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Abstract : This study evaluates the life cycle greenhouse gas reductions using hydrogen in the load transportation sector as
well as the power generation and steel industry sectors. The life cycle greenhouse gas emissions of coal, gasoline, diesel,
natural gas, and electricity have been referenced from the author’s previous studies for calculation purposes. Results showed
that using hydrogen in light-duty and heavy-duty vehicles reduce 21.4 and 12.5 kg-CO,-eq./kg-H,, respectively. Using
hydrogen in the steel industry can reduce 24.2 kg-CO,-eq./kg-H,, which is larger than the load transportation values. Using
hydrogen in fuel cell power generation can reduce 10.0 kg-CO, -eq./kg-H,, which is smaller than the load transportation
values, when the generated power replaces the national average electricity. Finally, the life cycle greenhouse gas reductions
were compared with the life cycle greenhouse gas emissions of various hydrogen production methods.
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hydrogen

Alternative technologies using H,
FCEV FCEV Fuel cell Hydrogen
(Light-duty) (Heavy-duty) steelmaking
Conventional technologies ...
ICEV ICEV Power Conventional
(Light-duty) (Heavy-duty) generation steelmaking
Gasoline Diesel Various fuels Coal

* FCEV: Fuel cell electric vehicle
CC: Combined cycle

ICEV: Internal combustion engine vehicle

Fig. 1 Conventional and alternative technologies using hydrogen

Table 1 Life cycle greenhouse gas emissions of coal, gasoline,
diesel, and electricity

Life 1
reeyde 1 o, CH, N,O Total
greenhouse
7 1(g-COy/GY) | (2-CHY/GI) | (2-N,O/GI) | (g-CO2-eq./G)
gas emissions
Coal 96994 126.4 0.014 100160
Gasoline 83206 103.5 8.022 88184
Diesel 82451 81.1 3.923 85648
Natural gas 66086 180.2 0.111 70625
Electricity 170288 261.3 0.079 176843
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Table 2 Fuel economy of light-duty and heavy-duty vehicles

Vehicle Fuel economy
Type . . :
class City Highway | Combined
ICEV
. . 10.6 kvl | 13.5 k1 | 11.7 kn/l
Light-duty gasoline
vehicle 98.9 88 93.7
FCEV
km/kg-H, | km/kg-H, | km/kg-H,
ICEV diesel | 2.0km/l | 3.2km/l | 2.4km/l
Heavy-duty
. 11.4 8.8 10.1
vehicle FCEV
km/kg-H, | km/kg-H, | km/kg-H,
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Life cycle GHG reduction(g — CO, — eq./kg — H,)
= LHV Hy(G] /kg — H2) X ef fruei cent ?)
X Life cycle GHG of electricity(g — CO, — eq./G])

Life cycle GHG reduction(g — CO, — eq./kg — H3)
= LHV H3(G] /kg — Ha) X ef feombinea cycle (3)
X Life cycle GHG of electricity(g — CO, — eq./G])
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