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In the United States, over 150 pure oxygen treatment
installations demonstrate these benefits (Water
Environment Federation, Oxygen Activated Sludge
Systems). Notably, many of these systems serve
large municipalities, highlighting the economic
efficiencies inherent in reduced spatial requirements.
The largest system, found in Chicago, is capable of
treating over 1.2 billion gallons per day (Municipal
Environmental Research Laboratory). On average,
most others manage between 50-200 million gallons
per day, emphasizing scalability and adaptability to
both large and medium-sized operations. 

The concept of activated sludge treatment originated
in the early 20th century, with the standard approach
relying on atmospheric aeration to supply oxygen to
microorganisms responsible for breaking down
organic waste. By the 1960s, engineers began
exploring alternatives to conventional aeration,
leading to the development of pure oxygen systems.
The adoption of High Purity Oxygen Activated Sludge
(HPOAS) processes was driven by the need for more
efficient treatment within limited land areas, especially
in growing urban regions (Metcalf & Eddy, 2014).

Commercial adoption of HPOAS systems accelerated
in the 1970s and 1980s, supported by research
demonstrating their effectiveness in achieving
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Pure oxygen systems have long been championed for their efficiency in wastewater
treatment. Authoritative texts have thoroughly explored this topic emphasizing that High
Purity Oxygen Activated Sludge (HPOAS) systems significantly enhance the rate of
biochemical reactions, reduce sludge yield, and improve overall treatment efficiency by
maintaining elevated dissolved oxygen levels. Additionally, these systems often have the
advantage of smaller footprints and increased removal rates.

Biological Process Details
HPOAS systems enhance the traditional activated
sludge process by introducing pure oxygen instead
of atmospheric air. This significantly increases
dissolved oxygen (DO) concentrations, promoting
more efficient microbial metabolism. The key
biological processes in an HPOAS system include:

Carbonaceous Oxidation: Heterotrophic
bacteria utilize organic matter as an energy
source, converting it into carbon dioxide and
water. Higher DO levels accelerate this
process (Grady et al., 2011).
Nitrification and Denitrification: Ammonia-
oxidizing bacteria (AOB) and nitrite-oxidizing
bacteria (NOB) thrive under oxygen-rich
conditions, converting ammonia to nitrate. In a
subsequent anoxic zone, denitrifying bacteria
reduce nitrate to nitrogen gas.
Sludge Reduction: The elevated DO
concentrations in HPOAS systems contribute
to reduced sludge production due to more
complete oxidation of organic material,
lowering disposal costs (Water Environment
Federation, 2018).

higher oxygen transfer rates and improved
pollutant degradation (Water Environment
Research, 1985). For decades, municipalities and
industrial facilities have increasingly turned to
HPOAS for high-strength wastewater streams.
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Infrastructure Requirements
Implementing an HPOAS system requires several key components:

Oxygen Generation and Storage: Typically supplied via on-site cryogenic oxygen generation or
bulk liquid oxygen delivery systems.
Covered Aeration Tanks: Unlike conventional open-air tanks, HPOAS systems require covered
reactors to maintain high oxygen concentrations and minimize oxygen loss.
Mixing and Diffusion Systems: Fine-bubble diffusers or submerged turbines ensure efficient
oxygen transfer into the wastewater.
Process Monitoring and Control: Advanced sensors for DO, pH, and oxidation-reduction potential
(ORP) ensure optimized biological activity and process stability (Environmental Science &
Technology, 2017).
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Key Advantages
The adoption of HPOAS offers several operational and environmental benefits:

Higher Treatment Efficiency: Pure oxygen accelerates microbial metabolism, allowing for greater
pollutant removal in a smaller footprint (Metcalf & Eddy, 2014).
Compact System Design: Smaller aeration tanks and reduced sludge production make HPOAS
ideal for space-constrained sites.
Lower Energy Consumption: Compared to conventional aeration, HPOAS systems require less
power for oxygen transfer due to the higher solubility of pure oxygen in water.
Enhanced Odor Control: The closed nature of some legacy HPOAS systems prevents volatile
emissions, reducing odor-related complaints (Water Environment Research, 2019).

Operational Challenges
Despite its advantages, HPOAS implementation presents several challenges, most of which are
eliminated or lessened with the Fuel Tech Dissolved Gas Infusion technology:

Oxygen Supply Dependence: Continuous access to pure oxygen is necessary, requiring reliable
on-site production or delivery logistics.
Capital Costs: Higher initial investment costs for oxygen generation equipment and covered
reactor infrastructure.
Process Control Complexity: Maintaining optimal DO levels and preventing oxygen oversaturation
requires advanced monitoring systems (Journal of Environmental Engineering, 2020).
Carbon Dioxide Buildup: Because bacteria produce CO2 as part of their respiration process and
the basins are covered, pH monitoring and control is required. One method employed was to vent
the basin headspace; however, this reduces oxygen transfer efficiency
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Conclusion
High Purity Oxygen Activated Sludge (HPOAS) systems represent a highly efficient alternative to
conventional aeration-based wastewater treatment. Their ability to enhance treatment efficiency,
reduce sludge production, and operate within a smaller footprint makes them well-suited for urban
municipalities and industrial applications. However, successful implementation requires careful
consideration of oxygen supply logistics, infrastructure costs, and process control strategies.

Future research and technological advancements in oxygen dissolution, onsite oxygen generation,
and real-time monitoring will further improve the economic viability and sustainability of HPOAS
systems. As wastewater treatment demands continue to grow, HPOAS remains a promising solution
for high-performance and space-efficient treatment processes. It also offers significant opportunities
for increasing capacity of conventional plants with minimal capital cost.
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Contact Fuel Tech today to explore
the benefits of high purity oxygen activated sludge.  
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