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LIMITING GLOBAL
WARMINGTO 1.5°C

| NETZEROCO, || NETZEROGHG |

lJ-l ! ]

2020 2030 2040 2060 2070 2080 2090
| | ]

WARMING TO 2.0°C
*Source: Global warming of 1.5T (IPCC Special Report, 2019) [{NET ZERO COZ]] [[ NET ZERO GHG ]]

—— RES production' = Load demand

Curtailed periods of oversupply

200

Periods of deficits

150

100 ENES

50

Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar

Load demand in winter is higher while res production is lower

Renewable Energy Simulation for Germany 2050, in GW, Hydrogen Council, 2017
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Production Distribution & Storage Refuelling

Conventional i A v .

700 bar
CGH2 —>
compressor 700 bar
-@
RS . 1~10 bar
r_‘ { fe 1 h : B LH2 pump LHZ
Renewable | T
(Electrolyser) -
Renewable 0l
(BtH*) . .
Onsite SMR/Electrolysis
“*Bljomass to Hydrogen
_> :
LOHC+,, NH3
Metal hydrides
<*Liguid Organic Hydrogen Carrier LHz

SMR + CCUS : Blue Hydrogen
* SMR (Steam Methane Reforming), CCUS (Carbon Capture, Utilization, and Storage)
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Statlonary & Power Appllcatlons

Industry Energy and Raw Materlal

" Power Generatlon

Aero-Space & ESS Appllcatlons

il =

LH, propellant HESS




@ Z M|A| 40047l (395 ton/day) 2] 85 A ZHE
> 3CH Major 2|At(Linde (Praxair), Air Liquide, Air Products) Tt &

America Canada/USA
France, Germany,
Europe Netherlands
) India, China, Japan
Asia
Japan
2l
=
Korea =d
(Plan) el
ol
CE

Air Products, Praxair
Linde, Air Liquide

Air Products, Linde,
Air Liquide

Linde, Iwatani
Iwatani(Linde), KHI
SEAMZZY (Air Liquide)
£ (Linde)
SK 7tA (0]H)
LS AL ZHASAL (1)
SK (Air Liquide)
SK (0]3)

78
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16 Site 300 TPD

4 site 25 TPD

11 site, 25 TPD
5site 25TPD
5TPD

35TPD
30TPD

30 TPD

90 TPD

130 TPD

1982~1997

1987~2008

1985 ~ 2008
2013 ~2019
2023
2023
2025
2024
2023
2025

* [PD (ton/day)
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Renewables

Ammonia
Gas Turbine,
Engine,

Water Boller

‘ Green Nitrogen
Hydrogen from Air

------—I

% FLor A4t AE =7t

Solar
(PV or CSP) i > El

O N N N N N R R N N N N S SN SN SN SN SN NN N NN NN R S S Sy,

I Ammonia
: al> Fuel Cell
& || Ak s
1 ET v [
1 - [
! Green _
: Ammonia )
1 ) o
n'n : Air Hydrogen .
: ‘ 0 Extraction . ®
o~ SCarLier. --
Fossil Fuels =¥ Reformin 4 ynthesis Hydrogen
(natural Gas) g Blue A[nmonia, Utilization 0 9@0
ﬂ Hydrogen Liquefied o'
+ Hydrogen
Nitrogen e
CCUS
Co,
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| EE2/Air Taxi |

SAMM, B

S 2|4 Ak M| A
MEFO|&
=" [=]

Zero Boil-off FA2 2% /A Y
M4 HAHT HH+A HIT

MU sli5 R&D LA CIZHA|,
WirA2EM THAE{HI M A

e e—

FOAMARAD
s AZHA

Power to Fuel A TIAEHIAAT,
HLL|OF HRHA| A|AR

1)

FOAMAHR&D
LH, FGSS

FGSS : Fuel Gas Supply System
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LNG Tank

Cold Box

————————

Compressor

———————

———————

J
Heat Exchanger

N o e e e e e e e e P

\

LH, Tank

Tube Trailer
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/

LH, FGSS

GasValve sl Gas Valve
Pressure I% il R . LA %
Regulator Vaporizer
1~10 bar
%3 o 22
GH.FGSS  ° ZItxd - 8% AHSAIZHO| HalA] O AH mua|E|
2 (T 7|H142) o Q| RI0|| [p2 OFA (&8

. CHe2F 2Rk _ Ar2A|ZH0| 5|2 LS mEIBIE

* FGSS, Fuel Gas Supply System
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Air taxi
Airport to the city @
& ‘Munich
LH, Tank

» Flighttime 10 minutes
» Price: ~€100/~$123 g
+ Travel speed : ~200km/h

CRYO-COOLING COOLING Propeller

5 HTS

E
Inverter g \otor
Munich Airport Marienplatz, Munich (city center)
HTS Cable Gear
. Pox

5P-100km-B

B LH; Tank
10P-100km-B Fuel Cell Propeller
T Battery

5P-500km-B

10P-500km-B

5P-100km-H

10P-100km-H AMBIENT
COOLING!

5P-500km-H
mmm Cryogen

10P-500km-H B Electric

HTS : High Temperature Super Conductor
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Combust change
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Issues

solution

Flashback

NOx

Fuel
Staging/
Mixing
control

~

s

Smart
control




Power to Fuel O{0| 3.2 HF27| 7l o 20127
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@ H,Z 0|83}0{ CO.E &8 7H53h Al (@22 5o/ o
- 00|32 A'E 25 0|8510] BHE a8at SOHSHYS I, WS7| AYESs}

Electrolysis

o RWGSHHE:C0O,+H, = CO+H,0

| TR T ——
A Y

RWGS* H,0
Reactor Separation 4 HE2|

2 -0

U
e ———

N o

*CCS (Carbon Capture & Storage)
“*RWGS (Reverse Water-Gas Shift)
**Fischer-Tropsch

o —————————— - ——
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@ LNG Q7| A £H =4

LNG 2I=7|3]|
Lot =i

et}

IHAE(]

* LING Import Countries(2017) * 1. Japan(84M ton), 2. China(39M ton), 3. Korea (38M ton)
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Industry development

Chet Il otBlA 7t 4
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UK

/

P
B

Sweden

China

(.\J apan

—

eGermany

France

ﬂ%«[ﬁﬂ‘lr‘nark
P orway

Industry development

* Policies of countries leading hydrogen development and implications for Korea, International Enerqy Forum-Korea
National Assembly, Seoul, 6 Feb. 2018, Bernd Heid, Mckinsey& Company
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Arctic Sea b ’“?’ ‘
Norway ]
= H,

Renewable Energy
A =
5 F { , Vs 37 (25
X - f LY 5

Hydrogen Production
(Water Electrolyzer)

Carrier Production
NH,, LH,

o

{\Iew Zealand

V- 7__ H,
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e

Distribution& Usage

NH, H,
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Naro Space Center, KOREA

Courtesy of KARI (Korea Aerospace Research Institute)
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