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Abstract
The autotrophic nitrogen removal process (partial nitritation combined with the Anammox process) is a sustainable nitrogen
removal technique for nitrogen-rich streams. A modelling and experimental study was performed to define optimal process
conditions for the autotrophic nitrogen removal process. Special attention was given to the influence of feeding characteristics on the performance of both the partial nitritation reactor and the Anammox reactor. It was revealed that the feeding
regime is an important factor in the successful start-up of the Anammox process. Nitrite concentration peaks at the beginning of a feeding period will lead to an unsuccessful start-up, while a slow input of nitrogen speeds up the process. Feeding
regimes are less important in partial nitritation reactors since laboratory results show that slow or fast supply of influent
does not influence the growth of ammonium oxidisers.
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Introduction
Nitrogen, which is generally in the form of ammonium or
organic nitrogen, is removed by biological nitrificationdenitrification in most modern wastewater treatment plants
(WWTP). Benefits of the process are the high potential removal
efficiency, high process stability and reliability, relatively
easy process control, low area requirement and moderate
cost (Tchobananoglous, 2003). As a first step, ammonium is
converted to nitrate (nitrification). In a second step, nitrate is
converted to nitrogen gas (denitrification).
A major stress factor on nitrogen removal is reject-water
from sludge digesters, which is recycled back to the main
WWTP. This reject-water can represent up to 25% of the total
nitrogen load, but only 1 to 2% of the volumetric load (Janus
and Van der Roest, 1997). Treating this return stream separately by nitrification-denitrification would become expensive
and non-sustainable, as this treatment would require large
oxygen consumption and the addition of a carbon source
due to the high nitrogen concentration (up to 2 g∙ℓ-1 N) and
unfavourable carbon-to-nitrogen (C N-1) ratio for denitrification (Henze et al., 2008). This would therefore result
in high operational costs. Also, other streams have a high
nitrogen and a low organic carbon content, such as anaerobic
digester effluents, landfill leachate and industrial wastewaters
(Wiesmann, 1994). Treating these streams with conventional
nitrification-denitrification will lead to high operational costs
and possibly also the emission of large amounts of greenhouse
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gasses (Jetten et al., 1997; Kampschreur et al., 2009).
A more sustainable and cost-effective alternative to
conventional nitrogen removal systems is the autotrophic
conversion of ammonium to nitrogen gas, especially in cases
where the carbon-to-nitrogen ratio is low and aeration capacity is limiting (Van Dongen et al., 2001). The first step, called
‘partial nitritation’, includes a conversion of the incoming
ammonium to nitrite, obtaining a ammonium:nitrite ratio of
1:1 (Hellinga et al., 1998). This partial nitritation process can
only be realised when the nitrite-oxidizing bacteria are inhibited, outcompeted or removed, while the ammonium oxidizers
are retained due to a higher relative growth rate of ammonium
oxidizers at higher temperature (> 25°C), oxygen limitation
(0.3-0.5 mg∙ℓ-1 O2) and higher pH (Van Hulle et al., 2010).
The second process is the anaerobic oxidation of ammonium
(Anammox) with nitrite as electron acceptor (Van De Graaf
et al., 1996; Jetten et al., 1997). With this Anammox process,
ammonium and nitrite are combined under anoxic conditions,
without addition of an external carbon source, directly to
nitrogen gas, with the production of a small amount of nitrate
(Jetten et al., 1999).
To date, several pilot-scale and full-scale reactors are in
operation (Van Hulle et al., 2010). However, a shortcoming in
the application of the Anammox process is the slow growth
rate, resulting in a very time-consuming experimental startup (Hao et al., 2002; Strous et al., 1998; Van der Star et al.,
2007).
In view of the very long start-up time, a model-based analysis was performed to define optimal process conditions (temperature, oxygen supply, pH and biomass retention) for both
an oxygen-limited partial nitritation reactor and an Anammox
reactor. The simulation results were discussed in detail in a
previous publication (Veys et al., 2010), and a summary is
provided in Table 1.
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