
Aeration Optimization in Wastewater 
Treatment 

Why It Matters, Why It Is Hard, and What Is Changing 

Executive Summary 
Aeration is the largest energy consumer in most activated-sludge wastewater treatment plants, 
often accounting for 40 to 60 percent of total electricity use. It is also one of the most 
operationally complex processes to control, directly influencing effluent quality, biological 
stability, nutrient removal performance, and operating costs. 

Despite its importance, aeration control at many facilities still relies on conservative operating 
strategies that struggle to adapt to changing influent conditions, equipment degradation, and 
nonlinear biological behavior. While these approaches prioritize compliance and reliability, they 
often do so at the expense of efficiency. 

This paper examines why aeration is critical, why it remains difficult to optimize, the spectrum of 
aeration control strategies currently in use, and how emerging adaptive approaches are 
reshaping what is possible in modern treatment plants. 

 

1. The Role of Aeration in Biological Treatment 
In activated sludge and related biological processes, aeration serves two primary functions: 

●​ Supplying dissolved oxygen to support aerobic microorganisms 
●​ Providing mixing to keep biomass and substrates in contact​

 

Adequate oxygen transfer is essential for carbon oxidation, nitrification, and in some 
configurations, enhanced biological phosphorus removal. Insufficient aeration can lead to 
process instability, permit violations, and odor issues. Excessive aeration wastes energy, 
accelerates equipment wear, and can negatively impact downstream processes such as 
denitrification. 

Because biological oxygen demand fluctuates continuously with influent flow, load, temperature, 
and biomass health, the true oxygen requirement of a basin is never static. 



 

2. Why Aeration Is So Energy Intensive 
Aeration systems consume large amounts of power because oxygen transfer in water is 
inherently inefficient. Key contributors include: 

●​ Low oxygen solubility in wastewater 
●​ Energy losses in blowers, piping, and diffusers 
●​ Fouling and aging of aeration equipment 
●​ Conservative safety margins are used to ensure compliance 

In the face of uncertainty, many plants default to overaeration as a risk mitigation strategy. While 
this reduces the likelihood of short-term upsets, it often results in sustained and unnecessary 
energy consumption over time. 

 

3. The Spectrum of Aeration Control Strategies 
In practice, aeration control ranges from relatively simple to highly sophisticated. While 
dissolved oxygen control is often treated as a baseline, many facilities operate at a lower level 
due to legacy infrastructure, risk tolerance, staffing constraints, or capital constraints. 

Understanding a facility's position on this spectrum is critical when evaluating opportunities for 
aeration optimization. 

3.1 Fixed and Operator-Driven Control 

At the most basic level, some plants still operate blowers at fixed speeds or simple on-off logic. 
These systems provide minimal responsiveness to changing process conditions and rely heavily 
on conservative operating margins to avoid compliance risk. While simple and robust, this 
approach almost always results in chronic overaeration. 

A step up from this is operator-controlled aeration using variable frequency drives. In this 
configuration, operators manually adjust blower speeds or air distribution based on experience, 
trends, or periodic sampling. While this provides greater flexibility than fixed speed operation, 
performance remains highly dependent on operator attention and consistency, and adjustments 
are often reactive rather than anticipatory. 

3.2 Dissolved Oxygen-Based Control 



More advanced facilities implement automatic dissolved oxygen control, where blower output or 
air valves are modulated to maintain a fixed or operator-defined DO setpoint. This approach 
requires reliable DO sensors and feedback control, typically PID-based. 

While this represents a meaningful improvement over manual control, it still assumes that a 
single DO target is appropriate across varying influent conditions, temperatures, and biological 
states. As a result, DO control alone often stabilizes the process without fully optimizing energy 
use. 

3.3 Ammonia-Based Aeration Control 

To better align aeration with true biological demand, some plants adopt ammonia-based 
aeration control strategies. These heuristic approaches adjust aeration intensity based on 
measured ammonia concentrations, indirectly targeting nitrification performance rather than 
dissolved oxygen alone. 

Ammonia-based control can significantly reduce overaeration during low load periods while 
maintaining compliance during peaks. However, performance depends heavily on rule tuning, 
sensor reliability, and the ability to manage interactions with other process objectives. 

3.4 Model Predictive and Advanced Control 

At the most advanced end of the spectrum are model predictive control-based ammonia-driven 
strategies. These systems incorporate dynamic process models to anticipate future conditions, 
optimize control actions over a defined time horizon, and explicitly manage tradeoffs between 
energy use and effluent risk. 

While powerful, these approaches require accurate plant models, robust instrumentation, and 
ongoing maintenance to remain effective as the process evolves. Model drift, sensor 
degradation, and changing influent characteristics can limit long-term performance if not actively 
managed. 

 

4. Why Aeration Remains Difficult to Optimize 
Aeration control is challenging because it sits at the intersection of multiple nonlinear and 
interacting systems: 

●​ Biological kinetics that vary with temperature and biomass health 
●​ Hydraulic variability driven by diurnal and wet weather patterns 
●​ Equipment performance that degrades over time 
●​ Regulatory constraints that impose strict performance bounds 



Aeration control is further complicated by large inherent time delays between control actions 
and observable process responses. Changes in airflow may be reflected immediately in 
dissolved oxygen measurements, but the biological response, particularly nitrification 
performance, often unfolds over much longer time scales. These delays make it difficult to infer 
cause and effect, increase the risk of oscillatory behavior in conventional feedback control, and 
encourage conservative operating strategies that favor stability over efficiency. 

Small changes in one variable can produce disproportionate impacts elsewhere in the process. 
This makes aeration a particularly poor candidate for static models or one-size-fits-all control 
strategies. 

 

5. Emerging Adaptive Approaches 
Recent advances in sensing, data infrastructure, and computing have enabled more adaptive 
control approaches that move beyond fixed logic and static models. 

Common characteristics of these approaches include: 

●​ Continuous learning from real-time plant data 
●​ Adaptation to changing conditions without manual retuning 
●​ Explicit handling of tradeoffs between energy efficiency and process risk 
●​ Operation within defined safety and compliance constraints​

 

Rather than relying solely on predefined equations or rules, adaptive systems learn how the 
process responds to control actions and improve performance over time. 

 

6. Operational and Economic Benefits 
Plants that successfully implement advanced aeration optimization often realize benefits such 
as: 

●​ Reduced blower energy consumption 
●​ Improved effluent stability and compliance margin 
●​ Lower operator workload and fewer manual interventions 
●​ Increased resilience to influent variability 
●​ Better visibility into true process constraints 

Importantly, these gains are achieved not by pushing the process harder, but by operating closer 
to its true optimal operating point with greater confidence. 



 

7. Practical Implementation Considerations 
For utilities and engineering teams evaluating advanced aeration control, several practical 
considerations are critical: 

●​ Integration with existing SCADA and automation systems 
●​ Use of existing sensors versus new instrumentation 
●​ Transparency and operator trust 
●​ Clearly defined guardrails and fail-safe behavior 
●​ Incremental deployment and validation​

 

Successful adoption depends as much on operational confidence and change management as 
on technical performance. 

 

8. The Future of Aeration Control 
As treatment plants face rising energy costs, stricter permitting requirements, and greater 
variability due to climate change and population growth, aeration optimization will remain a 
high-impact opportunity. 

The industry is steadily moving toward systems that can adapt continuously while respecting the 
operational realities of critical infrastructure. Aeration, long recognized as both essential and 
inefficient, is becoming one of the clearest areas where advanced control can deliver durable 
value. 

 

Conclusion 
Aeration lies at the heart of biological wastewater treatment and at the center of many 
operational and energy challenges. Traditional control strategies have delivered reliability, but 
often at the cost of efficiency and flexibility. 

As control approaches evolve from fixed logic to adaptive systems, aeration optimization is 
shifting from an operator burden to a strategic lever for improving plant performance, resilience, 
and sustainability. 
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