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Feed Backward Control Feed Backward Control creates new properties
- robust and stable control of set point within the stability limits
- Oscillations outside stability limits
- Difficult to distinguish cause and effect
- ….

Control Structurs
Combinations of feed forward 
and feed backward



Feed Forward and Feed Backward Control

https://www.ted.com/talks/raffaello_d_andrea_the_astounding_athletic_power_of_quadcopters

By Josh Sorenson - https://www.pexels.com/photo/quadcopter-flying-on-the-skey-1034812/ archived on 20 May
2018 at the Wayback Machine, CC0, https://commons.wikimedia.org/w/index.php?curid=69306462
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Feed Backward in Wastewater Treatment:
Why is the Activated Sludge Process that Robust?
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Murray Gell-Mann: The Quark And The Jaguar: Adventures in the Simple and the Complex
Robert B. Laughlin: A Different Univeerse: Reinventing Physics from the Bottom Down
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Due to feed backward loops invented by nature and
enhanced by numerus observations of environmental engineer
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From Static to Dynamic Control of WWTP 
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Variation Input
• Diurnal variations
• Weekly variations
• Yearly variations
• Temperature
• Rain events
• Industry
• Accidents

• Return sludge
• Internal
• Recirculation
• Flocculants
• Sewer management
• …

• Distribution of load
• Hydraulic, mixing
• Aeration
• Dosage of supernatant liquor
• Sludge age

Optimization parameters
• Reliability of operation
• COD degradation
• Nitrification
• Denitrification
• Nitrite reduction
• Phosphorus reduction
• Energy consumption
• Flocculants dosage
• Laughing gas reduction
• Reduction of Micropollutants
• …

Optimization goals



Challenges and Solutions for Dynamic Control (incomplete)
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Large scale turbulence,
incomplete mixing

Instable controllers
MiMo-Problems

Complex (ASM)-models
Limited information about process

- Simplify models to the max
- Sensor networks to determine
the state of the plant

- Optimized control structures- Reactor cascade with 
baffles and stirrers



Guideline for Dynamic Control of WWTP
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We estimate a 30%
increase in capacity,
compared to average
Swiss WWTP with
moderate investments.

https://luiw.ethz.ch/projekte/dyrpa.html
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