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Abstract

A modified ASM1 model was developed to simulate nitritation/denitritation in a sequencing batch
reactor (SBR) treating sludge reject water. The model was validated using real data from a pilot
SBR. The effect of a number of operating parameters on the nitritation/denitritation efficiency was
tested including, among others, the volumetric nitrogen loading rate (VNLR), the solids retention
time (SRT) and the number of cycles. Both the VNLR and the number of cycles critically affected
the processes. Specifically, very high nitritation (>90%) was accomplished for VNLR <0.5
KgN/m®d for an SRT of 10 d and 0.75 KgN/m*d for SRTs between 15-20d. When vNLR>0.9
KgN/m?®d for an SRT of 10 d and vVNLR>1.4KgN/m*d for SRTs between 15-20 d nitritation was
practically inhibited. The increase in the number of cycles of the SBR from 1 to 4 significantly
improved the denitritation process. However, at 5 cycles and SRT=10 days the nitritation process
was inhibited due to the decrease of the duration of the process time.
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1. INTRODUCTION

Nitritation/denitritation is increasingly being applied for the treatment of highly nitrogenous
effluents including the sludge reject water. The latter is produced after the anaerobic digestion of
sewage sludge and the subsequent dewatering processes and is characterized by very high
ammonia-nitrogen (typically above 500 mg/L). Nitritation/denitritation results in reduced aeration
requirements, lower organic carbon source needs and less sludge production compared to the
conventional nitrification/denitrification process (Malamis et al., 2014). To achieve effective
nitrogen removal via nitrite, the nitrite oxidizing bacteria (NOB) should be inhibited or washed out,
while the growth of ammonia oxidizing bacteria (AOB) must be favoured. The most common way
to inhibit NOB is by maintaining a high free ammonia concentration (> 1 mgNHSs/L) in the mixed
liquor.  Sequencing batch reactors (SBRs) are often applied to treat the sludge reject water since
they are characterized by flexibility in operation which is required to favour the development of
AOB over NOB.

So far, only a few attempts have been made to simulate a nitritation — denitritation process, by
modifying existing models such as ASM1 and ASM3 in order to describe the phenomenon. Some
of the most remarkable efforts of modifying existing models to perform nitritation — denitritation
are those of lacopozzi et al (2006) and Kaelin et al., (2009), developing an extended ASM3 model
and of Ostace et al (2011), developing and extended ASM1 model. The aim of this work was to
simulate the nitritation/denitritation process for an SBR treating sludge reject water. This was based



on a modification of the ASM1 model, while real data from a pilot SBR were used to validate the
model.

2. MATERIALS AND METHODS

Activated sludge model No.1 was modified in order to account for two step nitrification —
denitrification. Two model components of ASM1 were further divided in four new elements and
thus the total number components of the extended version of ASM1 are 15 instead of 13.

More specifically autotrophic biomass of ASM1 (Xga) was divided in two components: i) Xaos
which represents the AOB which perform the oxidation of ammonia-nitrogen to nitrite-nitrogen and
i) Xnos Which represent the NOB which are responsible for the oxidation of nitrite-nitrogen to
nitrate-nitrogen.

Furthermore, the nitrate-nitrogen component of ASM1 (Sno) was divided in the nitrite-nitrogen
fraction (Sno2) and the nitrate-nitrogen fraction (Snos). Based on these modifications the total
number of processes in the extended model were increased to 11 (from 8 in ASML1). Table 1
presents the processes rate equations of the extended model.

Different processes were assigned to the growth of heterotrophic microorganisms (Xgy) with nitrite-
nitrogen and nitrate-nitrogen as the electron acceptor (processes 2-3). Accordingly, different rate
equations were used of the growth and decay of Xaos and Xyos.

In order to account for the possible inhibition of free ammonia-nitrogen (Syns) on the growth of
AOBs and NOBs, a simple inhibition model based on the concentration of Syys was used. The
calculation of pH was not included in the model explicitly, but the fate of alkalinity was calculated
and a switching factor for alkalinity was adopted in the model in order to account for the effect of
low alkalinity to the growth of all type of microorganisms (Table 1).

Appropriate values for the kinetic and stoichiometric parameters of the model were adopted based
on values reported in literature and through calibration with the results of pilot-scale experiments.
Application of the extended model was performed for the simulation of a pilot-scale unit used for
the treatment of sludge liquors originating from a wastewater treatment plant.

The pilot-scale unit consisted of a sequential batch reactor tank (SBR) with a total effective volume
of 2.8 m* a pH adjustment unit and an external carbon source dosing unit. According to the
operational data the feeding of easily degradable organic carbon source (i.e. acetic acid) was taking
place during the first 5 min of the anoxic phase in each cycle at a feeding rate of 2 kgCOD/kgNO,-
N (Frison et al., 2014). Average COD and total nitrogen concentrations in the sludge reject water
were equal to 140 mg/L and 640 mg/L respectively.

3. RESULTS AND DISCUSSION

The extended ASM1 model, after being calibrated, was initially applied for validation. Based on its
first application with the aforementioned conditions, effluent ammonia-nitrogen and nitrite-nitrogen
concentrations were equal to 157 mg/L and 54 mg/L respectively, values which were very close to
the experimental ones (165 mg/L and 50 mg/L respectively). Following validation, a series of
applications of the extended model took place in order to assess the effect of several operating
parameters on system’s performance. Two of these applications were related to the assessment of
the effect of the number of cycles of SBR and of the volumetric nitrogen loading rate (VNLR) on



the system’s performance. Indicative results from these applications are presented in Figures 1-2.
Figure 1 illustrates the dependence of effluent ammonia-nitrogen and nitrite-nitrogen concentration
on the VNLR, whereas Figure 2 presents the effect of different number of operating cycles on the
effluent nitrite and ammonia nitrogen concentration.

Table 1. Processes rate equations of the modified ASML1.

j  Process

Process rate equation pj

1 Aerobic growth of
heterotrophs

2  Anoxic growth of
heterotrophs on Syoz

3 Anoxic growth of
heterotrophs on Syos
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The model’s results show that for VNLR less than 0.50 KgN/m®d for SRT equal to 10 d and 0.75
KgN/m3d for SRTs in between 1-20 d, almost complete nitritation can be achieved with nitrite
effluent concentration ranging between 15-85 mgN/L (depending upon solids retention time (SRT)
of the system and the exact value of the vNLR). On the other hand for vNLR greater than 0.9
KgN/m3d for a SRT of 10 d and 1.4 KgN/m®d for SRTs between 15-20 d, nitritation deteriorates
significantly. Furthermore, the number of operating cycles greatly affects the quality of the final
effluent along with the oxygen and organic carbon demand of the system. More operating cycles
(up to 4/day) lead in an improvement of the final effluent with higher nitritation and denitritation
rates, while at the same time they increase the oxygen and organic carbon demand of the system
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(35% increase of organic carbon demand and 6% increase in oxygen demand between 1 and 4
operating cycles). This increase is reasonable since more nitrogen load is nitrified (i.e. oxygen
requirement) and denitrified (i.e. carbon source demand).
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Figure 1 Dependence of the treated effluent ammonia-nitrogen and nitrite-nitrogen concentration
with respect to the vNLR for different SRTs
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Figure 2 Dependence of effluent nitrite-nitrogen and ammonia-nitrogen concentration on the
number of operational cycles of SBR

4. CONCLUSIONS

The objective of this study was to develop a mathematical model for the simulation of the operation
of a sludge liquors treatment system. ASM1 model was employed after significant modifications to
provide for the simulation of nitritation/denitritation processes taking place in a sequencing batch
reactor (SBR) treating sludge reject water. The model was validated using real data from a pilot
SBR. Based on the results of the mathematical modelling it was found that both the volumetric
nitrogen loading rate (VNLR) and the number of cycles critically affected process performance.
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Very high nitritation (>90%) was accomplished for vNLR <0.5 KgN/m®d for an SRT of 10 d and
0.75 KgN/m*d for SRTs between 15-20d. When vNLR>0.9 KgN/m*d for an SRT of 10 d and
VNLR>1.4KgN/m3d for SRTs between 15-20 d nitritation was practically inhibited. The increase in
the number of cycles of the SBR from 1 to 4 significantly improved the denitritation process.
However, at 5 cycles and SRT=10 days the nitritation process was inhibited due to the decrease of
the duration of the process time.

ACKNOWLEDGMENT
This project has received funding from the European Union’s Horizon 2020 research and
innovation programme under the Marie Sktodowska-Curie grant agreement No 645769

REFERENCES

Frison, N., Katsou, E., Malamis, S., Bolzonella, D., Fatone, F (2014) Biological nutrients removal
via nitrite from the supernatant of anaerobic co-digestion using a pilot-scale sequencing batch
reactor operating under transient conditions, Chem. Eng. J. 230, 595-604.

Henze, M., Gujer, W., Mino, T., Loosdrecht, M. (2000), Activated Sludge Models ASM1, ASM2,
ASM2d and ASM3, IWA Publishing.

lacopozzi, I., Innocenti, V., Marsili-Libelli, S., Giusti, E. (2007), A modified Activated Sludge
Model No. 3 (ASM3) with two-step nitrification-denitrification, 847-861, Environ. Model. Soft.
22, 847-861

Kaelin, D., Manser, R., Rieger, L., Eugster, J., Rottermann, K., Siergrist H. (2009), Extension of
ASM3 for two-step nitrification and denitrification and its calibration and validation with batch
tests and pilot scale data, Water Res. 43, 1680-1692

Malamis, S., Katsou, E., Di Fabio, S., Bolzonella, D., Fatone, F. (2014) Biological nutrients
removal from the supernatant originating from the anaerobic digestion of the organic fraction of
municipal solid waste, Crit. Rev. Environ. Sci. Technol. 34, 244-257

Ostace, G.S., Cristea, V.M., Agachi P.S. (2011) Cost reduction of the wastewater treatment plant
operation by MPC based on modified ASM1 with two step nitrification/denitrification model.
Computers and Chem. Eng. 35, 2469-2479.



