
Biological Engineering: 
Wastewater Innovation at Scale

BE:WISE Facility

Phase 1 Build
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30% Water

Wastewater challenges ... affordability

40% Wastewater
• Aeration

30% Financing cost: 
• 25 years for fixtures
• 50 years for concrete!

£100 billion invested in the UK alone since 1998

2.6 Billion people without sanitation

(42% of the world’s population)



UK Water Industry:

• 3% total UK electricity – up to 1% on aeration alone 

• 4 M tonnes total CO2 emission; 0.5% total UK emissions

Economic and Environmental Costs
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Wastewater challenges…sustainability



Wastewater challenges…scaling up experiments

Laboratory

£100’s

Replication

Cost

No. bacteria

High

1011; 100,000 million

Diversity ~20% of full-scale

Practitioner credibility Low

Pilot-scale

Thanks to: 
Bruce Jefferson & Ana Soares

Rare

£100,000’s

1015; quadrillion 

~90% of full-scale

High

£££



EPSRC-funded BE:WISE Research Facility

European first

Open to international 
researchers

NU key node in major 
international doctoral 
training programmes:

• UK (5 universities)
• Europe (5 universities)
• USA (4 universities)



Membrane Bioreactors
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Sustainable technologies

4 - 18°C

Methane

Methane-producing low temperature anaerobic 

treatment with cold-adapted microbes

Petropolous et al., submitted 



Heidrich et al., 2013, Appl. Microbiol. Biotechnol. 

H2-producing Microbial Electrolysis Cell (MEC)

World’s first working proof-of-concept 
MEC using real wastewater

Sustainable technologies



Innovation is Slow & Expensive

Pilot Scale experiments/trials:
£100,000’s > 1 year



Stefan Thomke: Harvard Business School

BMW use testing 
and simulation to test fast and cheap



Simulation is possible: But not credible

A model of a  Floc
(Ofiteru et al.,  2014)

A Floc of Bacteria



Validation

• Validation

– Of models

– Highly visible Pilot Plant

– Close collaboration

Heidi Mottram CEO Northumbrian Water 

https://www.youtube.com/watch?v=VIsaF9KN8Gg

https://www.youtube.com/watch?v=VIsaF9KN8Gg



