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ABSTRACT

Korea has introduced one of the world’s first legally mandated Clean Hydrogen Certification Schemes as part of its national
strategy to achieve carbon neutrality by 2050. However, certification outcomes are highly sensitive to methodological choices,
making assurance of credibility and fairness a critical challenge. To strengthen robustness, this study compared international
life cycle assessment (LCA) guidelines and standards to identify elements applicable for institutional adoption. Thirteen
policy-oriented hydrogen LCA studies were reviewed to derive design factors for improving Korea’s scheme. Five core factors
of functional units, system boundaries, co-product definition, allocation procedures, and data quality were identified, along with
three additional factors of cut-off criteria, GWP (Global Warming Potential), and electricity procurement rules. Analysis of
international guidelines revealed uncertainties and barriers to comparability in the Korean scheme. Suggested improvements
include specifying pressure conditions in functional unit definitions, predefining co-product lists, stipulating allocation methods
differentiated by co-product categories, and establishing data quality criteria for items lacking default values. The additional
factors also require refinement. For cut-off rules, clear thresholds and application criteria should be codified. Regarding
electricity procurement, ensuring low-carbon integrity requires more granular reporting intervals and explicit rules for
calculating emissions from power supplied through energy storage systems. In conclusion, while Korea’s Clean Hydrogen
Certification Scheme provides a pioneering framework, refinements are essential to ensure consistency, reproducibility, and
international alignment. By systematically identifying uncertainties and proposing improvements, this study contributes to

enhancing the credibility and fairness of institutional LCAs for clean hydrogen certification.
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Table 1. Comparison of international and domestic Life Cycle Assessment (LCA) guidelines in the hydrogen
sector

International and foreign guidelines Korea guideline

45VH2-GREET

Operational Rules for

the Clean Hydrogen

Item ISO/DIS 19870-1 FCH-LCA guideline UK LCHS L . . .
guideline Certification Operating
Agency
Year 2023 2022 2023 2025 2025
SH2E Project .
. . Argonne National .
International Consortium (Clean DESNZ (Department Korea Testing &

Issuing Body

Organization for
Standardization (ISO)

Hydrogen
Partnership, IMDEA
Energy, etc.)

for Energy Security and
Net Zero)

Laboratory (Under
U.S. Department of
Energy)

Research Institute,
KTR

Purpose

Calculation of carbon
footprint in hydrogen

sector

Ensures consistent
LCA for fair
comparison of fuel

cells and hydrogen.

Defines low-carbon
hydrogen and GHG
standards for

certification.

Sets the
Well-to-Gate GHG
method for
hydrogen under
45V, based on
Argonne’s GREET

model.

To certify hydrogen as
clean for support when
its emissions are
below a defined
threshold.

Functional Unit

1 kg of hydrogen

l1kg or 1 MJ of
hydrogen

1 MJ of hydrogen

1 kg of hydrogen

1 kg of hydrogen

System Boundary

Raw material
extraction-to-production
gate’ (excluding capital

goods)

Cradle-to-gate or

Cradle-to-Grave

Well-to-Gate
(excluding capital

goods)

Well-to-Gate
(excluding capital

goods)

Well-to-Gate
(excluding capital

goods)

Definition of

Co-products

Presentation of
co-products by
technology

Distinction between
the definition of
Co-product and

By-product

Presentation of
co-products by
technology

Presentation of
co-products by
technology

Economically valuable

secondary output

Co-product
Allocation

Procedure

(1) Attributional
approach :

No system expansion,
(2) Consequential
approach :

No physical/economic

allocation

System expansion —

Physical allocation

(by Energy content)

— Allocation (Moles

— Economic value
— Mass)

Allocate by Net
Calorific Value (for
heat and steam, by

effective energy)

System expansion
= physical

allocation

1. Carbon-containing
co-products: System
expansion
2. Non-carbon-
containing
co-products: Energy

allocation

Data Quality

Perform quality
evaluation considering
10 items including
temporal, geographical,

and technological scope

Target: LCA dataset,
inputs and outputs,
etc. Items: Temporal,
geographical, and
technological scope,
accuracy,
completeness,
modeling options,
etc. UN GLAD
method

recommended

Perform quality
evaluation considering
10 items including
temporal, geographical,
and technological
scope. Specify data
types to consider by
data category.

Only use
administratively
certified data such
as EPA's GHGRP,
and if certification
is not possible, use

default values.

Use the provided
database as a priority,
and use pre-approved

appropriate data

(no data quality

criteria specified).
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Table 2. Review items and

recommendations for policy—oriented LCA design
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Category

Recommendations

13 No. of Ref.

Setting of Functional Unit

Fix a single functional unit according to policy objectives

(comparison-ranking, regulatory compliance)

Wardenaar et al. (2012)
Reale et al. (2017)

System Boundary Setting

Explicitly state a list of processes to be included-excluded (e.g.,

inclusion of facilities-infrastructure)

Reale et al. (2017)

Co-products-Waste Classification
and

Allocation

Clearly define criteria for classifying co-products and waste (e.g.,
economic value, functional use) Explicitly state the allocation
method (fixed among physical-economic-substitution) and exception

rules for co-products

Wardenaar et al. (2012)
Reale et al. (2017)

Data Quality-Priorities-

Assumptions

Set criteria for temporal-geographical-technological
representativeness, mandate recording of DB selection priorities and
reasons. Document and publicly disclose the source and assumptions
of all data for verifiability. Define quality dimensions (completeness,
consistency, reproducibility, etc.). Introduce a DB review-approval

checklist. Explicitly state DB selection priorities and recording

Reale et al. (2017)
Guinée and Heijungs (2011)
Ciroth et al. (2020)
Khoo et al. (2018)
Weidema et al. (2018)

Background System Scenarios

Construct background data such as power mix-fuel supply chain as

scenarios and reflect them in sensitivity analysis

Nurdiawati et al. (2025)

Uncertainty-Sensitivity Analysis

Level

Minimize result fluctuations due to practitioner subjective choice by

reducing-standardizing selection autonomy

Igos et al. (2019)
Mahmood et al. (2022)
Scrucca et al. (2020)

Standardization of Sensitivity

Analysis Reporting Format

Standardize reporting format to report top sensitive variables, impact

ranking, and confidence intervals in table-graph form

Mahmood et al. (2022)
Barahmand and Ezzati (2022)
Guo and Murphy (2012)

Standardization of Terminology

Definition

Prevent confusion of terms related to uncertainty-sensitivity,

create-distribute glossaries for each system

Barahmand and Ezzati (2022)

Comparability- Verification

Procedures

Verify adherence to same assumptions-data-allocation rules, conduct

critical review if necessary

Reale et al. (2017)
Igos et al. (2019)
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Table 3. Co—products of hydrogen production technologies in 1ISO/DIS 19870-1

Technology

Co-product Represented

Methane Reforming (with or without Carbon Capture and Storage)

Steam, CO, CO, (CCU)

Autothermal Reforming (with or without Carbon Capture and Storage)

Steam, CO, (CCU)

Water Electrolysis

Oxygen

Chlor-alkali

Caustic soda, Chlorine

Steam cracking

Methane-rich fuel gas, Ethylene, Propylene, C4 products, Gasoline,

Benzene, Toluene, Xylene, Miscellaneous other co-products

Gasification with or without carbon capture

Steam, CO, (CCU)

Methane pyrolysis

Steam (if applicable), Carbon, Carbon (CCU, if applicable)

Chemical Looping Water Splitting with or without carbon capture

Steam, Nitrogen, CO, (CCU)

Geologic Hydrogen Production

Helium, CHy4

Catalytic Naphtha Reforming

Steam, Reformate

Table 4. Co-products of hydrogen production technologies in 45VH2-GREET

Technology Co-products Represented
Low-temperature water electrolysis Oxygen
High-temperature water electrolysis Oxygen

Steam methane reforming with potential CCS Steam

Autothermal reforming with potential CCS

Steam, Nitrogen

Biomass gasification with potential CCS

None

Coal gasification with potential CCS

Nitrogen
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Table 5= FAREE T4E Uehd ol oyt
o]+ o] X (Department of Energy, DOE)+= =4 AJAF
AAoflA A = Qle BE RARE fis] AlAY &
7ol &gt 34 HIwol obd 4= o, A|lAH
o] RAAG Fol= =24 TS L-&afof gt |
1Pt E9], 71 FAE BAF A9 =R 247
2 HiEgo] we ¥s/do] AAY B F,

Table 5. Co-product in 45VH2-GREET and accounting

mechanisms

Co-product Accounting Mechanism
Steam System Expansion
Oxygen System Expansion
Nitrogen System Expansion
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ol FEHZ L5 E(Activity
Flow), B}&73=(GHG Emission Intensity), TAAJALSF
(Total quantity of Hydrogen Product)?] Y2 &5},
=7 (Measured), 57 (Estimated), % (Projected), AE 2
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Table 6. Improvement measures for the clean hydrogen certification system based on the evaluation of key

design factors

Key Design Factors

Measures to Improve the Clean Hydrogen Certification System

Functions & Functional Units | Add pressure conditions.

System Boundary

Revise to include capital goods when their emissions are significant (e.g.,

renewable-based electrolysis).

Definition of By-products

Present a list of potential by-products by technology.

Allocation Procedure

An explanation is needed for why the allocation method is categorized by carbon content, and specific

allocation methods for each type of by-product should be specified.

Data Quality

Specify data quality evaluation criteria to be applied to items for which default values are not provided.
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Table 7. Improvement measures for the clean hydrogen certification system based on the evaluation of

additional design factors

Additional Design Factor

Clean Hydrogen Certification System Improvement Plan

Cut-off

Clarify the concept of currently absent exclusion criteria within the Clean Hydrogen Certification System.

GWP No separate supplementation is required.

Power Procurement Rules

supplied power.

If the goal is to secure real low-carbon properties by reflecting emission factors by hydrogen production time,

set the reporting unit to a smaller time unit like UK LCHS, and specify the calculation method for ESS
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