NGK INSULATORS, LTD.
NG 2014.12.10 AD
Today's Schedule for TPC Mr.Fang-Shuo Chuang /
. [ o o
08:30 Pick up at hotel

08:30-08:45 Move to NGK Tokyo Office

08:45-09:15 NAS presentation

08:15-09:50 Move to Morigasaki Water Reclamation Center
10:00-10:40 Site Tour

10:40-11:00 Move to Hamamatsu-cho

11:00-12:00 Lunch
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NGK Corporate Profile /@

Company: Name NGE INSULATORS, LTD.

[Date of Establishment May 5, 1919
US 700 Million Dollar

Annual Sales S 2.530 Million Dollar :
T ;? gﬁﬁaﬁgﬁsgﬂ
Annual Operating Profit Us 210 Million Dollar Gt

Representative Directars
TakuQshima (President]
Hiroshi Fujila (Senior vice Presdent)

Numben of Employees 3,426 [non-cansalidated)
13,159 [consolidated) A of March 31, 2013
SERLECIRELE Y 54 companies

a
v

1. Features and Structure of NAS Battery "~

World Products proven in Large-Scale and
Long-Term operation applications in commercial field.
BApplicable for large-scale and long-term operation
{Mare than 4B0MVWIZ,000MWhH 220 sites with 10 years exporicnoa)
Application mLarge Capacity enables 6 — 7 hours continuous full discharge
BCompact in size {2 - 3 times energy density of lsad acid battery)

features : . -
Bl onger life expectancy (15 years expected in standard conditions)
BEconomically compatible per kKvvh
| Battery System | | Modula | Call
Sathary Cal - Ekcmde— - Zleirzde
Fuea
Calmgy
4’—‘ : LBnnurn
oA e Balid
e~ - Elactrolyte-
} l:{E\'l:h ..I'I'. I
o e—Tdurale Case ."'-I'f.ll.‘l;f.
[=alfur}

Heaber



2. Supply Records : Field for all over the world /@

MO

WS A mew rark
1MW

Japa n
A00MW
220 sites

Canada OC
1wy

usAa
Want Wrginla ate.
i

7’

Usa: 20MwW | :Load leveling/UPS et

Europe: ~T2MW
Japan: 300MW
Middle East: 108MW

Renswables{Wind Solark
-Ancillary
-Smart Grid

3.Comparison of Energy Storage Technologies /@

FASSi -
Bulk o
UPS / Perarer Quality TED f Grid Suppart // Load Shifting mannz?n:crq'lt
. . NAS
g Size :1-50MW
=]
2T Duration:Hours
=3
3
£
£2
E- £
&
&
=
2

ThW O kW 100 W THW 10 MW 100 MW 106w
Syslem oower ralings, modake size

IRENA, “Electricity Storage and Renewables for Island Power™, May 2012



Comparison of Battery Technologies Y 4

Systam 1 e
slze Li-lan
(MWD, (Statlanary)
LEEId Redﬂx
01 acid Ni-H
IR
Li=lon LarLyi - —=itar mablic PG|
Tx 0= ] ) 3 B
Discharge time [hr]
. Lead acid :
MNAS Li-ion o e Mi-MH Redox
System size Large Medium Medium Small Medium
{Max, record) LI A0fAh 10MTh 01Tk AMWh
e Small ot Small Mladium lectitarm | Arre
Campasinats *-qui-.'hmrllj el S FAEMND AN 13000 MW
: Lon Medium Long Short Medium
Life expectanoy 5 weg; W0 yanrs ‘T yass T vBErE G-10ysans
i Eystemper kWh Lo High Madium High Medium
=13 4 : ; - :
per kv Medium Loy High Mledium Medium

r

4. Application Example of NAS Battery ’f"@

Site

Factary,
Office

Power
Producer

Fower
Utilities

Application

1. Peak cut, Load leveling

2. Emergency power/

Stand-by power for
moment interruption

3. Absorptian of

fluctuated renewable
Bnergy

4. Stabilization of

Power (Zrid

5. High efficiency operation

af turbine

G. Nabwark stahilization

tor Smart grid, local grid

i

KOS

Merits by using NAS

Cusloiner : Eluclricily ey saving
[Reduce: max mum demard and peak time uss)
- Powar utilities: Investmant defamal

Power aecurty against ling intenuption;Quick Back-uz)
=Avoid Producls damage of planl

~Clear grid conneclion sode

lnerease grid conngclion capaily

= Tirne =hill {Solar: Daytime to Evening. Wind: Mignt to daytime};
=Avoid cirlailment of Renewabile Energy rom grid

=Avoid additional investment of Transmission ling
Ancillary Sarvics (Adjust powser supply and demancd)

 Reduce fuel consumption
- Reduce COR 03s ermission

For Smart grid | Local grid (Islands, [solated grid et

= Litilization of rencwable cncrgy.

*Harmonizalon af current power sourcs and ranewable
ancrgy, dislribuled power sources ale.



4-1. Renewables and Grid Application in Japan

© Wind Application
SIHW Wind +34MW/200MWh NAS

Dy

— ¥ind
= Cumpaniesd Mo

e e e

@ Solar Application
SMW Snlar+1 EMWHDMWI'I NAS

at PV autput

¥

W ocugr W cwan

= il it abisliL
.ﬁ.hmrnl:hn .ll.\:\l':-ﬂlm ﬂur.tu“nn

Peak He dischainge
LEvamng #el by
Sharmg Oay-+mme Enengy

NAS Battery Installations in Europe

Berlin, Gemmany: 1MW NAS Battery
far Younicos

MAS Battery in Micre Grid Tasting Building

for Enercon

Erazrecan’s GV Wind Turbirs
wilh MAS Bollery

! Younicos Press Releass (on  February 2013]

TNOI

i Ima faint pifat progeet, Younioos and Vatterfall have
¢ commissioned the first large srale batban 1o be
integrated in the Burnpean elecincity halancing

| Ginee the end of 2012, & 1 MW NAS bateny based
! &t the Younicos headquartera in Bedin aurnessfully
. halances short-term fluctuations in the power grid.
This i the firat im= 8 hateqy is emplnyed in
rmairtaining the frequency ok the transmission
wﬂttpm nppn::mr '-':I}H? Transmlﬁmn Ii"mbH

market.

Indaar Type MAS Battery and PCS

Reunlon Island. France: 1,000kW NAS for EDF




4-2. Renewables and Grid Application in Japan and Italjy'@

T

@ Smart Grid @ Renewables + Ancillary in Italy

Fv AN (Brgn 45 000mE) Furpose for NAS Installation

Wind 4 DAy ‘Dtwoid Curtailment from Renewables
{0.9MWxdunits+0. MW Tunit) Rapid Increase of Ranawables

Battery :MAS battery 4MW [24MWhH {2011 19GW = 2016 33GW)
C SRR il 2'Provide Ancillary Service(Tertiary Reserve)
Li-lon O 20MWh cskevh = 25 units) FCO2 emissions reduction targets

Existing : D G100V + - Supply of TOMW NAS for Terna S.p.8.0n Haly
Gas-lurbine TSR - The first phaze :35MW (2450MIVR)

Wind 0.aMW - SPAEIEAERC POt

from Renewsbles -
Tetal
Battery ™ .
b‘.l' BTERyY _._,qul.ﬁ_l\_.-,\‘__

LS

= Bdncillany
P Ay
PR - S
J =] ==
=
I'-'."E v

Smart Grid Application in Japan /@

Miyako Island / Smart Grid - pv & wind Farms with NAS -
Demaonstration test on grid slabilization devices such as NAS hatlery
whien PV & Wind generators are connected o grid.

; MG e
P AR [Arca 45 000mE) s i B il
Wird A 2R DAk = dunils + QEMW 51 unil) L e A i
Dattery  MAS ballery 40N OUSMW < 8 units)

Li-lon battery O 20Wh (BkWh « 23 units)
Cxisting DG &1.50W 1 Gas-turbing 15kW

Operating from D200,

o 3 AEFF
s |l mtiteme FETBET,
iKW

‘ =T & 11T plel®

|| [
*.__D".l'ﬂ'l'#'r
LIE: n.2%WWh




5-1. 1,200kW/7200kWh NAS System (Package Type)/@

NAS Battery: 1,200kW Package type

4.4n‘1!-=l;=—

PCS: 1,200kW Package Type{Example}

MO

Example of Layout

"‘"||

1 ZN0kNY PLES

ETE CE AR

e 1 ZIRWHAE oy

_in_l_l_._-ta

16m 1

M

1,200KW0 HAE 1,200k FCS
Ske View
1 — il
| 4. T
A
| ———_

Front s

17

10MW NAS Battery System layout (9.6MW) /@

wn
w

MO

CONFIDENTIAL



5.2. 200kW/1200kWh Container Type NAS System/’@

1.6 MW Containerized NAS Battery Layout

NAS Battery: 20 Feet Container Type

Ty
Example of Layout
10m
Zm Am —*2m
i LI T\.
H NAS | Z.4m
1 LRI 01 . L
T 1d0m
Mainlenance Space 2.0m
. l
el LI T‘
H res || zem
= 1Ll 1] 4| |

2.2m
| (ST

12m [ = A0

S S Lt

=

L1 TWES VR T d T

I
|

[ 9m i =Gaft:

Stacked 200kW
HAS Eatlery

Units

1AM BAS Ballery

Uit CErced [ L R
Cznlily 2 sul
Vifaig hit 21 x4 =04 ton

(2315 x4 — 83 short

lure]

Floor Load 2. Bton'me
Capacty (2.5ehort tam! 2 yd)

I

e







