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Abstract: In the transition toward carbon neutrality, the deployment of renewable-energy-linked
water electrolysis hydrogen production facilities is expected to expand. Although electrolysis produces
almost no direct emissions, indirect greenhouse gas emissions depending on the electricity source,
water use, and safety perception emerge as key environmental considerations. This study systematizes
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major considerations and application directions from an environmental impact assessment (EIA)

perspective. Literature and technical materials were analyzed to identify environmental impact

pathways of the electrolysis process and compare them with existing EIA categories. The review

focused on greenhouse gas emission characteristics by electricity source, operational water use, site

conditions, and social perception factors. Results indicate that environmental performance is largely

determined by the electricity source rather than the process itself, and that large-scale facilities require

verification considering regional water resource conditions and operational characteristics. The study

distinguishes applicable existing EIA items and additional considerations, providing reference

information for environmental review of hydrogen production facilities.

Keywords: Carbon neutrality; Hydrogen fuel; Green hydrogen; Water electrolysis facility; Environmental

impact assessment
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Table 1. Classification of Hydrogen by Production Pathway and Environmental Characteristics

Type Production Feedstock Energy Source Direct CO, emission
Green Water electrolysis Water Renewable electricity No

Pink Water electrolysis Water Nuclear power No

Blue Steam Methane Reforming (SMR) + CCS Natural gas Fossil fuel Partially captured
Grey Steam Methane Reforming (SMR) Natural gas Fossil fuel Yes

Yu (2024).
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etal, 2023). ST =5 H Ao AR BA 2 A EA AR,

SYUHE 2734 s AH 0 & 267 A A AIF 34 BF, 7€ A IF I =
flsted 20219 ‘A1t A7 A o] 7|1 2A Y & T 9] AAY AE, B7F A& 3 A9 AR 55
stloH, 5 A QAN HAE B85 4 Ak sttt A5 5ol EH Al ¥ 46 A
ol AT IA, A7 A RESHAIHE 5 oy A 9] AR A1} 314 I Y7 ol A 2] FF A At
ohaH] AFQfofl gt =2 Bt A ST Al 52 AR S ALt TAARE GEE S+ US Ao
20 =7 gtth o] & 9t 8 X A F SR 11 7] =k
Ha YRS AAsH o H, Hioti 4o | A5
= B AESL S YAIok L Tt E9], Al A s, II 2244 7|29 /8 2 A3}
A 5 Aol U A SR E SHOE tht 2 T1-lpA
A4k g 718 AT A (- B 5) & L83t TR = A7](e)E Tt E(H0)= 4 (H)
& APAFEWHE D S Hio] @ A 4 A EHE o} 44:(0,) = &5k A 7188} ¥F-g-2 0]-8-3t 7]
O FE3= FHE A|AISHAL glof, Al = =4 3] &, ol &g = oy A= HFE, TS E2 A
718 2854 AL ZHE 9 &4 S| 7} o AE ot Ao YA =2 B 15t Ao] 1E2A ALY H
(Relevant Ministries of the Republic of Korea, 2021). Alo]2} & 4= Q) tH(Choi et al., 2023; Back & Kim, 2024).

A8l A9 Sl &4 o], A o, kT Figure 1-= 41 5f) Al 9] 7|2 2h5 d 2] & Uehdth. A
2] SN2 S IF AL BHOIEE, o]of gt sEof A= 7 712 A=ofl 747 (Direct current)
AAA AE7F 7T ey 2572 9] A A+ £ 7totd & Eofih-go] Pojdth BF AdEHG 5
= A8 71e9] At A, AT B7L AAE 4, oA =2 Al Aol A7FEH 5= (Cathode)of| A
FA/G- A=Y SE, I A 5 7ed SHA F T WSO 2 FAE, = (Anode)of| A= AFSHEE:
& 0]20]% 0 (Choi et al., 2023; Kim et al., 2023; Roh 2 59 AtATT AALE T B2 w2 A hof| A AJARE
et al,, 2023; Back & Kim, 2024; Han et al., 2025), =73 S}Fet Aol 2 (+), 20] ()5 4ol IES
A S D3 FF B AALE A A ISk SFA L HFote, gatoll BAtE Aot 4ba o] 490 WA
T HES A= v At oot £5] 85 0] &, A
g Ao fhE 1M 2A7IA HIE, A e kA B
B2, YA SN 2 H 9G5S AA A B Foe == el
ol A a4 o= A|71E & Yol = EFStL, o]
S IFE7 B L IHEL A A H R
AAT ATE FHS| o] RO G2 A0R B 4 '
Ak L

olo] & Aol A= =] HA 4 7|&eAtsw, A3
AT & TSR 2 1 FE Bl S Al & = o, =5
A A4S £55}7, T 8450] SAAFE} o 17 A
9ol A o B A Wt 5 A AEskglch b 5
A2 0.z 94 o 29l 278 42714 B S e b
g 9 AR, A6 Al 9] 274 9 5ol tigt A = fio
PATE AESIU o] F HEH JF 4S5 HHY == 4xH,0 e |
FE7tel 71E 7 v ote], A Al Figure 1. Operating Principle of a Water Electrolysis Cell
A E5HA0F NgEojold 9 HIt QAE & (Choi et al., 2023)
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Table 2. Characteristics of Major Types of Water Electrolysis Facilities (KEI, 2024)

Type AWE PEM AEM SOEC
1t & 1 - e +t —¢
e |3 e | A g [ 13 e | 1]
o, | H, H,0 = =H.0 o | =ad
o Tt KOH o - stz
Principle A H & 2 OH- 8| | 2« o 8
2| o (2 S - = = 8|2
- 23 2 o + -
OH- H,0 " | > E > = [= E
onramm e | | 0= oH, | O, =l < [HwH, | =EITK =k
Operating 60~90°C 50~80°C 35-50°C 700~900°C
Temperature
* Use of non-precious
* High current density metal catalysts * High energy efficiency
Advantages * Use of non-precious * High-pressure hydrogen | * High current density * High internal
g metal catalysts production * High-pressure hydrogen | reversibility
* High hydrogen purity production * Easy maintenance
* High space efficiency
* Hydrogen and oxygen ' « High operating
gas crossover + Use of expensive -
. . . * Low durability of temperature
Disadvantages | ¢ Low hydrogen purity precious metal catalysts
L . catalyst/electrodes » Low system/electrode
* Corrosion issues may * High system cost .
durability
occur
KEI, 2024.

ST (Choi et al, 2023). £ M WS4 S ANPHOE 3 Yok TEAWSHLL SANPEME HA |42
HLO(L/G) — Hg) + 1/20,(g) 2 LFERICk 4% 24 §3HAG] DY A2 B 5 ek 2o
SRS AL UNPH 02 A(Cel), A (Stack), £ LI S HA(AEM)H 1A] A15HE S BHSOEC)

7142 ob A7 TAlo| o], A 20t et A

H Z}X] (Balance of Plant, BOP)Z 0] &0{#] )t} Al
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Hhofl thet -5 Al ol & Edohd, W2t AtE &
o ot e, M7, & 5a, Ath =49 919
H|Z g3t} (Choi etal, 2023). 78] Al 9] S5
25 fel F Lok AHEEE B 80 S50l o
2t gZ2kQl =7 7| (Alkaline water electrolysis, AWE),
B 5 A ut <=7 5f| (Polymer electrolyte membrane
electrolysis, PEM), 20|21 2F2} 4= 5]|(Anion exchange
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L EER RAREE B EE T EEC P R R RS e EEE
S AR A DEARALG LA PAL T & ToRENT, 0l E) S AR A F 5
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371402 BE BANL SO, ALZ EHE AL 7 Y14 Ahow He 55 el E A
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Figure 4. Current Status of Hydrogen Accidents in South
Korea (Jeon et al., 2024)
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Table 3. Major Emergency Shutdown Scenarios in AWE Facilities

Node Scenario Characteristics
Failure to open manual valve, resulting in inability to replenish electrolyte and halt of hydrogen General
production
Accumulation of impurities in the hydrogen gas-liquid separator due to Reverse osmosis

. . . General
1 purification failure, leading to electrolyzer damage
System damage and potential fire/explosion caused by external fire Fire & Explosion
Hydrogen entenr}g the elec'trolyte circulation line when RO supply to the gas-liquid separator is Fire & Explosion
interrupted, causing explosion
Reduced residence time in gas-liquid separator due to pump overspeed, leading to increased
. . General
H,/O, mixing concentration
Unstable operation of gas-liquid separation and reduced efficiency of catalytic reaction/purification
iti General
under cold conditions
Inability to perform N, purge process due to failure to open manual valve General
System damage and potential fire/explosion caused by external fire Fire & Explosion
Leakage of electrolyte (KOH) and risk to personnel due to failure to close manual valve Electrolyte Leakage
Leakage of electrolyte (KOH) from valve/pipe connections, posing risk to personnel Electrolyte Leakage
: - o - - : :
5 Decrease in electrolyte concentration (below 30%) causing voltage rise and efficiency loss in Electrolyte Leakage
electrolyzer
Increase in hy.drogen paITlal pressure due to blockage in downstream hydrogen line and ingress Electrolyte Leakage
of electrolyte into other lines
Potential human and environmental damage during waste electrolyte treatment Electrolyte Leakage
Freezing of KOH solution during cold-weather operation Electrolyte Leakage
Degrafiatlon of Prgssure gafgty valve performance and corrosion of seals due to chemical Electrolyte Leakage
corrosion by KOH in gas-liquid separator
Failure to open manual valve leading to interruption of electrolyte circulation and electrolyzer Electrolyte Leakage
damage
Inability to relieve overpressure due to backflow in low-pressure vent line of safety valve
. General
discharge
Excessive moisture ingress due to degraded performance of heat exchanger and condenser filter General
Increase in hydrogen temperature and volume expansion due to heat exchanger degradation,
. . . General
causing quality loss and instrument damage
Excessive backpressure caused by complex configuration such as seal pot in PSV discharge line General
Excess moisture carryover in hydrogen due to water accumulation in gas-liquid separator, General
3 resulting in quality degradation
System damage and potential fire/explosion caused by external fire Fire & Explosion
Fire/explosion due to excessive oxygen concentration in hydrogen stream Fire & Explosion
Possibility of explosion when air is used as valve actuator fluid and leaks mix with hydrogen Fire & Explosion
System damage and fire/explosion caused by flashback during venting operation Fire & Explosion
Hydrogen leakage due to equipment failure and leaks at valve/pipe connections Hydrogen Leakage
Hydrogen leakage caused by failure of automatic valve in discharge line to close Hydrogen Leakage
4 System damage and potential fire/explosion caused by external fire Fire & Explosion
5 Explosion risk due to ingress of pneumatic air into hydrogen gas-liquid separator Fire & Explosion
System damage and potential fire/explosion caused by external fire Fire & Explosion

Note: Node 1=Purified Water Supply; Node 2=Electrolyte Circulation; Node 3=Hydrogen Production & Supply; Node 4=Oxygen Line;
Node 5=Nitrogen Line.
Kim et al., 2023



Table 4. Environmental impacts of water electrolysis hydrogen production and their implications for environmental impact

assessment

Potential Environmental . Applicable Management . .
Category liirerss Approach in EIA / Mitigation Measures Supporting Literature
. . Indirect GHG emissions Verification of power Renewable electricity Patel et al., 2024;

Air Quality & . . . . .
depending on electricity source and life-cycle linkage, power IRENA & Bluerisk,
Greenhouse Gas - . .
source emission consideration | procurement strategy 2023

Water Environment

Large water demand relative
to production capacity

Regional water balance
assessment and seasonal
availability review

Alternative water source
(reuse water), supply
management plan

Beswick et al., 2021;
Simoes et al., 2021;
Lin et al., 2025

Ultra-pure water production
and concentrate discharge

Process water
management review

Reuse, dilution, and
treatment plan

Sudalaimuthu et al.,
2024; Lin et al., 2025

Dependence on energy

Site suitability evaluation

Demand-site linkage and

IRENA & Bluerisk,

Site & Infrastructure and water infrastructure consi(.iering surrounding infrastructure integration 2023
infrastructure
. . Stakeholder Information disclosure
Social Environment Public risk pereeption communication plan and participation Lee, 2021
toward hydrogen facilities review mechanisms
Safety Hydﬁiﬁ;ﬁg?gﬁ and :rrll;%\:l;ﬁ):elnifrgig Digi?zft?oi};slt:g:tind Jeon et al., 2024
with EIA management

A e iR vldRA AgS sE- A8 & AgLY S0 A HF-EHH, A A 7]
& e A2z 7| H, o] & F3f sl Al A gt of 7} 4 A7 He AL ' e
S HEslE Aol S Ao ddEn B AV AR B A] A Ak ol A3 A A |
Table 4= &t A7 25 EUI= 48] A2 T2 At = ol YT HEL T2, A &
T S ITH7 A8 HES FAot e H 9 e, A A A 7N A 2874,
@ Aot Y He YT FB-SA-7H AT R AAT FG A FE FA ARG 24 A o]
2 e Alste] AX e 2 SFJFE7H AT A F2HE 84 SRIEIT 53] 7E B =
oM &gol st BF ESATE F AT Aer S AUZ AIVEG Y T THZ HE Y

71di €t e 2L 27 S-S SRS
2 dTe A A @g9ge VIS e S
V. 42 9 79 A F7HAAZ obd 9F B T 2= sk, 7]
= = A8 ek 7 1 AFFE -2 5te] AAl
2 AT daFY ol HAIM =) ddizb el Skt HolA 297 At ol & FF pa AAA
FHe A 7R DA A RS AN HE L SFYTBI B A FRLAEA
AT 542 s, SE T H I A& Al i ol digt 443 4o B oM Fart 7kt 712

sofof & A& AAISSH] sl BT olE AREEEE A

Al & AFoH e HIE =2 R 7 Ietr HES Aoz E AR A A 2 A 29
ol s BFNM AT = A= FEFF 84 BB A EA 7N YA HE, BA 7N A &
EEEHLOIEVIE W ISR USAA A&7 &2 SR Ao Hash TR Tk F
s W7 HE 22 AR AEsalt of Fake] A esh7h g E vt Qe ol et
HE i pAdsf o @342 S A EG AL 2 i AL 4 A4 71Ee A



S}t T ol 3ol A o] 44 1t sl
of 12 25 Asels v 7oje 4 e Ao W

XA}

A AT L] 2025 & ALTHA| B
7427} HQE A1(2025-033)" Q) YR =2
S35 A1 YO & o] FojHHUTh

fr

3
d
o

o,
X, 0

e
e

r
T B

N
s
D

References

André, P, Enserink, B., Connor, D., & Croal, P. (2006).
Public participation international best practice
principles (Special Publication Series, NO. 4).
International Association for Impact Assessment.

a5, 420, (2020). 49} 209 712 L A
A% ZeAE 9 85 s DA A
53] =54, 35(1), 14-26.

Baek, J., & Kim, S. H. (2024). Current status of water
electrolysis technology and large-scale demonstration
projects in Korea and overseas. Journal of Hydrogen
and New Energy, 35(1), 14-26. https://doi.org/10.
7316/JHNE.2024.35.1.14

Beswick, R.R., Oliveira, A.M., & Yan, Y. (2021). Does the
green hydrogen economy have a water problem?.
ACS Energy Letters, 6(9), 3167-3169. https://doi.
org/10.1021/acsenergylett.1c01375%urlappend=
%3Fref%3DPDF&jav=VoR&rel=cite-as

YL, AU, AEA. (2023). 5 AN A] A
A8 e A EE dek Y B
Ao v, E4E SHOR. =paElAl
o A 8t5] =55, 34(5), 389-397.

Choi, Y. Y., Jung, I. S., & Kim, T. J. (2023). Development
strategy of clean hydrogen production by renewable
energy-based water electrolysis in Korea. Journal
of Hydrogen and New Energy, 34(5), 389-397.
https://doi.org/10.7316/JHNE.2023.34.5.389

AT U, oA, B S8 WA D8

(2025). AR A 71& 2] g H
N4 S o 71% 712 Ak AT 92
TGl 2] 8}0] =2 7], 36(4), 380-389.

Han, S., Park, J., Lee, S., Kong, B., Song, H., Park, G.,
& Kim, Y. (2025). A study on the development
of technical standards to ensure the safety
and reliability of solid oxide electrolysis cell
technology. Journal of Hydrogen and New Energy,
36(4), 380-389. https://doi.org/10.7316/JHNE.
2025.36.4.380

International Renewable Energy Agency (IRENA) &
Bluerisk. (2023). Water for hydrogen production.
International Renewable Energy Agency. https://
www.irena.org/-/media/Files/IRENA/Agency/
Publication/2023/Dec/IRENA_Bluerisk_Water_
for_hydrogen_production_2023.pdf

AA, G 7, o . (2024). A B 4138 A
£§9 i A AR A 719t A B
2 AL Rt A R Al A g
L=BLR35(1), 66-74.

Jeon, M. J., Jang, D. ], & Lee, C. M. (2024). A study on
the risk assessment and improvement methods
based on hydrogen explosion accidents of a power
plant and water electrolysis system. Journal of
Hydrogen and New Energy, 35(1), 66-74. https://
doi.org/10.7316/JHNE.2024.35.1.66

A7), M7, AEE, o134, o151, Alehv]. (2022).
Aol 2] 718k ekl =33 A (2 N/
hr) f9 29l 2 gt A glAl o 2] o} 9]
=4, 33(1), 55-60.

Kim, H., Seo, D., Kim, T., Rhie, K., Lee, D., & Shin, D.
(2022). A study on hazard of renewable energy
based alkaline water exectrolysis equipment.
Trans. of the Korean Hydrogen and New Energy
Society, 33(1), 55-60. https://doi.org/10.7316/
KHNES.2022.33.1.55

A7), AHE, olFge, AFa, ol 5. (2023). =413
Au]o tigt v A SR A 2R e T

aFA A8l ==24, 34(6), 722-727.



Kim, H., Kim, T,, Rhie, K., Seo, D., & Lee, D. (2023).
Deduction of emergency stop situation factors
for water electrolysis facilities. Journal of Hydrogen
and New Energy, 34(6), 722-727. https://doi.org/
10.7316/JHNE.2023.34.6.722

Kim, S., Devineni, N., Lall, U, & Kim, H. S. (2018).
Sustainable development of water resources:
spatio-temporal analysis of water stress in South
Korea. Sustainability, 10, 3795. https://doi.org/
10.3390/su10103795

=g A7, (2024). 7] FHSFFFH 7 AR A
2 985 W AN SAAZHE B
A7 4EADE 97t IS A,

Korea Environment Institute. (2024). Technology trends
report for supporting environmental impact assessment:
Hydrogen production sector. https://eia.kei.re.kr/
home/board.es?mid=a10202000000&bid=0001
&tag=&act=view&list_no=937

oA E. 2021). AF-&F FRAYEA] FH4EA4
A A AA A, 17(4), 28-35.

Lee J. H. (2021). Analysing the acceptability of Jeonju-
Wanju Hydrogen demonstration city. New &
Renewable Energy, 17(4), 28-35. https://doi.org/
10.7849/ksnre.2021.0026

Li, F, Liu, D, Sun, Ke., Yang, SH., Peng, FZ., Zhang,
K., Guo, G., & Si, Y. (2024). Towards a future
hydrogen supply chain: a review of technologies
and challenges. Sustainability, 16, 1890. https://
doi.org/10.3390/su16051890

Lin, N., Arzumanyan, M., Calzado, E.R. & Nicot, J.
P. (2025). Water requirements for hydrogen
production: assessing future demand and impacts
on texas water resources. Sustainability, 16, 385.
https://doi.org/10.3390/su17020385

S (2023). U F & FHZ o & T A
A £ AR

Ministry of Environment. (2023). Completion of Kored’s
green hydrogen production facility using minimum

hydropower. Press Release. https://www.mcee.go.

kr/home/web/board/read.do?boardId=1623740
&boardMasterld=1&menuld=286

Ocko, LB, & Hamburg, S.P. (2022). Climate consequence
of hydrogen emissions. Atmospheric Chemistry
and Physics, 22, 9349-9368. https://doi.org/10.
5194/acp-22-9349-2022

Patel, G.H., Havulkainen, J., Horttanainen, M., Soulkka,
R., & Tuomaala, T. (2024). Climate change
performance of hydrogen production based on
life cycle assessment. Green Chemistry, 26, 992-
1006. https://doi.org/10.1039/D3GC02410E

TAFTA 25 (2021.11.26). A 12} =473 4] 0] 7]2
A2l.

Relevant Ministries of the Republic of Korea. (2021,
November 26). The Ist Basic Plan for Hydrogen
Economy Implementation. https://www.motir.go.
kr/kor/article/ ATCLc01b2801b/67130/view

EAE AR, ASE A, L9, A 8=
(2023). Al = MW A2 8 o4 YA
AAde] Ddea A58 5 AAAY 24
St A BAl U 2 5h 8] =2 4, 34(3), 235-
245.

Roh, K., Kim, Y., Jeon, H., Kim, W,, Ko, H., Kang, K. S., &
Jeong, S. U. (2023). Analyses on techno-economic
aspects and green hydrogen production capability
of MW-scale low-temperature water electrolyzers
in Jeju Island, South Korea. Journal of Hydrogen
and New Energy, 34(3), 235-245. https://doi.org/
10.7316/JHNE.2023.34.3.235

Shi, X, Liao, X., & Li, Y. (2020). Quantification of fresh
water consumption and scarcity footprints of
hydrogen from water electrolysis: A methodology
framework. Renewable Energy, 154, 786-796.
https://doi.org/10.1016/j.renene.2020.03.026

Simoes, S. G., Catarino, J., Picado, A., Lopes, T. E,
Berardino, S., Amorim, E, Girio, E, Rangel, C.
M., & Ledo, T. P. (2021). Water availability and
water usage solutions for electrolysis in hydrogen

production. Journal of Cleaner Production, 315(15),



166 =ZEIYE7} M35HE HM3&

128124. https://doi.org/10.1016/j.jclepro.2021.
128124

Sudalaimuthu, P, Sathyamurthy, R., & Ali, U. (2024).
Renewable hydrogen production steps up wastewater
treatment under low- carbon electricity sources -
A call forth approach. Desalination and Water
Treatment, 320, 100748. https://doi.org/10.1016/
j.dwt.2024.100748

Wei, X., Sharma, S., Waeber, A., Wen, D., Sampathkumar,
S.N., Margni, M., Maréchal, F, & Herle, J. (2024).

Comparative life cycle analysis of electrolyzer

technologies for hydrogen production: Manufacturing
and operations. Joule, 8, 3347-3372. https://doi.
0rg/10.1016/j.joule.2024.09.007

A (2024). 718 24 22 AT G HIHA. o]
o =4, A2206 2, S YHEARA.

Yu, J. (2024). Review of existing hydrogen policies and
policy challenges. Issues and Perspectives, No. 2206,
National Assembly Research Service. https://
www.nars.go.kr/report/view.do?cmsCode=CM
0043&brdSeq=44246



