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Abstract: Hydrogen being the clean and high energy carrier, is considered as a key player towards cleaner and greener future. Hydrogen is currently used in
transportation and fuel cell electricity production globally. For transportation over long distance, liquefied hydrogen is an economical approach. However,
hydrogen liquefaction is an energy intensive approach. Several different approaches have been considered in recent years to reduce high energy consumption.
This paper reviews major challenges and issues associated with hydrogen liquefaction processes based on the process complexity, hydrogen (ortho-para)
conversion reaction, process optimization and economic comparison. Along with this process performance in terms of energy and exergy efficiency is also
compared for recent literature. This work was supported by “Human Resources Program in Energy Technology” of the Korea Institute of Energy Technology
Evaluation and Planning (KETEP), granted financial resource from the Ministry of Trade, Industry & Energy, Republic of Korea. (No. 20204010600100).

Hydrogen supply chain Cost segregation in hydrogen supply chain 
projected cost in 2030 -Japan

Conceptual Hydrogen liquefaction systems

Hydrogen liquefaction

Hydrogen transportation

Pipeline (GH2) Shipping (LH2) LOHC Ammonia

Distance < 1500 km > 1500 km > 1500 km > 1500 km
Conversion and 
reconversion
energy required

25–35% 35–40% 7–18%

Transmission cost USD 0.2-
2.0/kgH2

USD 0.9-
1.35/kgH2 USD 0.2-0.3/kgH2 USD 0.2-

1.25/kgH2

Challenges
•Cost effective 
only for small 
distance

•Energy intensive 
approach. 
•Development of 
ships powered by 
hydrogen
•Boil-off losses

•Cost of 
conversion and 
reconversion is 
significant. 
•Expensive carrier 
molecules

•Cost of 
conversion and 
reconversion is 
significant. 
•Acute toxity

The main target parameters for a gas liquefaction plant can be divided in two groups:
1. Key Performance Indicators (KPI), of each component that comprises a liquefaction plant. The ma

jor components of interest are gas compressors, cryogenic heat exchangers, throttling valves and li
quid/cryogenic expanders.

2. Efficiency parameters, which for low-temperature systems is the Exergy Efficiency (ŋ) and the Sp
ecific Energy Consumption (SEC) of either the overall process, or a part of the process, such as Pr
ecooling (PC), Cryogenic Cooling (CC/Liquefaction) or Sub-cooling (SC).

ConclusionsChallenges

1. High energy consumption
2. Ortho-para conversion
3. Process optimization
4. High CAPEX and OPEX
5. Boil-off loses
6. Catalyst based Ortho-Para conversion study from PSE point of view

Recommendations

1. Optimal selection of refrigerants (to reduce energy consumption)
2. Reduction in CAPEX and OPEX (by reducing number of equipment)
3. Integration of hydrogen liquefaction process  (For instance with LNG regasifi

cation process)

1. Hydrogen liquefaction process is highly energy intensive
process.

2. Optimal refrigerant selection, advanced exergy analysis
and rigorous optimization can play a vital role in reducin
g energy consumption.
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