Combined treatment of a gas-permeable membrane contactor and an anaerobic
membrane bioreactor for the valorisation of a high-strength industrial wastewater
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Abstract:

The circular economy paradigm emphasizes waste valorisation and resource recovery, driving the development of
sustainable alternatives to traditional wastewater treatment processes. In this context, anaerobic membrane
bioreactors (AnMBR) emerge as a key technology that enables the production of bioenergy from the biodegradable
organic matter of wastewater (Vinardell et al., 2020). Concurrently, nitrogen recovery technologies, such as gas-
permeable membranes (GPM), present a promising solution for highly ammonium-loaded wastewaters
management (Daguerre-Martini et al., 2018) while producing a nitrogen-based valuable resource. Integrating
nitrogen recovery processes with an AnMBR not only could maximise resource recovery from residual streams,
but also could avoid a potential inhibition of methanogens due to high free ammonia concentrations. The aim of
this study is to assess the feasibility of a two-step process that combines a GPM and an AnMBR to recover nitrogen
and to produce methane from an animal by-product (ABP) wastewater highly loaded in biodegradable organic
matter and Total Ammonium Nitrogen (TAN).

The ABP wastewater (8.1 g CODsorusLe/L; 4.8 g CODvra/L; 1.42 g TAN/L) was sourced from a food
processing industry in Catalonia (Spain). The GPM setup (Serra-Toro et al., 2024) included two stirred tanks with
temperature control (35 °C) and a volume ratio of 2 L/L between the feed tank (centrifuged ABP) and the trapping
solution tank (diluted H,SO4). Two polypropylene gas permeable membrane contactors in series were used, with
the feed circulating in the shell side and the acidic trapping solution in the lumen side to strip NH3 and produce
(NH4)2SO4. The pH in the feed tank was maintained at alkaline values (above 8.0) using an initial KOH dosage
that enabled the recovery of most of the TAN content in 5h cycles. The AnMBR set-up combined an anaerobic
reactor and an ultrafiltration membrane module to uncouple the hydraulic retention time (HRT) and the Solid
Retention Time (SRT), with continuous stirring and temperature control at 35 °C via a thermostatic bath. The
reactor featured a feeding port, biogas outlet, and a loop for transporting mixed liquor to the membrane unit. Biogas
was bubbled in a NaOH solution to capture CO,, and then directed to a gas counter to monitor methane production.
The membrane module was equipped with a peristaltic pump, two valves and two manometers to control and
monitor the working transmembrane pressure. Analyses were performed according to the Standard Methods
(APHA, 2005).

The GPM operation enabled a nitrogen recovery efficiency above 93% from the ABP effluent without
affecting its COD content. The recovered TAN was concentrated in the acidic trapping solution and the ammonia
mass transfer constant (K,) remained constant during the whole process operation, without the detection of fouling
and wetting issues. The treated effluent of the GPM was fed to an AnMBR unit that enabled the conversion of
biodegradable COD into biogas with an average methane production yield of 244 NmL CH4/g COD fed during its
steady operation (113 days of operation). The permeate of the AnMBR was characterised by a low VFA and TAN
concentration (average values of 24 mg CODvra/L and 52 mg TAN/L, respectively) and a pH around 8.3. To sum
up, this study demonstrates that the treatment of an ABP wastewater by integrating a GPM unit and an AnMBR
could lead to two key outcomes: the production of a concentrated (NH4)>SO4 solution with high purity and the
efficient valorisation of the effluent through anaerobic digestion.
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