Vinay Shrimali, 2024, 12:6 International Journal of Science,

ISSN (Online): 2348-4098 Engineering and Technology
ISSN (Print): 2395-4752

An Open Access Journal

Comparative Study of Hydrogen Generation
Technologies

Assistant Professor Vinay Shrimali', Professor (Dr.) Mukesh Shrimali?
Faculty of Mechanical Engineering,
Pacific University of Higher Education and Research University, Udaipur (Mewar), Rajasthan India’
Director Pacific polytechnic college, Udaipur Technical team of V-Rays Analytics, Udaipur®

Abstract- Hydrogen is a clean energy carrier with applications in various sectors such as transportation, industry,
and power generation. As the world shifts toward decarbonization, multiple technologies for hydrogen production
have emerged. These technologies differ in terms of feedstock, energy source, efficiency, cost, scalability, and
environmental impact. This research compares the leading hydrogen generation technologies, highlighting their

advantages, challenges, and potential for future applications.
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I. INTRODUCTION Alkaline Electrolyzers
e Efficiency: 60-70%

e Energy Source: Similar to PEM (renewables).
e Advantages: Mature technology, lower capital
costs than PEM, longer operational life.

With the global focus shifting towards cleaner
energy sources, hydrogen is seen as a potential
alternative to fossil fuels like petrol and diesel. This
paper provides an in-depth comparative analysis of
hydrogen gas with conventional fuels, focusing on
its behavior during combustion, storage, energy
output, and its impact on the environment.

Challenges: Lower efficiency compared to PEM,
slower response times, limited performance under
fluctuating energy inputs.

Solid Oxide Electrolyzers (SOE)

o Efficiency: 80-90% (when combined with heat
sources)

e Energy Source: High-temperature heat, often
from nuclear or concentrated solar power (CSP).

e Advantages: High efficiency when used with
waste heat or high-temperature sources.

e Challenges: High operational temperatures
(700-1000°C) require advanced materials and
increased costs.

Il. ELECTROLYSIS (GREEN HYDROGEN)

Electrolysis uses electricity to split water (H.O) into
hydrogen (H,) and oxygen (O,). When powered by
renewable energy, this process is considered "green
hydrogen," a zero-emission solution.

Key Technologies
Proton Exchange Membrane (PEM) Electrolyzers:
e Efficiency: 60-80%

E S : Solar, wind, hydro, th .
*  hergy ootree: Solar wind, fydro, or OME )1, Steam Methane Reforming (SMR)
renewable sources.

e Advantages: High efficiency, flexible operation (Grey Hydrogen, Blue Hydrogen)
with renewable energy, fast start-up time. '
e Challenges: High capital costs due to reliance Steam Methane Reforming (SMR) (Grey Hydrogen,

on platinum and other expensive materials. Blue Hydrogen)
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Steam Methane Reforming (SMR) is the most
commonly used hydrogen production method. It
involves reacting methane (CH,) with steam to
produce hydrogen, carbon monoxide (CO), and
carbon dioxide (CO5,).

e Efficiency: 65-75%

e Energy Source: Natural gas (methane).

Types

e Grey Hydrogen: No carbon capture, resulting in
significant CO, emissions.

e Blue Hydrogen: Incorporates carbon capture
and storage (CCS) to reduce emissions.

Advantages

e Established technology with widespread
infrastructure and large-scale production
capabilities.

e Lower cost compared to green hydrogen
technologies.

Challenges

e Grey Hydrogen emits large amounts of CO,,
contributing to climate change.

e Blue Hydrogen requires expensive CCS
technology and is less effective at capturing
100% of CO, emissions, making it a transitional
solution rather than a permanent one.

Biomass Gasification (Biohydrogen)

Biomass Gasification converts organic materials

(such as agricultural waste or energy crops) into

hydrogen and other gases by reacting the biomass

with a limited amount of oxygen at high

temperatures.

e Efficiency: 30-50%

e Energy Source: Biomass (renewable organic
feedstock).

Advantages

e Renewable feedstock, carbon-neutral or even
negative emissions (if combined with carbon
capture).

o Offers a pathway for waste-to-energy
applications and reduces reliance on fossil fuels.

Challenges
e Lower efficiency compared to other methods.

e Feedstock variability affects hydrogen output

and scalability.

e Requires extensive infrastructure for biomass

collection and processing.

Methane Pyrolysis (Turquoise Hydrogen)
Methane Pyrolysis decomposes methane into
hydrogen and solid carbon, rather than CO,. This
method is considered more environmentally
friendly than SMR, as it avoids producing
greenhouse gases.

e Efficiency: 75-85%

e Energy Source: Natural gas (methane).

Advantages

e Generates hydrogen without CO, emissions.

e Solid carbon byproduct can be used in
industrial applications, such as steelmaking,
reducing environmental impact.

Challenges

e Methane is still a fossil fuel, which raises
concerns about the long-term sustainability of
this approach.

e Requires high-temperature reactors, adding to
the complexity and cost of the technology.

Photoelectrochemical Water Splitting (PEC)
Photoelectrochemical (PEC) Water Splitting is a
promising technology that uses sunlight to directly
split water into hydrogen and oxygen. PEC systems
integrate solar energy collection with the hydrogen
generation process.
e Efficiency: 10-20%
technologies).
e Energy Source: Solar energy.

(current lab-scale

Advantages

e Direct use of sunlight makes this technology
simple and potentially low-cost in the long
term.

e Zero emissions during operation.

Challenges
e Low efficiency compared to other electrolysis
technologies.
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e Materials degradation and instability under
prolonged solar exposure limit practical
applications.

e Currently at the early stage of development
with limited commercial feasibility.

Thermochemical Water Splitting

Thermochemical Water Splitting involves using high

temperatures to drive chemical reactions that split

water into hydrogen and oxygen. This process

typically uses solar heat or waste heat from

industrial processes.

e Efficiency: 50-60%

e Energy Source: Concentrated solar power (CSP)
or nuclear power.

Advantages

e Can be combined with concentrated solar
power plants, enhancing overall efficiency.

e Provides a sustainable solution using renewable
heat sources.

Challenges

e Requires extremely high temperatures (over
800°C), limiting scalability and increasing costs.

e Materials capable of withstanding repeated
thermal cycles are expensive and scarce.

Microbial
Production)
Microbial Electrolysis Cells (MEC) use bacteria to
catalyze the electrolysis of water or organic
compounds, generating hydrogen. In this process,
microorganisms break down organic matter,
producing hydrogen as a byproduct.

e Efficiency: 30-40%

e Energy Source: Organic waste or wastewater.

Electrolysis (Biological Hydrogen

Advantages

e Can use waste materials as feedstock, reducing
environmental impact.

e Potentially scalable for localized hydrogen
production, particularly in rural or developing
areas.

Challenges
e Low efficiency compared to other methods.

e Limited commercial viability due to high costs
and complexity in controlling biological
processes.

IV. COMPARATIVE ANALYSIS

Efficienc || Feedstoc Energy Advantage
Technology Challenges
y (%) k Source s
Zero High capital
Renewable
emissions, cost,
PEM Electrolysis 60-80 Water (solar, wind,
high expensive
etc.)
efficiency catalysts
Lower
Renewable ||Lower cost,
efficiency,
Alkaline Electrolysis || 60-70 Water (solar, wind, mature
slower
etc.) technology
response
High High
Heat +
Solid Oxide efficiency, ||temperature
80-90 Water Renewable
Electrolysis (SOE) can use , costly
Electricity
waste heat || materials
Natural High CO,
Lower cost,
Steam Methane gas emissions
65-75 Fossil fuels || established
Reforming (SMR) (methane (grey), CCS
technology
) needed
Low
Renewable,
Organic efficiency,
Biomass Gasification | 30-50 Biomass carbon-
waste feedstock
neutral
variability
No CO.
Natural Uses fossil
emissions,
gas fuels, high
Methane Pyrolysis 75-85 Fossil fuels solid
(methane cost
carbon
) reactors
byproduct
Low
Direct solar
Photoelectrochemica efficiency,
10-20 Water || Solar energy || use, zero
| (PEC) materials
emissions
degradation
High
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Thermochemical temperature
50-60 Water d solar, , scalable
Water Splitting , expensive
nuclear with CSP
materials
Low
Uses waste
Organic efficiency,
Organic as
Microbial Electrolysis|| 30-40 matter, complex
waste feedstock,
wastewater biological
sustainable
control
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V. CONCLUSION

Hydrogen generation technologies vary
significantly in terms of efficiency, cost, scalability,
and environmental impact. Green hydrogen,
produced via electrolysis with renewable energy,
represents the cleanest option but is currently
expensive. Grey and blue hydrogen (from SMR)
dominate the market but face challenges due to
their carbon footprint. Biomass and microbial
methods offer renewable alternatives but with
lower efficiency. Technological innovations in
electrolysis, methane  pyrolysis, and  other
renewable hydrogen generation methods will be
key to making hydrogen an economically viable
and sustainable energy source for the future.
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