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Energy storage Advantages Disadvantages Power Energy applications
technology applications

Lead-add batteries

Lithium-ion batteries

Sodium-sulfur batteries

Flow batteries

Flywheels

Pumped hydro-energy
storage systems

Compressed air energy
storage systems

Low power density and capital cost

High power and energy densities,
high efficiency

High power and energy densities,
high efficiency

High energy density, independent power

and energy ratings
High effidency and power density

High capacity

High capacity, low cost

Limited life cyce when deeply

discharged

High production cost, requires special

charging circuit

Production cost, safety concerns

(addressed in design)
Low capadty

Low energy density
Spedal site requirement

Spedal site requirement,
needs gas fuel

Fully capable and
suitable

Fully capable and
suitable

Fully capable and
suitable

Suitable for this
application

Fully capable and
suitable

Not feasible or
economical

Not feasible or
economical

Feasible but not quite practical

or economical

Feasible but not quite practical

or economical

Fully capable and suitable

Fully capable and suitable

Feasible but not quite practical

or economical

Fully capable and suitable

Fully capable and suitable|

+ ) S R A

7 2 = A RE A TR A 4 f % [6]
Technology Power rating (MW) Discharge duration Response time Efficiency (%) Lifetime
Lead-add batteries <50 1min-8 h < 1/4 cycle 85 3-12 years
Nickel-cadmium batteries <50 1 min-8 h N/A 60-70 15-20 years
Sodium-sulfur batteries <350 <8h N/A 75-86 5 years
Vanadium redox flow batteries <3 <10h N/A 70-85 10 years
Zinc-bromine flow batteries <1 <4h < 1/4 cycle 75 2000 cycles
Flywheels <165 3-120 <1 cycle 90 20 years
Pumped hydro energy storage systems 100-4000 4-12h S-min 70-85 30-50 years
Compressed air energy storage systems 100-300 6-20h s~min| 64 30 years
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Customer or owner Application Output capacity | Year of delivery

Electric powercorpany | Researchand development | 450 KW % 2H 1996

Office building | RSeaxchand development | 5 vy o gy 2000
{load leveling)

Electric powercormpany | Researchand development | 200 KW x 8H 2000
Wind power output

NEDO fluctuation stabilizing 170 KW x 6H 2000
verification (single unit)
Researchand development

Constructor (combination wit solar poves) 30 KW x 8H 2001
Instantaneous yolta@e 3 MW x 1 Bsec

Factory sag compensation, (1.5MW x 1H) 2001
peak-cut control :

Flectric powercorpany | Research and development | 250KW % 2H 2001

University Load leveling 500 KW x 10H 2001

Laboratory Researchand development | 42 KW x 2H 2001

Electric powercormpany | Research and development | 100 KW % 1H 2003

Office building | Load leveling 120 KW x 8H 2003
Instantaneous voltage

University sag compensation, 55 KW x 5H 2003
load leveling
Researchand development

Railway company | (lcad leveling, irstantaneons | 30 KW x 3H 2003

wltage sag compensation)

Office building | Researchand development | 100 KW x 2H 2003
Instantaneous wltage

Data center sag compensation, 300 KW x 4H 2003
emergency power supply

Laboratory Load leveling 170 KW x 8H 2004
Load leveling, emergency

Office building | power supply for fire- 100 KW x 8H 2004
fighting equipment
Load leveling, emergency

University power supply for fire- 125 KW x 8H 2004
fighting equipment

Electric powercorpany | Research and development | 152 kW x 2.6H 2005
Load leveling, emergency

Museum power supply for fire- 120 KW % 8H 2005
fighting equipment

Bt poverconyany | Rescxchansd development | 0y o gy 2005

PASICORR (combination vith solar power)

Wind power output

NEDO fluctuation stabilizing | 4 MW x15H 2005
verification (wind farm)
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24 2014&p AR RETEXNRELERFHEAS
B 4 2 S v &
FC EXPO 182 109 5
BATTERY JAPAN 313 211 9
PV EXPO 340 185 15
PV SYSTEM EXPO 207 157 4
WIND EXPO 168 99 1
ENETECH JAPAN 91 90 0
INT'L SMART GRID EXPO 136 106 5
ECO HOUSE & ECO BUILDING 70 58 4
Bt 1507 1015 43

% 5FCEXPO B ff 414 #

FC EXPO
Device/Material/Component 52
Testing/Measurement/Analysis 38
Manufacturing Technology/Equipment 21
Hydrogen Production/Storage/Supply 65
Fuel Cell System/Product/Equipment 79
Renewable Energy System 52
Smart Grid 52
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# 6 BATTERY JAPAN & fr 3 kg4 #

BATTERY JAPAN
Device/Material/Component 89
Testing/Measurement/Analysis 67
Manufacturing Technology/Equipment 85
Rechargeable Battery, Energy Storage Technology | 125
Smart Grid 84

%7 PVEXPO E Fiiis*

PV EXPO
Device/Material/Component 82
Testing/Measurement/Analysis 50
Manufacturing Technology/Equipment 36
Solar Cell/Module, PV System-related Technology | 168
Renewable Energy System 137
Smart Grid 137

# 8 INT'L SMART GRID EXPO & fr 2 454 #

INT'L SMART GRID EXPO

Rechargeable Battery, Energy Storage Technology | 32
Energy Management System 45
Renewable Energy System 46
Smart Grid 106
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SUNFIRE GMBH | GERMANY | Fuel cell stacks (solid oxide fuel cells -
SOFC)

SOFC system concepts and system
components

Renewable fuel synthesis (Power to Gas,
Power to Liquids)

CONVION LTD. Finland SOFC cells, stacks (1-10 kw) and
integrated systems 50-300 kW

ELCOGEN Finland Solid oxide unit cells: anode supported
cell 20 x 20 cm. Operating temperature
for 600 - 700 C.

Solid oxide fuel cell stack: stack with
nominal DC power of 1.5 kW optimized
for stationary fuel cell applications.

GREENLIGHT Canada SOFC - X100

INNOVATION - Power range: 0.5 - 25kW

- Available PLC control for safe and
stable operation

- Comprehensive safety features

- Advanced control and automation

software
GREENLIGHT Canada Flow Battery Test Station
INNOVATION - CE certification including optional 3rd

party verification

- Power levels from 1W to multi-kW

- Independent, automated flow control of
anode and cathode electrolyte

- Air or water cooled resistive load banks
with recharge power supplies

- Data acquisition units

- Electro Impedance Spectroscopy units
-Coolant modules with automated flow,
pressure and temperature control

19
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CERA-FC CO.,
LTD

SOFC materials, unit cells and stack
Cathode: LSCF-NP ~ LSCF-FP ~ LSM-FP -~
BSCF-FP ~ SSC-FP ~ LNF-FP ~ LT-CCC
Electrolyte: YSZ ~ ScYbSZ ~ ScSZ -
LSGM-9182 - LSGM-8282 ~ GDC ~ SDC ~
BZY-20

Anode:3YSZ-CP ~ 8YSZ-CP ~ NiO-NP ~
NiO-FP ~ NiO-CP ~ NiO/YSZ
Interconnect: MCF -~ MCF-APS ~ LST-37 ~
LCSCCNZ

TDL CO., LTD.

Korea

Using the CeScSZ or YSZ in electrolyte
layer. (The nanocrystalline 1Ce10ScSZ
powder was successfully applied to the thin
electrolye layer of 10 in an anode-supported
electrolyte by tape-casting process. Electrolyte
was crack-free and dense, with good adhesion
between the anode and cathode)

MICO LTD

Korea

SOFC STACK : QubePower

(200W to 2.5kW)

SOFC Single Cell : Planar Type

SOFC Single Cell : Micro Tubular Type

o B8

MAGNEX CO.,
LTD..

Japan

SOFC Stack, Measurement Jig for Cell and
Materials for the Stack

Various Current Collecting materials for
SOFC(Crofer22APU mesh for cathode, nickel
mesh for anode)

Low temperature operation SOFC Cell,
Powder and Paste(ASC, Half Cell with round
shape or square shape and button type are
available)

Test Station for the SOFC

SUMITOMO
PRECISION
PRODUCTS
CO.,, LTD.

Japan

DC800W SOFC CELL STACK and
MODULE (High electrical efficiency
Small and Light)

Anode Supported Cell
186Wx159Dx110H, 8kg
(pre-evaluation in 2014)

5kW scale SOFC in develop

MITSUBISHI
HITACHI
POWER
SYSTEMS, LTD

Japan

SOFC Combined Cycle System: A high
efficiency next generation type of fuel cell
power generation systems.

MIURA CO.,
LTD.

Japan

5kW-Class SOFC System (Under
Development)

(Output AC4.2kW, Generation Efficiency
48.0%LHYV, Total Efficiency 90.0%LHV)

20




AL PR TS B TR B3

SBRE R 4% Al 7
4 ik Taiwan PEMFC Fuel Cell Stack:

from 100W to 5kW

The 1kW PEMFC generator
is portable for emergency
power supply.

Producing pure hydrogen to remove vehicle

J Mk T Taiwan Hydrogen Generator HGMS. . .
Hydrogen Engine Cleaner- HGCR: > |
engine carbon deposit [+ 4]

Hydrogen Generator HGL: Onsite & ﬂ:' .'
Hydrogen generation, Hydrogen purity greater .
than 99.999%

Taiwan 1~10KVA KVA Fuel Cell Back-UP Power
System. Equipped with UPS functions.
Energy efficiency, up to 40%.
Application in Telecom Base Station, Data
Center, RTR sites, RCLR Site, RCAG Site,
Bank, and etc.

ELs
it
&

FY ik Taiwan HTS Advanced Fuel Cell TEST SYSTEM
Suitable For Large Active Area Single Cell
Friendly PC Base Software Interface

Powerful Operation & Analytical Tool =
SOFC, DMFC & Reformate Options n ’ v
Reliable Safety Shutdown Mechanism N

Variable Humidity Option

# FCEXPO B Jehp 3 7 4v 0 Bt & 3240 ~ Sffric £ 4 %
BIR 7 B+ SOFC i 5@ B4 T KW S @ P & 2058 B o+

AR E T R KW s s s A SR $ SOFC
ASRRLEL BT ARBRERRE LN AL P THEOR ER
& PEMFC 384 3 f 5 = BenE B > bldodt4 iR 2 3 B35 5
KWl b chg * R kA m o @ B3 30 4 Moy iy 25854
AFTLZEY TROER  RELT GG S RAOKTREUL A5

AEBETRF AT H NP D SOFC 2 5w HBiEd 3T

-

(Anode Supported Cell » ASC)3t & » 1 & J Flg & ®s g * F R 7 M >
f

3

FaeF oRE MR R > Rk S AL T OEL A L gTE K o
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2013 & 9 * % it » MHI 9 200KW ‘& 4c & 3] SOFC 12 2 jicifs #4f 73 7k
% % Ki(Pressurized SOFC-MGT Hybrid Power Generation System) &

A R E bk S 4000 o) pEE R[] B R E 5 206 KW #ok s G

2 I

!

50.2% (LHV) » H & suyez 2 9 8 4c B 7 fo @] 8

T
=h
-

1.i_
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& Taiwan | -Mono Crystalline Solar Module.
» ) Mono-crystalline PV Module
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Cell Laminate
_ ) PST GT/ M6
o Taiwan 6” Mono-Crystalline
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Solar mounting systems (round / roof mount)
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NGK NAS Battery (Sodium & Sulfur Battery)
INSULATORS, Japan Typical System : 50kW Module
LTD Rated Input/ Output: 2,000 kW
Rated Capacity: 12,000 kWh
Construction : 50 kW Module x 40 Units
MW system can be easily constructed
Compactness: required area for installation is
approx. one third of that for a lead acid battery
Life expectancy: 15 years
SUMITOMO Redox Flow Battery
ELECTRIC Japan Redox flow batteries are suitable for irregular,
INDUSTRIES, highly fluctuating charge/discharge
LTD. operations, enabling accurate monitoring and
control of stored electric power. Accordingly,
they are optimal storage batteries for smart
grids designed for efficient use of solar, wind
power and other renewable energy resources.
Hitachi ; 1MW Li-ion Battery Energy Storage System .{:I % “
apan Container size:40 ft class e Y
PCS Rated Power:500kVA x 2sets = “z-:'-——’
Rating Battery Capacity:450kWh L5 S
Battery Cell Rating:3.7V/cell, 75Ah,Max225A | L ,-é [
System efficiency: Approx. 90% st
Target Battery Life:~10 years
IHI CORP. IHI Smart Energy Storage System "'IHISESS™
Japan Adding a several megawatts energy storage
system by IHI SESS, it can realize =
hybrid-ization of storage electric power and
plant electric power. Moreover, the electric
generating capacity of plant and the whole
power network, a response, and power
generation efficiency are raised. Two lineup
will support future smart grid society.
¢@ga 20kW Micro-Grid Hybrid System
Taiwan 1.Power Generation including 16 kW PV
3kW Wind Power and 5 kW Fuel Cell
(Backup Power) System. . <
2.Power Storage System including 20 kWh - - ‘
LFPO Cell and BMS. T =
3.Power Conditioner including 10 kW - » =-
Multi-functional 3 phase 4W Inverter and 10 & Qc
kW Bi-directional Charger & Discharger. e
4.Control System including Embedded EMS T
and iFlex-EMS. w‘
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Diagram 2 Fire Containment \
Added fuses

"~ Anode Cathode

(1) Fuses added (2) Insulation board installed (3) Anti—fire boards
installed

B 18 24vpind# REHA-GL4F1
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