"m Check for updates

Journal of Climate Change Research 2024, Vol. 15, No. 5-1, pp. 713~721
DOI: https://doi.org/10.15531/KSCCR.2024.15.5.713

SARZAMOIM $4 HZA 2244 MM 7|80 2MIA U5 wHE
Mg st QA 24 AT

AOF T L HEET .« AR . OEE
SR SsleiTel BATIRIOITA MR, “SIRT [SHsoiTel BRI Z0Te
BRSSO EATIXICITA Ao, RIS SRR U MAHETRY AR

A Case study for development of a greenhouse gas reduction methodology for
blue hydrogen production technology in hydrogen production facilities

Cheon, Wan"""T - Jeon, Eun Don" - Kim, Hyeong Su™""" and Lee, Chung Kook
“*“Researcher, Carbon Value Department, Korea Research Institute on Climate Change, Chuncheon, Korea
""Chief Researcher, Carbon Value Department, Korea Research Institute on Climate Change, Chuncheon, Korea
"Doctoral Student, Environmental Management and Policy Cooperative Course,

Graduate School of Kangwon National University, Chuncheon, Korea

ABSTRACT

Blue hydrogen is attracting attention as an intermediate step to green hydrogen because it emits less carbon dioxide than

gray hydrogen and is more competitive than green hydrogen. Greenhouse gas (GHG) reduction projects are necessary to induce

domestic companies to adopt blue hydrogen production technology and to improve the economic feasibility. At this point,

it is necessary to develop a methodology that meets international standards to carry out GHG reduction projects. We first

selected similar methodologies for each detailed process of blue hydrogen production technology, analyzed the main

components of the methodology, and drew implications for the development of a methodology for the external project of the

Korea Emissions Trading Scheme based on the results. The main results of the study are as follows: First, process-specific

baseline scenarios can be validated using similar methodologies. Second, in the CO, utilization process, it must be proved

that CO, was used in a specific facilities using CO,, which are excluded from the calculation of greenhouse gas emissions

in the Korea Emissions Trading Scheme. Finally, direct measurement of monitoring factors is recommended, and where direct

measurement is not possible, conservative default values should be applied using similar methodology examples. In the future,

we intend to develop a GHG reduction methodology for blue hydrogen production technology based on this study and estimate

the expected reduction using data from actual blue hydrogen production sites.

Key words : Greenhouse Gas Reduction, Methodology, Blue Hydrogen, External Project

1. ME  HARE E8T AxTAHY 22 247
HES oPIRtthe BAIE 2L Qlof 24A7RA HiEo]

o= o
P84S AIFHor gslsi ok wrEsiqitt Tk ol mE fEushe AeA SEAARS] AR
(Joint Ministries, 2020). &A%Y A}3|2 Uolr}r] 984 g 152 AR AR £47A o|F V| EAYE UH
tCorresponding author : wan@kricrekr (11, Subyeongongwon-gil, ORCID %I+ 0009-0004-8756-4243 B4 0009-0004-4390-5544
Chuncheon-si, Gangwon-state, 24239, Korea. Tel. +82-33-259-0136) L5 0000-0002-2310-8941 o]&=+ 0009-0006-3885-5161

Received: July 4, 2024 / Revised: August 5, 2024 Ist, September 2, 2024 2nd, October 2, 2024 3rd / Accepted: October 16, 2024

http://www.jccr.re.kr


https://crossmark.crossref.org/dialog/?doi=10.15531/KSCCR.2024.15.5.713&domain=https://jccr.re.kr/&uri_scheme=http:&cm_version=v1.5

714 2 - HM2E -

G H(Ministry of Trade, Industry and Energy, 2021). & 7|
3o A A] 94 9 $4 ordTE|d] I3t HE o &
75ke] 20219 1149 273430l 4ol - 225t
om 2050A7HA] 9] FaEw AgS AAISHAH.
EFpat Jdfolea BATAA HiEEHs ©4E
EZ3] - A% - E-8&(CCUS: Carbon Capture, Utilization,
Storage)olo] 2A7IA HES &9 $4 0|t (Ministry of
Trade, Industry and Energy, 2021). &34+ o|AlSter
4 HjEo] A1 J¥paRtE Ve FA Yo FHEo0]
Jd5AR Hojrls FUPARE FEUL QITH(Ah,
2020). E3F To]AbStetA Y - - A E 8o
gk HE o] A7 (24.2)E ) w2t CCUSE HH7|&E o}
= EF5a AAY Az 7Rko] nE QI SshA|Rk
J1go]ara thH] 2 HAGE 719 Fhof o] Ajto
He wEba] AR 24351 AsiAe BAE B wiet
Elis
A 2 d U 7199 EFA BAVE =9
FEE ol 2A7IA A5 ARRISE Bastth
AEARGS oA t#HCE J=HI Q= HEd
AA fREALT AAL 4= Ut YRAFG ol LI
AAA 227HA F9 HiEAE E= WiEEs SolA
A 7)ol Fotote WACRE RAVMAE ASSh=
AFE 9Ju|gtcH(Ministry of Environment, 2023). ©]
LAkA BRAUE S e kA B

¢

—

tlo
ki
)
:?g
[e)
)
0|

A £

28+ - 0153
TS AR R BUEYe] g3t 71E BAR WHEE )

T o

Fo] Agjx]o]of SHTh(An, 2023).

olo] et £ A= HAHeA A4 F ol
EF5a A HHE LS gt & Axe A
HHES EA400. AFEHE 7|Nte s EFRa A4
A& QREANY WHE i) 7| xAsR E8ota ¥
T 2 HHES &83 FU EFSA Ve EYY 84

i

B AT BRRs YA 718 94 PHUE S
Bl T RAY LALA BE PHE AL 9
3 AAPES 225k Zo] F8 Sl

olZ 9I5h AA, BESa A 7149 AR 3PS =
Afto] Sk AAE B - CO, B B 5% B CO, B

H

=4, A" A EHES HES AEx4, ol
SEkQl AluE| L B ARIEA, 247 A

o]
B3 Wy 5 PHE 28 TS Bt

analyze similar Applicability

methodologies

Background and || « Blue hydrogen as a major * Needtodevelopa

purpose of the mitigation tool for national »  methodology forimplementing

study carbon neutralization GHG reduction projects —‘
A2
» Distinguish | Menufacturing - - AMO0124
h Research of blu_e Process CO, captureand Select s

yerogen production boundaries | tensporaion || metodoiogies reheddegy

technology CO, utilization |- M 047-001 —‘
¥
Review and + Review and analyze major methodology components

Baseline methodology

GHG reduction calculation methodology
Monitoring methodology

¥

Conclusion developing

methodologies

* Derive implications for

» Policy recommendations
> to promote GHG
reduction projects

Fig. 1. Research methodology flowchart

Journal of Climate Change Research 2024, Vol. 15, No. 5-1



Pl =

FAZEAEOIM 4 HIZRA| SRp4 b 7159 2AUIA 2 WHE JHUS fiot RAE 24 7 715
3. g U nEt 3HAE CO, B8 FHoE U RAYT CDMI
SEH AATENA AR AxHE ] vE-E
3.1. ER5A MM 7|29 NE 3H XA CO, o] &3 oA Al Y2, “F7std=E A
Ab Al AAA | A €Y Co® FE H 2H47199 CO,
3.1.1. SFFA Yit Jlg9 3F FA & ¥ 3HE id W22, <CO, A A] SR ALS giFsh] 9
wAGEE I8 3] AHQA1 9 B Y7 RAOA €O, T4 B S )
T B2 PSS ALt SATIA 71 u) o ZASIETH(Ministry of Trade, Industry and Energy,
MEZo ZAjstx| okth webd AlE ZA o)z 9A 2022; United Nations Framework Convention on Climate

Hc}lﬁ%'% ‘ﬂ]_ ]D]-ELC_J]—Oqo}: 6—]_‘:]_ Change 2011 2021) )
NE TAL T 3T R RS & 9lon] [T & AdE BHEE Ve e ¥ 2R fAsdde

T
4 YA FAH 07 CDM (Clean Development Mechanism) Table 13} 2.

of 55& A8 7les

29 a3t

L AMPAF HPHE S A

UEHE

3.2. RAt

slo] ZAFSFItH(United Nations Framework Convention
on Climate Change, 2023).

DAL €O, BY L 5% FHOE vF AuHg

A P EA AASHE
29 9 AAA, LA7A 4

HE U 24
R ESIN QEC RS

o_>.i

. BUEY WY 5

N
a-

Al 2 73Q1 ACR (American Carbon Registry)o] & HPHE Jjuke o5t 29 TATEO] tiE] HE W B4

E5 olAlgets TH 2 AA Z2AE’ HEHES MF S 25}t

olo] ZAFSH TH(Amercian Carbon Registry, 2021).

Table 1. List of similar methodology investigations

Process Methodology Overview Reduction principle

Q)

AMO0124 Hydrogen production from electrolysis
of water

Producing hydrogen through steam reforming,

gasification, water electrolysis, etc

Capture CO, emissions when manufacturing
hydrogen through steam reforming, gasification,

water electrolysis, etc

2

Carbon Capture and Storage Projects V1.1

Capturing and transporting CO, generated
during enhanced oil recovery (EOR) operations
and injecting it into storage in the U.S. or

Canada

Capturing and transporting CO, from
industrial processes and storing it in a secure,

permanent storage site

3)

04Z-001-Ver01 Methodology of the project
for the use of unutilized CO, during the
manufacturing process of precipitated calcium
carbonate (PCC) and the energy reduction in

the paper production

Recovering unutilized CO, from industrial
facilities and using it to manufacture precipitated

calcium carbonate

Produce CO, from fossil fuel use — recover

and use unutilized CO,

AMO0027 Substitution of CO, from fossil or
mineral origin by CO, from biogenic residual
sources in the production of inorganic

compounds

Replacing CO; from fossil fuels or mineral
sources with CO, from biogenic sources in

the production of inorganic chemicals

Converting CO; from fossil fuels or mineral

sources to CO, from renewable sources

AMO0063 Recovery of CO, from tail gas in
industrial facilities to substitute the use of

fossil fuels for production of CO,

Recovery of CO, from the tail gas of
industrial facilities to replace the use of fossil

fuels for production

Produce CO; from fossil fuel use — Recover

and use CO; as tail gas from business facilities

% (1) Hydrogen manufacturing (2) CO, capture and transportation (3) CO, utilization
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Process Key applicability

@ Only new construction of plant are eligible

1) @ Must designate a demander to supply hydrogen
(® Captive renewable power plant shall be wind or solar

@ (D Ownership of the process is clarified to limit GHG impacts beyond the project boundary
@ If CO, is transported, it must be utilized only by ship, rail, road, or pipeline
(@D Limiting the scope of GHG reduction technologies applicable to the methodology

3) @ Clarify the baseline scenario
(® Project must be able to perform the required monitoring during the project period

% (1) Hydrogen manufacturing (2) CO, capture and transportation (3) CO, utilization
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Table 3. Key baseline methodology

Process Key baseline methodology

(@ Hydrogen production by steam reforming syngas generated from coal gasification without CO, capture and

. storage
Baseline . . .
. @ Hydrogen production through steam reforming of natural gas without CO, capture and storage
scenario
(® Hydrogen production through steam reforming of syngas generated from petroleum gasification without CO,
M capture and storage
Profect @ Includes the scope of all facilities included in business activities, such as electrohydrogen production facilities,
rojec . e . s
bound self-generated renewable power generation facilities, and all power generation facilities connected to hydrogen
oundar
Y production facilities
Baseline . .
. (@D Businesses that capture CO, generated from primary processes
scenario
) @ The physical boundary covers the scope of all facilities included in the business activities, such as CO, capture
Project facilities, CO, transportation facilities, and CO, storage facilities

boundary | (@ The temporal boundary is set as the date of the first injection of CO, into the containment space for CO,

storage as the start date of the business, with a minimum period of 5 years for monitoring to apply

Baseline | @ Supply CO, from fossil fuels or minerals to produce inorganic compounds

scenario | @ Producing inorganic chemicals by supplying CO, from fossil fuels or minerals

3

Project @ Scope of all facilities included in each business activity, such as inorganic chemical production facilities, tail

boundary gas production facilities, pipelines, and calcium carbonate manufacturing facilities

% (1) Hydrogen manufacturing (2) CO, capture and transportation (3) CO, utilization

Table 4. Key GHG reduction calculation methodology

Process Key GHG reduction calculation methodology
Baseline . L .
. @ Using default emission factors for hydrogen production method
emissions
. emissions from electricity use from sources other than self-sustaining renewable power generation
1 . @ GHG fi lect fi ther th If-sustaining ble p g
roject
o) facilities
emissions . . . . . .
@ GHG emissions from combustion of fossil fuels in electrolyzed hydrogen production facilities
(D Calculation of carbon dioxide emissions that would have been emitted to the atmosphere in the absence
Baseline of a capture facility
emissions @ Calculate the baseline emissions by applying the performance standard of the facility applied to CCS
@ * The operator selects the calculation method from the two calculation methods
Project @ Calculate all emissions generated by the capture facility, capture process, transportation facility,
emissions transportation means, transportation process, etc. for CO, capture and transportation
Baseline @ Calculate baseline emissions by multiplying the amount of pulp produced by utilizing unutilized CO, for
emissions y years after the project by the baseline emission factor
3) (@D Emissions from the use of fossil fuels after the project
Project @ Emissions from electricity use
emissions (3 Emissions from limestone calcination
@ Unreacted CO, emissions

% (1) Hydrogen manufacturing (2) CO, capture and transportation (3) CO, utilization
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Process Key monitoring methodology
(1) (D Leverage the CDM tools associated with each monitoring factor
) (D The total volume of gas generated in the primary process is measured at the bottom of the primary process, and the total
volume of captured gas transported in the pipeline is measured at the transfer point
3) (D Check the energy balance and purchase receipts against changes in purchase volume and inventory
@ Data collection is necessary to ensure that the production of key products is justified by actual market demand

% (1) Hydrogen manufacturing (2) CO, capture and transportation (3) CO, utilization

Table 6. Baseline scenario implications

Process

Baseline scenario implications

* GHG emissions from hydrogen production through fossil fuel reforming

1) — Methodology can be certified when applying emission factors for hydrogen production from fossil fuels using similar CDM

methodology practices

* GHG emissions released to the atmosphere in the absence of CO, capture equipment

2) — Methodology can be verified using similar CDM methodology practices to calculate the actual emissions to the atmosphere

and the performance standards of the equipment used for capture and transportation.

* GHG emissions from CO, used as a raw material

3) — If CO, is utilized rather than stored, it can be credited as being re-emitted after a period of time, thus requiring proof of

no additional CO, emissions for CO, utilization

% (1) Hydrogen manufacturing (2) CO, capture and transportation (3) CO, utilization
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Table 7. CO, utilization facilities recognized in the guidance on emission reporting and certification of greenhouse
gas emissions trading system

No CO, utilization facilities

(1) Use CO, for carbonated beverages

2) Use CO, for dry ice

3) Use CO, for digestion, refrigerant and laboratory gas

“4) Use CO, for grain pesticides

) Use CO, for solvents in the food and chemical industries

6) Use CO, for products and raw materials in chemical, paper, construction and cement industries

(7) Use CO, in semiconductor / display / PV production

() Use CO, for welding
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