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Life Cycle Evaluation of Greenhouse Gas Reduction Potentials in Building
Sector under Hydrogen Supply Scenarios
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Corresponding author :
hwangyw@inha.ac.kr Abstract >> This study performed a Life Cycle Assessment (LCA) of the hydrogen

_ production—infrastructure (transport)-building utilization system in the Ulsan
Ezszzzd ig gzt:meffg% Hydrogen Demonstration City to quantitatively evaluate greenhouse gas (GHG)
Accepted 17 November, 2025  reduction effects from the expansion of clean hydrogen. Three scenarios—

Formation (2027), Expansion (2033), and Advancement (2040)—were devel-
oped based on the First Basic Plan for Hydrogen Economy Implementation
(2023), which defines Korea national clean hydrogen composition targets. The
annual GHG emissions of hydrogen-based buildings were estimated at 602.96,
515.89, and 459.78 t CO2-eq/yr, respectively, showing reductions of 2.3%,
16.4%, and 25.5% compared to the baseline building (617.07 t CO-eq/yr). The
hydrogen production stage accounted for approximately 70-80% of total emis-
sions, followed by building operation and fuel cell manufacturing (15-20%) and
hydrogen pipeline infrastructure (around 5%). These results demonstrate that
increasing the clean hydrogen share above 50% enables tangible carbon neu-
trality in the building sector. Future research should extend the LCA framework to
include hydrogen infrastructure (refueling stations) and mobility applications
(fuel cell buses) for comprehensive assessment of city-wide hydrogen systems.
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Phase Description

Key Features

Policy Basis

The initial stage of hydrogen city
development, with limited
infrastructure. Hydrogen is mainly
produced from by-product gas and
natural gas reforming.

Formation Stage
(2027)

Hydrogen composition:
Gray 90%, Blue 0%,
Green 10%

“Clean Hydrogen Policy Roadmap”
(Ministry of Trade, Industry and Energy,
2023):Introduction of the Clean Hydrogen

Portfolio Standard (CHPS) system”

Establishment of clean hydrogen
Expansion Stage | production and transport systems,

(2033) expanding the supply of blue and green
hydrogen.

Hydrogen composition:
Gray 65%, Blue 20%,
Green 15%

“Hydrogen Economy Implementation
Plan 2040” (Hydrogen Economy
Committee, 2024):Commercialization of
blue hydrogen and pilot-scale expansion
of green hydrogen”

Advanced stage toward carbon

Advanced Stage | neutrality, establishing a hydrogen
(2040) supply system centered on water

electrolysis using renewable energy.

Hydrogen composition:
Gray 50%, Blue 30%,
Green 20%

“K-Hydrogen Economy Roadmap 2040
(IEA Hydrogen Review, 2024):Targeting
over 70% clean hydrogen share”

Existing Building | Conventional residential buildings
(Baseline) using grid electricity and city gas (LNG).

Maintenance of the
existing energy system

“Study on Carbon Emission Assessment
by Facility Type” (Ministry of Land,
Infrastructure and Transport, 2011)
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Table 2. Data sources
Category Data Source Description

Hydrogen Production Jang et al. (2024)V

LCA results for hydrogen production types (gray/blue/green) based
on EF 3.1 methodology

Pipeline Construction and

. ecoinventv3.11®
Materials

Processes for high-pressure gas pipeline construction and material
markets

Construction Materials | Ministry of Land, Infrastructure | “Study on Carbon Emission Assessment by Facility Type”™— emission

and Processes and Transport (2011)Y

factors per construction type (m? - yr unit basis)

Fuel Cell Manufacturing Baek et al. (2025)

“Environmental impact analysis for manufacturing 200 kW SOFC
and PAFC systems via LCA”, Journal of Environmental Management

Korea Institute of Civil
Engineering and Building
Technology (2024)

Building Lifespan and
Certification Standards

“Green Building Certification Standards (New Residential Buildings)”

Existing Building

. 5)
Operation Stage Seoul Institute (2009)

multi-family housing
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Table 3. Total greenhouse gas emissions from hydrogen buildings

Sy Material & Fuél Cell Construction Operation (Hydrogen Tr.ansI.)ort Total
Manufacturing Production) (Pipeline) (t COz-eq/yr)

Formation Stage (2027) 107.73 0.81 466.42 28.00 602.96
Expansion Stage (2033) 107.73 0.81 379.35 28.00 515.89
Advanced Stage (2040) 107.73 0.81 323.24 28.00 459.78
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Fig. 1. Comparative analysis of hydrogen buildings and con-
ventional buildings
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Table 4. Total greenhouse gas emissions from conventional buildings

Stage Details Emissions (t COz-eq/yr) Source
Material Production | Civil engineering, architecture, mechanical, 3410 Ministry of Land, Infrastructure
and Supply electrical, and landscaping materials ' and Transport (2011)”
. . . . Ministry of Land, Infrastructu
Construction Equipment operation by construction type 0.77 mlzr:(}i] "T"ran:;r)lort ?z(r)alsl;;l)c e
Operation Electricity and city gas use 582.20 Seoul Institute (2009)”

Total

— 617.07

X3 M= 2025 128



u] oF 450 1 Sz0] Wl ol 7H5Ehe ol
stk S5] 247] SOl oju] 71EA% tu] 7

3 371
ol WARt= M2, eaddEe] 271 75 @A

HE $744 915 ZHethe A1 Al

& e el A=A e s e
S MAo|4-T8-S xEsE HIYHIHLCA)

o =o0= LS .,

=
2 sastol, Ak 24| Wskl U2 LU7kA
zZ

dERTE JUHoR BASE Zolth A7 Sad
] 6

(2033), I1E=3}71(2040) A
Al 2/du] "t AR wigwe] vAle 9=

HFsHgic.

T
D
lo

3}217] 515.89, TE8}7] 459.78 t COs-eq/yre AHY
ek 53] &3] g A= 7|05 (617.07
t COreqlyr) ThH] <F 25.5%9] 7+E=aIE B,
olF Al Azt wiET2 oF 28.0 t COxreq/yr=
AA O] oF 5% oo, wjk o] 9 49
utet AojufjEsko] vlAgHoR F7I8 7HsAgdol
A} AEdAolAs dBAA] Ax7t F8 )
O FEAA 7 W A An|7E AA vzl
152 AA5He) W, SgdA 9] wiEe £
20] Az guo] whet 1A 07 HFste,
| AA| A|2"le] 5 e A3
] QIAZ YERTh
A= 712055 vugt A, 27] 9AIQ)
Joll A oF 2.3%2] Z+=0]
H|50] 50% oo FjE=
TAZEA A 7|6E AE ofE] oF 4829] 1
17} w28 AEE Ae® Yebdth
Y St EA] AR o

s

jug

O_>d. _l>
>
K
d
[¢]

PO U A T
kN
;
O]
|

4 rlr
P
S~

B oXx
N
ut

Y b
XN
rm

JN

10

o
>
B

o
fr
ox!
oxl
_l

Vol. 36, No. 6, December 2025

=3O ZIE - HBP 697

o3

Ml of U
o

>,
B
(o
1o
)
B>
olx
AL}
1127
[- 0
2
>
i)
Y
o
il
N,
2
e
4~ rlo

References

1. S.J.Jang, D. W. Jung, J. Y. Kim, Y. W. Hwang, and H. K. An,
“An evaluation of net-zero contribution by introducing clean
hydrogen production using life cycle assessment”, Journal of
Hydrogen and New Energy, Vol. 35, No. 2, 2024, pp. 175-184,
doi: https://doi.org/10.7316/JHNE.2024.35.2.175.

2. C.Baek, E. Hwang, D. H. Peck, K. Roh, S. Y. Yoon, and S. Kang,
“Environmental impact analysis for manufacturing 200kW
SOFC and PAFC systems via life cycle assessment”, Journal
of Environmental Management, Vol. 393, 2025, pp. 127171,
doi: https://doi.org/10.1016/j.jenvman.2025.127171.

3. Ministry of Land, Infrastructure and Transport, “Study on the
Establishment of Carbon Emission Evaluation Methods for
Facilities”, MLIT, Korea, 2011, Retrieved from https://www.
molit.go.kr.

4. Korea Institute of Civil Engineering and Building Technology
(KICT), “Green Building Certification Criteria (Residential
Construction)”, KICT, Korea, 2024, Retrieved from https://
www.kict.re.kr.

5. Seoul Institute, “Urban Life Infor mation and Energy Planning”,
Seoul Metropolitan Government, Korea, 2009, Retrieved from
https://www.si.re.kr.

6. ecoinvent Association, “ecoinvent Database v3.11”, Zurich,
Switzerland, 2023, Retrieved from https://www.ecoinvent.
org.

7. International Energy Agency (IEA), “Net Zero by 2050: A Road
map for the Global Energy Sector (2023 Update)”, IEA, Paris, 2023,
Retrieved fromhttps://www.iea.org/reports/net-zero-by-20

Journal of Hydrogen and New Energy <<



iy

698 4 I ALZIR0) ME 715 £F MY 24714 Z=510 24
I

50-2023. 9. New Energy and Industrial Technology Development
8. Wuppertal Institute, “Life Cycle Assessment of Hydrogen in Organization (NEDO), “Fukushima Hydrogen Energy

EU Energy Systems”, Wuppertal, Germany, 2021, Retrieved Research Field (FH2R) Demonstration Project Report”,

from https://wupperinst.org. Japan, 2020, Retrieved from https://www.nedo.go.jp.

ol

>> a0 A S| =28 HI6H Mo 20254 122

r



	수소 공급 시나리오에 따른 건물 부문 전과정 온실가스 감축효과 분석
	Abstract
	1. 서론
	2. 연구 방법
	3. 결과 및 고찰
	4. 결론
	References


