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Hydrogen Energy Value Chain Technology K=NT=CH

Korea Institute of Energy Technology

I H2 Production i >| H. Storage / Transport I *I H> Utilization I

Hydrogen As Primary E-Source

g! LH. with Cryogenic Liquefaction HzRefueling Station & H> Mobility

Natural H2 Exploration and Production

(Onshore & Offshore)
; ; [~ ﬁ‘ e -| Hydrogen Pipeline

Hydrogen As Secondary E-Source

=&

Blue H; Production (SMR, ATR, CCS)
(Onshore & Nearshore)

Hydrogen As Secondary E-Source

Green H; Production (Electrolysis)
(Onshore & Offshore & Nearshore)

Hydrogen Value Chain Optimization (LCA & Safety)




Hydrogen Energy Value Chain Development K=NT=CH

Korea Institute of Energy Technology

World Leading R&D Lab for

HYdrogen Liquefaction & Value Chain Optimization Technologies(HYLOT) m
Cryogenic Liquefaction L
(LH2, Natural & LNG & LCO2) '3'
\
N
Natural H: Blue H2 Leading
@ Value Chain Value Chain @ Professor
(Onshore & Offshore) ,, HYLOT (Onshore & Nearshore)
.\ K=SNT=CH
Green H2 ‘\..\ Korea Institute of Energy Technology /"/,/" CCS
Value Chain z Value Chain
(Onshore & Nearshore (Onshore & Offshore)
& Offshore)

@ H: Utilization & Safety

(LHz Terminal, Power Turbine, LHz Refueling Station)
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Team Project 1 - Hydrogen Value Chain Concept o
Development K=NT=CH

K=NT=CH | HYDROGEN VALUE CHAIN
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Team Project 1 - Hydrogen Value Chain Concept o
K=NT=CH

Development (Production) e Thtie el

e (3 )
Partial Oxidation (POx)

Partial cwrbation (POx) s mairk; a methed for
Fraducing hydropen by oy cudy g b,
Puydrocarbons.

Steam Methane Reforming (SMR)

Sream memane relormeq [SUR) i the most
(ommercaly Grveioped unveerakzed hydrogen
pradurtion rechnaiogy Mat reacrs hgroe arbons

Autothermal Reforming (ATR)

Autethermal reforming (ATR) is a combination of SMR
POx

o
LT

sepurate (0 trom
Ok o s e 00 0 T s HHO N0 —= (0« %H
P OhaHO — (0.

Feateres

Features
T Low trergy Conumgnon [weak excehem
Feateres

reactn ¥ Eavy b Mhermal management (batance of
I Hogh eregy comumphon codathermi and exothermi)

2100 SO FRICTO0)

T Deficult B control (Lis! reacton speed)

T Linited commenal expernce comgared 10

T+ Energy effiatncy (an e emproved Mhrough ¥ Waiulon, diacones Ofer hydrogen prodcton methods
e heat recovery fach a - .

warste heat recovery Lacikiees or the lie. T Useally, no cataat s needed T Hydrogen content i sngas (- 6%%)

T Hydragen contend in sgegas (- 70N T Myrogen cantentin sygas (- 60%)

K=NT=CH | HYDROGEN VALUE CHAIN

€02 Emission Level Wave €02 Emission Level
I I

— T —
wind
+ Solar

0: Transport

(s 1 wrdedy wsed 1 Manufachurng, weldeg, food,
and beetrage.

The fesms, are ssoragelconversion bechnoiogees using
0.

(04 transportis a technology for ransporting (0o
phace of demand or sequestation/storage vseg 3
shipitruch/ppelne

S most of e echnokigies are aready widely
used transportation metheds, ihey ane focused on
Bemonstratin tather than technoiogy develspment
Howevet, 3% the importance of (CUS increases, the
development of LO: Carriers i 30 undermay,

& Enhanted coal bed methane recovery

BM)
¥ Mneral carbonation

¥ Biclogical agae

¥ (omversion into synthesized fuels

¥ (hesmical feedstock and et

e KENTZCH | VALUE CHAIN e
e KENTECH | VALUE CHAIN ———
(High Enecgy Dema:
Uninhabited . = Energy Demand L
Island

(High Energy Demand Area)
= Energy Demand Level

it edared | E=EE===ann]

@ Ny synéiome E—== L ontatrucurs

Alkaline Electrolysis Cell (AEC)

he alkaline el trobgus ool LAEC) i 2 dechnosgy hat
wies an plesime mabensal a5 20 clectrobgte nd
rofuc e Pydrogen by tramport adr [OH ] Iouh
3 manbrans

Solid Oxide Electrolysis Cell (SOEC

The sci qude electrobyus ced (SOEQ) 4 2 techaokogy
a1 prodces by gen by electrolyting bugh
AT S UG 3 BN (T
electriyte

¥ Anode: 20— Orside’

P Cathode: 200 « ke —= 24 « 20

Anica Exchange Membrase Eectrolysia Cell (MMEC)

Like AEC, the anion exchange membrane elecirolysss
el (AEMEC) # 3 Technolony That uies Maine
ruals, 3 edeTrobghes 0nd tramsgort s, (DN )
theough 3 meieane

T Anode AW —= 2HO - O + bt

I Cathode: 40+ be” —= 40N+ 2,

s proton Exchinge (of pokyenes ehech
memrane slectroyus ool (PEMEC) i 3 techeology
that produces hdrogen by ramspart Cation (4°)
theough 3 memby ane without a0 electroiyte

T Ansde: 2RO —= AH' + 0o bt

P Cathode 4 < 42" — 20,

s oude

T Anode 0N —= 200+ 0us be
P Cathode 40 - &e" —= 40N + DU

Features

3 Opevating temperatures (50 - 80 *(

T Hagh (08! of taciity imvestment
(Use catabyst a5 P1)

¥ High productivity

W Eag o sire down

W Eauy 10 ateoring Temuahons in reoewadie
generatin

e KAPNTECH | VALUE CHAIN e

Features

¥ Oparating temperatures (20 - 80 0
3 Mature technology

¥ Low cost of taciny iovestment

Featores.

Features

¥ Operating temperatures. (40 - 80 °C)

3 Low cont of tacilny investment

B High productivity

¥ Easy 10 abrorbing Puctuations in renewabie
generation

¥ Low techeical maturity

¥ High operating teeperature  pressure (600
-

# Efficiency can be maximized
¥ Low durabdity

¥ Siow start up time

¥ Low technical maturity

I 01cut 10 sbierbng Mluctustons i fenewable
oeneaton

KENTHCH | VALUE CHAIN o

White (Natural) Hydrogen Production ?




Team Project 1 - Hydrogen Value Chain Concept o
=NT=CH

Development (Storage & Transportat i on(ﬁa Institute of Energy Technology

Hydrogen Liquefaction Hydrogen Compression Materials-based Storage (Methanol) / Materials-based Storage (Ammonia)
— Ammans can be uhbred by extracteg @y stored

Hiydrogen can exrst in lgusd state in extromedy low Fhsdogm can be Compeevned mta begh pressure WMeTRan! M. Dl A IS O v s
sempeeature of 20K(-253 *(). Liquid hydrogen s tarks.in & g form. (ompression i the conventional 2t ambient tomperature and prevsure Pydrogen of S ecrly utkred a5 fuel 1t has hgh
comutered promeng m terma of bosh Gravenetr and B o eavest way 13 store badrogen 11 evg 103900500 a0d Iramgort with existing . Prdrogen densety in gravemetrc and volumetre, wide
otumatr budogen demmstum, hegh hutrogen punty tastratare possbiiay for ubkization, and good storabidy, The
1 requee (rysges tanks 15 s8re. The storage tanks - The sgace crcuped by fhe campresed gas 5 e mtvastrx tures, of ammonsa have been globaty
are rretorced and mrusated in crdes 10 preverve As methancl imvobees (0: in ity synthess, leadmg 1o \ etabinted
Pemgee st lewis schurve & hegh prevaure, adeanced materah for errubAmEntal prODIA 1 The Ut alion A6 becaste
vesseds are requend (0mpression vessels showid be ol the release of (O, when methanad r directy For long-tem, ammonia can fulfill the demand 10
Refrigeration 1 kow femperature r loadkng 1 igh egukarhy B3 10 eosare 00 Maks are Laking place whikzesd o de<ompored. Store the eratrgy in fame and in sgace. Releasr fhe
energy tomomption Comgressd tydrogen can caretly tontrbule 13 The \ \ Prgtroen HOm amman, 3 1 el huge Mot ot
Ccrmmeriaakieabon of hylesgen reergy m e et Methans retormnion 310 ave he prodiem of the energy s consumed
Liqued bapromen o not preterred for Torg terrm starsge form. Bet it has 2 relately low $4cr3g0 LRIty roduchon of carbon monarxde K04
o ko Sa2ance of ransgortation, because the emergy vt techackogy develapment n requend 1o be / Anmssania Aot elatively bighe syparest foniciy. Wit
ngnt reeded B beep the Semperature very low = opked 1o Lirge (apacity storage and ramportaton potential 1o grnerate NOx urng i3 (OMbwShon at
hetee hegh tempevatures.

Hydrogen Hydride
Fagdnbes 150 g e VIS0 1 4 WPRSORS Pt = AL s Suitable for mid ¥ lomg drstance tramgportabn.
Ve hytrogen on the urtace of eruce of 3 matrrl ¥
They 127 rewersbdy adunrs and (s Tydrogen 1t s exceent in teems of stabilty and emroement
AT Uy P presiare 3nd ambered temor et
NGh Pyydrorgen Geenty cam be ahuerved The Koackng wght n lrge.

" 5 52 low i vewes o Need of inked fransgortation due o Lack of
Pydndes tor bydragen o u Competeness (oo 10 Boor)
comphen, (haemcal, an

s 1ot affected by the clmate.

&

Strong W 17 rums at 3 fod time. 30 17 very &rurate.

®a

nd Area

Liquid Organic Hydrogen Carrier (LOHC)

LM i g that store an release hysroges o0 o Gstance Traigrtaton

ADWCi itk s s e ; Sustabie 100 4101 10 medeum Gatice Iriaportate

BeryOgrasten procemue - s 11 1 hughly st ected by emnrermental poliution due to
Rt s

(OMCs are rvsamosaby b under amiseet consinom,
T G e DR Pempeeatyrt
baghrogen Semey s Wgh i GraNmETE and
wehametre

Compared 1o other transponation, the ksading weight
s relatrord; smal

D00 10 daxer ranigartation is posuble

Thee handeng, storage and amps (High Energy Demand Area)
enared e the eunting nfrastnaruey Uninhabited < Energy Demand Level 1t 5 Newble becase § operates whin necessarny
Islan

e ko ot 0 CEEEEEEETR

Pramsported

Cargo satary is not high doe 10 1acT0r such a5 teaffic
aodent

LM et ot arge amout of eeaegy hring
Shbnpraton (High Energy Demand Area)
=« Energy Demand Level

Infrastructured

s 55
Pipeline Compressed Air Energy Storage ((AES) quid Air Energy Storage (LAES)
S abie 101 looey Batae e tratmpor ateon of Bulk Suatabie for ko) ErSIACE MTAmPONTITOn Thee CALS i five evmevgy sorage system [TS5) Bat can The LALS i £55 whive ebectricity ks stoned in the form

b SR The £35S
115 an eco- friendly meams. of tramportaten comunted of ) stesn.

Of baqusd ar o1 et PempRe e

@ Chorgingr:  Ambieat s b s puried, comorenned
\ing eacrs eheciriciny and sy
ot 10 rd phave

n e (OBPEIUd 22 0 5

Exhast emisaions are Kow Compared 10 e ok of

tramgortaton. Bt the resulting revroneental Contimaus, mass ranmsportaton s posdle @ P comprrise st v prrssere o smbvemt 5

pomufion s Bgh Do 4 agm b o A b camatans
The proucts used are fomsbed (maindy vied for energy o 2 Yo ot o deatsg M St

There i almont no lemt on the vokme and mesght of o) “atare s

e care @ e an nrtere greare i sy by ey
Unmised to & specifc location Cmenet e

1 et 10 be lrked 1o o tramgartation - -

The accurady i ot high bicause e cperation i Il faciimy costs 2 ot Featores

attected by the sea

[ T i —
prsenre veviah

@ Drcharging. Dty  reireved by pumpins
o -

B bl 10 avw serphn emergy by e varubie
omer g e of rmrwatse emiey
W Zern emiion of (O

L

energy Gemty and ease of deployment

3 Locatabie smpwhere and provide Lirge-wale

T Vacum or perite saaiaon  effective
bt bisloft

e Wi e gon Tl geokiqual

RENTCH | VALUE EHAIN e




Proton Exchange Membrane Fuel Cell (PEMFC]

The proton exchange (or polymer electrolyte) fuel ¢
(PEMFC) produces the powes by the acdic
electrochemical reaction, 1 is built out of membrane

Alkaline Fuel Cell (AFC)

The alicaine furd cell (AFC) produces the power by the
allcaline electrochemical reaction.
The two electrodes are separated by a porous matrix

Team Project 1 - Hydrogen Value Chain Conce
evelopment (Utilization)

K=NT=CH

Korea Institute of Energy Technology

The solid gxide fuel coll (S0F() produces the power by
directiy oxidizing a fuel
Solid gicke fuel colls are a class of fuel cells

cecirode assemblies (MEA) whih include the
eectrodes, electrolyfe, catalyst, and gas Gffusion
Ligers.

3 Anode: Ms = 2H" + 20

P Gathode: 12 0« 20 « 286" — HO

saturated with an aqueous alkaline solution, suth 35
potassium hdraride (KOH)

characterized by the use of a soiid axide material 4
the electrolye.

3 Anode: K 200 —e ZHA « 2¢
¥ Cathode: s Or « MO = 26" —= 20H

b Anode: 2 -+ 207 —= M0 - bt
¥ Cathode: 0: + be" —= 207

Features. L

3 Low operating temperature/ pressure (S0-500°C)

Features
* Operating temperatures. (25 - 50°0) b H-qnlnﬁwmvmpm-w 1 peessure (500

3 Easy 1o size down T Use catalyst 23 sbve firon phthalocysnines - Use catabyst 36 ceramic material

I Use catalist as Pt ¥ Porson eftedt by (0 (1 need pure He 6 )

¥ Need pure oxggen

¥ Max, qualified power : 100 MW

¥ M qualified power : S00 ki B Slow start-up fime

KENTECH | VALUE CHAIN

KENTECH | VALUE CHAIN

KENTECH | VALUE CHAIN

K=NT=CH | HYDROGEN VALUE CHAIN

€02 Emission Level v Wave Wave
| mmEmmmmEs
wind
= Solar

Hydrogen Gas Turbine

The hdrogen gas furbine generates the power by the
combustion of hydrogen gas. The system does not
emit (0 if the feed s the pure s

By the reaction with H: & Os, the H: are formed then
existing in steam

And it would be the power source of the furbine to

Hydrogen & LNG Mixed Fuel Turbine

The mixed bydrogen G LNG turbine generates the
pawer by The combuition ol mixed hydrogen & LNG
Ga%. The system emirs. (04 by the mix ratio, By the
reaction with He G D, the H.O are formed then
exrting m steam And i would be the powee source of
the turbine 10 move.

Features
T Low (0: emistion fhan omentional LNG furbine
Probabilety of f X
& Probability of Rashbad 3= I1Can nOt ScNeve 16D emision of (Os.
3 for stable combustion, it noed efficient mix
of bagdrogen and au.
¥ NOx emission increase because of the higher
flame temperature of hydrogen combushon

KENTECH | VALUE CHAIN

‘ (High Energy Demand Ares)
Uninhabited ¥ A L= Energy Demand Level
Island

e KENTECH | VALUE CHAIN

(High Energy Demand Area)
= Energy d Level

© Hinty syncrome === L cuntrastie

Hydrogen Engine

The hydrogen infernal combustion engine (H2ICE) is
the engine that use bydrogen fuel emfead of
gasoline/desel. It works, the exacl Ihe Same way 35 3

Chemical Fuel

Hugdeogen used a5 Chamical feactant. By The Cataiyst,
the covalent bond can be beoken, Then, each
Pgdrogen atom can react with variows compound fo

Hydrogen Ironmaking

Hydeogen  used for wonmaking 11 1 endothermi
reattion that require, heat for the reduttion of ron

The process i separated by The reduction readtion
trol based ICE e .
o make commerial chemical 308 metteg
Features —es
Features feat

3= 11 can achieve rero emission of (0.  Raact with orgenicAnargheic muerisl 3 1 can achieve zero emission of (O
I Hydrogen fuel does not aeed 10 be 3 pure 35 3 ¥ Used o syathesire varous funchional group

¥ Alot of heat is needed for the reaction relative
fued coll.

160 comventional furnace.
¥ NOx emssion exsts.

3+ Low volumetric energy density than the petrol

KENTECH | VALUE CHAIN KENTECH | VALUE CHAIN e KANTACH | VALUE CHAIN e
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Team Project 1 - vC Promotion Video on Youtube & o
K_ NT_ CH
Feedbacks s eftat ot eatwions

K=NTFCH

= E3Youlube 24 A1

&
Hydrogen Energy ( A
Hydrogen Value Chain . 8 SR/ 42218 OV
Development

> M ® 0:07/‘9:53}.

KENTECH Visionary Course (Hydrogen Energy)




Team Project 2 - White (Natural) Hydrogen Value Chain g =NT=CH
Development (World Natural Hydrogen Project Development) =" ™"
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Team Project 2 - White (Natural) Hydrogen Value Chain K =NT=CH
Development (World Natural Hydrogen Project Development) ™™™

World Natural Hydrogen Well
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Team Project 2 - White (Natural) Hydrogen Value Chain K =NT=CH
Development (World Natural Hydrogen Project Development)
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Region
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Team Project 2 - White (Natural) Hydrogen Value Chain K =NT=CH
Development (World Natural Hydrogen Project Development) """ """
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Team Project 2 - White (Natural) Hydrogen Value Chain g =NT=CH
Development (World Natural Hydrogen Project Development)

T 7 0274, Region Y B2 ---

Korea Institute of Energy Technology




Team Project 2 - White (Natural) Hydrogen Value Chain K =NT=CH
Development (World Natural Hydrogen Project Development) """ """

= H257l. Region

Region
@ North America
= @ Europe
@ Africa
7916634146341461 (52.83%) ®/sia
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Team Project 3 - Green Hydrogen Value Chain K=NT=CH
Development (Green Hydrogen Energy Island Development) s e creroy recnmoioy
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Team Project 3 - Green Hydrogen Value Chain K =NT=CH
Development (Green Hydrogen Energy Island Development) s e creroy recnmoioy
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Korea Institute of Energy Technology

Team Project 4 - Blue Hydrogen Value Chain o
K=NT=CH

Development (Blue Hydrogen Development in South Korea)

9 {Domestic LNG Terminal Status)
Location  “ijy)  (oo0oKL)
Incheon 544
Pyeongtaek a
AR Tongyeong 2654
Samcheok nse
Jeju 105
Dangjin*
Eo‘g,cgj Gwanguang 33
Es m .
SKE&S Boryeong
HANYANG Myodo* 4
*Myodo&Dangjin is scheduled to be operated in 202382025




Team Project 4 - Blue Hydrogen Value Chain o
K=NT=CH

Development (Blue Hydrogen Development in South Korea) s e sy recnacoy




