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Abstract >> This study examines the potential demand and increasing need for

hydrogen pipelines in response to carbon neutrality and the advancement of the
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hydrogen economy. It provides a comparative analysis of the environmental im-
pact from raw material acquisition to the construction stage between the newly

proposed hydrogen pipelines and the widely-used natural gas pipelines. The
evaluation was conducted in accordance with the international standards for life
cycle assessment, ISO 14040 and 14044. The results indicate that 1 km of hy-
drogen pipeline installation can reduce CO, emissions by approximately 1.03E+
06 kg CO2¢q compared to natural gas pipelines.
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Fig. 1. System boundary setting of hydrogen pipeline for life cycle assessment

Table 1. The system boundary setting for natural gas pipeline construction

Subject

Construction of natural gas pipelines

Research purpose

To conduct a life cycle assessment (LCA) up to the construction phase of natural gas pipelines and
identify key issues in each environmental impact category

Research scope

The stages leading up to the construction of natural gas pipelines

Function

Transportation of natural gas/energy delivery

The chosen function for LCA

Transportation of natural gas

Functional unit

1 km of pipeline installed for the transportation of gases such as natural gas

Product performance

Undetermined

Exclusion criteria

The “usage”, “maintenance”, and “dismantling and demolition” stages were excluded from the system
boundary due to the difficulty of obtaining empirical data for the phase

The construction machinery operations and fuel consumption during the construction of natural gas
pipelines were also excluded due to the lack of accessible data and the fact that there is no significant
difference compared to hydrogen pipeline construction

Table 2. The system boundary setting for hydrogen pipeline construction

Subject

Construction of hydrogen pipelines

Research purpose

To conduct a life cycle assessment (LCA) up to the construction phase of hydrogen pipelines and
identify key issues in each environmental impact category

Research scope

The stages leading up to the construction of hydrogen pipelines

Function

Transportation of hydrogen/energy delivery

The chosen function for LCA

Transportation of hydrogen

Functional unit

1 km of pipeline installed for the transportation of gases such as hydrogen

Product performance

Undetermined

Exclusion criteria

The “usage”, “maintenance”, and “dismantling and demolition” stages were excluded from the system
boundary due to the difficulty of obtaining empirical data for the phase

The construction machinery operations and fuel consumption during the construction of hydrogen
pipelines were also excluded due to the lack of accessible data and the fact that there is no significant

difference compared to natural pipeline construction
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Fig. 2. Inputs of natural gas pipeline construction according to ISO 14040/14044
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Fig. 3. Inputs of hydrogen pipeline construction according to ISO 14040/14044
Table 3. Natural gas pipeline LCI DB list from production stage to construction stage
. . ) . Total Data source
Group Material LCIDB Weight/unit | Quantity - — LCIDB
(kg) | Survey |Calculation | Estimation
1 Mai .
am Pipe Carbonsteel | 544kg/m | 1,000 | 5440 | © MoE
n | materials
P Sub Welded piping| Carbon steel 444 kg/m 1,000 444,000 ©° MoE
U | materials Piping & ’ ’
t
Cement Cement - - 3,990 © Eco invent
Concrete
production,
Concrete | 40 Mpa, ready- | 2,310 m - 5,313 @) Eco invent
mix, with
Portland cement
Constru- Pitch production,
ction” Pitch petroleum - - 1,260 ©  |Ecoinvent
refinery operation
Sand Sand 1,500 kg/m’ - 511,000 © MoCT?
Hydraulic excavation, .
L - - - - - - Eco invent
excavator |hydraulic, digger
Skid steer excavation, Eco invent
loader skid-steer loade

“Fuel usage is included in the database used and is not specified separately; bMiIlislly of Environment; “Refer to the brochure; d)Ministry
of Construction and Transport.
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Table 4. Hydrogen pipeline LCI DB list from production stage to construction stage

. . . . Total Data source
Group Material LCIDB Weight/unit | Quantity - — LCIDB
(kg) | Survey |Calculation | Estimation
I Mai . .
al.n Pipe Stainless steel 5.44 kg/m 1,000 5,440 © MoE”
n | materials
p . (0.7-1.6 kg)
u EFV Stainless steel 1.15 kefea 2 2.3 © MoE
t
HPRL Stainless steel 4.2 kglea 1 42 © MoE
Compressor | Stainless steel 700 kg/ea 1 700 © MoE
Check valve | Stainless steel | 68.04 kg/ea 3 68.04 © MoE
Sub materials car'kl)lo}n ﬁb(rje
Accumulator| oo 37 kg/ea 3 111 ©  |Ecoinvent
plastic, injection
moulded
Control valve| Stainless steel 13.7 kg/ea 1 13.7 © MoE
Shut-off valve| Stainless steel 29 kg/ea 2 58 © MoE
HPB Stainless steel 3.3 kg/ea 1 33 © MoE
Cement Cement - - 3,990 © Eco invent
Concrete
production,
Concrete |40 Mpa, ready-| 2,310 m’ - 5,313 © Eco invent
mix, with
Portland cement
Pitch
production,
Construction” Pitch petroleum - - 1,260 ©  |Ecoinvent
refinery
operation
Sand Sand 1,500 kg/m’ - 511,000 © MoCT®
. excavation,
Hydraulic hydraulic, - - - - - - Eco invent
excavator .
digger
Skid steer excavation, Eco invent
loader skid-steer load

“Fuel usage is included in the database used and is not specified separately; b)Ministry of Environment; “Ministry of Construction and
Transport.
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Environmental Impact| Hydrogen Pipeline Natural Gas
Category Pipeline
ADP (Abiotic
1 |Depletion Potential) 7.09E+03 7.20E+03
(kg Sb eq./)
GWP (Global
2 | Warming Potential) 2.15E+06 3.18E+06
(kg CO, eq./)
ODP (Ozone
3 |Depletion Potential) 1.04E-01 1.05E-01
(kg CFC11 eq./)
AP (Acidification)
4 (kg SO, eq./) 6.35E+03 7.18E+03
EP (Eutrophication)
5 (kg PO, eq./) 1.69E+03 1.83E+03
POCP
(Photochemical
6 Oxide Production) 8.58E+02 1.268+03
(kg C,H, eq./)
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Table 5. Comparison of dust emissions from the construction
of 1 km of natural gas and hydrogen pipelines

Substance N;;;ﬁilnias Ii)}ilsgl)iizn Difference
k) | g | @
Dust 906 812 94
Particulates >10 um 1,350 1,350 0
Partlacrlll(liaielsofi I 41y 414 0
Particulates <2.5 pm 566 566 0
Total emissions 3,236 3,140 96

Natural Gas 3
Pipeline

GWP (kg CO2eql) 2

Hydrogen
Pipeline
GWP (kg CO2 eq./) 2

- ;

1,000,000 2,000,000 3,000,000

Fig. 4. Environmental impact comparison between natural gas and hydrogen pipelines for the construction of 1 km
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