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INTRODUCTION

However biological removal of nitrogen by means of nitrification and denitrification is well known and spread
process, it is, compared to carbon removal, energy (blowers and internal pumping) and carbon source
demanding. The way how-to shortcut the process and save energy and carbon is searched for a long time.
There were discovered and applied several methods (Kirim 2022). Most promising and the best savings were
achieved with partial nitrification and deamonification (ANAMOX). After decades since ANAMOX is
commercially available it is still limited mainly to ammonium rich, or hot water, especially to side streams
like centrate from sludge dewatering and further development is needed for easy and ready to use mainstream
technique (Cao 2017). In main stream the one of commercially successful process it is nitrate shunt — partial
nitrification (nitritation) followed by denitritation (AvN: Ammonia versus Nitrate). For this process it is
essential to stop oxidation on nitrites which could be achieved by different techniques. In commercially
available processes it is often implemented by oxygen limitation (Sadowski 2015, Regmi 2022). Oxygen
limitation is dependent on high quality instrumentation and precise process control. Only when these
requirements are met the process could be reliably achieved and microbiome balance could be shifted towards
AOB (ammonia oxidizing bacteria) instead of NOB (nitrites oxidizing bacteria). In theory there is possible to
save up to 25 % of oxygen for ammonia oxidation and about 40 % of carbon for reduction to gaseous nitrogen.
Another benefit is reduction of internal recycle necessity. AVN process was not even successfully modeled
(Al-Omari 2015) but also successfully applied in wastewater treatment plants across the world. The article is
describing our experiences with AVN application in real wastewater treatment plant in central Europe. For the
process itself limitation by oxygen concentration is a key factor. In praxis it is achieved in special dedicated
zone called swing-zone. This swing-zone is created from the part of nitrification zone of current wastewater
treatment plant. As mentioned, limitation of NOB with oxygen is key to successful implementation of nitrate-
shunt. This is achieved by modulation of oxygen concentration between 0 and 1 mg DO/L. Also, ammonia
concentration is a very important parameter in calculation of necessary dissolved oxygen setpoint. At so low
levels of dissolved oxygen concentration, it is very important to maintain activated sludge in suspension. With
lower air delivery by aeration system, it is necessary to install additional mixer or use a pulse aeration to
achieve a proper contact of biomass with ammonia, oxygen, and organic substrate. AVN technology could
work without internal recycle, but in praxis and with increased effluent quality requirements, it is could be
safer to keep internal recycle installed, but the inflow/recycle ration is lowered to a possible minimum.
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The AVN process, or nitrate-shunt, is system saving operational money by using a partially inhibited
nitrification. It can save significant amount of air and organic carbon compared to standard nitrification and
pre-denitrification systems. Moreover, system itself does not need so high flux in internal recycle. But there
are also some limitations and needs of using nitrate-shunt. It is necessary to create dedicated zone, ensure
mixing and most important is quality of analytics and specialized control system with working algorithms.
Despite these shortcomings, the positive aspects prevail, and the AvN process can be considered a step towards
more economical and efficient management of the treatment plant and, at the same time, a path to achieving
higher effluent quality.

USE CASE SETUP

The Cortland WWTP is a standard activated sludge wastewater treatment plant with a capacity of
approximately 21,000 m3/d. The facility comprises a primary clarifier, eight parallel aeration trains, and
secondary clarifiers. The mixed liquor from all the aeration trains is amalgamated before it enters the secondary
clarifiers. The return activated sludge from the secondary clarifiers is then distributed among the eight aeration
trains. Each basin is equipped with two mixers, a DO sensor, and two motorized modulating air valves to
maintain DO setpoint control. All eight aeration basins are linked to a shared air header, and two standby
blowers supply air to all the aeration basins. Despite having a relaxed NH3-N permit, the plant is strongly
motivated to enhance TN removal.

For the test setup, a parallel comparison method was used. From April 7 to April 27, 2020, the AVN
controlled process train 1A was compared with process train 1B. To make the comparison more convincing,
the same comparison was repeated from April 28 to June 15, but this time, the AvN controlled process train
1B and compared it with 1A.

Instruments for DO, NH4-N, and NOs-N were installed in process trains 1A and 1B, along with airflow
meters attached to the air drop pipes of these two basins. These instruments were calibrated monthly to ensure
measurement accuracy.

TEST RESULTS

As demonstrated in Figures 1 and 2, the application of AvN control has led to a reduction in Total Inorganic
Nitrogen (TIN) and energy savings. The daily trend data, provides a comprehensive review of the AvN
performance. TIN is calculated as the sum of NH4-N, NO3-N, and NO2-N. However, during the testing phase,
the concentration of NO2-N was found to be significantly lower than that of NHs-N and NOs-N. As a result,
NO2-N was excluded from the TIN calculation for simplicity and accuracy. The online NHs-N and NOs.N
instruments were calibrated using the lab measurement results from mixed liquor grab samples. It’s important
to note that the Return Activated Sludge (RAS) from processes 1A, 1B, 2A, 2B, 3A, 3B, 4A, and 3B are all
combined. Since AvN control was only applied to one of the eight process trains, the NOs-N concentration in
the RAS remained high. However, once AvN control is implemented across the entire plant, the NO3-N
concentration in the RAS is expected to decrease, leading to a further reduction in TIN. This highlights the
potential of AvN control in enhancing the efficiency of wastewater treatment processes.
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Figure 7. Total inorganic nitrogen concentration in line 1(1A) and line 2 (1B).
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Figure 8. Airflow in line 1(1A) and line 2 (1B).

The tests that were conducted have demonstrated a significant and positive impact of AvN in reducing
energy consumption. This is particularly evident in the enhancement of the nitrogen removal rate. The
beneficial effect of AvN becomes even more pronounced when we examine the transition of the controlled
line from A1, which is represented as line 1 in the figures, to B1, depicted as line 2 in the same figures. This
transition clearly illustrates the efficiency of AvN in terms of energy usage and nitrogen removal. The results
are compelling, providing strong evidence of the effectiveness of AvN in these critical areas. The data from
these tests underscore the potential of AvN as a valuable tool in energy conservation and nitrogen removal
processes. The clarity of the effect, especially post-transition from Al to B1, is a testament to the robustness
of AvN’s performance.

CONCLUSION

The process of nitrogen removal is a critical component in the treatment of wastewater. It has a significant
influence on energy consumption and is a key parameter in determining the quality standards of the effluent.
Throughout the evolution of the activated sludge process, numerous attempts have been made to enhance the
standard nitrification-denitrification schema.

Some of these attempts are limited to the centrate from sludge dewatering or necessitate the construction
of new tanks equipped with innovative technologies, such as encapsulated biomass or a post-denitrification
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step. However, the most promising and proven method to simultaneously improve energy consumption and
effluent quality is the nitrite shunt, by using the AvN process.

This process can be implemented in existing wastewater treatment plants (WWTP) with only minor
modifications to the process control. This makes it a highly effective and efficient solution for enhancing the
performance of wastewater treatment facilities, particularly in terms of energy usage and effluent quality. The
AVN process represents a significant advancement in the field, offering a practical and sustainable approach
to wastewater treatment.
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