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Received Abstract

11 March 2021 The “Hydrogen Economy Roadmap of Korea,” which was released by the government, included an

Final version Received overseas source of hydrogen to consolidate the supply chain. The ultimate goal of hydrogen economy

22 September 2021 would be established by using green hydrogen from renewables. However, blue hydrogen is expected
to form a considerable proportion of the hydrogen supply chain in the initial stage of hydrogen

Accepted economy. To develop a new path of blue hydrogen supply, it is inevitable to build collaborative

26 October 2021 strategies with international oil producers or technologically advanced countries. By investigating the
required technologies and collaborative environments of countries that have high potentials, the
scheme of blue hydrogen supply was proposed. The business model integrated with CCS-EOR would
be competitive, and UAE, USA, and Canada should be preferentially considered for collaborative
target countries. To acquire commercial-level feasibility, it is necessary to perform an integrated pilot
project, which includes overseas hydrogen production, CCS-EOR, and transportation.
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Table 1. National hydrogen production strategy
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Present 2022 2030 2040

- D BH D BH, @ FH, D BH, @ FH,

N @ P © FH ® EH, @ OH ® EH, @ OH
Composition ® EH % D+HO+D: 50%, @: 50% ¥ D+@+@: 70%, @: 30%

- Near Major city

Supply 130,000 ton/yr 470,000 ton/yr

Overseas Production

Import of CO, free Hydrogen

1,940,000 ton/yr 5,260,000 ton/yr

@ BH, By-product Hydrogen, @ FH, Hydrogen from fossil fuels, @ EH, Hydrogen from electrolysis, @ OH, Hydrogen

from overseas country
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International Natural Gas Prices

— Henry Hub — Japan/Korea LNG — National balancing point — TTF

$/MMBtu
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Fig. 1. International natural gas prices (EIA, 2020).
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Biological Thermochemical
. . Dark Phot,
Bio-Photolysis - . - . Gasification Combustion Liquefaction
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Fig. 2. Hydrogen production methods (Nikolaidis and Poullikkas, 2017).
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Fig. 3. International EOR projects (1971 - 2017).
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Thermal EOR @ Chemical EOR CO, EOR @ Other gas EOR

Fig. 4. Expected EOR production according to the new strategy.
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Table 2. Global CO, EOR and storage potential (Jang, 2012)

CO-EOR  CO» Storage

Area Potential Potential
(Billion BBL) (Billion BBL)

Asia-Pacific 30 8
Central & South America 60 20
Europe 28 8
FSU (Former Soviet Union) 152 42
Middle East/North Africa 412 125
North America(except US) 29 9
us 121 34
South Asia - -
South Africa 49 15
Sub Total 881 261
Additional R&D 191 57
Total 1,072 318

Fig. 5. CO; storage resources (millions of tons) of major oil
and gas fields (Global CCS Institute, 2020).
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Fig. 6. Exporters of hydrogen in 2018 (OECD, 2020).
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Chinese
Taipei

Mexico
3.61%

42.4% 125%

South Korea China Malaysia  Vietnam 3%

2.15%  1.78% .
Brazil

11.3% 7.5% -

Fig. 7. Importers of hydrogen from US in 2018 (OECD, 2020).

n|=+o] I RgA YA T R= §7.5/kg 2, A A7FAS) o]
Absleta 2| e A4S AT EFA($2.4/kg) ol B8l &
717} dds] o, A A AR T HlE 1% gt
o EZF5FATF 2050 o] & 7| U O & Q1| AJAH|§-
o] $0.7~1.6/kg= o} ZHo g A= riBloomberg,
2020).

u|=zol| A EFGAE AAEt] HlelA s, ol4taieta o]
A& AAISH= "eto] HaZolt), o|u] BALA, @ St
I}, FU A AL Srof| A= olakEtea: A e 7 -
7EAA, =S, Aol E7H S Aehs tit A7t 4=
rlo] gom, TS FAlo gt A47F =3 &
o] QATHRoberts, 2020). ul= Yol 4] g=as AR ThE
o] o] f 2 = o Y oJAlslekA: ghg-o] wle- f-2]sich
2019 7157, vl=tol| A sphl =] 2] oFar WFE =] AL B 9 4]
= A A7k AZE538,479WH0E QT E(15,248 WiTE 9]
HulE) & o] F "AkAo Al 251,186 R YRITE
(7,112 w9k = wl ) ef FHl A 2L F2o)| 4] 36,228 WHTt ¢
W E (1,025 25 i E]) of| o[ 2K(US Energy Information
Administration, 2020). T3} o]AFS}eRA 3]529] FH o)
Th= X Hof| A =3 Fo|w, BIARA Jrof AHE 100~2309
o] 4157} ol btk B2 27 557k T st
I 4 A QItkFig. 8).

AT ] Y] S, 7HY 7HsAd o] =2
SAL, SN R 5 B A0) ARe e lAS gRe
 ad Herlaste] B 44, e SLBRHE
Sk Ao 7MY AA A AR wdE Tk vl Y
G2 7)) o1k T ARG ato] HRhact s
£ Y Sdois o] AAHY Ao wekEv,
5~15%9] 44> vlEo] 7 HHor oy vl qlot
(Melaina et al., 2013; Ogbe et al., 2020). T=3F2018d 7%

o ox rlo
2t

)
>

g

»

A58 A5=



° . _ _
514 olld - P - AAY - FAE - BAE - WSl - Y - BoH
Remaining Oil in Place and
Technically Recoverable Oil (BBIs)
N " Technically
Region ROIP Recoverable
> Alaska 45.0 124
California 57.3 6.3
Mid-Cont. 65.6 10.6
IL and MI 15 12
-
0%0 N
Gulf Coast 275 7.0

Source: ARI, February 2009

LA Offshore 15.7 5.8

* Remaining Oil in Place ’

Fig. 8. Remaining oil in place and technically recoverable oil by CO,-EOR in US (NETL, 2010).

| US Hydrogen Production Scenario ‘

Shale Play
« KNOCRR3.7%)
* 277 million BOE(Gas 32%))

s 1 BOE = 6000 scf
+ Natural Gas Price: $3.5/mmBtu
s 1 mcf= ! mmbte

(ei

ilot Project Design

- Hydrogen production by natural gas/Feasibility of CCS & EOR
« Texas: additional 10~23 billion bbl production (CO,-EOR)

*R&D Project

- Hydrogen Daily Production: 100 ton (maximum 300 ton)
<+ Total production: 30,000 boe/d (natural gas: 10,000 boe/d = 60
mmscf/d)
<+ For 100 ton/d hydrogen production: natural gas 17~20 mmscf/d
consumption
“ CO; release: 800~1,000 ton/d

- Field Operation and CCUS: USD 35 miillion
*Project Structure

- Korean Consortium
+ Operation / Technical Backup / Local Hydrogen Production / Liquid
Hydrogen / Transportation
< KNOC, SK Innovation, etc
+Considerations
- OPCO collaboration

- Risk of disposal of NOC's asset
*Expections
- Feasibility of blue hydrogen market

- Economic feasibility of hydrogen production

\ Development of incoming line of overseas hydrogen /

Fig. 9. Proposed pilot project in US for overseas production of hydrogen.
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Fig. 10. Location map of the onshore and offshore fields of UAE (Morad et al., 2012).
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| UAE Hydrogen Production Scenario
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« Pilot Projct Design
- Hydrogen Production by Natural Gas / Feasibility of CCS & EOR

- Korean Company's Asset
++ KNOC: Haliba Field (40,000 bbl/d)
< GSOIUX|: UAE onshore production business (50,000 bbl/d)

«R&D Project
- Hydrogen Daily Production: 100 ton
- Field Operation and CCUS: USD 40 million

« Project Structure

- Korean Consortium
*+ Operation / Technical Backup / Local Hydrogen Production / Liquid
Hydrogen / Transportation
< KNOC, GS Energy. etc
+ Considerations
- Produced Gas is managed by ADNOC Gas
- ADNOC Controls Natural Resources
- Collaboration with On-going UAE Business
« Expections
- Feasibility of blue hydrogen market
- Economic feasibility of hydrogen production

- Development of incoming line of overseas hydrogen

\. Linkage to Green Hydrogen Business

A/

Fig. 11. Proposed pilot project in UAE for overseas production of hydrogen.
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Fig. 12. Original oil in place and expected recoverable oil by
CO,-EOR in Alberta, Canada.
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Fig. 13. Expected green hydrogen and blue hydrogen price
(APERC, 20183).
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