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Abstract of the doctoral research

Human distortion of the Earth’s long-term carbon cycle has by far exceeded the sustainability
boundaries of our planet. The indispensable transition to a CO;-neutral world economy involves a
massive deployment of low-carbon energy technologies and the use of renewable carbon
feedstocks, like carbon dioxide (CO,) emitted at point sources, and methane (CH4) produced
through anaerobic digestion of organic (waste) streams. (Bio)catalytic technologies for the
production of food, fuels and chemicals from these two gaseous raw materials are emerging as
potential approaches to restrain climate change, though tremendous scientific and technological
challenges remain to ensure that their implementation can be realized within the foreseeable
future.

In this work, several value chains based on the valorization of biogas and CO; into value-added
products were explored. First, the conversion of grid-injected biomethane to carbon monoxide (CO)
and syngas, two key platform chemicals in the chemical industry, was investigated, where it was
found that by coupling decentralized biomethane production to large-scale chemical synthesis via
the existing natural gas infrastructure, chemical plants can reduce their CO; emissions in a cost-
effective way, or, alternatively, increase the production capacity without considerably increasing
CO,, footprint. Second, microbial protein production was proposed as a way to upgrade the value
of biogas and recovered ammonia while enabling partial self-supply of animal feed at farm scale. It
was shown that microbial protein production opened up opportunities for a cost-efficient
treatment of livestock manure. Finally, a reactor system for electricity-driven bioproduction from
CO, was developed, enabling simultaneous production, extraction and concentration of acetic acid

as a fermentation product in a solid-free extraction liquid.
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