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Special Lecture 1

15: HC-H2

Helmholtz-Cluster
Wasserstoff

Chemical Hydrogen Storage

A Key for a Future Hydrogen Economy

Institute for a Sustainable Hydrogen Economy
Stephan Kiermaier

The Energy System in Germany

Climate Neutrality by 2045

* Rising share of renewable energies

ST . 2,023PJ
+ Process optimisation via higher efficiencies 7%

Total:
. 11,769 Petajoule
Germany's National Hydrogen Strategy

+ Production and import of H, 4,156 PJ
35 %
+ Domestic market for H, 1,174 PJ
10 %

0.8 %
1,156 PJ
10%

* Regulatory framework

+ Use, research, development and export of H, technologies

W Black coal M oil M Nuclear Energy
Il Brown coal Gas I Renewable Energy
Sources: Others
www.umweltbundesamt.de/en
www.bmwk.de i
HEHOH2

2

Pohang International Hydrogen Fuel Cell Forum 2023 13



Special Lecture 1

Hydrogen Energy System of the Future

Electricity from wind, a3
}jm and hydropower <
|

Chemical Hydrogen Storage

via H, derivatives

High hydrogen
pressure, catalyst,
heat production

Hy
derivatives
e.g. methanol,

ammonia,
Hx-LOHC,
DME

Hydrogen
carrier
e.g.CO,, N,,
Hx-LOHC

Low hydrogen
pressure, catalyst,
heat consumption

ifHiHCH2

Battery Power
electric grids
storage
systems
Heat
<, 5
& W
b‘/é‘flb a“ o
7, combined heat
iiiHCH2
. i
The Key for a Future Hydrogen Economy
Physical storage methods
« Technically proven + High potential
« Require new, complex infrastructure « Many application scenarios
sextreme” conditions: »normal” conditions:
« Cryogenic hydrogen (-253° C) + Further use of existing fuel infrastructure

« High pressure hydrogen (up to700 bar) + Sector coupling: electricity-fuel-heat
| —

At normal

A t pressure, elemental
Ry - - hydrogen has only
BT 1/3000 of the
R i N I volumetric energy
! £ e density of diesel.

H#HiHCH2

Hydrogen Technologies

The advance is in diversity

It is right and important
to develop different
hydrogen technologies!

Today, the fossil
energy system also uses
different energy sources

such as coal, heavy oll, diesel,
petroleum, natural gas —
depending on the application
and region of use.

e H2

14 2023 =g AN Z M| =3
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Special Lecture 1

From Idea
to Technology

Structure of the HC-HZ2

The H2 innovation center

Process- and

Catalytic Interfaces Catalytic Materials Reaction Engineering Pl ; -
- ) ) ant Engineering
For Chemical Hydrogen Storage For Chemical Hydrogen Storage For Chemical Hydrogen Storage For Chemical Hydrogen Storage
« Optimisation of actives sites + Optimisation of mass and heat + Hydrogen supply and removal + Process synthesis and analysis
for different storage molecules transfer at the catalyst pellet - Heat management - Experimental testing from
« Reduction or substitution of laboratory to pilot plant
the noble metal ) + Key technology & technology

platforms

Analytics & Experiment: Spectroscopy, Microscopy, ,on-line monitoring“, Sensor technology
Theory & Simulation: DFT, MD, Lattice-Boltzmann, CFD, Mass and Heat Balancing, Process modeling

Research aspects and scientific topics for the development and technical realisation

of optimum hydrogen storage processes

ifHiHCH2

Structure of the HC-HZ2

H2 Innovation centre

of Forschu rum Jiilich

Continuity providing core of the HC-H2

located at FZJ

Foundation of a new institute

Institute for a Sustainable Hydrogen Economy (INW)

Cooperations with core partners

H2 Demonstration region

‘With partners from industry, academia &
municipalities

Innovative demonstrators

10 to 15 plants for innovative hydrogen technologies
in a former lignite mining region

Demonstration

of different technological characteristics

Application scenarios and technology aspects

at application-relevant scales

Structure of the HC-H2

The H2 Demonstration Region

In the final stage: 10 — 15 innovative H2 demonstrators of relevant size, distributed across the
Rhenish mining area: anchor for company settlements and start-ups.

Start: 15.11.2022 Multi-SOFC - power and heat generation
from hydrogen derivatives

- HyBiomass — biomass pyrolysis, H, production and storage
+ HyGlass - hydrogen supply for flat glass production

- HyBarge — emission-free river barge

+ Production of high purity hydrogen from alcohol and ether

Pohang International Hydrogen Fuel Cell Forum 2023 17




Hydrogen Lighthouse

INNOVATION

Together with its partners, the HC-H2 will research and develop innovative
hydrogen technologies for demonstration on a large scale.

SPIN-OFFS

The HC-H2 will act as a nucleus for significant
new entrepreneurial activities in the Rhenish mining area.

TRANSFER

The HC-H2 will make a significant contribution to the development of the Rhenish
mining area into a hydrogen model region of Europe-wide relevance.

H#HiHCH2

[ ]
D e

9; HC-HZ

Helmholtz-Cluster
Wasserstoff

Helmholtz-Cluster for a Sustainable and Infrastructure
Compatible Hydrogen Economy (HC-H2) Contact:

Am Brainergy Park 4 Stephan Kiermaier

Team Leader Process Intensification

s.kiermaier@fz-juelich.de

GEFORDERT VOM

% * Bundesministerium Ministerium fiir
J U L I c H 4 | fur Bildung Kultur und Wissenschaft
und Forschung

des Landes Nordrhein-Westfalen
Forschungszentrum

Ministerium fir Wirtschaft,
Industrie, Klimaschutz und Energie
des Landes Nordrhein-Westfalen

(i

18 2023 =& IN|FLAZHX| =
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Senior Policy Officer, Energy System Strategy,
Ministry of Economic Affairs and Climate
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Special Lecture 2

Ministerie van Economische Zaken
en Klimaat

The hydrogen strategy and
policy of the Netherlands

October 2023

Directorate-General Climate & Energy / strategy dept. Sjoerd
Rooijakkers

. P — -
— a0 . 'gi?; -
[ﬂ \\A—-' I%ﬂ—:-—___._r Io (i
- 1 i i
o Bl = /N “ I ] ‘ e

Hydrogen strategy (2020): essential energy carrier for Implementation (2022/2023) : breakthrough years
fuel and feedstock, in all sectors

Clear policy agenda: focus on market conditions & - Extensive funding for innovation and scale-up

cost reduction - Close to 9 billion euro from Climate Fund

Ambition: 500 MW electrolysis capacity in 2025, 4 = 150+ projects, first investment decisions taken

GW in 2030 = Policy results: regulation, safety policy, infrastructure,
Both regional production and import financial instruments, certification pilots

International approach is key - Bilateral and multilateral agreements to develop

international supply chains
Certainty on European framework in 2023
RFNBO obligations for industry and transport

Pohang International Hydrogen Fuel Cell Forum 2023 23



Special Lecture 2

Shell Holland
Hydrogen I 200

Major hydrogen related projects

daily ~60 ton
green hydrogen
production

Battolyser: annual
1 GW integrated
battery-fuel cell

:

MW electrolyser:

,, , I: :
Nedstack Fuel Cell Giga Factory:
annual production of 1 GW fuel cell
capacity (IPCEI-H, project)

Linking offshore wind and hydrogen
> New target as of 2022: 21 GW in 2030

> New ambition for 2050: 70 GW installed capacity

>

Space for and capacity of high-voltage grid is limited.
Options:

1. Expansion of high-voltage grid capacity
2.  Electrification of coastal industry and flex control
3. P2X (conversion of electricity into hydrogen):

= Electrolysis onshore

= Electrolysis offshore - first pilot started

= After 2030: Energyhub islands

= March 2023: announcement of 500 MW
offshore h2 production pilot (operational in
2031) and offshore h2 grid

International supply chains: the Netherlands

- The Netherlands is preparing for import:

- Certification pilot including import (completed end of 2022)

- 10+ terminals planned, including for ammonia and LH2

- Dutch ports taking leading role in facilitating supply chains

- Infrastructure for bulk storage (incl caverns) and transportation
- Bilateral agreements with exporting countries

- HyXchange initiative - preparing future h2 exchange

Strategy NL:

1) Creating a market in Europe (RED 2/3) and
providing certainty about infrastructure &
certification & regulation

2) Learning from first projects (from 2025): what is
needed specifically for import in terms of
regulations and infrastructure;

3) Facilitating import-export chains by entering into
cooperation with future exporting countries;

4) Shared approach with Germany and Belgium (EU
policy and bilateral) - including H2Global

5) Provide global frameworks through multilateral
organisations (IEA, IPHE, IRENA etc.).

Pohang International Hydrogen Fuel Cell Forum 2023 25



Dutch Hydrogen Roadmap

— NWP
2022-2025 2025-2030 After 2030
[ inras g
3 o o e

Hydrogen roadmap

> Developed by National
Hydrogen Programme
(public-private partnership)

> Ambitions for 2022-2025,
2025-2030 and after 2030

> To provide an overview, and
align policy and market
developments

26 2023 =g AH|PAPEHX| ZH
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Special Lecture 3

Fossil-Free Sweden:
The role of hydrogen on the path to net zero

Lars Hammarstrom, PhD
Science & Innovation Counsellor
Embassy of Sweden, Seoul

@ Embassy of Sweden
@ Seoul

Credit: Greta Thunberg/Instagram

@ Embassy of Sweden
‘WW
‘,w Seoul
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Special Lecture 3

< PANORAMA Searchontite Q  Ab

SWEDEN

+101%
Transition plan for Sweden GDP

Emissions 2020 Needed shift Transition pathway
46.44 Mt 46.44 Mt 2020-2045

Agriculture (>}

A
@ Emissions ----- Projected emission reduction -@- Historical emissions
d % Ay
= 20 2%
&2
6.93 Mt

64.72 Mt
56.00 Mt
49.00 Mt

42.00 Mt
15.03 Mt Other
100% v 4 35.00Mt

of total co2e &
Industry 28.00 Mt

" > 3 21.00 Mt

14.00 Mt

IU ﬁ[‘; 4 3 7.00 Mt
@ o R R AR BARRRS

Credit: Panorama, Klimatpolitiska Radet Source: Naturvardsverket, SCB

Power generation mix developments in Sweden 2022 - 2050, by source and model (in
TWh)

0

—
Credit: LKAB
FEEFSELSTS Giga-scale green hydrogen plant e
with steel production to be built in ,
CHP (industry) CHP (district heating) Other thermal power == Electricity use o n Ol'the rn sweden \5
Flgure 7. Net eleclricity prOduc‘ion and elecmcity use 1970-2020’ TWh. H2 Green Steel aims to invest €2,5 billion, create 1,500 direct jobs and produce 5 million tons of fossil-free
Source: Swedish Energy Agency and Statistics Sweden. steel by 2030 at a new plant near Boden in northern Sweden.
2022

Notes: Wind power was included in hydropower up to and including 1996. 2006 2027 ON-TIMES GENeSYS-MOD HghRESE
Curent Shortterm projection: 2050 outiook scenarios

WHydo WWind WOn-shorewind #Offshorewind ' Natural gas with CCS MNucear mSolar WBio-based ~ Others

Credit: Business Sweden

==l Embassy of Sweden &Y Embassy of Sweden Credit: Alexander Lindstrém, Ovako
&) Seoul \w) Seoul
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Special Lecture 3

H2 Green Steel Sara Kulturhus BillerudKorsnas.

LKAB
HYBRIT

Fertiberia
H2GS Transport and distribution Use/Application areas
SSAB Lulea —

1. SoutH2port | 1. Nordic Hydrogen 1. Project Air|
Green Hydrogen Corridor | Green chemicals
. Pipeline (Covered 2. Fertibieria |
. Flagship ONE | . .
by Team Finland) Green Ammonia
Flagship ONE Green Hydrogen

Baltic Sea
SkyFuelH2

+CCS > E-fuel * Hydrogen
Flagship TWO . Flagship TWO | Collector | 1. Hybrit | Green
Green Hydrogen Pipeline hydrogen for

SoutH2port + CCS -> E-fuel steel production
Ovako Hof . H2GS| Green

= (F)or:n?:k E-fuel - St Gothenburg | hydrog‘en for
Green Hydrogen steel production
+CCS -> E-fuel . LKAB | Green
Forskmark E-fuel hydrogen for iron
| Green Hydrogen ore refining
+ CCS -> E-fuel . Ovako | Green
hydrogen for
St1 Gothenburg - SkyFuelH2| steel production
Gre_sn Hydrogen . SSAB Luled|
+ Biomass -> E- Green hydrogen
= . fuel for steel

Project Air Nordic Hydrogen Route production

F— — — Baltic Hydrogen Colector

Embassy of Sweden o Embassy of Sweden Credit: Business Sweden
@ Seoul @ Seoul

A sch_ematic nyedel ef e Hydro_gen_VaIl_Je Chai_n Is epplied for th_e analysis o_f.the There have been numerous partnership and collaboration between
Swedish hydrogen ecosystem highlighting societal and economic value addition :
South Korea and Sweden in the recent years

Sourcing Conversion Transport / Distribution Use / Application

Inter-regional Industrial
feedstock
L
A s Fertiizer Impact Coatings
shipping —— Industial IMBACT Opened an office in Seoul in 2020 and working together with leading
5 . 1 = fesng ERATINGS Korean fuel cell and electrolyzer companies. Joint development

- Electricity ’ : Hydrogen = lea Refinery agreement with leading Korean automotive company (2019) and
Hydro

generation Shipping s = — bringing together coating expertise with hydrogen industry leadership
wviation

H —
- A A %‘ . Conversion to 1 _}
B ammonia Hydrogen -—n o
- oaand pipelines . &=, Maritime

biomass with ccs Gasification Pipelines

podsuel)]

Conversion to mmp  Trucks

‘ \I} methanol/e-fuels S
T Buildings

Methape G id L heating
(NEITEINEEM ith ccs  reforming asiol KraftPowercon

111 = size of CO; fostprint. incucing lfecycie emissions i el Power ( Launched the Korean business back in 2018 and amongst others,
provides Green Hydrogen producers with reliable industrial power
e Transiion supply solutions that enable them to become more efficient and
bt by e of OO MW poercpacy mvoct i
profitable.

in the different steps of hydrogen value chain

30 jobs 60 jobs 300-6000 jobs  Economical impact

i i
B Embassy of Sweden Credit: Business Sweden v Embassy of Sweden

W
@, eoul \w) Seoul
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oy Embassy of Sweden
\:' Seoul

THANK YOU!

Lars Hammarstrém, PhD

Science & Innovation Counsellor
Head, Office of Science & Innovation
EMBASSY OF SWEDEN, SEOUL
Mobile: +82 10 8626 3721

mail: lars.hammarstrom@gov.se

@ Embassy of Sweden
&

Seoul

SeYeong Yoon

Science & Innovation Advisor
Office of Science & Innovation
EMBASSY OF SWEDEN, SEOUL
Mobile: +82 10 2029 7557

mail: seyeong.yoon

Pohang International Hydrogen Fuel Cell Forum 2023 37



/|

)

Session 1
7| | Corporation

Of AF L H(F) CHEO|A;

S-Fuelcell CEO

ZI0JM | Kim Min Seok




7|4 | Corporation

%4% S'Fuelcell

LEEXX| 7|12 2. 7|27 Sig
3. =R ASIIE 4. SA2N A1

o
$.%S-Fuelcell

S
S5
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8
2. 95X S&F &t S-Fuelcell
HARHX|=7188, 84U, +58, 7 Crret Zofofl S8ELICL

£5| 12X} M| E AR HX|(PEMFO)= 71 H-83LEl HETX| 2 7P/ S 80|Lt =582 2 ABELCL

[E8 : SAI7IA AL A| SOFC H5 M|, 444 A8 A|PEMFC - SS45]

M8 AZTK|
PEMFC DMFC PAFC

AEXHHE Y ERS QUL

o[ojx|

1

4. H2HX| H| (vs HHE{2])

o

o
4 |
o At |

Tl o sewe T
Eof LS "z L= Uz CE|
b= S, AL S S, AL AZtA AL
F8(% LHV) 35~45% - 40~45% 50~60% 50~60%
ot 35,718, 1488 Fog YZTE, BIO Plant e g, YHg
(S’S%";S(; S.Fu elcell A/ Al ON/OFF M2 xS 7HgH| % H7|U5d X5t IE U
= 7tS0| s L -1 co U7y 2% SRS ON/OFF ZA|ZHER

1. g2 XX| &2 S-Fuelcell

HEHX|= 494 140 2toPY HISS Sall 17| H E oI X] 44,
HS YHE2 48 E(H0)2 A, RHSES US| = 2 olLX|HYLIC

3. ABMX| FH - YUY i SFuelcell

HRTXL= 7|1E SSTUSA YHAAY CHH] S &40t F/2H &4 2|48} 5101
“Z|CH 90%0142] OILIX| 0|2 E " S 7HX |1l UELICY.

AZHX| eapta

S oo 2N
o kel el =
= o
2e o© 71 W AAY (ZATSA) HBHX| AJAH (EAFA)
: : ’ ' :: ; E
= = ¥ g lg v | e,
) SE{UTA $3M HE HEXNEA Hij2katol HE
) . , e (LNG,LPG,42)
k | FefuEp |
e . (QIHE]) oll{x| 0|2 m VS ozl oigg  80% ~ 90%

o I
=
Ha rey 2% @
samamd|

TASFE Iy AT RIERS 2.
SAPIA el gt 4%y

FAFEET|OHET)) : AZ(LNG,LPG S)& 5=
2
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4, HEMX| H|@ —~ HEXX| vs H{E{2 $kS-Fuelcell $%S-Fuelcell

[
AZFRI= CHE ORI CHE| IAIZL, CHEE: RS0 74531, -
L ; St EAI7HA) 2 LPG O] ATIAR MAI5H= ZIX|
52 0lL{x| L= Ciopst E0jl ZIZ0| FESELICE ettt oo 8 e g
o/, “SHH U= S, CLR—F L - .

e £57| Hang

(Steam generator)

SuEy|

(Heat exchanger) AN

- - -

%2, CO, CO,, TIHHS CH,, 5712 3712 4
Haerso| IS 2 600~700CY B

(Steam reforming reactor)

s

HYUS(FYTIA HOES)

HHE2]

#3718 715t COE #4242 CO, 2 T
- HIS2ZIHU20| E|M HHEO R CO MY
- A& A AN
HEHX| o
B 4 O M B ausl ey Mg
VS DTS e o O T G L4 (Water-gas shift reactor) = =T
ofuix| = M
= 4 @ v (Burner) 27|12 27}510| CO= 249 CO, 2 A
- @ ar: | R m +3718 H71310) COB +:494CO, 2 Hi
" A8 b XD HHR 8 AR ®E oz us Jll TR AR X Uy 1’%857} :I_gol EIE q i’%gg CO AJAJ

& S-Fuelcell

1. G|
2. H=HX| STACK
3. A= TX| SYSTEM

BT T [

37| £CHEH 2k
<FotAH . YZFI7|E T2 % 974K>

S-Fuelcell
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v

2. IR MX| AB(stack) 7|&7HL 2% S-Fuelcell 3, I MX| SYSTEM 7|270et 818t - A5|4H MA 2% S-Fuelcell

* HAED MEk=H7IS2S 27| Yol HFHXIE 222 ot 32 2XHIE 2013 EEEE B%0I42 IS ES 95t HHE 4
* BIIEX| HEE, HS, UE, 220 SASEN E3E fSHERIT A HIZHSO0| M7 IS

Ostock=4.33k\W

’éﬁiﬂ(lnsulator)

7H¢i‘(Gasket) .

IR 1I(MEA)

\

\

S

£2|(Bipolar plate) ™

B
lan\ : I s

Burrer : 40
Tank 2L : o0r

Hes
(eh

—

FEH(Current collector )

T

[J3oz

- 49| 4(unit Cell)

ZATHENd plate)

) )
) A XN o
3. IR X| SYSTEM 7|&71% < S-Fuelcell 3. I MX| SYSTEM 7|71t % SFuelcell
Sia] HEO| 21 2MS 9I51BOP2| s AHS X AIAH HE M AS Y| ($ESHEY HES] HETX| AAH 3X| M 71271L) S5H0,000AZHAIS 2=
DSS, WSS & 91 7152 St AIAR Ml AS 2im
: ° o
V1| ey, T '
%0 . 2 '\ - e, ’ e I* '-\‘4‘*, !
]"!lL -:.;1:;*, q — . N
"ﬁi’——:i 1 “_‘ T - i |
@ DSS (Da||y start and stop) ® WSS (Weekly start and stop) ®: 9% 7ts -
10,000A|12¢ L=+ W7} Za}
CEE S AS tS 7S 2 x7 % AIAR O 891 92 (U, F7H, HASH)
- 2 S : 50/60Hz, 3phase 200/380V - C1ZFK| MOt ZBHE (<2uV/h), 2ASET| Z0f 25 2T A
T 33% F 0Bk 4SS I K ol 215 7 S Tks (HHE7HA, 7tAQHM, HX17| ¥y §)
- 38 g& : LNG/LPG
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3. 12 MX| SYSTEM 7|&7H $%S-Fuelcell

S AAR| 27| A W QFys}, U 71E 24 8AIZHG00a.m. ~6:00 p.m,, 1E 2F)
MAR 7ISE 2.8%

AE{ 2H Data =

mew S N G e | 1 P
an

AA" 27| 49
- 3 S : S SHO| T2 M HET| MO ¥ 5Y
- U7 BIHE 13t ALAE HOf W4 X3

7141 Corporation

S5

3. 82 M™X| SYSTEM 7|=7H& £ 2 S-Fuelcell

AJAH A 27 (F107HE)
AMAH 7ISE %% Ol

B.O.P. 2Py &tol © F7| 2T0|Me| HEHX| T Lokg &l (-2uV/hr)

A
Y REYUE MY Mol 7S IX U3 - 27| Mg Z5t 0| &3 /X
- HIHX| AL 014 =3 F 60,000A12H =3 (E.O.L 80% 7IE)

$A287| 3X U S04 L7 Bl

B

3. dEMX| SYSTEM 7|=71 M $.2S-Fuelcell

OPYsI 0|2 FZH 1S (B3, A OVHE 2Y)

AMAH 7HSE 625%
JHE7| 23 Data
— -
— {
— | — - )
z
& : -
AL2H O|H A|IAH MY =5
o 2% U AIAL BO.P, 2HF4 ol
-4 FEI| YA S MY Y= .

48 2023 =g AH|PLAAEHX| 2Y

R
4.5 S-Fuelcell

m\l‘

Pohang International Hydrogen Fuel Cell Forum 2023 49



7141 Corporation

% S-Fuelcell 2. MIE &5 =M 2/2 & S-Fuelcell
B FX| AJAEI0]| CHEH LIRS OIS 124 Z=X) &= CE EN50465 KGS AH371 KS C 8569

FH7| LH8 AI”_ESD Test
(HEWH 24KV, 7I5YHLE V)

HH7| WH U2 A
(HSYHA6 KV, 7IZYH 4~8 kV)

U 215 (KGS)2l B< WH AR IS TRy

HMEM LA A FXHI FME LA A1
CE oI= GAR (Gas Appliance Regulation, EN50465, EN298), ErP (Energy-related Products, EN811, EN813) =d (o.H15?~ aol ;’gz():s Test *(Or_ 15 ~530 JH"Z’) I -
& LVD (Low Voltage Directives, EN60335-1, EN60335-2-102), Grrid (CLC/TS50549~1)
& EMC (Electromagnetic Compatibility Directive, EN55014~1-2-+-) HAE | A|&_BURST H7|X HE apE A LHA AI- _

(£2kV, 5/50 ns , 5 or 100 kHz) (1~2 kV)

MX| L Al&l_Surge
(1.2/50 [Tr/Th], £2kV, +1kV)

EMC YEAMS LHA AIEI_RS test
(80 to 1000 MHz , 10 V/m)

KGS 215

x12 AH3T1 (DEE AZTX| HIEQ| MY, 7|E, HA7IE)

MX| LHE AR
(1~2kV, 0.5~1 kV)

MX| LI AR
(1.2/50 [Tr/Thl, ~ 4KV, ~2kV)

HEY RF MAP|E WY A

(150 kHz ~ 80 MHz)
KS C 8569 (LIXHA0f|LiX| MH| ZAF 71E)

HerehaA HH Mk & HH Herzsh 24 HA
0.3s
= HOIEY 0% 1 HZHY 0% I 0% L o3
= CE EN50465 KGS AH371 KS C 8569 055059 (0, 45" ,90° 28])
Reliad -
EHOJRL 40% 10/12 (50/60 Hz) HZEIO 40% (1014 matxts HZHY 40% -
7|E SHRO| OB WILECH AJAR OFHIAO CHEH SOl AIE | AJAE FIE U ASO CHEH XA 1 23} QHHALEY) s
i = =5 EIESES & A 3 5t 2 " . " 35
A= EM galy?:dim HMX|ES Y= A 'é;}%'- X 33 Bl B ';'_:_ 7}5 bt Sow EHOJTRL 70% 25/30 (50/60 Hz) 7Y 70% MY 70% O 458 25)
= x|3
=0 SAEH 0% 250/300 (50/60 Hz) SAVEH 0% - SAIEH 0% -

& S-Fuelcell

B CE EN50465 KGS AH371 KS C 8569

S|AFATH

= = = = = - HAQIMH|0]7] o SIHZAI7|2
MU SIS UK 2 SEZAER RIS NE SEANEIN AR S st sHEEA
=
- = HFAHEX] - A} S A™
F4oHH Hs dd7 : 1IPX4D 01Y (40 , 90~05% RH, 48AIZ¢ | &

AR, WA L2 KAIY)

1. SE Group 274

CO :200 ppm O[5}
NO, : 70~500 mg/kWh

CO :200 ppm 0|5t
NO, : 70~260 mg/kWh

CO : 200 ppm 0|5}
NO, : -

717k H, :- H, :500 ppm 0I5} H, :1000 ppm 0|5} o o=
(B27HA 471X 23610 LI 3 ﬁﬁ JII I'"E L|NE_UP
S SORa, ] i
G30(50% 4H1o, 50% A 3Hy y
Al x|Al
w - 4 H:i5% (EA BAEA) ¥ H: 30% 0N (LHVID) 4. A=TX| SX[=EH
CERE CETEE "ol - gal: -
5 #:80% 0¥ 5 &: - E §: 75% 0|4 (LHV 7I1&§) P
OFM = 0’0‘ *“
LH HSS ~0.1 MPa ~0.35 MPa 0‘0.’0
(Wzt2tol: CG) (2]t =5 242 1.5 b) (zergs A8 A) 0:0’ &
. FENE TS
s = HEAHE : PXAD O]4¢ = . - <
40| M= o H |
Haad de (2 4y Amao| SIE S29E #8, 1.0mmOlt DHE FE| B) e 2 A S-Fuelcell 1
50 2023 =g Ix|+AAEHX| =
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1. SE Group 2\

& 2 S-Fuelcell

SE Group

EfYZEE7[ES 718, LTHoIUX| ERE R4 T 1Y

e
.5 SE Group
(23

0

-
&

<

CEE] 2001.01.12
FoMY  HYB RSN
LAY WY 2 EPC

The First
KOSDAD Listed PV company (2007)

i SFuelcell i S-Mobility
EEL 2014.03.03 way 2021.08.09 HEY 20140102
FoAR S8 eEMR| FoMY  eEdE I ZeA ([ ATHolL4X] 0&M
X

UM FAARTX|

The First
KesDAG’ Listed fuelcell company (2018)

2. fAFEAE

(T

a
%5 S-Fuelcell

Free Energy Planet

S|AHE [ O ARHEE

HEY 20144 38

B3] EHYISA /712 2SS

=8 37|k d5A 28+ Hu= 2411

Q1 Center - 87| F-2A| M MHAZ 156

@ D il INOBIZ KESDAG? 1S0%01 - 14001 - 45001

TEE HETK| AL, AR AL U ARTIX| Do S CiYst ST X ASTX| R0l digt SXp s 5y

SuE AL el HETK WA

4 i it

Az

2.0

@ AJH-Q1 Center

& &S-Fuelcell

v

ZLH Z|CH MM/ T} AOIE 751 & 407H A2 D7} SITE (3R200H x 5055() = 1000CH('A))

3. AZHX| M= LINE-UP (1)
2U/9| 2|7 71&9| PEMFC 228, WHg

& S-Fuelcell

HSHX| AJARI(1KW~200kW) E5

“ZUH E|=” AZHX| Ks QS ES(EFOLXIS
“TLH EZ” AAH HASQAEZIIAHSZAD

“MIA| 2| =" HZHX| HHEI2] 80| 22|E A|AH HHU(EFHHTA ZSHT)

“MAH 2|=" skw HES +4 ARHX| FE CEAUS &S

ECOGENER

A A
4. *A_j.:g_n

AA&%);

=TT =TT

ucfﬂ%n

£ sFuelcell

ECOGENER
200K

= g9, MXE eFs 1H
= °F60017H BHAX UEHI 5

" AR AFET|, AAH

S84 S SAIg BR

= ASMX] YL
= AR oA R4

52 2023 =3 FHFAHUSHX| 2

Battery Hybrid 1k
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B 5
S

3. HEMX| HZ LINE-UP (2) 2% SFuelcell 4, HEHK| HZ MR $&SFuelcell

1= P ANl x| Al
FE TR0|Y $AHBHA dx| 4 2015~2022415 71X OMIHE, BE7|2 U QUIAS0| MZ|E/0] £ 5 2ILICH (£ 14UW)

E C D G_:: N E R 2015 2016 2017 2018 2019 2020 2021 2022
skW

& sFuelcell

100 kW 606 kW 1,035 kW 1,032 kW 1,957 kW 3,079 kW 3,267 kW 3,300 kW

F8 ax| ¥

3" 2 HX| (PEMFC; Polymer El lembrane Fuel Cell)

5kW 25 ARHX| ALY
UHE(H7I/Z) 5KW / 7.0kW (24 2 60 C)
A8 7ts gig LNG / LPG
A= AHY 0.25m%/hr/kW (LNG) , 0.13m*/hr/kW (LPG)
FE(LHV) HIIEE 40.5% / BEEE 0%
37|(WxDxH) | 650mm X 1,300mm X 1,550 mm
e 380V(&H4})
ASAZ | 60z ol

- S AAH

- 25127 (50, 75, 100%)

|- Xk52H / Web-based monitoring
Y719, RUAY § EAITA, F

A= 3(60kW) FCREAW) ]

3. AEMX| HZ LINE-UP (3)
CHPS( &4 W o5l

Clean Hydrogen Portfolio Standard

BTSN : WM BURT: W FUOISTE : $H or WA

sruecell | |

WHORX : Yuoixt

B Lo ;

RPSOj|M =ARHS 22|51 XAl x|t 4=A 22|
S| FEGH= XIHAAIS O, 2L HH20 AFRE £

FHEOIOIXISt 27k= AMI2 CHE 4 BT,

$8t 230 LIRS £7L 013
o AZMo| Bt

FABB(7I/Y)
N8 7ts o8

A8 AU

E8(LHY)

37|(WDH)

L]

RO

200kW / 144kW(2= o} 60°C)

0.75m*/he/kW

T8 8 50% 014} / BUES 8% 014
45m X 1.7m X 1.8m

BE J|SAIZIE OIU), HAS(5808 0I31),
SOx, NOx, CO S4i&

SAUH, $4 AHOM,

AAR(OILX] ChAY|) HBO| BEHY U

Mo K] S 21F8H M=(RPS : Renewable Energy Portfolio Standard)
Aol X] 33 215 M(REC : Renewable Energy Certificates)
2204 A 2H(PPA : Power Purchasement Agreement)
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Pohang International Hydrogen Forum, Korea

Pohang Industrial Hub for Global H2 Businessﬁ FCI

October 26, 2023

Tae-Won Lee, CEO

Fuel Cell Innovations, Korea

Global Business Promotion

® Company brief 3
® Business promotion in EU, MENA and US 4-5
CONTENTS
Technology & Products

® Products on deployment 6

@ Solution for GREEN hydrogen 7
E @® Solution for BLUE hydrogen 8-9

® Hybrid processes for COST REDUCTION 10

Industrial Hub in Pohang for Global Business

® JOINT Pilot for demonstration 11
® Giga-factory plan 12
Summary 13
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-~ y -~ y

A global company with shareholders in Korea and MENA Business Promotion in MENA and EU followed by US & China

FUEL CELL WNOVATIONS

Local O&M and assembly

® Blue & G H2, A ia & e-fuel 1 e, 3 JV with partner(s)
ue reen H2, Ammonia & e-Tuel RN, & E
® Clean power with CO2 capture G 2 Y Pohang Industrial Hub: Global supply chain management

FUEL CELL WNOVATIONS

Joint project for product
optimization with (partner)

Project to demonstrate
regional Biz. Model(s)

FCl provides clean fuel solutions with SOFC and SOE

FCl seeks open innovation for competence Vv US: JVin 2024

® 300MW-+ captive market

V EU: Exclusive contract for PPA

Vv MEMA: Pilot Project to Local industrialization
Busin nd R&D network for n Innovation n A . 3
South Korea iness i RAD HEREGiErops ovatio V China: Collaborative biz. development with partner(s)
Pohang Industrial Hub by 2027
Engineering & Sales Office, Cor) FCI Branch Lab. 2 gz =AONIA (/%% SION
Seoul ® -~ in Pohang Techno-park INDEVCO etre -I—QEE_GV & }\{:Iu?sl'lpmss Main Biz. Mo
s—— ain Biz o
Dt
= s pgmuligsalt ﬂ S-OIL Y= w « Project with Microsoft & Southern Telecom (2023-2024) = SOFC for CO2 capture for datacenters IVin 2024
- @® e A= « Project with Univ. of Connecticut (2024-2025) * SOFC for residential and commercial applications
elu gie = .A. « 100MW+ contract (2024-2027)  PPAwith SOFC followed by SOE for H2 production Biz. partner(s) to JV
= Giga-Factory KACST €
A E 3 icr\ by . X I = Joint pilot projects for SOE with ACWA, NEOM, Alfaisal Univ + Hydrogen, ammonia and e-fuel production Vin 2024
,,,,,,,,, g} }:::""‘I:'I‘I‘““ﬂ to confirm GW scale project (2023 - )
= EEE——
posco China * Techno-economical analysis with partner(s) for 20MW + (Hybrid System) Power & hydrogen co-generation from Biz. partner(s) for SCM
deployment in 2025 waste (syngas) and prod. deployment

- FCI Products Roadmap

FUEL CELL WNOVATIONS

Global Business Strategy
Proprietary SOFC/SOE technologies and MW-scale system engineering

V Market-oriented Biz. Model S, fag
& = ! v Core Technology RevGEN™-1.5 & 2.0 RevGEN™-30/45 RevGEN™-120/240 SOE-10/30 (poc)

V Localized Production with Partners

V Industrial Hub in Pohang, Korea . - Solid Oxide Cells

& Stacks

Common Module
Design for 150kW

SOFC/450kW SOE )
Circular Carbon Economy Market Insights @® Scale-up SOFC/SOE with partners
— Noyors + Regional energy cost structure ® Transition from blue technology to blue/green hybrids
* Technology tipping points: Blue to Green Expert System ® 20 out of 66 patents are on the hybrid processes of SOFC and SOE

(System diagnosis
& control)

(Gigawatt operating by 2030 32 ew
(Gigawatt operating by 2040 95 GW

Numbe of Gigaplants built 2025-2030 9 ‘

* Cost targets & learning curves for lower-cost production of H2, ammonia and e-fuel

Numbe of Gigaplants built 2031-2040 " 57

Business Strategy
¢ Optimal business models for economics
~= = * Regional partners for sustainability
< * GLOCAL industrial infrastructure

(Gigawatt plants bult per year 2025-2030 1.8 each year
(Gigawatt plants built per year 2031-2040 5.7 _each year

Core Technology Product Scale-up (2022 ~ 2024) Production Ramp-up
g b

Conceptual Design of 200MW SOE Bank
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Green Hydrogen Solutions: SOE ——— e Blue Hydrogen Solutions: SOFC-PHC

SOE is a game changing technology for green H2/ammonia/e-fuel production SOFC-PHC: Modulated Power and Hydrogen Coproduction with CO2 capture

® Ammonia companies, such as Topsoe, KBR & Mannesman actively move to SOE SOFC-PHC: 89% yield
® >70% of LCOH is the cost of electricity: MENA Energy Loss: Burner + PSA + System

- i Prns 7 3 s 1 7
® Transition from ‘Blue’ to ‘Green’ for cost reduction to <$1.5/kgH2: Hybrids Noton e —1 e .
Do Prossure swing Adsorber § ~99% H,
S e e LIS il e EEERSCe 0 $1.5/kg H2 LCOH target
-~ SOFC) Power
(Example: DNV-FCI) AEL / SOE comparison - Same renewable input AEL /SO comparison - Same NH3 output Regyeres N €O, Separated by ”‘@ Corproto 2,000/ SOFC
Alkaline vs. SOE, 2030 scenario @KSA T 30K (Noor smallcale CCS faciity) Co-Production
y = 130% 100% - 100% Water Vs. SMR-CO2 capture:
— — % | SMR-PSA: 63% yield . i oustion of fuel
v 17-845% lower LCO(NH3) % NG, PG " Energy Loss: Burner + Reformer + PSA + System + CO, Capture . Hi'g"h':::'z :;r\l\?:r:ionue
+ R,
¥ 30-33% Higher Output Wz, coz, PO <oz @ Smaller WGS reactor
v’ 40% Higher IRR 40% ~rion H20 (FJN& ®  Extended SOFC stack life
ir (O2] . 90% H,
SOFC Q) . 5 yslue
' Hydrogen
Energy Input (GW) IRR (%) NH3 Output LCONH3 NH3 Output LCONH3 ‘1 External electricity _, Large-Scale oz
(KTNH3/a) (6/MTNH3) WAELISOE : Water Recovery Heat ey Capture Facility
+
WAEL WSOE pe—— 3 o "
LCOH Sensitivity to Capital Cost in MENA LCOH Sensitivity to Natural Gas Cost in MENA
SOE: Green NH3 SOFC-SOE I sMR-ccs - CAPEX 514008
r o 3 3 e | |
3 @2, 2023 H e | %
s
Single Module S 2
e z
. - PlESes Q1,202 Q4, 2024 a3, 2025 a1, 2027 z g
30kW SOE (60kg H2/d) 360-500kW SOE MW SOE (ton H2/d) 20MW System/site S =
Common
ﬂ Module for SOFC
& SOE SANMW RO QW SRS STORW e 5o ke o
Conceptual Design of 200MW SOE Bank CAPEX [$/kw] LNG Cost [$/G1]

Hybrid Processes for Lower Capex/Opex

FCl Roadmap toward Hybrid Processes

H/B for NH3
Production

SOE hybridized with SOFC (or r-SOFC) for 5-10% [2] -y “"'“"“I L [
lower LCO(NH3, e-fuel) ﬁ =

* SOE integrated with Fisher- * SOFC-SOE hybrid power with
Tropsch ammonia, H2 & LPG E

i G s | s | c | o>
Production Nuclear Plants
H NH3-SOFC SOFC-Oxy- SOFC-PSA Coectrolyzer
NH3 ﬁ’ Configurati combusicy
Produc

Process innovation by the integration of heat & power for lower LCO(Hz, NHs, e-fuel)
@® Target LCOH in 2030 in MENA: $1.5/kg blue H2 ; $1.9/kg green H2

Jeptpmrcmy ond Fusk NS

H/B for NH3
Production

Propulsion Power
for Ships

L B ° Large SOE for H2

hant sal

b * On-site hydrogen production (Base Product) e On-site use of NH3  Supply of power  Supply of On-site supply
?'%é‘} aﬁ“,e . H2 Station - in SOFC to supply  and heat by hydrogen and of CO2 with
2,10kWSOFC ' ‘ @ w power and heat to  SOFC to SOE CO2 for NH3 lowest cost for

- 5, 30kWe SOE = SOE with CO2 capture  production e-fuel
a1, 2024 s Q4,2024 Q3,2025 Qi, 2027 .
~, 120-500kW SOE MW-scale SOE (ton H2/d) 20MW-scale BOP/site. reactor production B for s
».

2
30kW SOE (60kg H2/d) .

Advantage in © ) () )

CAPEX
SOFC-pHc: Blue H2

(s roduc o) oot o e il Lo B 0 0 ° °
. ﬁ‘;?ééﬁ?:pfﬁgw’ SOFC-PHC use of SOE as 02 source Ha2 /NH3 \/.‘ o afe ol rpeecmcs o
(Oxy-combustion) Production n 'M‘::;?:::‘W ';'.3.'&’7‘:.5:"».;\:.‘;' (:ﬂ:;ﬂﬂ;ﬁk €O, Hz
e i + Hybrids with Es5 and T H YB RI D Optimized exergy balance among input power, H2 & heat supply to P =
otherpowersources increase production rate for higher project IRR

+ SOFC-PHC: SOFC hybrid system for Datacenters Production

Power & Hydrogen Coproduction

SOFC
with Ony-bumer <0 recycl for

PpYy
S0
10-100%
modulated powar ‘oumer control
LNG, LPG, Synga
Biogas Additional CO2
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y .y,
Joint Project with Partners o Summary
While FCI develops technologies jointly with research institutes, (e.g. EPFL, UConn)
FCI performs pilot projects for product validation with local partners.
o FCI promotes global hydrogen and ammonia business with
Partners Project - i = SOE and SOFC technologies.
® (2023-2024) Demonstration of 10kW SOE System for g
ACWA pilot J‘-CI‘ Af;‘{‘j“”““\ the commercialization of MW-scale SOE Plant using ] Successfully
— renewable energy B 5
(Mt . Open Innovation
rG /A@tpm ® (2023-2025) Demonstration of 10/30kW SOE Co-electrolysis & ::H & Zgj‘..‘:"’"’ <
RDIA pilot System for E-fuel production e s oo
Floe o ——
.I'CI ® (2024-2026) Development of Commercial 300kW SOE
A A} System for SAF production (500L/d) in NEOM JEIN
it~ e 2y
« Mandate from MoE, KSA > /
0sCo ™
e W x
o=

Pohang Industrial Hub

FCI plans to establish industrial hub in Pohang City

® Ramp up annual production to GW by 2027
® Supply chains
® Center of Excellence

50MW/y by Q1 2025 -
at Pohang Blue-Valley
| e 8 Fuel Cell Innovations
BUSINESS EXCELLENCE Center for Global 0&M = 1
vgg Q ‘Q @ lll O Center for Cost Reduction E'% § —
Center for Education , [ J ;!E i www.fcikorea.com

Contacts: Tae-Won Lee, CEO of FCI

twlee@fcikorea.com
twlee@globalfci.com

SOFC & SOE Production
H2 Fuel Cell Industrial Park

Rachad Itani, Chairman of Board, FCI

itani@fcikorea.com
Mass

Production
I Line
- m

Yousef M. Alyousef, Managing Director of FCI for MENA
yousefalyousef@fcikorea.com
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wfemm. 1 =1 0|L]1 XIS 032 21
— KORERA INSTITUTE OF ENERGY RESEARCH
The KIER

22 HZHX| RED 3 Y FEIUIE

he KIER, a glob

20234 108 26Y

SHR0|L{X|7| £ A7
HEHX|A7
OCE

st X7 [=AHA 1A seeoe

P 59t A PUSTR| MEIOTHEME]

2013 - SRR

(2019) L1912 SITH 61 241718 4

(2019, STEP)

1993~ 1994) PEMFC 912 AJ} (2020) Z718S X1 HIIATHUN-LAB) X8

ek B o= Hx|20} AUYEE/2, KIER U K
S i (2020) SURMTFKA7AEN A AR EX| 20} £2)

RS (2022) SOFC £0F 1 20|L{ XM el 74 B

A

(1999) HAZHX|HAFME|
(F7IXEATY XY AR R0 FLHZE)

(1982) F7|0|L{X| G724

A 1985)517 |0f] A X AT TSN
A (1989) G722t (PAFC) A1t

1991 AES HESL0|218, 421,018

=5,

2

2ot SAHBHX| MSAHRIME Mg

Ju

(HE9s01,0182
2008 HBHK AP
~ KIER Z|= CEO(Center of Excellence)
AR |G bl (2011) 2 AAZHX| AP
SaARAGTA SH3 D0 BY SAs
Hp A 2002 T 2 HX|(TEXIH B HK| HTLE)
1980 [ EERRNEEE 2607 [UARHX|
243, AL HEHX| 20F 271 EOR &%

=
©
©
(53]
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F

CATEGORIZATION  STATIONARY e MOBILITY

gt 2|=9| 5kW & PAFC &3 M| (BH30|UXI7|&H T2 1988)

]

—
fkm
—

EL TR
i o e

E ) RASHD 57,265 52665
o 2= o1zt s
(23.0831. 7/8) Peim ) :
=306 1 "mm Fros
266> . =
Jem w O 6
- 1,864 oot s |
227015t " GETER---AS =368
s=04 S :
(23.08.31. 71%) \Gno 5 H
[T ) = o |
33,213c e o i Saris
22 ~ wmmen) 6
’ H A :
T 2o
T ot Filg 22,70
2
22233
19
[ =]
& 2021
1"

1998. IRAIAZTX| AR 3 AJAH

EX - g2 AN

I
I

70 2023 =& ZN|$AHZHX| ZH Pohang International Hydrogen Fuel Cell Forum 2023 71



session 3 oi-17|2t | Research Institute

AL XS K

@ 2L
« BC(Modem) : 6,8900H
o Z2|0|Y(Premium) : 7,2200H

© MY (5E3)

B0lE3Y, 224, HHUY,
BEHAYE BULS T 109 162m(SAtix 82km) E|Es TRO)S ), AT B2
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Everybody knows the strategy of hydrogen fuel cell R&D !!
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