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ABSTRACT

This paper explores the potential of clean hydrogen production in the sugar industry as a sustainable solution to
combat climate change. It discusses the unique opportunities that the sugar industry presents, with its abundant
biomass resources and experience in bioenergy solutions. This paper delves into the technical aspects of clean
hydrogen production, including biomass electrolysis and methane pyrolysis, and highlights real-world applications
and ongoing research initiatives. It also addresses the challenges and barriers to widespread adoption, and the
need for technological advancements, policy support, and market readiness. The paper conclude by emphasizing
the significant role the sugar industry can play in the global hydrogen economy and the clean energy transition.
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INTRODUCTION

The world faces a big challenge: reducing carbon
emissions. To fight climate change, countries everywhere
are working hard to cut greenhouse gases and move
to cleaner energy sources. Here, clean hydrogen is a
real game-changer. Made using renewable energy like
solar, wind, hydro, and biomass, clean hydrogen is a
sustainable alternative to fossil fuels. Clean hydrogen is
a carbon-free fuel that can change our energy landscape,
leading us to a truly sustainable energy future.

The sugar industry plays a unique and promising
role in producing clean hydrogen. With its abundant
biomass resources, experience in bioenergy, the sugar
industry can significantly contribute to the global
hydrogen economy.

Currently, most of the hydrogen (75%) produced globally
uses natural gas as a feedstock. Another commonly
used resource is coal, which accounts for 23% of the
total hydrogen produced. The total hydrogen production
today is about 70 Mt, and this contributes 830 Mt
of carbon dioxide per year to the environment. With
an increased interest in developing hydrogen based

economy, demand for hydrogen is further expected
to increase significantly. It is therefore evident that
unless current technologies producing hydrogen are
targeted to minimize carbon dioxide emissions, the
hydrogen-based economy in future shall not help in
reducing carbon footprint and will not be helpful to
address global climate change conditions.

Hydrogen production

Hydrogen can be produced using various methods, but
three particularly promising ones are water electrolysis,
biomass to hydrogen, and methane to hydrogen.

Water electrolysis

Water electrolysis involves splitting water (H20) into
hydrogen (H:) and oxygen (O:) using an electric
current. This method is highly sustainable, especially
when powered by renewable energy sources like wind,
solar, or hydroelectric power. Electrolysis produces
green hydrogen, which is a clean and carbon-free
fuel.

Overall reaction: 2H,0 (I) — 2H, (g) + O, (g)
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Biomass to hydrogen

Biomass conversion to hydrogen utilizes organic
materials like agricultural residues, sugarcane residues,
forestry waste, and byproducts from industries such as
sugarcane press mud. Techniques like gasification and
pyrolysis break down biomass into syngas (a mixture
of hydrogen and carbon monoxide) or bio-oil, from
which hydrogen can be extracted. This method not
only produces hydrogen but also helps manage waste
and supports a circular economy.

Gasification overall reaction:
Biomass + Oxygen (or steam) — Syngas

Methane to hydrogen

Methane, primarily sourced from CBG plant, can be
converted to hydrogen through processes such as steam
methane reforming (SMR) and methane pyrolysis.
SMR involves reacting methane with steam at high
temperatures to produce hydrogen and carbon dioxide
(CO2). While this method is currently the most common
and cost-effective, it results in significant CO2 emissions.
However, combining SMR with carbon capture and
storage (CCS) can produce blue hydrogen, which is
a lower-carbon alternative.

These three methods offer diverse pathways to producing
hydrogen, each with its own set of advantages and
challenges, contributing to a more sustainable and
flexible energy future. Steam reforming overall reaction:

CH4+ + H.O—CO + 3H: then CO + H.0—CO: + H:
Methane pyrolysis overall reaction:
CHa4 + Heat — C (Solid) + 2H-

Case studies and real-world applications

The exploration of clean hydrogen production from the
sugar industry is not merely theoretical. Around the
world, several research initiatives and pilot projects
are underway, showcasing the commercial viability
and practical applications of this technology.

In Brazil, researchers are investigating the gasification
of bagasse for hydrogen production, leveraging the
country's vast sugarcane industry. In India, pilot projects
are exploring biological hydrogen production using
molasses as a feedstock, combining the sugar industry's
byproducts with advanced microbial engineering
techniques.

The success stories of renewables like wind and
hydropower, particularly in regions like Scotland,
demonstrate the transformative power of government
incentives and policy support in making clean energy
sources abundant and affordable.

Raj Industries, an Indian company, has been working on
a pilot project that produced hydrogen from sugarcane
bagasse, highlighting the commercial potential of this
technology.

These real-world examples serve as proof of concept
and provide valuable insights into the challenges and
opportunities associated with scaling up clean hydrogen
production in the sugar industry.

Challenges and considerations related to
hydrogen production, storage, infrastructure and
applications

Here's a breakdown with some insights:
Technical challenges:

Achieving high temperatures: Water electrolysis,
biomass gasification and methane pyrolysis processes
often require high temperatures to achieve efficient
conversion, posing challenges in terms of energy
consumption and material tolerance.

Efficient gas cleaning systems: The syngas produced
from biomass gasification contains impurities that must
be removed to ensure high-purity hydrogen production,
necessitating advanced gas cleaning systems.

Feedstock availability and quality: Consistent
availability and quality of feedstock, such as pure
water, bagasse, molasses and CBG, are crucial for
maintaining stable and efficient hydrogen production
processes.

Cost of production

One of the biggest challenges is reducing the cost of
hydrogen production. All three promising method are
energy-intensive and costly.

Infrastructure

Establishing a robust infrastructure for hydrogen
refueling stations and large-scale manufacturing
processes is crucial. This includes ensuring
trained personnel for handling and maintaining
fuel cell systems, creating a network of refueling

STAI Annual Convention, July 30-31, 2024



422 Clean hydrogen production in the sugar industry

stations for hydrogen vehicles and establishing pipelines
or transport systems for bulk hydrogen delivery.

Storage and safety

Hydrogen storage is complex due to its low energy
density by volume, requiring high-pressure or cryogenic
storage methods. Safety protocols are critical due to its
flammability and the need for precautionary measures
at production, storage, and refueling sites.

Fuel Cell technology

Current fuel cell systems are bulky and expensive,
primarily due to the use of platinum and other precious
metals as catalysts. Developing alternative, cheaper
catalysts is essential for broader market acceptance,
especially in automotive applications.

Regulations and standards

Establishing uniform safety standards, regulations,
and codes for hydrogen production, storage, and
transportation is essential for public acceptance and
scaling up infrastructure.

Efficiency and performance

Improving the efficiency and durability of fuel cells and
hydrogen production methods is crucial for reducing
costs and increasing reliability, especially in demanding
applications like transportation.

Public awareness and policy support

Increasing public awareness about hydrogen's potential
benefits and fostering public-private partnerships can
accelerate the development and deployment of hydrogen
technologies.

Feedstock incentives

Providing subsidies or tax breaks for utilizing sugar
industry byproducts as feedstock for hydrogen production
can encourage wider adoption of this technology and
promote sustainable waste management practices.

Renewable energy integration

Optimizing the use of excess renewable electricity for
hydrogen production can significantly reduce costs.
This approach leverages periods of surplus renewable
energy generation, thereby maximizing the efficiency
and economics of both renewable electricity and
hydrogen production. Financial incentives for co-
locating renewable energy installations with hydrogen

production plants can make this integration more
economically viable.

Research and development funding

Increased government funding for research and
development in biomass-based hydrogen production
can accelerate technological advancements, drive down
production costs, and facilitate the commercialization
of these technologies. Continued research and
development in electrolyzer technology and renewable
energy generation are essential. As solar and wind
power become more abundant and cheaper, and as
electrolyzer costs decrease, the cost-effectiveness of
clean hydrogen production will improve.

Carbon pricing and emission penalties

Increasing penalties for CO, emissions can further
incentivize industries to shift towards cleaner alternatives
like hydrogen. Carbon pricing mechanisms can drive
down the cost competitiveness of fossil fuels while
promoting the adoption of low-carbon alternatives.

By fostering an enabling environment through supportive
policies and incentives, governments can play a pivotal
role in accelerating the adoption of clean hydrogen
production in the sugar industry.

Market trends and opportunities

The global hydrogen market is poised for significant
growth, driven by the increasing demand for clean
energy solutions and the need to reduce carbon emissions
across various sectors. The sugar industry, with its
abundant biomass resources and potential for clean
hydrogen production, is well-positioned to capitalize
on this growing market opportunity.

Building partnerships and establishing supply
chains

To effectively tap into the hydrogen market, the sugar
industry must develop robust supply chains and establish
strategic partnerships with potential consumers of clean
hydrogen. This could involve collaborations with:

Fuel cell vehicle manufacturers

Partnerships with automotive companies developing fuel
cell vehicles can provide a guaranteed market for the
sugar industry's clean hydrogen production, supporting
the decarbonization of the transportation sector.
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Hydrogen refueling station operators

Collaborating with companies involved in the
development and operation of hydrogen refueling
stations can ensure a reliable supply of clean hydrogen
for the growing fuel cell vehicle market.

Industrial decarbonization initiatives

Industries seeking to reduce their carbon footprint and
transition towards cleaner energy sources may benefit
from partnerships with the sugar industry for their
clean hydrogen needs.

Building these partnerships early on can help the
sugar industry secure long-term offtake agreements,
ensuring a stable demand for their clean hydrogen
production and facilitating the development of efficient
supply chains.

DISCUSSION

The potential for clean hydrogen production in the sugar
industry is vast and largely untapped. By leveraging
byproducts like bagasse and molasses, the industry can
contribute significantly to the global hydrogen economy
while addressing waste management challenges and
reducing its environmental impact.

As India aims to become self-reliant (Aatma Nirbhar
Bharat), the sugar industry's adoption of hydrogen
technologies could position it as a leader in sustainable
agriculture and renewable energy. Investments in green
hydrogen infrastructure, such as electrolyzer facilities,
biomass to h, and fuel cell technologies, could spur
innovation and create new economic opportunities
within the industry. Overall, embracing the hydrogen
economy presents a pathway for the sugar industry
to enhance efficiency, reduce carbon emissions, and
contribute to India's broader goals of economic growth
and environmental sustainability. However, realizing
this potential requires a concerted effort from all
stakeholders involved. Technological advancements,
economic incentives, supportive policies, and a focus
on market readiness are all crucial components in
unlocking the full potential of clean hydrogen production
in the sugar industry.

It is time for the sugar industry to recognize the immense
value it can bring to the clean energy transition. By
harnessing the power of green hydrogen, the industry

can not only contribute to a more sustainable future
but also open new avenues for growth, innovation,
and economic opportunities.
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