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Production methods of green hydrogen
for carbon neutral energy society.
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Abstract

Shifting to a net zero carbon society is an important task from climate change and for this, green hydrogen which
is produced by renewable energy is highly important role. In this review, three methods, electrolysis, photocatalyst
and thermal water splitting for production of green hydrogen as an energy carrier of renewable energy were intro-
duced. One is electrolysis of water which is widely and popularly used for the green hydrogen production and
there are three types of electrolysis methods, i.e. alkaline, polymer membrane, and steam electrolysis. Advantage,
disadvantage, and requirement of each method are explained. Among the three types of electrolysis methods,
steam electrolysis is highly efficient by using heat energy, although system is still under investigation. On the other
hand, photocatalyst which can split water into Hz and O directly is also considered as one of the green hydrogen
production method with low cost. Recently activity of photocatalytic water splitting increases significantly and in
this review, water splitting on KTaOs modified with organic dye is introduced. Third one is thermal decomposition
of water by using solar heat and iodine-sulfur (IS) method for water splitting is explained. By shifting chemical

equilibrium by membrane, required temperature level could be decreased to 600°C.
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[downloaded 17 March 2023 ]. Modified Renewable Energy Institute.

Fig. 1 Details of renewable energy in each country (International Energy Agency; Monthly

Electricity Statistics)
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Table 1 Comparison of electrolyzer type.
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Type Feature

Current state

Alkaline Electrolysis Electrolyte : Alkaline water
(OH" Conductor)
Temperature : Room

Temperature ~ 50°C

- Few 1000 units are already operated commercially,
mainly in EU.Pressurized operation

« Efficiency : 73 ~ 80% (HHV) (ca.0.2 A/cm?)

+ Unit price : 100 million JPY /(Nm3*-Ho/h@500 Nm3/h)

Polymer Electrolyte Electrolyte : Polymer
Membrane Electrolysis Membrane Film

(Proton Conductor (H* conductor)

Temperature : ~ 100°C

« Commercialize at small size (60 Nm3/h)

- Efficiency : 60-80% (HHV) (2 A/cm?)

+ Unit cost : 140 million JPY/(Nm3-H2/h@30 ~ 50 Nm3/h)
+ Pressurized operation

Solid Oxide Steam
Electrolysis

Electrolyte : Solid Oxide Film
(Oxide ion conductor)
Oxide Proton Conductor
Temperature : 500 ~ 1000°C

- Under investigation, mainly using oxide ion conductor
(Current level)

+ Current density : 0.5 ~ 1.5 A/cm?

- Efficiency 80-90% (HHV)(0.5-1.5 A/cm?)
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Fig.3 |-V curve of tubular type solid oxide electrolysis
cell using LSGM thin film and its cell photograph.
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Fig. 4 -V curves of electrolysis and fuel cell mode of
solid oxide cell and polymer electrolyte cell.
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Fig. 5 H2 and O: formation rates of the water
splitting reaction on PtOx (0.2 wt %)/TIPS-PEN (0.8 wt
%)/KTa(Zr)Os as a function of wavelength of irradiate
light.
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2HI= 1,+H, (2)
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Fig.6 Concept of iodine-sulfur (IS) method for thermal splitting of water.
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