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Abstract Hydrogen energy, as a clean secondary energy, is to promote the low-carbon trans-
formation of the energy structure. At present, there are few hydrogen production route life cycle
assessments based on local data in China, and there is a lack of multi-indicator system evaluation
and comparative analysis of the ”feedstock-hydrogen production-hydrogen” chain. This paper cal-
culates and evaluates the energy consumption, energy conversion efficiency, carbon emission and
cost of hydrogen production from coal gasification,hydrogen production from natural gas reforming,
byproduct hydrogen production from propane dehydrogenation, wind power and photovoltaic by life
cycle method. If renewable energy is not considered an energy input, the research shows that the
energy consumption and carbon emission of hydrogen generation from renewable energy (wind and
solar) are the lowest. The energy consumption and carbon emission of hydrogen byproduct from
propane dehydrogenation are the second, hydrogen production from coal gasification and natural
gas reforming have the highest energy consumption and carbon emissions. Raw material prices and
the local electricity price are the main influence factors of propane dehydrogenation, and hydro-
gen production from coal gasification and natural gas reforming. The cost of hydrogen production
from wind, solar hydrogen production are affected by renewable energy electricity price, which cost
remains high at present. In the future, with the development of renewable resources and technolog-
ical breakthroughs, hydrogen production from renewable power will become the important route of
large-scale hydrogen production in China.
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Fig. 1 Hydrogen production technology route and system evaluation boundary included in this study
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Table 1 Calculation base of energy price in Guangdong Province (January 2021)

B PR /CNY 71 KIS /CNY m—3 YEH /CNY L1 B /CNY L~! H/CNY kWh~?! LPG/CNY kg™*
ik 1100 3.45 5.5 2.8 0.3 3.8
* 2 BERUFSEEGRARER
Table 2 Life cycle list of hydrogen production from coal gasification
B AEFE/MJ-kg ™! (Hy) RE R ) % WHE kg (CO5) A /CNY
HERTT R 2.1 N.A 0.13 0.08
WER 18 %0 0.17 42 0.01 0.03
P U 268.7 53.6 26 12.17
it 271.0 53.1 26.1 12.3
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Fig. 2 Evaluation of hydrogen production from coal
gasification
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Fig. 3 Life cycle cost distribution of hydrogen production from coal gasification in each region
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Table 3 Life cycle list of hydrogen production
from natural gas reforming
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Fig. 4 Evaluation of hydrogen production from natural gas reforming
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Fig. 5 Life cycle cost distribution of hydrogen production from natural gas reforming in each region
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Table 4 Life cycle list of propane

dehydrogenation
W HEFE/ Resiede  BRAER OB/
MJkg™" (H2) %%/% kg (CO2) CNY
LPG it 76 84.5 4 11.5
LPG i&fi 1.2 42 0.1 0.2
WkesE ™ 33.6 80 7.5 2.8
[Spssetin) 1.9 42 0.2 0.3
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Fig. 6 Evaluation of hydrogen production from propane dehydrogenation
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Fig. 7 Life cycle cost distribution of hydrogen production from propane dehydrogenation in China’s provinces
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Table 5 Life cycle list of wind power hydrogen

production
W REFE/ R e/ B/
MJkg™! (H2)  #%/% kg (COz) CNY
MREFS 4.74 84 0.4 0.4
KL
P S 0.05 42 0.05 0.01
KT H 515 38.5 0 0
P A 7K ) & 198 72.7 0 32.5
Mt 520 28 0.45 33
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Fig. 8 Evaluation of wind power hydrogen production
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Fig. 9 Life cycle cost distribution of hydrogen production
from wind power in China’s provinces
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