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Energy Issues and Strategies in Korea

Strategies

/ | \ > Renewable Energy 3020 Implementation Plan : Increase
SSUES Renewable energy’s share of the energy mix from 7% to

20% by 2030.

> Korea is the 8t largest » Reduction of GHG Emission : Carbon Neutrality by 2050
energy consuming
country in the world. > Invest R&D and Deployment of Hydrogen Energy :

Leading Hydrogen Economy in 2040
> Korea imports more

than 95% of primary Generation Mix in Korea .
energy from abroad. 2016/ 2030
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Hydrogen Economy Roadmap (2019)

Goal FCEVs 1.8K 81K 6.2M
FCpower Com. & Utility  307MW 1.5GW 15GW / \
BENETAtion  pes. & Buildin 7MW 50MW 2.1GW |
g > Technology development is
necessary to reach the goal
H2 supply (ton/year) 130K 470K 5.26M successfully.
H2 price (KRW/k 6,000 3,000
price (KRW/ke) > H, Technology Development
Strategy * Ecosystem buildup ¢ Build-upandsca ¢ Overseas H2 pro K /
* Infrastructure inves le-up of H2 supp duction
tment ly-demand syste ¢ C-free H2 supply
* Legislative support m system




Policies in Hydrogen Energy K=NT=CH

Hydrogen Technology Roadmap (2019)

Korea Institute of Energy Technology

of-site — 1 Trmmfui fo«-sﬂe —_JM
HSa e Fobe | | mlﬁwup ! i
400K fars

mmercialize mass production of low—cost evelop technology for green H, production
Co iali roduction of low— H, & Develo hnology f H, producti
ot PnidmOxt » Mg H:d.m(‘m ‘

> Leading "Hydrogen Economy
" driven by Innovative Scienc
e and Technology.

9 Develop core technology for H, storage and transportation & Construct supply infrastructure

. Price of on board H, tank Pressurized Tank for HRS Transport Costby H, Trailer || Construction Cost for H, pipeline
> Development strategies are 30,0000 KRWg %0 ypedarryesiemaerd 0, 700 RWjkg 10,400 MR 10Dk
(Curant status: 1 M KRW/kg) (Curentstatus: type 1 meta) (OFF-SITE) (Curent status 1,000 M KRW/km, 20 ber)

prepared for selected 5 core

technical fields for “Hydroge (3) Expand fuel cell based mobile means 0 HmEfﬁd:rw'b”mwﬂm
n Economy” [

Pesot  » 2030 > 2040 w W w 70
. . 141 131
- Production, Storage & Trans Twie sl s in 05PN Comgp T o [ S I o
. oy oy . 0
portation, Mobility Utilizatio = 0 o BRSNS [ e R S e im0

H, safety database building rate Proposal for Intemational standard Construction cost for HRS
30, 100% 30, 15 proposals 30, 300 M KRW/kg

Cly & nfrasirocture
\ety & Infrastructure J (5) H, safety / Standards / Expansion of H, Distriution
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NDC and Carbon Neutrality Scenario

NDC
(Nationally Determined . SCENAF'O '
Contribution) (Carbon Neutrality Scenario)

2050
Aiming Year 2030
Plan A Plan B
. CO2: 40% Reduction - CO2: Neutral - CO2: Neutral
(~291Mton CO2)
- Amount of H2 : 2,740 - Amount of H2 : 2,790
: Mton Mton

Target of - é?\er?t(r)igi?t 'O1f5l;|%\/llco1n94 Mton - Electricity : 1,420 Mton * Electricity : 1,350 Mton
Hydrogen - Mobilit y '37 Mton * Industrial : 1,060 Mton * Industrial : 1,060 Mton

Y * Mobility : 150 Mton * Mobility : 150 Mton
: Efgrr;lxg% %\jllt(lz/lnton - Electrolysis : 550 Mton * Electrolysis : 300 Mton

- Imbort ,'93 Mton * Reform : - * Reform : 100 Mton

P ' * Import : 2,190 Mton * Import : 2,290 Mton




Policies in Hydrogen Energy

Future Hydrogen Supply Chain

Import

Domestic
Production

Liquefac-
tion
Green Unloading,
Hy%;ggen Tank &
+ ° .
Electrolysis) Rega5|fy|ng
Ammonia

Green Hydrogen
(RE+Electrolysis)

Blue Hydrogen (ccs)

* 2018'F = L{ Energy Balance Flow (il

Pipeline

Trailer
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Industrial
Use
(Steel,
Chemical,
Cement)

Electricity

Mobility
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Mobility

- Passenger Cars : 10,100
- Buses : 180
- HRS : 100

Stationary

- Large (>100kW) : 584 MW
- Small (<100kW) : 25.2 MW




Highlight in R&D KENT=CH

Materials Development - Catalysts

2 Development of nano graphene Deyelopment of bigh
Improvement of MEA electrode P : oAb e performance and high durability
spacer with high activity and high ¢
multi-scale electrode layer

structure g
specific surface are
structure

__________ Graphene-encapsulated
TM nanoparticle

Active carbon
spacer

Heteroatom-doped

graphene shell Primary
pore

. . . Design of mdiii-scéle electrode laye
Hybrid of highly active nano-graphene composed of M-N-C & nano-graphene

Overcoming the limitation of MEA 3
electrode structure composed of M-N-C coated non-noble metal nanoparticles and cpacer
catalyst high surface area carbon support P

(1) Development of highly active n-type nanot (1) M-N-C/spacer/lonomer binding
optimization

(2) Optimized electrode layer pore

(1) Insufficient active points & excess|
catalyst usage (increased thickness) graphene catalyst structure

(2) Formation of electrode layer pore structure
structure and ink composition

utilizing porous carbon structure ) .

= Performance improvement by controlling

the structure of the electrode layer

Nano Enerey. 2016.26. 496. ) - ) ) = Improved durability through strengthened
&) Energy & Environmental Science, 2019,12,2200. combination of components

= Maximize MEA performance and durability

ACS Applied Materials & Interfaces, 2019,11(31),27735.

dcs Sustainable Chemistry & Engineering, 2019, 7, 15487.

(2) Form catalyst layer densely on Planar

catalyst structure

ddvanced Energy Materials, 2018, 8, 1801002. Applied Catalysis B: Environmental, 2020, 260, 118192.
Chemistry of Materials, 2018,30(1),2. ACS Catalysis, 2017,7(9), 5796.
Qlla”, 2019, 15(36),1902090. PAN )
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Cells and Components

» Water generation at anode of anion exchage membrane
fuel cell

» Water generation at cathode of cation exchage membrane
fuel cell .

+ Simutaneous water formation at anode and cathode
during fuel cell operation

* Fuel cell operation under non-humidified condition

AEM/AEM Electrode

b — Nafon211 5-stack & .
& 800 e CSOA 30 S-3tack lﬁo-:&?ﬂc;c:mdcu;?lm2il~ S-stack o]
2H,+40H- A °2+2Hio e § - 5 o] ~ &
4ch4- @8, 2 ™ E:Z:{ ]
2 € % D ® € 00 »
©
o = 300 § w0 400 4
m} %5‘? i 15 =
//% C § ool 3 1004 100 J J
A //»a"/ A Vi —— e = 2 B B
N %/ o | T [ 1 n"i ” 3 4 Dol 1“1 14 h""‘:(h) 150 15
2H = % H
12 D %&; O O,+4H* +4e° X :
E % D ! Fig. (a) Image of the five-cell stack. (b) Performance
7 E 2H:0 comparison of C50A50 and Nafion® 211 five-cell stacks, and

(c) Accelerated on/off durability test of the C50A50 stack

 Anode CEM/CEM Electrode Cathode using dry H,/O, (on: constant operation at 3 V for 3 h) and
Rhannel Blipolar Piyte dry N,/N, (off: 1 h).

Fig. Schematic diagram of the DEMFC (C50A50)



Highlight in Demonstrations K=NT=CH
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Taxies and Trucks

= 20 Taxies in Seoul area (2020)
= Target:

— 100,000km (2020) - 500,000 km(2025)
= 50 Trucks in preparation (2020)

Ride on Fuwr
| aruel Cell

Title = November 15, 20
21



Highlight in Demonstrations K=NT=CH

Hydrogen Cities

Korea Institute of Energy Technology

AE CHAH|S: 20%, FCET S 8: 90%(H7]|42%, B48%), 288l O, 0, 85/ H, 1E, O|&L Ma4: 10.4%

— 7| XISHEA

""" ol AP 7hA S+ o = =
h— FCY: 177,660G)/4
FCH7|: 43,181MWh/ 4
FCO{d: 64,785G)/ A

XHtoHﬁ 7|: 28,913MWh/H
v

AFAEEX|

HRHH, LIZEt 23l § SSIZH0N Mitels SAF
SE3LE MATHX| L MIHYTT 1§ T AR 32

44 534

71 LPGETIAO]

AE| EE A xfax,
: SRER0] $4 SHA

/ A o x| W 2ALE01M

=4 4,130ty

ENE, XI%, E24g ol2siof
e Lol 27| AAkI0f
XrlADtn Y5 olof H7|H
HI|f 2A2 Rz

XML
LNG7H & (ATR)+ 4= 8}
FCY: 92,980G)/d
FC7|: 22,599MWh/
FCQ 0] ¥: 39,675G)/H
YA 7|: 48,544MWh/
244,130ty

O xeimEA - 2
AT + 2 T S+ HFO| @ TpA :
A o T e (B —_ -’ B
FC: 104,779G)/ 4 = Cx{ gﬂgg?yﬁ
‘8 ©J7 FCH7|: 25467MWh/id ) SR
- THARF 7|: 14,935MWh/ S ) 20 &: 39,675
BEFU/HEFY > 8 BH, ZZUBNY
EfLE, X|H, B3E 0|88t EfU, X|H, B2 0|28 H7|
7| MAtsto] Xt 2250 — . MO XH AREED
Qs QIOFY|E HYILt A2 XE T e —— U Yo TS HIILL +A2 MY,



Highlight of New Products K=NT=CH

Korea Institute of Energy Technology

LH2 Mobile HRS

» Mobile HRS using LH2 (Hyrium)
— Storage Capacity :1,500-7,500L (3atm)
— 800 atm pump system

= Doosan, Hyrium
— 69km (1hr43min.) flight
— 10.8L, 7L compressed H,, or LH




Activities in Private Sector

Plans for Hydrogen

SK

Hyundai Motors

POSCO

Hanhwa

Hyosung

Small Others

Plans

- Luigefaction Plant, Fuel Cells Power Generation

» FCV Production Facility, HRS

- Ammonia Terminal, Hydrogen Reduction Steelmaking

- Electrolysis, H2 Turbines

- Luigefaction Plant, HRS

- Electrolysis, Reforming, Materials for Hydrogen

13



Possible Collaboration Topics

R&D Collaboration

> Universities and National Labs. Focuses on Basic R&D, on Materials, Cells and Components
for Hydrogen Production-Storages-Applications.

> Private Sector Invests Large Resources on Building Infrastructure such as Liquefaction Plant,
Ammonia Combustions, Loading Ship for LH2 and Ammonia, New Applications such as
mobilities.

Collaboration in Demonstration

> Hydrogen Import Process : Production (Green) — Liquefaction — Loading- Ship- Unloading-
Regasfying-Delivery-Application

> Analysis of Sector-Coupling



Newly Founded KENTECH

Energy Specialized College

. K=NT=CH
Flve research area Of KENTECH Korea Institute of Energy Technology

Energy Al

Energy
+Al/Big Data/loT/Block Chain

Grid modernization Energy materials and devices
Decentralized power,

Micro grid,

Wireless power transmission

Core material development
Battery, PV, Power semiconductor

Energy
Research

Environmental and
climate technology Hydrogen energy

Production (Green, Blue),
Artificial photosynthesis, Liquefaction, Utilization (fuel cell)

CCUS catalysts, Particulate matter




Newly Founded KENTECH

Hydrogen Energy Institute

Faculty members and expertise

Prof Chinho PARK

Photoelectrochemical (PEC) Systems
=  Green Hydrogen Production
= Thin Film Solar Cells
= Electronic Materials Processing
= |norganic Thermodynamics
®»  Computational Fluid Dynamics

Prof Jonghee HAN (Director)
Molten Carbonate Fuel Cells (MCFC)

=  Molten Carbonate Electrolysis (MCEC)

= Hydrogen Purification Metallic Membranes

=  Membrane Reactors

Prof. Chang Hee KIM

=  Green Hydrogen Production
= Alkaline & PEM Electrolysis
= Electrochemical Engineering

K=NT=CH

Karea Institute of Energy Technolagy

Prof Jihyun HWANG

Hydrogen Liquefaction
=  Hydrogen Synthesis (Ammonia, Methanol)
»  LOHC
=  Hydrogen Supply Chain Optimization
=  Process & Mechanical Development &
Engineering
= Simulation - Lab-5cale - Pilot Scale

Prof Young Duk Lee

SOFC based hybrid power generation
= Methane decomposition (Turquoise H,)
= System and reactor design using process
simulation and optimization
=  Economicanalysis, Life cycle assessment

New faculty members

= Material developmentfor polymer,
membrane, ceramic powder,
catalyst, electrode, etc.

= Scientificcomputing

= Sector couplingand optimization




| |
K=NT=CH
| I
Korea Institute of Energy Technology

Thanks for Your
Attention!




