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Hydrogen energy becomes more attractive in that it can resolve the exhaustion of fossil fuels and their environmental
problems. Until now, water electrolysis has been a interesting technique to produce hydrogen from non-fossil fuels. In princi-
ple, water electrolysis is an environmentally friendly technique to split water into hydrogen and oxygen, so that it can be
utilized without any limitation of resources. Herein, we introduce basic understanding and three types of water electrolysis.
Furthermore, the research trend and patent analysis will be followed along with an outlook.
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Figure 1. Hydrogen production and applications.
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Figure 2. Schematic representation of water electrolysis.

H,O + electricity = Hy + 1/20;

Figure 3. On the origin of hydrogen evolution reaction[9].
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Figure 4. Dependence of exchange current density for the hydrogen
evolution reaction on the strength of the metal-hydrogen bond formed
in the electrode reaction|2,10].
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Table 1. Comparison of Hydrogen Production Via Water Electrolysis
[12,13]
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Stuart Energy Station (SES) Hydrogen Generation Module with Alucobond enclosure,

Figure 5. PEM electrolysis systems[14,15].

Figure 6. Alkaline electrolysis systems[16,17].
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Table 2. Overview of Current Electrolysis Systems[6]
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Table 3. The Cost of Producing Hydrogen Via Current Electrolytic
Processes|11].

Fa Az > 17H4(US-$/GI)

Natural gas with CCS 7~11
Coal with CCS 8~11
Biomass (gasification) 10~18
Onshore wind 17~23
Offshore wind 22~30
Thermal solar electricity 27~35
Solar PV 47~175
Nuclear 15~20
HTGR cogeneration 10~25
Gasoline/diesel (conventional) 6~8
Natural gas (conventional) 3~5
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Table 4. Comparison of Overpotential in Water Electrolysis

Contribution to Cell Voltage (V)

Category

PEM® Alkaline®
Reversible Cell Potential 1.180 1.19
Anodic Polarization 0.300 0.30
Cathodic Polarization 0.025 0.30
Electrolyte Ohmic Drop 0.270° 0.25°
Ohmic Drop through the Hardware 0.025 0.11
Cell Voltage 1.80 2.15

*Current density, 1.08 Alem® temperature, 80°C, pressure, 0.1 MPa
°Current density, 150 mA/cm’ ; temperature, 75C

“Polymer electrolyte thickness ~0.3 mm

Anode-cathode gap ~4 mm
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Figure 13. Central hydrogen production vs. distributed hydrogen production via electrolysis.
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