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Abstract — This study comprehensively analyzes the greenhouse gas (GHG) emissions of blue hydrogen production
from a life cycle assessment perspective, incorporating not only Scope 1 and 2 but also Scope 3 emissions. Utilizing the
GREET model developed by Argonne National Laboratory, we estimated the GHG emissions throughout the blue
hydrogen production process. Various raw material import scenarios were established and analyzed, considering South
Korea's specific national circumstances. The results indicate that Scope 3 emissions account for a significant portion of
the total GHG emissions, with the extraction and processing of raw materials contributing substantially. Furthermore, the
study reveals variations in emissions depending on hydrogen storage and transportation methods. This research provides
a comprehensive analysis of GHG emissions across the entire life cycle of blue hydrogen production, offering valuable
insights for policymakers and companies in developing strategies for achieving a low-carbon hydrogen economy and
carbon neutrality goals.
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Fig. 1. Global H, Production by Method [8].
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2-1. Goal and Scope Definition: System Boundary and
Functional Unit
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2-1-1. Scope 1 and 2 Emissions: Blue H, Production
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Fig. 2. A comprehensive overview of the entire lifecycle of importing natural gas from the U.S. and Australia to South Korea through mining
and processing (Red), then making blue hydrogen (Green) and moving to end-use sites such as Seoul, Daejeon, Daegu, Gwangju, and,

Busan (Blue).
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Fig. 3. Block flow diagram of blue H, production.
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2-1-2. Scope 3 Categories: Upstream and Downstream
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T2 (Investments)= 1% A7-2] H24]Q1 o4 20 2 BAko = Q1
skl 2ol TofshA] eb7lell e shA] gkt Bagh, AulAlE
Q48] A, 2A7F~ wllF glo] 7], &, e Eol A EE
U2 7Pdsto] 247k uiEe] §ltkal 7Fd38t3Ith24]. Scope
3E Axkete bl Slo] T8 AXES F13b] $18l AlAE BAE A4
sto] G At BEEH TS Scope 1, Scope 2% A8k A
kot BEE 34 2 5F, AE A 75 FYS Scope 32
27T 25].

Korean Chem. Eng. Res., Vol. 63, No. 1, February, 2025



102

W8 - PAF ol

Table 1. Upstream Categories of Scope 3 Emissions: Types, Calculation Methodologies, and Key Assumptions for Emission Factor Estimation [26,27]

Category Method Assumption
- Supplier-specific method - *NG from Shale and Conventional Recovery
. - Hybrid method - NG Liquefaction: As a Transportation Fuel
1. Purchased Goods and Services - Average data method - **LNG Bulk Terminal Storage: As a Transportation Fuel

- Spend-based method - LNG to NG via liquid evaporation in heat exchanges

2. Capital goods

- Supplier-specific method
- Hybrid method

- Average data method

- Spend-based method

- Data limitations

3. Fuel and Energy related activities
not included in Scope 1 & 2

- Considers electricity used in product/service procurement
- G. H, Compression at Refueling station (for Tube Trailers)
- L. H, Liquefaction or Station storage and Dispensing

- Supplier-specific method
- Average data method

4. Upstream Transportation and
Distribution

- NG to LNG plant (pipeline)

- LNG as the final transportation fuel produced from NG

- LNG imports

- Ocean Tanker used for Category 4 [27] [U.S-Gangwon in Korea]:
29,261.6 km [Australia-Gangwon in Korea]: 7,750.62km

- Fuel-based method
- Distance-based method
- Spend-based method

5. Waste Generated in Operations

- Supplier-specific method
- Waste type-specific method
- Average data method

- Data limitations

6. Business Travel

- Fuel-based method
- Distance-based method
- Spend-based method

- Rail: intercity (Fuel: Diesel + electricity)
- Rail: intercity (Fuel: Hytelectricity)

7. Employee Commuting

- Car: GCI ICEV - Low Octane Gasoline-Like Fuel

- SUV: EV - Electricity (Type 1 Li-lon/NMC111 Conventional Material)
- Car: SIICEV - RG from Forest Residue

- Car: SIICEV - Liquid H,

- Fuel-based method
- Distance-based method
- Average data method

8. Upstream Leased Assets

- Asset specific method
- Lessor specific method
- Average data method

- Data limitations

*NG: natural gas, **LNG: Liquefied natural gas, ***G. H,: Gaseous hydrogen, ****L. H,: Liquid hydrogen

Table 2. Downstream Categories of Scope 3 Emissions: Types, Calculation Methodologies, and Key Assumptions for Emission Factor Estimation [28]

Category

Method

Assumption

9. Downstream Transportation and
Distribution

- Fuel-based method
- Distance-based method
- Spend-based method

- Transportation to the refueling station
- Station storage and dispensing
- Heavy Duty truck used for Category 9
Gangwon-Seoul: 125 km
Gangwon -Daejeon: 167 km
Gangwon -Daegu: 218 km
Gangwon -Busan: 326 km
Gangwon -Gwangju: 330 km

- Site-specific method

10. Processing of Sold Products Average data method

- H, as a product: Energy that generates electricity, heat, or water without
GHG emissions

- Direct use-phase emissions (required)

11. Use of Sold Products - Indirect use-phase emissions (optional)

- H, as a product: Energy that generates electricity, heat, or water without
GHG emissions

12. End-of-Life Treatment of

Sold Products - Waste type-specific method

- H, as a product: Energy that generates electricity, heat, or water without
GHG emissions

- Asset specific method

13.D L A
3. Downstream Leased Assets - Average data method

- Data limitations

- Franchise specific method

14. Franchises - Average data method

- Data limitations

- Investment specific approach

13- Investments - Average data method

- Data limitations

*C.1<> Category 1= 2| V] &t

2-1-3. Utilizing GREET Program Defaults with Tailored Modifications
for Accurate Research Results

7} System boundary:= GREETR 22 F3ll AAHSlon, 7+ &
Jolr eYsh= GHG W&ol thal A= GREETS] 71t ghe 3
Z3FITH29,30]. A& el ©E GHG W& A5, NG=% Ael &
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Production Pathways in the U.S. and Australia (Aus): Scope
1, 2, and 3 Contributions (C.1-Category 1, C.3-Category 3,
C.4-Category 4).
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Fig. 5. Comparison of Scope 1, Scope 2, and Scope 3 Greenhouse Gas Emissions by Natural Gas Importing Countries (U.S., Australia): Focus
on G. H, and L.H, Production; A: U.S: Gaseous Hydrogen pathway considering Scope 1,2 and 3 emissions, B: U.S: Liquid Hydrogen
pathway considering Scope 1, 2, and 3 emissions. C: Australia (AUS): Gaseous Hydrogen pathway considering Scope 1, 2, and 3 emis-
sions. D. Australia (AUS): Liquid Hydrogen pathway considering Scope 1, 2, and 3 emissions.
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