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STATE-OF-THE-ART NANOFILTRATION MEMBRANES WITH ADVANCED 

BIOPROCESSES FOR NEXT-GENERATION WASTEWATER MANAGEMENT, 

WATER RECLAMATION AND RESOURCES RECOVERY

Introduction:

Cutting-edge technologies are critical to Singapore’s sustainable water management. This proposal addresses the need for a resilient urban water 

systems, with a focus on industrial and municipal wastewater treatment to strengthen Singapore’s capacity for future demands and enhance 

resource recovery. Our approach integrates state-of-the-art membrane technology with advanced biological processes, namely Anammox–

Feammox, and membrane bioreactors (MBR), to deliver holistic, cost-effective, and energy-efficient solutions. The core is the development of 

novel chemically resistant membranes to (1) demonstrate proof-of-concept integration with Anammox–Feammox for industrial wastewater 

treatment, and (2) enable high-TRL deployment of an enhanced MBR technology for municipal water reclamation.

Industrial Wastewater Objective

We aim to develop an integrated biotechnology–membrane–crystallization system for treating high-strength, inhibitory wastewaters (e.g., from 

anaerobic digester or sludge/food waste co-digester centrates) while recovering valuable resources such as phosphorus. This supports 

Singapore’s efforts in sustainable sludge reuse and resource recovery. Key efforts include: (1) establishing a two-stage Anammox–Feammox 

process, (2) integrating with ion-selective, chemical-resistant nanofiltration (NF) membranes and fluidized bed crystallizers for simultaneous 

treatment and phosphorus recovery, and (3) reusing drinking water sludge as an iron source.

Municipal Wastewater Objective

Reclaimed water (NEWater) is vital to Singapore’s water security but costly to produce, with current systems achieving only 75–85% recovery. Our 

goal is to increase recovery to ≥90% while lowering costs. Key efforts include: (1) designing high-flux, pH-stable polymeric NF membranes 

operating at ~2 bar, (2) scaling up to 4-inch modules (TRL 6), (3) integrating NF modules with MBRs and downstream RO for higher recovery 

efficiency.

Strategic Alignment

While covering both industrial and municipal wastewater, our focus remains on integrating targeted biotechnologies with membrane systems to 

enhance existing solutions. This aligns with Singapore’s priorities and complements the efforts of our Chinese collaborators, who are also working 

on industrial wastewater treatment, resource recovery, and municipal system improvements. The Singapore-China collaboration is expected to 

yield synergistic, scalable outcomes benefiting both partners.
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