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Agenda

• Non-steady-state plant operating conditions
• ASM and feed forward control
• Aeration control
• Aeration energy
• Case Study - Phoenix



Biological Nutrient Removal

• Microorganisms do all the ‘dirty’ work
• To optimize their unique abilities we must supply 

them with the appropriate  environment as they are 
carried through the biological reactor

What environmental factors can be controlled in 
a waste water treatment plant?
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The SCADA controls the plant 
according to:

• Fixed DO set-points
• Fixed  IRQ ratio
• WAS  rate to achieve a fixed SRT
• Fixed or uncontrolled centrate return

All are based upon peak loading and do not take 
into account diurnal fluctuations.

Current Control Practices
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Feed-Forward Control

• Proactive
• Necessary when there 

are delays between the 
process input and 
process output

• Requires a model

Feed-Back Control

• Reactive
• Applicable when there is 

little time lag between 
the process input and 
process output

• Does not need a model
• Often use PID loops

Feed-Forward vs. Feed-Back Control



Feed Forward Controller
BioWinTM GPS-XTM

Activated Sludge Model - ASM



Kinetic Expression of Nitrification Rate & 
Ammonia Utilization Rate

• NR: Nitrification rate
• AUR: Ammonia utilization rate
• Key parameter: 

µmax_A   and   KO2 need to be calibrated
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Typical DO Control Based on Constant Gain
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• The Aeration Control System is based on the ASM 
feed-forward model

• Oxygen requirement increases with NH3 loading

• Calculated airflow rates are based on real time 
oxygen requirements and the deviation from the 
dynamic DO setpoint

• The ABAC controls the blower to provide the 
required airflow and the air distribution system to 
deliver the air according to the calculations

Ammonia Based Aeration Control
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Oxygen Transfer Efficiency OTE

Where: α, F = are constants
β = 0.95
Cs,T = 9.08 mg/l, saturation conc. at T=20°C
C = DO concentration
SOTE = (0.3q-0.15) 

for membrane disk diffuser at depth of 15ft 
q = diffuser airflow rate
Barometric pressure = 1 atm
Process oxygen demand is constant

Ts,Ts,f C / C])(C[ (SOTE) F OTE −= βα
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Phoenix 23rd Avenue WWTP
Four 16 MGD Trains



User Interface from Phoenix 23rd Ave.
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Demonstrated Savings 15.3%
Current Power Usage 771.8 kWh/MG
Flow Rate 48 MGD
Estimated Power Cost $0.12/kWh
Daily energy savings   5,557 kWh

Annual Savings of $243,000
and 2000 MWh

Annual Savings



Conclusions 

Ammonia Based Process Control:
1. Ensures permit compliance
2. Improves process stability
3. Saves energy
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