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SUNFIRE GMBH | GERMANY | Highly efficient, onsite, low-cost 1=
hydrogen production for industries S —
Applications: f P )

- Industry: Metallurgy / Float Glass /
Electronics and Chemicals

- Mobility: Refineries / Fueling Stations
- Energy Storage: Island Grids / Peaker
Power

Advantages:

- Highest system efficiency through heat
utilization (>80% LHV)

- Lowest hydrogen production costs
compared to legacy technology (<5
euro/kg)

- Reversible: operation as electrolysis or
fuel cell

- Scalable design

ELCOGEN Finland SOFC Stacks

-Planar ASC based stacks optimized for
600-700C operating temperature
SOFC unit cells

-Anode supported cell with working
temperature optimized to 650C

PLANSEE SE Austria Interconnects

-chromium-based and ferritic
interconnects for SOFC fuel cells for
ASC and ESC applications

-near-net shape interconnects in large
scale production at low costs.

Metal Supported Cells (MSC)

-metal-supported cells in customer-
specific shapes.
-metal-supported stack is in development

and available soon.

10
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-short start-up time, low weight and long
service life which can tolerate a large
number of on-off cycles.

GREENLIGHT
INNOVATION

Canada

Solid Oxide Fuel Cell (SOFC) Test
Equipment

-Full testing capacity for fuel cells

Flow Battery Test Stations
-Load/power supply modules, automated
control of flow, pressure and temperature
of electrolyte fluids, cell voltage
monitoring, 3-level safety system and
computer with Emerald dynamic
automation software.

BOSCH CO.

GERMANY

H, Dosing valve

-Small packaging, up to 120kW, Low
noise

- Robust, H, resitant design for
automotive use

- Low pressure-pulsation load on stack
- High mass flow @ small outer
dimensions

BOTRET A E TR A2

-

5B R

& 45

At

CERA-FC CO.,
LTD

Korea

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

STX HEAVY
INDUSTRIES
CO., LTD.

Korea

1kW SOFC System

-Key components of BOPs

-SOFC System Engineering / Test
<Product Specification>

- Electrical power [kW] 1.0 ~ 1.2

- Electrical Efficiency (LHV) [%] >= 45
- Cogeneration efficiency [%] >= 85

- Fuel CITY GAS (13A)

MICO LTD

Korea

QubePower (SOFC Stack)

- Systematic quality control process for
repeatable performance of 1~2.5kW SOFC
- Various approaches for precision stacking
technology and accurate evaluation methods
- Focusing on mass production & low cost

SOFC Prototype system for a field test
(continuous operation)
- 2kW SOFC system within 2.5kW stack

11
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targeting over 45% electrical efficiency (Total
efficiency ~90%)

- Development of 5kW SOFC-Engine hybrid
system

- Development of SOFC operation with
various fuel (Hydrogen, Natural gas, Bio gas
and so on)

MAGNEX CO.,
LTD..

Japan

SOFC Stack, SOEC Stack, Measurement
Jig for Cell sand Button cell.

-Easy handling,low cost stack

600~700C Cell for SOFC,Powder and Paste
-Low temperature operation SOFC
Cell,powder and Paste

- can be operated at 600~700 degrees made by
Elcogen.

- Half Cell with round shape or square shape
and button type are available

SOFC Test Station

- Multi functions,low cost,auto sequence
program

SUMITOMO
PRECISION
PRODUCTS
CO., LTD.

Japan

DC800W SOFC Cell Stack
-Development and production of high
efficiency SOFC cell stack and hot module

MIURA CO.,
LTD.

Japan

5kW-Class SOFC

-Highly efficient SOFC conegeration system
(under development)

-Electircal efficiency 48%

-Heat recovered as hot water

-Output AC4.2kW

-Total efficiency 90%(LHV.)

-Stable supply of heat and power

-Small Footprint

-Down-sizing of SOFC stack makes system
compact and easy to install

2B UE LM F LRI A

5B R T

 #4

A g d

304 ik

Taiwan

Fuel Cell Stack for Unmanned Aerial
Vehicle(UAV)
The weight of fuel cell stack is only 2.1kg.

Air Cooling PEM Fuel Cell
Rated Power: 500w@39.6V
Number of Cells: 66
Stack Weight: 2.1kg

12
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FORT & L3t Taiwan Refueable fuel cell power bank
-Let user with no worries about electric
charging by changing the fuel cell battery box l
after power starvation.
Fuel cell flashlight
-In the case of situation with no power
resource like climbing providing enough !J
power for flashlight use by feed the fuel
cartage in.

FYakh Taiwan Fuel Cell Test Station for System
Performance Evaluation and Activation —
-Quick Assurance ¢ g u“
-Fuel Cell Stack Activation T
-Durability Test { N Y ?%’ L
-Automatic Test Execution -
-Wide E-load Compatibility
-Verified Humidity
-Reproducibility

-Cost Effective

-Complete Safety Protection

L Taiwan Metallic bipolar plate for PEMFC
-Thinnest thickness of substrate is 0.08mm.
-Assemble and install 0.6 KW, 1.2 KW PEM
FC with SDI metallic bipolar plate.

¥ Taiwan Catalyst Coated Membrane

-Direct coating technology to manufacture
MEAs

-High performance and durability.

-MEAs' power density can go higher than
1W/cm2 at ambient pressure as the cathode.
-Available biggest size: 280mm*600mm

BE SR E 4 AR B BT B B en £ 14 SOFC & 51 8 & KW
S5O0 £S5 S FTFERMNRF O 1 SOFC 7 3k sy
% 2 A &2 IR 4o PLANSEE 1 £ £ 4= i SOFC * ¢
# (Metal Supported Cells) » 4o@] 1> d >t H 2Kzt » L ¥ KX R
SemB R AR EO M B E TS RAIERE o P Ad R RICR
ol 70 SOFC s H e YL T ¥ A &ov 5= 3 0 7 A KW 3 55 &

7 Toshiba ~ Panasonic & Aisin ¥ 3 7l i AP E2F & e

[N
(a.
i

it o fEFURE G T B RGBT R KW s s gt

S F ok ffbﬁs;?] Mzoge 4 o» 3 B e B ieLA 453 T ¢ (Anode Supported
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high power performance

+
+ resistant to frequent redox and = T —

thermo-cycles
+ fast start-up time
+ operation between 650-850 °C

= MSC made by Plansee

B 1 MSC(Metal Supported Cells)+ &, B
E'&J“I‘IJSOFC’%&,, XL o 1:77'\ i'_é-_l ftj\:i%ig‘fgﬂ
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250 kW SOFC-MGT hybrid system
Appearance i
Rated output (kW) 250
Net efficiency (%-LHV) 55
Total heat efficiency (%-LHV) 73 (hot water), 65 (steam)
Dimensions of the unit  (m) 120x3.2x3.2
Operation For cogeneration
These specificarions indicate planned values.
B 2 MHI- Hybrid-FC 250 *F g2 H 342[1]
= /
= /
H‘ “ Module
Cell stack Cartridge {l

Micro gas turbine
SOFC pressure vessel

Bl 3 MHI- Hybrid-FC 250 % & & stfpid 7w &

15



?F s Toshiba » ;é 3 N 100kW % @;m’»’*"} ;j':,g y H o} ujkiaanlﬁ.g_ LI_‘JF
PB4 97T 0 T A R PEMFC ) # 3 &35 90% > 74L G

T AR RET F TR E Rk B E T iE 96%

=

=
|
N

~

|

T
i
bl
FURY

Poaenfg i o @ s FE3hat 2017 & 2
TR ARH RN L B BAET g I enpgiAs > gt vb > Toshiba p oA
w1 L s HOMEGA eh2 &> 7 L4cB 50 P IE#-Tf2kA 4 T35 7
4 fEF ek T 0 % SOEC (Solid Oxide Electrolysis Cell ) e jts > %

PHRHACS BMW F R FE 5 32MWh > FE3 2020 & F B o

usn
3
O P4 =m=a2
L] L LX)
TOSHIBA DT
‘— RENES ’
Jn o__ = 50%
‘ g wans —— 40%
I ©
e | S
| @ = Il = [ —
EA¥2 BA9»2
& 9
AENME
OB as
W ANLT

i8] 4 Toshiba 100kW &L 2 5 & 3%

Mt o Ll

it T T,
e

S ——

% 5 Toshiba-H,OMEGA 7 f2 % & s 7 &

16



213 A BFETRBFD B
BT RE R B ATE T RARM PP F ORI AeT £ 9 41 0 MW E &

Feniga Bl A x g T s 2 NGKeNaS & # 5 L ¥ 4 o

 FIETETRF R DY BalrERLeEIRNE PR R
EMS) § 3% 5 A/ = F LIS HAETAUPTEFE S s § 2
LHFRAF PR REFETE FRF R 2HFR RSN

N

AP TEY R R R JRAFEEERY 2 F L1 RE
FATHFHEAIFES D20 & F RIS RL Ry
BEFRRREC RS E SN ERERETE  FHTR
B WA R i B AR MRS T YRR B iF

Vs

B i RE Y ik o
OB BATET R M NS &

SR F WA | AR #ix

NGK NAS Battery (Sodium & Sulfur Battery)

INSULATORS, Japan -The first in the world to commercialize a —

LTD NAS battery system which has large capacity, d R Aq Wi
high energy density and long life. I - ne

-ldeal for reducing peak electricity use charg : =
ing at night and discharging during peak
times, can be used as an emergency power
supply and momentary drops in voltage, and
smooths output power of renewables.

SUMITOMO Redox Flow Battery

ELECTRIC Japan -Long life ,Safe and Large-scale Storage
INDUSTRIES, Battery

LTD. -Smart Energy Innovator;

- long life cycle and their ability to control and
monitor the state of charge(SOC)

-Suitable for large-scale electricity storage
system.

-Peak shaving and back-up power source,
stabilization of the renewable energy.
-SEMSA, DR, CPV, Power Depo, HEMS,
power-con

17



NEC
CORPORATION

Japan

Renewable Energy Solution

-Provides various services, aggregating the
energy resources on demand side

-Proposes a new solution that can realize
energy management for consumer and power
system stabilization together by renewable
energy generated on demand side.

-With various integrated services based on
Virtual storage battery integrated monitoring
and control technology and 10T technology,

MITSUBISHI
ELECTRIC CO.

Japan

Smart Community Solution

-Create sustainable society by applying energy
platform technology with IT.

-Realize smart communities by integrating
various solutions (various Energy
Management Systems, traffic management
system, smart house solution, etc.)

-Based on energy platform (smart meter
system, demand response technology;, etc.)
and IT platform (smart management cloud
services, etc.).

MITSUBISHI
HEAVY
INDUSTRIES
LTD.

ENERGY Cloud service

-Energy optimization solution service utilizing
data mining technology

Power Layer

-Introduction of energy supply related efforts
-Power generation prediction technology
utilizing Al technology in biomass power
generation aiming at stable supply of
renewable energy.

Industry Layer

-Introducing services for energy consumers
-Grasp necessary energy precisely by utilizing
Al technology in the know-how of making
things, and to achieve optimum energy
procurement.

AL

Taiwan

LiFePO4 battery cell

-With patents and core technologies,high
power&energy density,extended cycle life
-Extreme high C-rate charge/discharge
capability and has a projected cycle life more
than 18,000 cycles at 50%DOD.

LiFePO4 battery pack

-Widely used in many kinds of fields.

- 100% Made in Taiwan LiFePO4 battery cell
and the battery pack.

-Widely used to energy storage system (ESS),
UPS, EV, etc.

18
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. Mitsubishi Heavy Industries Technical Review Vol. 52 No. 2 (June
2015).

. Strategic Road Map for Hydrogen and Fuel Cells. Ministry of Economy,
Trade and Industry. June 24, 2014.
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