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INTRODUCTION 

Biological nitrogen removal in wastewater with high nitrogen contents can become a 
major cost factor, in particular when the wastewater contains only small amounts of 
biologically degradable carbon compounds (Seyfried et al., 2001). A new way to 
remove nitrogenous compounds is the Anammox process. In this process ammo-
nium is oxidised using nitrite as electron acceptor: 

OHNNONH 2224 2+→+ −+  
Application of this process together with systems for partial nitrification (e.g. 
SHARON (Van Dongen et al., 2001)) would reduce the required oxygen input by 
60% and would alleviate the need for addition of external COD for nitrification (and 
concomitant increased sludge production). 
The isolation and enrichment of Anammox biomass from a mixture of bacteria 
populations requires the optimisation of the conditions, favouring the Anammox 
process while limiting the growth of any other kind of microbial population. Espe-
cially the absence of oxygen is essential, because the Anammox process is com-
pletely inhibited by it (Jetten et al., 1999). So far few studies have been conducted 
towards modelling start-up and dynamic behaviour of the Anammox process, al-
though this is an efficient way to optimize this novel process. Hao et al. (2002a,b) 
performed a thorough simulation study on the behaviour of a partial nitrification-
Anammox system under different process conditions, such as varying temperature 
and dissolved oxygen concentration. However no verification with real data was 
performed and no start-up dynamics were included in the study. Koch et al. (2000) 
performed simulations with a similar system, but also did not include any start-up or 
long-term dynamic effects. Furthermore it can be noted that in both studies total 
nitrogen concentration amounted to about 150 mgN/l, while in a real Anammox 
reactor this concentration would be tenfold higher.  
The purpose of this study was to interpret the results of an Anammox enrichment in 
an SBR system with the Activated Sludge Model nr. 1 (ASM1, Henze et al., 2000) 
extended with submodels for 2 step nitrification-denitrification and the Anammox 
process. Simulation results of both start-up and dynamic operation of the reactor will 
be compared to the measured values. Total nitrogen concentrations in the reactor 
will amount up to 900 mgN/l as will be the case in a real reactor.  
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MATERIALS AND METHODS 

Extension of ASM1 

All modelling was performed in the modelling and simulation environment WEST® 
(Vanhooren et al., 2002). Since the enrichment of Anammox was performed in an 
SBR, a standard SBR model in the WEST® modelbase was used to describe the 
SBR behaviour. In view of the size of the experimental reactor (1 litre) and the pres-
ence of a stirrer system the SBR reactor was assumed to be ideally mixed. Although 
settling was ideal, the fraction of biomass withdrawn with the effluent was set to 0.5 
% to take the effect of sampling into account (Dapena et al., 2003). For modelling 
purposes the Activated Sludge Model nr. 1 (ASM1, Henze et al., 2000) was ex-
tended with a 2 step nitrification-denitrification model and with the Anammox proc-
ess (Hao et al., 2002a; Sin et al., 2001; Liebig et al., 2001). Monod kinetics were 
used to describe the dependency of the growth rate of Anammox on ammonium and 
nitrite. It should however be noted that nitrite is not only a substrate, but is also 
inhibiting the Anammox process (Strous et al., 1999). Therefore, Haldane kinetics 
are perhaps more appropriate then the Monod kinetics applied, but the measured 
nitrite concentrations in the reactor were never high enough (< 20 mgNO2-N/l) to 
show an inhibiting effect, which prevented to calibrate the inhibition constant.  
In previous simulation studies (Hao et al., 2002a,b; Koch et al., 2002) endogenous 
respiration was used to describe decay. However in this study the death-regeneration 
concept was preferred, because the behaviour of Anammox under substrate limmit-
ing conditions is not completely clear yet and because heterotrophs were found ac-
tive in the reactor. Only the use of this death-regeneration concept can explain this 
activity, since no COD was added in the influent.  
In the extended ASM1 model ammonium is oxidised to nitrite by ammonium oxi-
disers (XNH). This nitrite can be further oxidised to nitrate by nitrite oxidisers (XNO). 
Both nitrite and nitrate as well as oxygen can be used as electron acceptor by hetero-
trophs (XH) for growth, while readily degradable substrate (SS) is used as electron 
donor. This substrate can either be supplied in the influent or formed through hy-
drolysis of slowly degradable substrate (XS). This slowly degradable substrate is 
formed during decay of biomass, along with inert biomass.  
The complete stoichiometric matrix in Peterson matrix format (Henze et al., 2000), 
together with the kinetic expressions and the values for the different parameters are 
given in Dapena et al. (2003).  

RESULTS AND DISCUSSION 

Influent concentrations to the enrichment SBR are shown in Figure 1. Ammonium 
and nitrite concentrations are gradually increased as the Anammox biomass con-
sumes these components. After 4 months of operation the influent composition was 
kept constant and the reactor was operated for another 2 months at an influent am-
monium and nitrite concentration of 410 mgN/l and 500 mgN/l respectively.  
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Figure 1. The influent ammonium, nitrite and nitrate concentrations to the reactor 
 
In Figure 2 the simulated effluent concentrations are depicted. It can be seen from 
this Figure 2 that there is a good agreement between measured and simulation re-
sults. Also the effluent concentrations are low, indicating the possibility of the 
Anammox reactor to treat nitrogen rich streams. 

Figure 2. The calculated (⎯) and measured (∇) ammonium (left), nitrite (middle) 
and nitrate (right) concentrations in the effluent of the reactor 

 
In Figure 3 the simulated Anammox and inert biomass concentrations are presented. 
From day 100 a gradual colour change from brownish to reddish was observed. This 
colour change can be explained by the gradually increasing Anammox biomass 
concentration. This shows the successful enrichment of Anammox organisms over 
the experimental period.  

 
 
 
 
 
 
 
 
 
 

Figure 3. The calculated Anammox (⎯) and inert biomass (--) concentrations in the 
SBR 
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CONCLUSION 

Simulation results of both start-up and dynamic operation of an Anammox SBR 
reactor were compared to the measured values, using ASM1 extended with a 2 step 
nitrification-denitrification model and with the Anammox process. Simulations were 
in very good agreement with the experimental data. The Anammox biomass concen-
tration increased gradually over the experimental period, showing the successful 
enrichment of Anammox organisms in an SBR reactor.  
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