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Motivation

Biomass-derived chemicals and fuels are widely considered as promising, emission-reduced alterna-
tives to conventional fossil-based products and are expected to be key for the transition towards a
more sustainable and circular economy. This work will focus on biowaste materials to avoid the
problematic competition with food production. While significant progress has been made in develop-
ing the required conversion technologies, economical operation remains a major challenge. One of
the key factors affecting profitability is biomass supply. Biowaste materials are typically generated
in a highly decentralized manner and exhibit low energy densities, making collection and transporta-
tion costly.

In contrast, industrial processing facilities generally benefit from centralized operation and economies
of scale, resulting in lower specific production costs for increasing plant capacity. Consequently, bi-
omass-based production systems are subject to two opposing economic effects: transportation costs
increase as the biomass sourcing area expands, whereas production costs per unit of product decrease
with increasing plant size. Identifying the optimal balance between these competing factors is essen-
tial for designing economically viable biomass utilization concepts.

Thesis topic

The scope of the thesis is to develop an optimization framework for determining economically opti-
mal biowaste catchment areas for processing plants within the context of the SynergyFuels project.
Three different processes are of interest: 1. Wheat straw fermentation to isobutanol 2. Sewage sludge
gasification to synthesize methanol 3. Municipal biowaste pyrolysis to produce biochar and pyrolysis
oil with almost fuel-like specifications.

Methodology

The focus of this thesis is the optimization of biomass supply logistics and plant sizing while biomass
conversion processes are not further investigated. A Python-based optimization model will be devel-
oped to determine the economically optimal catchment radius for different biomass feedstocks in
Germany. The analysis will be based on spatially resolved datasets describing biomass availability
and geographic distribution. These data sources will be integrated into a geospatial modeling and
optimization workflow. The developed model will evaluate biomass collection and transportation
costs as a function of sourcing distance and plant capacity, while accounting for economies of scale
in plant operation.

The optimization framework will calculate the optimal average biomass catchment radius for each
feedstock considered and compare the resulting economic trade-offs among the different conversion
pathways. The outcomes of the study are expected to support the design and location planning of
future biomass-based production facilities and contribute to the development of sustainable bioecon-
omy concepts within the SynergyFuels project.
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