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‘ Topic
SN o Machine learning-driven dynamic prediction and

“ ‘V / optimization for ammonia recovery from WWTPs by
?r . membrane distillation systems

Prof. Alicia Kyoung Jin AN

Current position

B Professor, Department of Chemical and Biological Engineering, The Hong Kong
University of Science and Technology

B Adjunct Professor, School of Energy and Environment, City University of Hong Kong

B Co-Editors in Chief, the Journal of Water Process Engineering

B Editorial Board member, Desalination

Research interests

B Seawater desalination using membrane technology: Membrane distillation (MD), forward
osmosis (FO), and hybrid process with reverse osmosis (RO)

B Wastewater treatment and resource recovery

B Membrane fabrication and characterization

B Membrane-based technologies for removing emerging pollutants
B Water-energy-environmental nexus

Abstract

Ammonia recovery is crucial for environmental protection and resource sustainability, as it
helps mitigate nitrogen pollution and enables recycling of valuable resources. Membrane
distillation (MD) is a promising approach for high-purity ammonia recovery, but optimizing its
performance relies on understanding dynamic ammonia transport under varying conditions.
Conventional theoretical models often lack the flexibility to capture complex system dynamics,
while empirical models fail to generalize beyond specific experimental scenarios. Here, we
integrate machine learning (ML) with dynamic simulation techniques to model complex
nonlinear interactions, embedding empirical inference into theoretical frameworks. Key input
variables influencing the instantaneous rate of ammonia concentration change such as
temperature, pH, and ammonia partial pressure gradient, were identified through theoretical
analysis. An artificial neural network (ANN) was developed to simulate the instantaneous rate
of change of ammonia concentration on the feed side, achieving a high accuracy on the test
set (R2 = 0.8537). The ANN was further combined with the fourth-order Runge-Kutta (RK4)
algorithm to predict real-time ammonia concentrations and the cumulative ammonia recovery
rate. To optimize the instantaneous MD performance for ammonia, a wide range of ML-based
operational condition grid predictions was performed to identify optimal parameters. This
study enhances the comprehension of ammonia transport mechanisms in MD systems while
simultaneously advancing real-time process control and adaptive optimization, promoting
both theoretical development and practical implementation.
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Membrane-based selective recovery of ammonia,
VFAs, and phosphate from complex waste streams:
From lab to pilot

Prof. David Jassby

Current position

B Professor, Department of Civil and Environmental Engineering, University of California,
Los Angeles

Research interests

B Environmental applications of nanotechnology
B Membrane separation processes

B Membrane material fabrication

B Water treatment and desalination

Abstract

Wastewater contains recoverable chemical resources, including nitrogen, phosphorus, and
reduced carbon compounds. However, conventional treatment processes often destroy or
dilute these species rather than recover them. This talk will describe a series of electroactive
and ion selective membrane platforms that use localized interfacial chemistry, electrically
driven transport, and molecularly selective pathways to recover valuable species from
complex aqueous streams. The first platform uses electrically conducting gas stripping
membranes to recover ammonia from wastewater. By applying a cathodic potential directly
at the membrane surface, hydroxide is generated at the water membrane interface, locally
converting ammonium to volatile ammonia without increasing the bulk pH. The resulting
ammonia is transported through the hydrophobic membrane and captured in an acid stream.
Early nickel-based membrane electrodes achieved high rate ammonia recovery with lower
energy demand than separated electrode and membrane configurations, while later carbon
nanotube/nickel and carbon cloth-based membranes simplified fabrication and improved flux,
cost, and scalability. The second platform extends the same interfacial control concept to
reduced carbon recovery, using electroactive gas stripping membranes for volatile fatty acid
extraction. In this system, anodic pH swing and localized Joule heating are combined in a
multilayer membrane to protonate and selectively volatilize acetic acid, enabling high flux and
high acetic acid to water separation without heating or acidifying the entire feed stream. The
third platform targets selective phosphate ion recovery using mixed matrix ion exchange
membranes. Hydrous manganese oxide (HMO) nanoparticles embedded in cation exchange
polymers create reversible, phosphate specific outer sphere complexation sites, producing a
reverse selective pathway that allows phosphate transport while excluding competing anions.
Subsequent work increased HMO loading, improved phosphate flux, and developed
predictive phase inversion models that connect formulation, demixing, morphology, and ion
transport performance.

Together, these studies show how membranes can move beyond passive barriers toward
active, chemically programmed interfaces for low energy, selective resource recovery.
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Efficient recovery of organic matter and ammonium
nitrogen from mainstream municipal wastewater

: ' treatment using membrane technology
//
‘ &\‘

Prof. Katsuki Kimura

Current position

B Professor, Division of Environmental Engineering, Hokkaido University
B Fellow, International Water Association (IWA)

B Strategic Counsil Member, IWA

B Chairman, IWA Particle Separation Specialist Group

Research interests

B Application of membrane technology to water/wastewater treatment
B Understanding of phenomena in membrane fouling

B Recovery of energy and resources from wastewater

B Fate of organic-micro pollutants in wastewater treatment

Abstract

Conventional wastewater treatment relies on biological nitrification-denitrification, which
consumes substantial aeration energy and generates nitrous oxide (N20), a potent
greenhouse gas. To achieve a fundamentally carbon-neutral municipal wastewater treatment,
we propose a sustainable alternative using a membrane contactor (MC) for direct, unreacted
nitrogen recovery. We coupled a high-rate membrane bioreactor (HR-MBR) with an open-
loop MC system to continuously recover both organic matter and ammonium nitrogen from
mainstream municipal wastewater. Real municipal wastewater was pretreated via an HR-
MBR, extracting over 75% of organic matter while leaving ammonium intact in the permeate.
The open-loop MC system consisted of two polypropylene hollow fiber modules in series
(total area: 2.8 m?). The permeate flowed through the shell side at 40 mL/min (total HRT: 20
min), while a sulfuric acid stripping solution circulated through the lumen side. To suppress
osmotic water vapor transfer, membrane configurations and acid chemistry were optimized.
At a feed pH of 9.6, near-complete total ammonia nitrogen (TAN) removal over 15 days was
achieved by the system, mitigating severe fouling and reducing alkali consumption, which
was provided by the pre-treatment with HR-MBR. Although severe acid dilution from water
vapor transport was encountered in the long-term operation, adequate selection of
membrane modules and a regulation of acid solution drastically minimized water migration.
We could obtain concentrated ammonium sulfate solution with TAN concentration of >9,000
mg/L. However, over a 45-day operation, fouling in the MC dropped mass transfer coefficients
to 50%. Chemical cleaning fully restored the second-stage module, but the first-stage showed
no recovery, indicating that severe foulants selectively adsorbed onto the lead module.
Detailed investigation on fouling in MC is necessary.
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, Innovations toward AnMBR-centered process for
-~ wastewater treatment and reuse

Prof. Jeonghwan Kim

Current position

B Professor, Department of Environmental Engineering, Inha University, 2008-current

B Ph.D. Environmental Sciences and Engineering, The University of North Carolina at
Chapel Hill, 2000-2005

B Post-doctoral Research Associate, Michigan State University, 2006-2008

Research interests

B Membrane technologies for water and wastewater treatment

B Anaerobic membrane bioreactor and its centered process for resource recovery
B Fouling control and modelling in anaerobic fluidized bed membrane bioreactors
B Hybrid MBR system for high valued products and wastewater management

Abstract

Wastewater is considered more as valuable resources to be recovered than waste to be
treated, i.e., a resource for water, for plant nutrients and for renewable energy. Municipal
wastewater contains organic matter rich in recoverable carbon and electrons. Anaerobic
systems recover carbon and electrons by converting organics into methane, a renewable
energy or carbon source, while avoiding aeration and minimizing biosolids production. The
incorporation of membranes enhances hydrolysis and produces particle-free effluent while
the incorporation of biocarriers retains biomass and reduces biomass loading on membranes.
Nevertheless, challenges need to be resolved to reduce membrane fouling which is a long-
standing problem in anaerobic membrane bioreactor (AnMBR) effectively at low energy
required for its control. In addition, methane production rate employed by low-strength
wastewater is very slow, through the AnMBR, although high biomass can be retained.
Recently, many efforts have been made to integrate AnMBR with electrochemical technology
to provide high synergistic impacts on the enhancement of methane production kinetics and
antifouling efficiency on membrane. Here, electrochemical conductive membranes (ECMs)
are increasingly used in anaerobic electrochemical membrane bioreactors (AnEMBR)
because they posse superior electron transfer capabilities. Advancements in AnMBR
technology have opened exciting possibilities for sustaining water quality control in
wastewater reuse because it produces an effluent that can serve as a valuable nutrient
source. In this presentation, recent studies on anaerobic fluidized bed membrane bioreactor
(AFMBR) centered process intensified for sustainable resource recovery and wastewater
treatment and reuse are discussed. Suggestions to overcome current limitations faced to
achieve sustainable goals are provided by presenting cutting-edge data to broaden the focus
of multidisciplinary studies on the AnMBR innovative technology.
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