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Title: Decarbonizing Fischer-Tropsch Synthesis for a Sustainable Energy Transition

The Fischer-Tropsch (FT) process has been a vital technology for turning synthesis gas
(syngas)—a mix of carbon monoxide (CO) and hydrogen (H2)—into fuels and chemi-
cals. For many years, it relied on fossil fuels like coal or natural gas, making it a big
source of CO2 emissions. Today, as the world works toward a cleaner energy future
and net-zero emissions, we need to rethink how FT synthesis fits in. This perspective
explores how we can decarbonize the FT process, making it sustainable while keeping
its importance for industries like aviation and shipping, where electrification is difficult.

One major way to decarbonize FT synthesis is by changing its raw materials. Instead
of fossil fuels, we can use biomass (like agricultural waste) or CO2 captured from in-
dustries to make syngas. Biomass is carbon-neutral because plants absorb CO2 as they
grow, and captured CO2 can be recycled into useful products. Another key step is using
renewable energy. Green hydrogen, produced from water using solar or wind power,
can replace hydrogen made from fossil fuels, cutting emissions further. These ideas are
part of a system called Power-to-Liquids (PtL), where clean energy drives the whole
process.

Catalysts are also central to this change. As a catalysis researcher, I see great potential
in designing new catalysts that work at lower temperatures and make more of the
products we want, like diesel or jet fuel. Nano-sized catalysts and hybrid metals (like
iron-cobalt mixes) can improve efficiency and last longer. Beyond this, we can trap CO2
emissions with carbon capture and storage (CCS) or reuse carbon in a circular economy,
turning FT fuels into a sustainable option for hard-to-fix sectors.

But there are hurdles. green hydrogen and CO2 capture are costly, and lab ideas—like
advanced catalysts—don’t always work in big factories. We also need to check the full
environmental impact with life-cycle analysis to avoid hidden emissions. Governments
and companies can help by giving money for research, taxing fossil fuels, and building
partnerships.

In this perspective, we will share how these strategies can transform FT synthesis into a
tool for a low-carbon future. By solving these challenges, we can make sustainable fuels
that support global climate goals. This presentation will inspire researchers, engineers,
and policymakers to work together on this exciting journey toward decarbonization.

The tentative flow of the perspective is presented below.

1. Feedstock Transition: Replacing fossil-based syngas with biomass or captured CO2
to reduce carbon emissions.

2. Energy Efficiency: Using green hydrogen, waste heat recovery, and low-temperature
catalysts to save energy.

3. Catalysis Advancements: Designing better catalysts to improve product quality
and process stability.

4. Systemic Strategies: Using carbon capture and storage (CCS) and circular carbon
practices to lower emissions.
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5. Policy and Economic Support: Highlighting the need for subsidies, carbon pricing,
and partnerships to encourage adoption.

6. Challenges and Research Needs: Addressing high costs, scalability issues, and the
importance of lifecycle analysis for true sustainability.
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