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S-Fuelcell

S-Fuelcell has been leading domestic fuel cell R&D since 1989,
Having started out as Korea's first company specializing in fuel cells
in November 2001, s-Fuelcell-developed exclusive technologies

in the key areas of fuel tell, such as the fuel cell stack, the hydrogen
extractor and the integrateeksystem design.

S-Fuelcell has conducted @*umber of national projects and
demonstration projects related to fuel cells. With various product
groups, including fuel cell'Systems for homes, buildings and
hydrogen generation systems, S-Fuelcell isthe First=class fuel.cell
company in Korea.

History

+ Established CETI,
The first company
specialized in fuel cells
(ROK)

« First development of
1kW FC system(ROK)

* First development of
5kW stack power
module(SPM) (ROK)

- First installed/operated
FC systems in apartment
(ROK)

+ Selected as a 5kW FC
R&D and Demonstration—
Operation for ROK

* Change company
name to GS Fuelcell
+ First development of

1kW FC stack(ROK) national project
20071 2003 2007 2009
~ 2002 ~ 2005
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- First development/
field test of 5kW FC
system (ROK)

2010

+ Launched the 5kW
FC system for
building (approved
by Korean Gas

- Obtained the first
certificate in Korea for
5kW LPG FC system
and facility for building

- Launched the 1kW FC * S-Fuelcell is founded

systems _ _
(residential use) + Obtained the first

certificate in Korea for

Safety Corporation) 5kW FC system for (Korea Gas Safety
building (Korea Energy ~ Corporation, Korea
Corporation) Energy Agency)
2011 2013 2014 2014
2 * L 4

+ Launched the Module

type 6kW FC system
for building

+ Obtained the first KS

certified by Korea
Energy Agency

2016

+ Launched the

Module type 10kW
FC system for building

- Obtained the first KS

certification for
PG10K 3-phase FC system
(Korea Energy Agency)

2017

~2018

J‘\,‘\ctn
5.5 SFuelcell

+ The World's

first development of
battery hybrid system
(5kwW)

* The World's first

successful conduct on
IGFC demonstration
with hydrogen
generator(50kW)

2019
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5.5 S-Fuelcell

Hydrogen is a safe
energy source,

What is Hydrogen Energy? Is Hydrogen Safe?

Hydrogen in Fuel Cell has no Risk of Explosion.

The hydrogen bomb entails nuclear fusion of hydrogen atoms. While such nuclear fusion requires energy
as great as the atomic bomb, Nevertheless the hydrogen in fuel cells has no risk of explosion.

About Hydrogen Energy

p
fuel cells hydrogen bomb (w/100 million‘C)
Itis clean energy that ) It is highly accessible i Hydrogen Deuterium Tritium
does not release pollutants. anywhere on Earth
It is far more “stable” It enables €nergy independent” e VS @
than other fuels. k 7 for its recyclability and inexhaustibility.
H H
© Proton @ Electron @ Neutron
- J

Source: Hydrogen Isotopes : Hydrogen, Deuterium, Tritium

Supply Chain of Hydrogen Energy

o B

dadi [ R

O 0O ‘-
~ R =-\|. Hydrogen is safer than LNG(City Gas), LPG and Gasoline.

Fossil fuel High- As hydrogen is the lightest of all the elements existing on Earth, it will disperse in the air immediately upon release.
Ign—pressure Therefore, it is much safer than LNG, LPG and gasoline that you use every da
Gasification Mobile applications ’ ’ 9 y y day.
Order of stability 1)2)3)4, Total of 15 items assessed Source - KOSHA MSDS, DIPPR
T 13 A e N\ N\ N
o H Hydrogen LNG LPG Gasoline
Factory byproducts Liquefaction Spontaneous ignition Spontaneous ignition Spontaneous ignition 4 Spontaneous ignition
. . . temperature temperature temperature temperature
Stationary applications o » » o
Fuel characteristics Fuel characteristics 2 Fuel characteristics 3 Fuel characteristics 4
Flame temperature Flame temperature 1 Flame temperature 2 Flame temperature 4
x \ ﬂ Burn rate 4 Burn rate 3 Burn rate 2 Burn rate 1
— — - ' I I |
I I I
K \ x 0 | | |
New and renewable energy Methanations Others Total Total 33 Total 39 Total 42
Merits of Relative risks Relative risks Relative risks Relative risks
Hydrogen Production Storage - Transportation Utilization 1 1.03 122 144
Energy . .
* Hydrogen can be produced « Hydrogen can be liquefied and pressurized to be  * Contrary to other renewable energy sources, fuel cells can be \. J X J N J
by a variety of energy stored in high—pressure tank, and transported by applied to various areas that use the current energy system,
sources and methods tanks and pipe lines including industrial and transportation fields

[Relative risk assessment by fuel]
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Korea Hydrogen Economy Activation Policy
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Master plan for realizing an eco—friendly hydrogen economy

Announcing and promoting the ‘Hydrogen Economy Activation Roadmap'which set the goals for each value chain

of the hydrogen industry from 2019 to 2040. In February 2020, the ‘Act on Promotion of the Hydrogen Economy and
Safety Management’ (Hydrogen Act), was enacted for the first time in the world. It will enter into force one year after
the date of its enactment.

2005 2018 2019.01 2020.02 2021.02
(o o O O .
Eco-friendly Hydrogen Hydrogen Economy The world’s Hydrogen Act
Hydrogen Economy value chain Activation Roadmap first enactment of enactment
Master Plan promotion announced Hydrogen Act
announced

Hydrogen Economy Activation Roadmap(Korean Government, Jan. 2019)

To become a leader of the hydrogen economy by 2040. To create the industrial ecosystem for the hydrogen economy.
To secure future growth engines and reduces greenhouse gas emissions, by switching to the hydrogen economy.

Expansion Leading
for the of the the
Hydrogen Economy Hydrogen Economy Hydrogen Economy

Preparation

Full-scale overseas hydrogen
production and water electrolysis/
establishment of carbon-free
supply & demand system

Leap of expansion of hydrogen
use/establishment of large-scale
supply & demand system

To create the industrial ecosystem
for the hydrogen economy,
To build the infrastructure and
complete the institutional framework

Fuel Cell Supply Goal on Power Generation,
Residential and Building (Cumulative value)

The Korean Government plans to supply 15GW of fuel cells for power generation (8GW domestic)
and 2.1GW of fuel cells for residential and buildings (940,000 households) by 2040.

15GW
() : domestic (8GW) 21GW
consumption
1.5GW
(1Gw) 50MW
307.6MW I MW I
— |
2019 2022 2040 2019 2022 2040

[Fuel cells for power generation] [Fuel cells for residential and buildings]

S Fuelcell
Fuel Cell Principle and System Configuration
What is a fuel cell?
A fuel cell is a clean energy source that generates energy
through the chemical reaction between hydrogen and oxygen (in the air),
and does not release polluted gas (SOx, NOx, etc.)
@ Water(Hz0) @
@ © ) . 0 =
City gas rydrogen Electrochemical reaction Oxvgen Air
¥ N
Electricity Heat

Fuel cell system configuration

A fuel cell can supply electricity and heat at the same
time, and is a highly efficient power generation system

o L o
1. The hydrogen extractor (Reformer) is a reactor that converts the fuel (LNG, LPG, etc.) into hydrogen. with its overall efficiency of 85%.

2. The stack uses hydrogen and oxygen (in the air) to generate electricity and heat.
3. The power converter (Inverter) converts the direct currents generated in the stack to alternate currents.

'l DC »AC
Power converter(Inverter) *
Hydrogen tank —
—a— | |
Heat
ﬁ Stack? tx Hot water - @

Hydrogen Extractor

(Ref Heat Heat storage
City gas eformer) exchanger Heat

Electricity

Fuel Cell Advantages

A fuel cell is a new and renewable energy source with high efficiency and eco—friendly advantages,
which can reduce primary energy consumption by 31% and CO2 emission by 45% to compare with other energy sources.

High Reduction of primary energy consumption by 31% Eco Reduction of CO:emission by 45%(2-ton/year/kWh)
efficiency The best efficiency among new renewable energy souces mendw No emission of harmful substances(including SOx and NOx)
)
(Ihggggfgg:lcefowerp|am |IIIIIIIIIIIIIIIIIIIIIIIIIIIIIiU 15.9MU )

( Fuel cell system IIIIIIIIIIIIII@ 10.9MU  31% saving) ( Fuel cell system ||||||||||@ 5559 CO2  45% saving)

Primary energy consumption(MU) CO2 emission(g-COz2)

3
Thermoalectric power plant |||||||||||||||||||||||||||||iu 1,002 COz)

+ General boiler
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Fuel Cell System for Commercial Buildings (aivin-one system)

5~10kW PEMFC System

NG5Km ~ NG1oK/PG1oK

Power generation NG5Km 5kW / 7.0kW(Hot water around 60°C)

(Electricity/Heat) NG6Km 6kW / 8.4kW(Hot water around 60°C)
NG10K/PG10K 10kW / 14kW(Hot water around 60°C)

Fuel LNG / LPG

Fuel consumption

0.25m*/hr/kW (LNG) / 0.13m3 W (LPG)
Over 35%(El / Over 85%(Total) »

Efficiency(LHV)
Features No water required for chemical reactions, Automatic operation,
/ Web-based operation, Load operation(50%, 75%, 100%)
Size NG5Km 650 X 1,300 X 1,800 mm

! NG6Km 650 X 1,300 X 1,800 mm e

NG10K/PG10K 1,320 X 1,300 X 1,800 mm T

Power 220V(Single phase) / 380\(Three phase) T
Start-up time Within 1 hour il
Applications Offices, Small buildings, Apartment complex | [ ul

uh —

All-in—one system installation

el
3b [Modular system]

Saving Space

70%

O-\A
k- - - — -

[All-in-one system]

Minimized installation space for Utility as well as A/S
Up to 5 modules can be connected
A/S space needs only front and back side

I

+

& |
L
|
) |

FLEERIRR NI Y

e
-

SeeukDragon City(Hotel complex) / 146kW / 2016




Fuel Cell System for Commercial Buildings moduiar system)

New Product / Custom Order

—|
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1~5kW PEMFC System

NG1K~NG5K/PGiK~PG5K

Power generation
(Electricity/Heat)

Fuel

Fuel consumption

Efficiency(LHV)

Features

e |
L]

NG1K/PGiK ~1kW / 1.4kW (Hot water a_round 60°C)-
=== NG5K/PG5K  5kW / 7.0kW (Hot water around 60C)

LNG./ LPG
= 025me/MA/RW-(ENG) /. 0.13m’ /hr/KW (LPG)
Over 35%(Electricity) / Over 85%(Total)

No water requi"red for chemical reactions, Automatic operation,
Web-based operation, Load operation(50%;.75%

i -, NG1K/PG1K 600 x 600x T,UO mm ||
e S —

! : NG5K/PG5K 1,850 x 650 x 1,400 mm

220V(Single phase)

A m Offices, Small buildings, Apartment clmplex

Hana Bank Main Branch / 85

1~50kW Hydrogen Generation System

s-Fuelcell

Battery_Hybrid Fuel Cell System

(Actual product may vary due to product enhancement.)

NG1K/ PGi1K 2020 hew

fg‘é";’rlgﬁ;‘z:f;‘:)" KW / 1.4kW (Hot water around 60°C)

Fuel LNG / LPG

Fuel consumption 0.25m* /hr/kW (LNG) / 0.13m? /hr/kW (LPG)

Efficiency(LHV) Over 35%(Electricity) / Over 85%(Total)

Features No water required for chemical reactions, Automatic operation,
Web-based operation, Load operation(50%, 75%, 100%)

Size 500 x 600 x 1,500 mm

Power 220V(Single phase)

Start-up time Within 1 hour

Applications Offices, Small buildings, Apartment complex

HG1K~HG50K Custom Order

Power generation
(Electricity/Heat)

1~50kW / 0.7~35kW (Hot water around 60°C)

Fuel

Hydrogen

Fuel consumption

0.75m*/hr/kW

Efficiency(LHV) Approx. 50%(Electricity) / Over 85%(Total)

Features Quick start up time(Within 3 minutes), Low level noise(Less than 45dB),
zero emissions of SOx, NOx and CO

Size Depends on capacity

Applications Hydrogen station, Auxiliary Power Source and
Emergency Power Generator for buildings

NGs5Kh Custom Order

Power generation Rated power 5kW / 7.0kW (Hot water around 60°C)

(Electricity/Heat) (Battery capacity) 9kWh

Fuel LNG / LPG

Fuel consumption

0.25m* /nr/kW (LNG) / 0.13m*® /hr/kW (LPG)

Efficiency(LHV) Over 35%(Electricity) / Over 85%(Total)

Features Off~grid operation / SOC(State-Of-Charge) follow-up operation
Automatic operation / Web-based monitoring
Up to 7kW(electricity) peak demand

Size 1,200 x 650 x 1,400 mm(Excluding heat storage tank)

Power 220V(Single phase)

Start-up time Within 1 hour

Applications Auxiliary Power Source and Emergency Power Generator for buildings

Installable for buildings, Hospital, Hotel, etc.




Fuel Cell System for Power Generation

-itﬂﬁfﬁﬁ“ "I}

100kW PAFC System

FP-100i FP-100iH FP-100iB

Power generation 100kW / 123kW 100kW / 99kW 100kW / 116kW
(Electricity/Heat) (ot water-around 60°C) | (Hot water around 607C) | (Hot water around 60C)

. N Fuel Hydrogen Bio gas

N Fuel consumption 2mé/hr 44m® /hr

L - - [ .
Effic;i-gﬁ‘ LAV) Over 42%(Electricity) | Over 487’7.3(Hectricity) Over 40%(Electricity)
W\ [\ Over 91%(Total) / Over 93%(Total) / Over 84%(Total)

Features Au_tomatic operation , Grid—-Connected , Low level noise(Less than 65dB)
Size a 5.5m X 2:2m x 3.4m

Power 210V, or'220V / Three phase./ 50Hz or 60Hz

Exhaust gas NOx Less than 5ppm, Ox, SOx, Dust NOx Less than 5ppm,

SOx and Dust Less than 1ppb No emissions SOx and'Dust Less than 1ppb

* City gas Korean Standard 25m¢/hr
Private power generating business / 800kW / 2017~2019

Application Cases for Power Generation Fuel Cell System for Power Generation Installation Cases

Private power generating business (hospital/sauna/sport center/hotel) 100kW PAFC Systems have been installed and operated in Korea (More than 17 units).
BHBEBESEe—— )
GAS — @ Fleerely - Used for hot water supply
............. Gas  pececes FP-100i —_— o . .
................ X @ (H:ﬁ;g:g;;n‘;) High effectiveness on energy reduction

City gas

By-Product Hydrogen generating plant

S _—_—_——— Electiciy Electiciy - Maximum electrical efficiency (48%) is attainable,
yoroguet by In case of using hydrogen gas
©  * ¢ By-product hydrogen® * . a AN
. Hotwater |+aseeaee s @ Heat storage tank - No emissions of greenhouse gases and harmful
Steel/refining/chemical plant (Hot water supply) gases
Sewage treatment facility : - o % = : l .
¢ “ - I ; 5 - - - s - | ’?
S | ' ' : il ! e = ST
a Electiciy - Continuous operation used by biogas I i == S
—_— —_— .
"""""" mm | Boss e FP-100iB — weatsoagetans P100UCING heat(hot water) to heat the sludge tank 1. Training center / 100kW/ 2018 2. Personal fuel cell power plant/ 800kW 2017-2019 3. Sauna / 100kW / 2018
Sludge tank Pretreatment Gas tank o] rotuater | @ Lo vater ool et Providing high—efficiency on using renewable energy 4. Iron works(Hydrogen) / Japan / 2010 5. Sewage treatment plant (Bio gas) / Japan / 2002



Fuel Cell System for Buildings Installation Cases

1. Lotte Castle apartment / 100kW / 2017
4. Hana Bank Main Branch / 85kW / 2016
7. University Of Seoul's memorial hall / 17kW / 2018

2. Seoul Dragon City(Hotel complex) / 146kW / 2016
5. Gyeongbuk Provincial Government Building (New) / 60kW / 2014
8. Jeju Dream Tower / 120kW / 2019

3. Eulji Twin Tower / 48kW / 2019
6. Majestar City / 50kW / 2015
9. G-square / 180kW / 2020

S-Fuelcell

S-Energy

S-Power

S-E&C

Contact Us

S-Fuelcell Headquarters

(13230) 3™ U20 Korea Building, 546, Dunchon—daero, Jungwon—gu, Seongnam-si, GyeongGi—do, Republic of Korea

T E L +82-70-4613-4900 F A X +82-70-4613-4999 E-mail sales@s—fuelcell.com

S-Energy Headquarters

20 Pangyoyeok-ro 241Beongil, Bundang-gu, Seongnam-si, Gyeonggi-do, Republic of Korea (3F MiraeAsset Tower)
T E L +82-70-4339-7100 F A X +8-70-4339-7199 E-mail inquiry@s-energy.com

S-Energy Factory S—Energy Chile (S-Energy Chile SpA)
260, Gapcheon-ro, Yuseong-qu, Daejeon, Republic of Korea Av. Gerro EI Plomo N * 5420, Office402, Las Condes,
T E L +82-42-717-7100 Santiago, Chile

F A X +82-42-717-7199 T E L +56-22-604-8111

E-mail inquiry@s-energy.com E-mail sales.cl@s—energy.com

S—-Energy America (S-Energy America, Inc.) S-Energy Japan (S—Energy Japan Co., Ltd.)

18022 Cowan, Suite 260, Irvine, CA 92614, U.S.A. 8F, MJ Abeno Bldg., 1-5-1, Maruyama-dori, Abeono-ku,
T E L +1-949-281-7897 Osaka—shi, Osaka, Japan

F A X +1-949-281-7893 T E L +81-6-4703-5388

E-mail sales.us@s—energy.com F A X +81-6-4703-5387

E-mail sales_jp@s—energy.com

S-Power Headquarters
20 Pangyoyeok-ro 241Beongil, Bundang-gu, Seongnam-si, Gyeonggi-do, Republic of Korea (3F MiraeAsset Tower)
T E L +82-70-4339-7100 F A X +82-70-4339-7199 E-mail inquiry@s-energy.com

S-E&C Headquarters
260, Gapcheon-ro, Yuseong—gu, Daejeon, Republic of Korea
T E L +82-70-4339-7100 F A X +82-70-4339-7199 E-mail inquiry@s—energy.com



