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steadily increasing. This research reviewed strategies for utilizing hydrogen pro-
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duction technology by combining a multi-layer model, strategic niche manage-

Accepted 11 April, 2024 ment, and the need factor for Hoship. The model was validated as a strategy con-
sidering hydrogen production technology and the transformation of the energy
system. Using this, a new business model for hydrogen production technology
was created, finding a strategic niche and sophisticating the technology. It also
proposed ways to unlock the potential of hydrogen production technology and
improve its efficiency. This work contributes to the commercialization of hydro-
gen production technology and its role in sustainable energy conversion. It pro-
poses a new and effective approach for utilizing hydrogen production technology,
going beyond its limitations to suggest a more efficient method. It is hoped that
these results will be helpful to researchers in hydrogen energy, and serve as a
reference for establishing ways to utilize hydrogen production technology.
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Table 1. Energy contents of different fuels"

Fuel Energy content (MJ/kg)
Hydrogen 120.0
Liquefied natural gas 54.4
Propane 49.6
Aviation gasoline 46.8
Automotive gasoline 46.4
Automotive diesel 45.6
Ethanol 29.6
Methanol 19.7
Coke 27.0
Wood (dry) 16.2
Begasse 9.6
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Table 2. Method of hydrogen production and color code”
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Color code Energy source Feed material Process Production
Coal Coal
Brown Steam Gasification H, + O, (Released in air)
Nuclear power
Oxygen
Natural gas Coal . .
fi H; + Oz (Rel
Gray Nuclear power Steam Steam reforming >+ O, (Released in air)
Natural gas Coal .
Bl fi Hy +
ue Nuclear power Steam Steam reforming > + O, (Captured)
. Natural gas Coal . .
+
Turquoise Nuclear power Steam Pyrolysis H, + C (Solid)
Th hemical
Red Nuclear power H,O ermoe e.rr.llca H, + O,
decomposition
Thermochemical

Purpl Nucl H,O .\ H,+O

uple ucieat power ? decomposition S

Pink Nuclear power HO Electrolysis H, + 02
Yellow Power grid HO Electrolysis H, + O
Green Renewable energy HO Electrolysis H,+ 0O
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Fig. 1. Flow diagram of NHs; decomposition and pressure
swing adsorption process
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The Importance of the Hydrogen Economy and
Hydrogen Production Technologies
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Fig. 2. Integration of three methodologies related to the uti-
lization of hydrogen production technology

Table 3. Milestones and Total hydrogen demand'”
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The Economic
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Technical Factors
Efficient Methods for Hydrogen
Production

i . Integration with .
Reduction in Oil Env':rtzl:me Infinite Energy Rgn ewable Economic
Dependency " Source Impact
Protection Energy

Fig. 3. Hierarchy diagram of the multilayer model related to hy-
drogen production technology

Milestone 2022 2030 2035 2050
Total hydrogen demand 95 150 215 430
Refining (Mt Hy) 42 35 26 10
Industry (Mt Hy) 53 71 92 139
Transport (Mt H,-eq, including hydrogen-based fuels) 0 16 40 193
Power generation (Mt Hx-eq, including hydrogen-based fuels) 0 22 48 74
Other (Mt Hy) 0 6 10 14
Share of total electricity generation (%) 0 1 1 1
Low-emissions hydrogen production (Mt Hy) 1 70 150 420
From low-emissions electricity 0 51 116 327
From fossil fuels with CCUS 1 18 34 89
Cumulative installed electrolysis capacity (GW electric input) 1 590 1,340 3,300
Cumulative CO; storage for hydrogen production (Mt CO,) 11 215 410 1,050
Hydrogen pipelines (km) 5,000 19,000 44,000 209,000
Underground hydrogen storage capacity (TWh) 0.5 70.0 240.0 1,200.0
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Table 4. Summary of strategic niche management for hydrogen production technology
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Category

Detail

Niche identification factors

Research and development (R&D)

Market entry barriers

Infrastructure development

Competition with existing energy sources

Niche management strategies

Initial investment and R&D

Overcoming disruptive factors in existing energy markets

Infrastructure development

Enhancing social acceptance

Core competitive strengths of the technology

Lower costs

Higher efficiency

Application of strategic niche management theory

Enhancing the hydrogen production process through advanced technology

Targeting specialized markets and customer segments

Differentiation from existing energy markets

Technology utilization approaches

Increased investment in R&D

Commercialization of new technologies and processes

Continuous innovation to meet customer needs and expectations
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The Necessity of
Hydrogen
Technology

Social Cost

Herzberg's Motivational Factors
The Efficacy of
Technology

Five Essential Elements for the =
Advancement of Hydrogen Production
Technologies

Commercial
Benefits

L Policy Support

Fig. 5. Five necessary factors for the development of hydrogen
production technology

Table 5. Summary of essential elements for the development of hydrogen production technology

Essential element Description
Technological In a modern society dependent on machinery and carbon fuels, hydrogen is needed as an environmentally friendly
necessity and efficient energy source
The introduction and infrastructure support of hydrogen production technology require significant initial costs,
Social cost but these can be compensated for by long-term social benefits such as improved air quality and mitigation of
climate change
Technological Although current hydrogen production technology has made considerable progress, it still needs incremental
efficacy improvements. Efforts to enhance technological efficacy underscore its necessity
Commercial By providing an eco-friendly energy solution, hydrogen production technology can create new markets. This
benefits generates commercial profits, motivating companies to invest in technology development
Policy support Government policy support can increase the necessity for hydrogen production technology. Policies related to
Y Supp mitigating climate change, in particular, will promote the development and commercialization of the technology
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