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Analysis of greenhouse gas reduction effects in hydrogen fuel cell houses
considering life cycle greenhouse gas emission estimation methods

sorkon +

Kim, Geon Yong" - No, Jae Hak™" - Kim, Da Yeon™ - Lee, Jac Young ~ and Hwang, Yong Woo
"Researcher, Energy Environment IT Convergence Group, Institute for Advanced Engineering, Yongin, Korea
**Manager, R&D Center, E-Cycle Gorvernace, Suwon, Korea
""Senior Researcher, Korea Promotion and Research Institute of Clean Hydrogen, Gwacheon, Korea

sk

Ph.D Student, Program in Circular Economy Environmental System, INHA University, Incheon, Korea
" Professor, Department of Environmental Engineering, INHA University, Incheon, Korea

ABSTRACT

This study proposes a method for estimating life cycle greenhouse gas (GHG) emissions of a hydrogen fuel cell house
using the Life Cycle Assessment (LCA) framework. Subsequently, a case analysis based on the proposed method was
conducted to assess the GHG reduction potential of a hydrogen fuel cell house. To establish the life cycle GHG estimation
method, international and domestic LCA-related standards, guidelines, and prior studies were reviewed. The method was
evaluated in three sequential components: system boundary definition, data collection, and GHG calculation. The system
boundary was established following the modular approach outlined in EN 15804. Data collection was based on case studies
from domestic and international research as well as BOM (Bill of Materials) from hydrogen fuel cell house demonstration
sites. The GHG calculation involved the formulation of estimation equations for individual items and the identification of
applicable databases. Using the proposed method, the life cycle GHG emissions of a hydrogen fuel cell house utilizing
reformer-based hydrogen were calculated to be 1.33E+03 kgCO,-eq/m>. A comparative analysis revealed that a hydrogen fuel
cell house using clean hydrogen achieved a 20.3% reduction in life cycle GHG emissions compared to the reformer-based
hydrogen house and a 19.2% reduction compared to conventional houses. The results indicate that hydrogen fuel cell houses
offer emission reduction benefits, but their environmental impact is significantly influenced by the hydrogen production
method. Additionally, the study highlights the importance of the transition of conventional houses to hydrogen fuel cell houses
and the supply of low-carbon hydrogen for maximizing GHG reduction potential. These findings provide valuable insights
for sustainable development of hydrogen-based residential energy systems and contribute to policy discussions on

carbon-neutral urban infrastructure.
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Table 1. Review of global and domestic LCA standards and GHG emission calculation methods
Standards Title Remarks
. . * Provides a framework for performing LCA studies,
* Environmental management — Life cycle assessment . ] . .
ISO 14040 L including definitions, system boundaries, data, and
— Principles and framework .
impact assessment etc
IS0 14044 * Environmental management — Life cycle assessment | ¢ Specifies requirements for LCA studies, including data
— Requirements and guidelines collection, impact assessment, and reporting
1SO 14067 » Greenhouse gases — Carbon footprint of products — | ¢ Focuses on quantifying the carbon footprint of products
Requirements and guidelines for quantification (CFP), consistent with ISO 14040 and 14044
* Sustainability of construction works — Environmental . . .
. * Details core rules for preparing Environmental Product
EN 15804 product declarations — Core rules for the product . .
. Declarations (EPDs) for construction products
category of construction products
. . ) » Considers all life cycle stages, from material extraction
RICS * Whole life carbon assessment for the built environment . . . .
to maintenance and disposal (aligns with EN 15978)
FC-Hv Guid * Guidance Document for performing LCAs on Fuel Cells | ¢ Specific guidance for LCAs involving fuel cell and
- uide
Y and H2 Technologies hydrogen-related technologies
* The Product Life Cycle Accounting and Reporting | ¢ Focuses on understanding and reducing GHG emissions
GHG Protocol .
Standard throughout a product’s life cycle
IPCC (2006) * Guidelines for inventory to assess national greenhouse | * Provides methods for calculating national GHG
gas emissions emissions across sectors, including waste and energy
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and Housing and Construction Repair(B3), Hydrogen Fuel Cell Transport(C2), Waste
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Fig. 1. System boundary for a hydrogen fuel cell house
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Table 2. Essential data required for the estimation of life cycle GHG emissions of a hydrogen fuel cell house

Module List of Data
* Types of raw materials based on BOM
Al ~A3 | « Utility and power input during the manufacturing stage
* Types and quantities of input raw materials based on BOQ
* Distance from the fuel cell component manufacturing facility to the construction site
A4 ~AS5 | » Distance from the construction material manufacturer to the construction site
* Types of construction equipments and fuel efficiency
Bl ~BS * Types and quantities of fuel cell components replaced during the lifespan of the house
* Types and quantities of construction materials replaced during the lifespan of the house
B6 ~B7 * Total amount of hydrogen consumed by the fuel cell
* Total amount of fuel, electricity, and water consumed by the house
* Types of equipment and fuel consumption used for demolishing the house
Cl~C4 | * Quantity of demolished materials
* Methods of material disposal (Landfill, Incineration, Recycling, etc.)

Table 3. Calculation of life cycle of GHGs emission and applicable DB for a hydrogen fuel cell house

Item Equation Applicable Data
Material X [Material input (kg, m® etc) x Emission factor(kgCO,-eq)/kg, m® etc)]
Utility and 3 [Untility and Electricity Use (MJ, m®, kWh etc) x
Electricit Emission factor (kgCO,-eq)/MJ, m®, kWh etc
Y (kgCOz<q) ) National LCI DB,
2 [Distance (km) X Loading Capacity (ton) X
Transport : Emissi ( f) « COg 5) i (ton) GLAD DB,
mission factor (kgCO,-eq)/ton-km)] Ecoinvent DB ctc
Waste Y [Material output for treatment (kg, m® etc) x
Treatment Emission factor (kgCOs-eq)’kg, m® etc)]
2 [Operation time (hr) x Emission factor (kgCO»-eq)/hr)]
Equipment Y[Work amount (unit) X Equipment usage time (hr/unit) x National calorific value and IPCC
fuel efficiency (L/hr) x Emission factor (kgCO,-eq)/L)] calorific amount
3.3. MaPd 24tA S LMY Jajo] tigt LCI DBE AZAsto] 49 58 247
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Value Unit
Hydrogen Input per Day 0.5 kgH,/day
Inverter Efficiency 60 %
Electricity Output per Day 10 kWh/day
House Lifespan 30 year
House Aera 100 m?
7he A o) AENT BAHE Hst] U9 A swe] WA, EPM Al2T THES] 49 F 1A A
4G SHetoct Al B4 e 2kwE PEM A 3} 199 ZAES AYSHA Hek Feo] FYsL 2o
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Table 5. Input items for the life cycle of a hydrogen fuel cell house and GWP factors of each item (100m? Hydrogen

Fuel Cell House)

Item Value ‘ GWP factor
~A3
Graphite 9.00.E+00 kg 2.01.E-02 kgCO»-eq/kg
Phenolic Resin 2.20.E+00 kg 4.59.E+00 kgCO,-eq/kg
PEM Stack Aluminum 6.00.E-01 kg 1.98.E+01 kgCO»-eq/kg
Others 5.30.E-01 kg -
Electricity 4.50.E+01 kWh 4.95.E-01 kgCO,-eq/kWh
Sheet Rolling Steel 1.50.E+02 kg 3.96.E-01 kgCO,-eq/kg
Inverter, 2.5 kW 1.50.E+01 kg 2.51.E+02 kgCOs-eq/kg
PEM System Injection Moulding 5.30.E+00 kg 1.52.E+00 kgCO»-eq/kg
(BOP) Others 1.17.E+01 kg -
Electricity 1.00.E+02 kWh 4.95.E-01 kgCO,-eq/kWh
LNG 7.00.E+02 MJ 8.94.E-01 kgCO,-eq/MJ
Concrete 9.50.E+00 m* 1.95.E+02 kgCO,-eq/m’
Saw wood 6.00.E+01 m’ 8.46.E+01 kgCO,-eq/m’
Construction Material Clay Brick 1.80.E+04 kg 3.33.E-02 kgCOr-eq/kg
Cement mortar 6.00.E+03 kg 2.40.E-01 kgCO»-eq/kg
Reinforcing Steel 7.00.E+02 kg 2.17.E+00 kgCO,-eq/kg
Others 5.60.E+03 kg -
A4~ A5
Transport Total Distance 1.25.E+04 ton*km 1.39.E-01 kgCO,-eq/ton*km
Construction Building Machine (Fuel, Diesel) 5.76.E+03 L 4.04.E-01 kgCO»-eq/L
B1~B5
PEM Stack 1.00.E+00 EA/Syr -
Maintenance and replacement
PEM System 1.00.E+00 EA/15yr -
B6 ~ B7
Hydrogen (Reforming) 5.00.E-01 kg/day 9.00.E+00 kgCO»-eq/kg
Operation Electricity 1.10.E+00 kWh/day 4.95.E-01 kgCO,-eq/kWh
LNG 1.21.E+00 m*/day 8.94.E-01 kgCO,-eq/m’
Water 8.00.E+02 kg/day 3.23.E-04 kgCOr-eq/kg
Cl1~C4
Recycling 2.60.E+03 kg 1.78.E-02 kgCO,-eq/kg
Waste Treatment Incineration 3.54.E+03 kg 3.41.E+00 kgCO»-eq/kg
Landfill 7.77.E+04 kg 1.22.E-02 kgCOsr-eq/kg
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Unit: kgCO,-eq/m,

A1~A3 A4~A5 B1~B5 B6~B7 C

TOTAL

A1~A3 A4~A5

B1~B5 B6~B7 C

1.33.E+03

3.93.E+02 | 4.56.E+01

8.74E+01 | 7.90.E+02 | 1.13.E+01

Fig. 2. Results of life cycle GHG emission estimation for a hydrogen fuel cell house

Unit: kgCO,-eq/m,

1.50.E+03
1.20.E+03
9.00.E402
6.00.E+02
3.00.E+02 III I
0.00.E+00 mem mEE _
TOTAL A1~A3 A4~A5 B1~B5 B6~B7
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Fig. 3. Comparison of life cycle GHG emissions by house
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