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Nitrous oxide from WWTP’s: a hot topic
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N2O emissions from (Dutch) WWTP’s

• Nitrous oxide (N2O) is a 265 times stronger greenhouse gas than CO2
• Nitrous oxide emissions of WWTP’s are determined with emission factors
• IPCC emission factor 1.6% from the incoming nitrogen (IPCC 2019)

• Dutch WWTP’s emission: 
• 624 kton CO2-equivalents N2O
• 62% carbon footprint of water authorities
• 8.7% total Dutch N2O emission



Carbon footprint AGV 2022 

Nitrous oxide (N2O) emission
all AGV WWTP’s

N2O = 61% Carbon footprint !
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N2O formation

• N2O is formed during biological nitrogen removal



Unique dataset
• Real-time N2O since 2016 
• Off-gas 2 of 7 (covered) aeration tanks
• More sensors (Research lane)



Full-scale research lane

Objective:  Reduction of nitrous oxide emission

Strategy:  Real-time control

Challenges: - N2O reduction control strategies still in their infancy
   - Seasonal peaks are not well understood 

53 m 
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N2O Control with AI

• Digital twin of the process is an AI model purely based on data:
• Because the theoretical basis of N2O emission is still incomplete and insufficiently validated
• To account for anything in practice that deviates from theory
• Faster than white box, white box not designed for RL training

• Control agent is AI model trained with Reinforcement Learning (RL):
• To explore the vast number of possibilities with a different control than in the past
• AI RL model can quickly determine the optimal control setpoint, useful in real-time control
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AI digital twin

AI digital twin:
Environment model

Input                                Prediction

Historical data

Process model
predicting near future
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AI control agent training

AI digital twin:
Environment model

Input                                Prediction

State - Prediction
Reward - N2O emission and energy

AI optimization 
agent

Reinforcement learning

Agent

Action - Oxygen setpoint
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AI control agent live

Real-time data

AI optimization 
agent

Agent

Oxygen setpoint



Model input



Effect of AI control



AI control on/off



Ammonia and N2O
peak shaving
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Future

• Further develop model control
• One winter 'fully' on model control
• Dot on horizon; expand to all treatment lanes



AI control on/off


