Combination of acidogenic fermentation and gas-permeable membranes to
produce VFA and recover ammonia
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Abstract:

Volatile fatty acids (VFAs) produced through acidogenic fermentation of organic waste streams
are key intermediates for waste-to-resource biorefineries, as their composition strongly influences
downstream conversion pathways (Agnihotri et al., 2021; Valentino et al., 2021; Bhatia et al., 2025).
However, high total ammoniacal nitrogen (TAN) concentrations in fermentation liquids may hinder the
valorisation of VFAs in subsequent processes. This study investigates the integration of gas-permeable
membranes (GPM) into the acidogenic fermentation of the organic fraction of municipal solid waste
(OFMSW) to enable simultaneous VFA production and TAN recovery, while tuning the VFA profile
towards more favourable compositions for certain downstream applications. The microbial community was
also studied throughout the operation to obtain further insight into the underlying processes.

Initially, TAN recovery using a tubular hydrophobic expanded polytetrafluoroethylene (ePTFE)
membrane was evaluated in batch assays using synthetic wastewater enriched in TAN and acetic acid,
operated at 35 and 55 °C and controlled pH values between 8 and 10. Ammonia was recovered into an
external acidic trapping solution (pH 2) as ammonium sulphate. Subsequently, long-term continuous
fermentation of OFMSW was carried out for 102 days in two parallel 5-L stirred reactors operated at 35 °C
and a hydraulic retention time of 4 days (Figure 1). One reactor served as a control without pH regulation,
while the second reactor was equipped with submerged GPMs connected to an external trapping solution
and operated under 5 stages: (i) biomass adaptation, (ii) no pH control, (iii) GPM operation with OFMSW
fed at pH 9, (iv) GPM operation with a fermenter working pH of 9, and (v) increased membrane surface-
to-volume ratio by reducing the working volume of the reactor.
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Figure 1. Experimental set-up for the fermentation process combined with the nitrogen recovery using GPM.

Membrane tests performed with synthetic solution showed ammonia permeabilities of up to (7.64
+ 0.27)-10° m/s, with TAN recovery partially affected by osmotic water transfer at high ammonium
sulphate concentrations in the trapping solution. During long-term OFMSW fermentation, both reactors
exhibited stable VFA concentrations over time and operating stages, with mean values in the range of 30-
35 g COD/L (Figure 2). Nevertheless, the VFA composition differed markedly between systems. While the
control reactor was dominated by propionate and acetate, the membrane-equipped reactor operated at pH 9
showed a distinct enrichment in acetate and butyrate of 39 and 22% in COD basis, respectively. TAN was
progressively recovered in the GPM reactor, decreasing from initial levels to 3.5, 2.5 and finally 0.2 g N/L
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in the fermentation broth, with a corresponding accumulation of nitrogen in the acidic trapping solution.
The VFA yields of the fermenters remained around 0.35 g COD/g VS, reflecting the high initial VFA content
of the OFMSW feedstock. The observed variations in VFA profiles suggest that microbial community
composition plays a key role in shaping process responses to operational changes. Thus, microbiological
analyses were performed to track the dominant populations throughout the different operating stages and
to link community dynamics with the resulting VFA distribution.
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Figure 2. Fermentation monitoring: total VFA and VFA/sCOD relation (upper), pH (middle), and TAN concentration
(bottom) inside both reactors.

To sum up, the integration of GPMs into acidogenic fermentation enabled efficient TAN recovery
exceeding 90% while maintaining stable VFA production and promoting a shift in VFA composition. The
coupled fermentation—-membrane system demonstrated technical robustness and operational feasibility,
generating a VFA-rich effluent with a high C/N ratio suitable for downstream applications such as
polyhydroxyalkanoate synthesis.
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