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Motivation

Sewage sludge is a significant byproduct of wastewater treatment
plants, and its amount is steadily increasing. Over the past decade
in Europe, the annual production of sewage sludge is
approximately 9 million tons of dry mass (DM)!'l. Of the sludge
treatment processes, dewatering is an essential step for sludge
minimization, transportation, and management; however, the
current process has various challenges and is expensivel?l.
Furthermore, the complex structure of sludge makes dewatering
even more complicated.

Improving the understanding of sludge dewaterability requires
linking fundamental sludge characteristics with full-scale
performance. Despite extensive research, predictive models
remain limited in their applicability due to the highly variable
composition of sludge originating from different treatment plants
and operational conditions. Developing a systematic approach that
integrates  sludge  physicochemical properties, microbial
community structure, and advanced data-driven analysis could
provide new insights into the mechanisms governing water
release. Such knowledge is crucial for designing more robust and
cost-effective dewatering strategies, ultimately reducing energy
demand and enabling sustainable sludge management.

Technological challenge

The main technical challenge Iin sludge dewatering lies in the
highly heterogeneous nature of sewage sludge, which combines
inorganic particles, extracellular polymeric substances (EPS),
microbial cells, and bound waterl3l. This complexity leads to poor
predictability of dewatering behavior and limits the efficiency of
conventional methods such as centrifugation, filtration, or
conditioning with polymersl4. Moreover, site-specific variations in
sludge composition make it difficult to generalize treatment
strategies across different wastewater treatment plants. Current
models often fail to capture these variations, creating a gap
between laboratory-scale findings and full-scale application.
Addressing this challenge requires an integrated framework that
links sludge properties to dewatering performance through
mechanistic understanding and advanced analytical approaches.
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Fig 1. Graphic abstract of the research.

Research goals

Uncover key sludge properties governing dewaterability.
Develop predictive data-driven models for performance.
Translate lab-scale insights into full-scale applications.
Enable sustainable cost-effective sludge management.
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