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Methane reduction

How can we use methane
to make industries more
sustainable?

Carbon dioxide and methane are highly potent greenhouse gases and are two

of the leading drivers of climate change. However, through a process called dry
reforming, we can combine carbon dioxide and methane to create ‘syngas’, which
can be used to make fuels and plastics. Unfortunately, current dry reforming
methods are inefficient and rely on fossil fuels. To address this, Professor Akshat
Tanksale and his team at the RECARB Hub at Monash University, Australia, are
designing a new reactor to improve efficiency and sustainability.
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“In urban areas, methane produced

from the decomposition of organic

waste at landfill sites can be avoided by
separating organic waste from solid waste
at the source,” says Akshat. “The organic
waste can then be sent to anaerobic
digesters, oxygen-free tanks that use
microorganisms to break down organic
waste and produce biogas (a mixture of
methane and carbon dioxide).” Likewise,
in rural and farming areas, manure can be
sent to anaerobic digesters to produce
biogas. “The biogas can then be upgraded
to syngas using the technology we have

developed,” explains Akshat.

Dry reforming

“When methane and carbon dioxide are
heated together in the process of dry
reforming, they react to form syngas, a
mixture of hydrogen and carbon dioxide,”
continues Akshat. Syngas is an incredibly
valuable product that can be used to
make fuels, plastics and a wide range of
chemicals, and is already used in many
industries. “So, instead of letting methane
and carbon dioxide escape into the
atmosphere and worsen climate change,
we can reuse them as raw materials,”
explains Akshat. “It’s recycling greenhouse
gases into useful products, rather than
throwing them away.”

Unfortunately, current dry reforming
processes are inefficient and can do

more harm than good in terms of climate
change. “Dry reforming is typically carried
out in large industrial reactors that are
heated by burning fossil fuels,” says
Akshat. “This creates a big problem: even

though you’re transforming greenhouse
gases, you're also producing more
emissions just to keep the reactor hot.”

Current methods have other issues too.
“The catalysts inside the reactors get
damaged over time through the build-

up of carbon, which stops them working
properly,” explains Akshat. “Additionally,
the heat inside these reactors is uneven,
which wastes energy and shortens the
system’s lifespan.” In theory, dry reforming
is a great idea, but in practice, the process
is inefficient and unsustainable.

A new reactor

To turn dry reforming into a viable strategy
for mitigating climate change, Akshat and
his team have designed a new reactor that
addresses the current inefficiencies. “We
heat our reactor using electricity through a
process called magnetic induction heating
- similar to how induction stoves work,”
says Akshat. “The electricity we use can be
generated from renewable sources, such
as solar and wind, which means that we can
run this very hot chemical reaction without
producing extra carbon emissions.”

“We also use carefully-designed, 3D-printed
metal structures that sit inside the reactor,”
says Akshat. “These structures allow for
more even heating and gas flow, making the
reaction faster, more efficient and more
stable.” This also avoids carbon build-up on
the catalysts, so the reactor can work for
longer and with less wasted energy.

Into industry
The team’s next goal is to test the
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reactor under the conditions found in
existing syngas industries. “This means

it must be able to run for longer periods
of time, produce higher quantities of
syngas, and process gas mixtures that
more closely resemble real-world sources
such as biogas, which is produced by

the fermentation of organic matter in
waste systems, agriculture and landfills,”
says Akshat. “We want to continue
improving our reactor design so that it
uses even less energy and works reliably
for thousands of hours, not just in the lab,
but as an important part of many different
industries.”

Many industries, such as chemical,

plastics and fuel manufacturing, already
rely heavily on syngas, so the team’s new
reactor will slot right in to their existing
processes, meaning they can produce the
same products with much lower emissions.
“Our reactor is compact and modular, so
companies could install it more easily than
traditional systems,” explains Akshat. “It
could even be placed near methane sources
such as landfills and biogas plants, reducing
transport and energy costs, allowing these
industries to become more sustainable and
save money at the same time.”

“Climate change is especially hard to
tackle in these industries that rely on
extremely high temperatures, but our
work shows that even these processes
can be powered by clean electricity,”
continues Akshat. “This is not a golden
bullet for climate change, but it would be
a big step toward a cleaner industry and a
more sustainable future.”
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About nethane reduction

he field of methane reduction

involves researching how to
prevent or mitigate methane emissions
into the atmosphere to minimise their
contribution to global warming. “Research
in methane reduction combines
chemistry, engineering, materials science,
energy systems and climate science,” says
Akshat. “It’s a growing field with huge
opportunities, giving young scientists and
engineers a chance to be part of the global
transition to a low-carbon future.”

Methane is a potent greenhouse gas, but
it does not stay in the atmosphere as long
as other gases, such as carbon dioxide.
“This means that reducing methane
emissions can have a fast and meaningful
impact on climate change,” says Akshat.

“As a researcher, it’s incredibly motivating
to consider that your work can make a real
difference within just a few years.”

|t is important to consider methane’s value
as a resource, which can also help build
the financial incentive to use it rather
than lose it. “When we convert methane
into fuels, chemicals or hydrogen, we're
solving an environmental challenge while
supporting the industries people rely on,”
says Akshat. “We have to think beyond
the impact on the climate; if a system is
too expensive, it won't be used.”

However, even if the theory is sound,
its application can be another matter.
“Reactions are complex and involve high
temperatures,” explains Akshat. “This

means that they require a lot of energy
and put a lot of stress on the materials
involved.” There is, therefore, a strong

focus on designing systems to be efficient,

durable and safe — not to mention

collaborating with engineers and industry

partners to ensure solutions work at scale.

There are plenty of exciting emerging
technologies for the next generation of
researchers to tackle. “Future researchers
will work on electrified reactors, new
catalysts, renewable energy integration
and circular carbon technologies,” says
Akshat. “They won’t just be studying
climate change; they'll be actively building
the solutions.”

Explore careers in
methane reduction

The scope of careers related to methane reduction is

broad. “Graduates can work as research scientists or

engineers, designing cleaner reactors and catalysts,”

says Akshat. “There are also roles in clean energy

companies, chemical and fuel industries, climate

tech start-ups, as well as policy and environmental

Pathway from school to
methane reduction

. ”
regulation.

Akshat recommends building a habit of learning beyond
Akshat says that studying chemistry, physics

the classroom. He recommends exploring the websites

and mathematics is vital for entering the field of of NASA (science.nasa.gov/climate-change), the

methane reduction. He also recommends studying

International Energy Agency (iea.org) and Our World

environmental science, engineering or computer in Data (ourworldindata.org).

science if the you have the opportunity to do so.

Akshat also recommends watching educational videos

At university, relevant degree courses include e eulilhe. Serme good channels to try include

chemical engineering, chemistry, materials science, Kurzgesagt (youtube.com/@kurzgesagt), VertEs i

environmental engineering, energy engineering (youtube.com/(@veritasium) and Real Engineering

and physics. Akshat also suggests learning coding, (youtube.com/@RealEngineering).

data science or modelling, which are becoming
increasingly important in his field of research.
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Meet the team

| could combine my interest in science with
practical problem solving. Over time, | became
more aware of the environmental challenges
we face and saw the potential for technology
to create meaningful change.

This project formed the core of my PhD.

| developed the fundamental catalyst and
Dr Hamza Asmat

reactor concepts for methane reduction
Research Fellow

through electrified reforming. | now continue
this work as a postdoctoral researcher, leading

. . its scale-up and optimisation.
Growing up, | was fascinated by how P P

energy and chemical systems work. | loved I love being involved in research that tackles

experimenting and trying to understand the the toughest challenges in energy transition.
And | enjoy collaborating with a talented

team, learning from diverse perspectives and

‘why’ behind everyday processes. This curiosity

led me to study chemical engineering, where

collectively pushing the boundaries of what is
possible.

Outside of work, | spend time with my family.
We often go for walks or enjoy simple activities
at home. | also find cooking and listening

to music help me return to work feeling
refreshed, motivated and balanced.

Hamza's top tip

Be patient and persistent. Meaningful impact
takes time but is incredibly rewarding.

my curiosity about solutions, motivated me
to pursue research focused on developing
sustainable technologies.

My role in this project is to develop and
study this new type of reactor. | focus on

designing the reactor, selecting and testing
catalysts, and understanding how heat and

Ashwin Hatwar electricity can be used more effectively.

3rd Year PhD student

. . Curiosity and persistence have been
Asa teenager, | was deeply interested in essential in my research. Experiments
often require patience and an ability to

learn from failure. Adaptability and clear

the problem of climate change — and the

search for solutions. | regularly took part in
science exhibitions and presented models communication have also allowed me to
that demonstrated the science behind work effectively with others and adjust when

climate change. The sense of urgency, and research takes unexpected directions.

I love feeling that my work connects directly
to a global challenge. Every experiment feels
meaningful. | also enjoy the excitement of
discovery - seeing an idea work in the lab
and knowing it could one day make a real
difference is incredibly rewarding.

Outside of work, | like watching movies, going
out with friends and cooking. | stay active
through sports like badminton and cycling,
which help me clear my mind and recharge.

Ashwin’s top tip

Even small contributions matter. We can all
be part of a global effort to create a more
sustainable future.

In this project, | focus on developing
scalable, electrified dry reforming processes.
While research shows the potential of these
technologies, scaling them remains a major
challenge. | help bridge that gap by focusing

on real-world implementation strategies.

. Curiosity has been central to my research
Mohammad Arfin

3rd Year PhD student

approach: always asking ‘why’ and ‘how’.
Staying aware of the latest developments in
the field is also important to help me identify
Climate change is one of the defining ideas that are both innovative and practically
challenges of our time. Developing more achievable.
sustainable chemical processes to help address
this challenge feels both meaningful and This research brings a strong sense of

rewarding. This has shaped my current work. purpose. | love the idea of creating real ‘impact

through research’, and it is motivating to see
our work steadily moving in that direction.

I'm a family person. | like staying connected
with my family, but also value some
moments alone to reset and recharge.

Arfin's top tip

View challenges as learning opportunities
to help build resilience and long-term
confidence.



Methane
reduction__ .. .

with Professor Akshat Tankéale

Talking points

Knowledge
1. What is dry reforming of methane?
2. What is syngas?

Comprehension

3. Why is methane reduction important?

4. What are the limitations of current dry reforming
processes?

Application

5. Methane is highly flammable. What safety precautions
might Akshat’s team undertake to reduce the risk of
combustion in their reactor?

6. Take another look at the materials and processes that
Akshat’s team use in their research and development.
Which of these have only emerged in the past decade
or two? How might other emerging technologies
influence their research?

Analysis

7. Given that both carbon dioxide and methane are
present in the atmosphere, why do you think syngas
production tends to draw from sources such as
biogas rather than extracting these gases from the
atmosphere?

8. Why might processes that work in the lab not work
in real-world industrial settings? Give some potential
examples.

Evaluation

9. Both syngas technology and the need to reduce
methane emissions have been around for quite a long
time. Why do you think technologies like Akshat and
his team’s new reactor haven’t been developed sooner?

10. To what extent do you think it is necessary for green
technologies to show financial benefits before they are

widely adopted?

Activity

Reducing methane emissions into the atmosphere is a huge
and complicated global challenge — but one that is possible
to meet.

Research the following topics:

» The main sources of human-made methane emissions (e.g,,
agriculture, oil and gas, waste management)

» The main methods of mitigating methane emissions (e.g.,
dry reforming, better industry practices, agricultural
innovations, waste reduction)

« The impacts of methane on global climate

Draw an illustrated diagram that shows the sources of
methane emissions and how they can be mitigated. Use
arrows to show the flow of methane.

Aim to make your diagram as engaging and accessible as
possible. It should be clear to someone who has not read
Akshat’s article, so think carefully about the information
that you should include.

Once completed, compare your diagram to a classmate’s.
Discuss with them how you approached the task and which
aspects you picked out as the most important or interesting.

Now, consider how you could use your diagram to
persuade a government official to make policy changes
that mitigate methane emissions. What would your
main recommendations be? How would you make these

recommendations attractive in terms of competing priorities

(e.g., economic, social, environmental)? In your pairs,
choose one of you to play the role of the policymaker while
the other tries to convince them to enact new methane
reduction policies.

More rcsources

« This TED Talk by Daniel Zavala-Araiza highlights the policies
and technologies aiming to reduce global methane emissions by
holding emitters accountable:
youtube.com/watch?v=YPvP_C4qyOE

« This article from the US Department of Energy explains how
steam reforming of methane can be used to produce hydrogen
fuel: energy.gov/eere/fuelcells/hydrogen-production-natural-
gas-reforming

+ This press release from UNEP explains a new research project
aiming to accurately monitor methane emissions from coal mines:
unep.org/news-and-stories/press-release/unep-australia-
announce-landmark-study-improve-understanding-coal
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Photo montage

Top: Left to right: Ashwin Hatwar, Mohammad Arfin, Hamza Asmat and

Professor Akshat Tanksale with an experimental set up.

Middle row: Left: The team’s direct joule heating reactor set up at 800 °C.

Centre: The team’s reactor heated to 900°C using induction.

Right: A multi-physics simulation of an induction-heated, 3D-printed
reactor which shows the magnetic flux and the temperature profile of the
reactor.

Bottom: Al-generated image of a conceptual induction-heated dry
reforming reactor.
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