
  

SUMMARY 

   

The largest energy consumer in a conventional wastewater treatment 
plant (WWTP) is aeration for biological removal of contaminants. Also 
known as the activated sludge process, aeration is required to aid in 
removal of biochemcial oxygen demand (BOD) and nutrients. Across 
the US, new regulations are being implemented which require a higher 
removal of nutrients, specifically nitrogen. Reducing the amount of 
aeration in WWTP directly effects the conversion of ammonia to nitrate, 
or nitrification. Recent research demonstrates the potential for 
nitrification at lower dissolved oxygen (DO) concentrations. However, 
under low DO conditions, nitrous oxide (N2O) can form due to 
incomplete nitrification. Nitrous oxide is a potent greenhouse gas, and 
induces greater environmental damage than carbon dioxide in the 
atmosphere. Thus, nitrous oxide requires monitoring and potentially 
capturing the nitrous oxide emissions. Testing an activated sludge 
system at various low DO concentrations will determine a range of DO 
concentrations where it is possible to maximize nitification without 
harming the environment due to excess nitrous oxide production. 
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TEST BEDS 

MATERIALS AND METHODS  

Evaluation of nitrous oxide production in a low dissolved oxygen sequence batch bioreactor 

RESEARCH HYPOTHESES 
Nitrous oxide production can be minimized at low DO conditions (0.4-0.8 mg/L) by 
maintaining low levels of nitrite during nitrification and denitrification and a high 
chemical oxygen demand to nitrogen (COD/N) ratio during denitrification 

•  Mines Park Water Reclamation Test-Bed (E1) 

BARRIERS TO REINVENTION 
•  Traditional activated sludge WWTP do not operate aeration basins less than 2 

mg/L O2. Operation at lower DO concentrations would require a paradigm shift 
for operators and more education.  

•  Current nitrous oxide emissions are not being quantified by WWTP, and thus do 
not have a drive to self-regulate 

•  Nitrous oxide can be continuously produced throughout the wastewater 
treatment process, so it is difficult to control production.  

RELEVANCE AND IMPLICATIONS 

CONCLUSIONS AND CONTINUED WORK 
•  A low DO concentration that completes nitrification is possible, but dependent on 

other factors. A range of concentrations will be delivered, depending on these 
factors. 

•  A bench-scale BR system is constructed, but requires more time to build up 
sufficient solids and microorganism concentrations to simulate a real activated 
sludge system. 

•  Future work includes developing the model and validating the model with data 
collected from the BR, as well as completing a LCA with the compiled results. 

By evaluating the LCA of the low DO concentrations, the urban water sector may 
be able to save energy by using less energy to aerate sludge, while keeping a low 
greenhouse gas footprint. This ensures that less money and energy are spent, 
while also protecting the environmental resources. 

Figure 1. A schematic of the batch reactor located at Mines Park Water 
Reclamation Test-Bed   

Figure 2. The nitrogen cycle showing production of nitrous oxide, Kampschreur 
& van Loosdrech 2009 

•  Production of nitrous oxide occurs most in activated sludge tanks, but can also 
occur in grit tanks, pre-sedimentation tanks, sludge storage tanks, and clarifiers  

•  The most relevant parameters of nitrous oxide production include: 
-  A low DO concentration in the nitrification stage 
-  Increased nitrite in nitrification and denitrification stages, with a sufficient 

oxygen supply, for nitrite oxidation to occur 
-  Low COD/N ratio in denitirification stage 

•  Factors that effect nitrous oxide emissions 
-  Short solids retention time (SRT), toxic compounds, low temperatures, high 

salinity, and an increase in ammonium concentrations 
-  Intermittent aeration/oxygen limitation 

OBJECTIVES 

• Kinetic biological modeling using various DO conc.: 0.4, 0.6, 0.8, 1.0, 2.0 mg/L 
• Evaluating the transition between the DO scenarios 
• Predict scenarios in pilot scale with mass balance equations  

 
 

-  Where MN,ATM is the mass of the nitrogen denitrified into the atmosphere either 
as nitrogen gas or nitrous oxide, MN,Info is the mass of nitrogen in the influent, 
MN,Eff is the mass of nitrogen in the effluent, and MN,S is the mass of nitrogen in 
the solids. 

-  The left side of the equation is the change in mass of N2O-N in the reactor 
zone over time. The first quantity on the right side of the equation is the sum 
of I mass flows of N2O-N into the reactor zone, the second is the sum of j 
mass flows of N2O-N out of the reactor zone. The third is the mass transfer of 
N2O-N from the reactor liquid to gas phase. Finally the last quantity is the net 
generation of N2O-N in the reactor zone. 

Nitrous Oxide Modeling: 

Nitrous Oxide Experiments: 
• Pilot scale testing with SBR system using a gas chromatograph (GC) to evaluate 
nitrous oxide production, focusing on the activated sludge tanks 

• Evaluate nitrous oxide production during transitioning DO concentrations with a 
GC  

• Compare data from GC to mass balance equations and sample testing 

Life Cycle Assessment: 
• Evaluate the electricity and power used in BR system, and then calculate which 
and how much greenhouse gases are emitted  

• Evaluate how much nitrous oxide is being released at the DO concentration, as 
well as during transitioning periods 

• Compare the effects of greenhouse gas emissions from energy consumption to 
assess the most beneficial DO concentration without harming the environment 

BACKGROUND 
With freshwater being a limited resource, tailored water treatment can lessen the 
burden on potable water supplies. Tailored water treatment is water treated based 
on the parameters of the community needs, producing the desired effluent quality for 
potable or non-potable water. A sequencing-batch membrane bioreactor (SB-MBR) 
and batch reactor (BR) (Fig. 1), located at the Mines Park Wastewater Facility in 
Golden, CO, tailors water treatment for potable and non-potable research purposes.  
A DO concentration lower than the standard 2.0 mg/L could be used during the 
nitrification and denitrification stages, which helps decrease energy consumption. 
However, at lower DO concentrations, nitrous oxide, a greenhouse gas naturally 
generated by the nitrogen cycle, is released. Finding a lower DO concentration, 
while keeping nitrous oxide production low, would benefit the environment by 
reducing greenhouse gas emissions. According to the US Environmental Protection 
Agency, nitrous oxide can last in the atmosphere for up to 114 years. 

•  Low DO due to 
inadequate  aeration 

•  High nitrite due to 
inadequate aeration,  

•  Low SRT 

•  High DO due to over 
aeration 

•  High Nitrite  
•  Low COD/N  
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Figure 3. Parameters leading to N2O production 
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