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Anaerobic digestion (AD) is widely used for sludge stabilization and energy recovery in municipal
wastewater treatment plants (WWTPs). Nevertheless, methane production from waste activated sludge (WAS) is
often constrained by slow hydrolysis of biomass-derived particulate organics and the complex structure of
extracellular polymeric substances (Ikumi et al., 2014). These limitations become particularly relevant in high-rate
activated sludge (HRAS) systems operated at very short sludge retention times (SRTs), where sludge composition
and downstream anaerobic behaviour differ markedly from conventional systems (Canals et al., 2023). Although
biochemical methane potential (BMP) tests are routinely applied, most evaluations still rely on bulk VS or COD
indicators, which may obscure the role of biomass fraction distribution in controlling methane kinetics. Recent
plant-wide studies indicate that decay-derived particulates degrade considerably slower than readily biodegradable
intermediates (Ekama et al., 2007; Ozyildiz et al., 2023). This study therefore links fraction resolved biomass
dynamics with the biogas production behaviour of full-scale HRAS sludge using an BMP batch test integrated
simulations using Sumo24 framework (Dynamita, France).

Waste activated sludge was obtained from a full-scale HRAS WWTP in Tiirkiye operated at an SRT of
approximately 2 days for carbon removal only. BMP tests were performed in completely mixed, sealed batch
reactors at mesophilic conditions (35 + 1°C) following established procedures (Owen et al., 1979; Holliger et al.,
2016). TS, VS and COD analyses were conducted according to Standard Methods (APHA, 2012), and cumulative
methane production was monitored throughout the digestion period. Process interpretation was supported using
the Sumo24 platform, in which slowly biodegradable substrate and decay-derived biomass fractions are explicitly
distinguished (Insel et al., 2022). Simulated outputs were directly compared with BMP results and full-scale

performance indicators.

The cumulative methane curve showed a pronounced two-stage pattern (Figure 1b). During the first 10—
15 days, methane production increased rapidly, reaching approximately 80—-85% of the ultimate potential by day
30, and stabilizing around 12.6-12.7 m>/day. The steep initial slope (till day-5) indicates rapid conversion of
readily biodegradable intermediates, most likely associated with volatile fatty acid (VFA) formation (Batstone et
al., 2009; Zou et al., 2016). Fraction resolved simulations (Figure 1c) supported this interpretation. The slowly
biodegradable particulate concentration initially exceeded 25,000 g COD/m? and declined sharply within the first
25-30 days, while ordinary heterotrophic organisms (OHO) decreased from roughly 11,000 g COD/m? to near
depletion, confirming that early methane production was governed by the more accessible biodegradable fractions

(Figure 1c).
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Figure 1. Sumo simulation layout (a), cumulative methane production profile (b) and key biomass fractions of BMP test (c).
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Beyond day 30, methane production clearly slowed and the curve approached a plateau (Figure 2a). At
this stage, methane generation became increasingly controlled by decay-derived slowly biodegradable substrate,
which peaked at about 3,000 g COD/m? around days 10-12 and gradually diminished by day 40-45. This
behaviour is consistent with hydrolysis-limited conversion typical of WAS digestion (Ikumi et al., 2014). The
dynamic plant-wide simulations showed good agreement not only for BMP behaviour but also for effluent quality
indicators. As shown in Figure 2a, simulated effluent COD closely followed measured plant data, indicating that
upstream carbon capture and biomass production were realistically represented. Similarly, the model reproduced
the annual biogas production trend of the full-scale WWTP (Figure 2b), supporting transferability of the fraction-
based interpretation from laboratory to plant scale. Overall, the strong agreement between simulations and
measurements confirms the plant-wide biodegradability concept proposed by Ekama et al. (2007) and
demonstrates that methane recovery from HRAS sludge is fundamentally governed by biomass fraction
distribution.
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Figure 2. Measured and simulated effluent COD concentrations (a) and annual biogas production of the full-scale HRAS
WWTP (Cetinkaya et al., 2026).

Finally, the rapid VFA depletion observed within the first 3—5 days suggests that disintegration is not
required during the initial digestion period. Instead, selectively applying thermal hydrolysis which is called as
second-generation THP configuration to the remaining slowly biodegradable particulates may represent a more
energy efficient strategy to enhance long-term methane recovery from HRAS derived WAS. These findings
indicate that fraction-oriented evaluation provides a more realistic diagnostic basis than bulk organic metrics and
offers practical guidance for optimizing energy-positive WWTP configurations.
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