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Background

Global food security relies on nitrogen (N) and phosphorus (P)
fertilizers. However, current N production is energy-intensive, and
P is a finite mineral resource. Furthermore, up to 70% of applied
nutrients are lost to the environment, causing pollution and
increased costs. To address this, sustainable resource recovery
from nutrient-rich waste is essential. We use an Anaerobic
Membrane Bioreactor (AnMBR) platform to treat swine wastewater,
generating a particle-free permeate ideal for tailored recovery:
Our work demonstrates a novel sequential recovery approach:

Setup Description

Dual Nutrient Recovery starts with ammonium (NH4*) capture using
natural clinoptilolite packed into three glass columns in series.
Swine permeate is fed upward at a constant rate via peristaltic
pump, with flow controlled by a predictive model to maintain
effluent NH4*-N below 25 mg/L.

For sequential phosphorus recovery, the permeate is first
pretreated in batch reactors by adjusting pH to -4.5 with HCl and
aerating for one hour to strip CO2 and minimize carbonate
interference. Calcium oxide is then added, and the mixture is
stirred for 5 hours before settling for 7 hours to allow floc
formation, CaP precipitation, and sedimentation. Solids are
collected from the basin bottom, centrifuged, and recovered as
fertilizer product.
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Above Graph demonstrates a correlation between initial P concentration (mg/L)
and P Removal Efficiency (%), indicating that higher starting concentrations lead
to better recovery performance.

Trial 3
initial P: 108 mg/t
RE %

Above Graph Comparative P recovery showing the distinct recovered material from Trials 1,
2, and 3—all achieving superior efficiency (recovery-99%) versus the significantly lower-
performing control (recovery which lacked aeration and pH adjustment
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Above Graph: Schematic of Ammonia capture efficiency and loading capacity for
clinoptilolite

Results (continued)
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This research confirms the successf
integrated, dual-product recovery plati
swine wastewater. The platform efficientl
(N) and phosphorus (P), transforming a ca@
high-value resources. For N recovery, a pre:
guided adsorption onto clinoptilolite,
controlled ammonia removal. For P recove
carbonate interference was successfully ove
acidification and aeration. Crucially, it was’
influent P content correlated with higher rei
optimized method successfully produced
phosphate fertilizer.

This demonstrates that customized nutrient rec s technically
feasible and highly efficient, providing a co model for
resource circularity. Future work should prioritize hno-economic

analysis and pilot-scale testing to validate long- commercial

viability.

Future Plans

* Clinoptilolite Regeneration and Performance: Investigate the
regeneration of spent clinoptilolite to establish a sustainable,
cyclic operation. This includes assessing the effect of regeneration
on subsequent ammonium adsorption efficiency and capacity.

* Process Optimization for Extended Operation: Optimize the
column setup to achieve a significantly longer breakthrough time.

* Large-Scale Applicability and Validation: Utilize the optimized
findings ) to inform and conduct pilot- or full-scale studies. This
step is essential for validating the system's performance, stability,
and techno-economic feasibility under real-world, large-volume
conditions.
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