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Abstract : The development of renewable energy technologies, such as solar, wave, and wind
power, has led to the diversification of water electrolysis technologies, which can be easily cou-
pled with renewable energy sources in terms of economics and scale. Water electrolysis tech-
nologies can be classified into three types based on operating temperature: low-temperature
(<100 °C), medium-temperature (300-700 °C), and high-temperature (>700 °C). It can also be
classified by the type of electrolyte membrane used in the system. However, the concepts of
thermodynamic and thermo-neutral voltages calculations and are very important factors in the
evaluation of energy consumption and efficiency of water electrolysis technologies, are often
confused. This review aims to contribute to a better understanding of the calculation of oper-
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ating voltage and efficiency of PEM water electrolysis technologies and to clarify the differ-
ences between thermodynamic voltage and thermo-neutral voltage.
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Fig. 1. World hydrogen export and import strategy. (a) Mapping global hydrogen hotspots, as presented by KPMG,
highlighting countries with export potential (based on hydrogen industry) and import needs (based on energy
consumption industry).'” (b) Saudi Aramco and Japan blue ammonia supply chain (blue hydrogen production — blue
ammonia transportation — hydrogen conversion and/or direct ammonia utilization).'?



58 J. Korean Electrochem. Soc., Vol. 26, No. 4, 2023

Conventional Storage

k4 m

&

Power
Generation

H20 Hydrogen
Generation

Electric Grid

Infrastructure
Fossil

with CCUS

Infrastructure

ransportatlon

Synthetic
Fuels

Upgrading
Oil/
Biomass

Ammonia;
Fertilizer

Metals
Production

Chemical/Industrial
Processes

Heat/Distributed
Power

Fig. 2. The U.S. Department of Energy's (DOE) H2@Scale initiative outlines plans to reduce carbon emissions across various

sectors by clean hydrogen.”
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Fig. 3. The first Energy Earthshot, launched 7th June
2021. Hydrogen Shot seeks to reduce the cost of clean
hydrogen by 80% to $1 per 1 kg in 1 decade ("111").”
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Fig. 4. The thermodynamic energy values of water
electrolysis as a function of temperature at atmospheric
pressure: total energy (AH), electrical (AG) and thermal
(TAS) demands. Figure reproduced with permission from
Ref [5].
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Fig. 5. Thermodynamic voltage and thermo-neutral

voltage of water electrolysis as a function of temperature

at atmospheric pressure. Figure reproduced with
permission from Ref [5].
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