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Outline of presentation

I Fundamentals of the anammox and deammonification processes

I Sidestream vs. mainstream deammonification

I  Challenges and recipe for implementation of mainstream deammonification

I Deammonification studies at Gdańsk University of Technology



Full nitrification-denitrification

O2 demand 4.57 g/g NH+
4-N oxidized

C demand  4.77 g COD/g NO-
3-N reduced

1 mol Ammonia

(NH3/ NH4 
+)

1 mol Nitrite
(NO2

- )

1 mol Nitrate
(NO3

- )

75% O2

100%  Alkalinity

Autotrophic nitrification 

Aerobic Environment

1 mol Nitrite
(NO2

- )

½ mol Nitrogen Gas

(N2 )

25% O2

40% Carbon

60% Carbon

Heterotrophic denitrification

Anoxic environment

Fundamentals of nitrification-denitrification

Nitritation-denitritation

O2 demand 3.41 g/g NH+
4-N oxidized

C demand  2.86 g COD/g NO-
3-N reduced



Deammonification (partial nitritation – anammox)

O2 demand 1.9 g / g NH+
4-N oxidized (60% reduction)

No carbon required

50% reduction in the alkalinity demand

1 mol Ammonia

(NH3/ NH4 
+)

0.44 mol N2

0.57 mol NO2
-

Partial Nitritation

Aerobic environment

ANAMMOX

Anoxic environment

Partial Nitritation (40% O2)

50%  Alkalinity

Fundamentals of deammonification

0.11 mol NO3
-

0.43 mol NH4
+



Advantages

• Less oxygen required

• No organic C required

• Less excess sludge produced

Disadvantages

• Very slow growing bacteria                       

→ need for long biomass retention

• Need for preventing nitrite oxidation

• Sensitive to nitrite, oxygen and 

ammonia

Anammox advantages and disadvantages



Specific growth

rate (d-1)

Temp.

(oC)
Reference

0.190-0.130 37 Tsushimaa et al., (2007)

0.084 nd Van der Star et al., (2008)

0.150-0.092 nd Van der Star et al., (2008)

0.230 nd Van der Star et al., (2008)

0.140 30 Sobotka et al., (2017)

0.118 35 Liu and Ni (2015)

0.172 35 Liu and Ni (2015)

0.210 30 Lotti et al., (2014a)

0.334 30 Lotti et al., (2015c)

0.017 15 Lotti et al., (2014b)

0.020 20 Lotti et al., (2014c)

0.009 15 Lotti et al., (2014c)

0.038 29 Laureni et al., (2015)

0.0088 12.5 Laureni et al., (2015)

0.040 20 Hendrickx et al., (2012)

0.011 10 Hendrickx et al., (2014)
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max,Anam = 0.37 d-1

at pH = 7.6

(T = 20oC)

 Fast-growing anammox-enriched cultures 

(0.38-0.58 d-1 at 35-37oC) (e.g. Isaka et al., 

2006; Bae et al., 2010)

 Slow-growing anammox cultures (0.02 d-1 at 

30 oC; 0.04-0.077 d-1 at 32-33 oC; 0.13-0.19 d-

1 at 37oC) (e.g. van de Graaf et al., 1996; van 

der Star et al., 2007; Hao et al., 2009)

Lu et al. (2016)

Growth rates of anammox bacteria

Tomaszewski et al. (2017)



Methods for anammox biomass retention



Parameter Unit
Process

ANAMMOX® Demon® Anita™Mox DeAmmon® Cleargreen™

Biomass 

carrier
Granular Granular MBBR MBBR

Suspended 

biomass

Volumetric 

loading rates
kgN/m3/d 1.7-2.0 0.7-1.2 0.7-1.2 <1.2 <1.2

Performance 

TN removal
%

90 (NH3), 

85 (TN)

90 (NH3), 

85 (TN)

90 (NH3), 

85 (TN)

90 (NH3), 

85 (TN)

90 (NH3), 

85 (TN)

Energy 

demand

kWh/kgN

removed
1.0-1.3 1.0-1.3 1.45-1.75 TBC TBC

Start-up months 1-3 (seed)
2-5 (seed & 

cyclone)
4-5 (seed) 2-5 (seed) TBC

Sensitivity/ 

flexibility

Tolerates 

elevated NO2

pH & DO 

control,

NO2 < 5 

mgN/L

DO control,

tolerates 

elevated 

NO2

pH & DO 

control,

NO2 < 5 

mgN/L

TBC

Comparison of different deammonification

technologies

WERF (2015)



Comparison of energy demand for different 

N removal technologies

0

1

2

3

4

5

6

7

Nitrification / 

Denitrification

Nitritation / 

Denitritation

Deammonification

(a.k.a. ANAMMOX)

k
W

-h
r 
/ 

k
g

 N
 r

e
m

o
v
e

d

Typical Energy Demand Ranges

Stinson (2016)



Lackner et al. (2014)

Deammonification development –

full-scale installations and scientific publications



Lackner et al. (2014)
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Sidestream treament Mainstream treament

Emerged technology

Established state of the art

Emerging technology

Sidestream vs. mainstream anammox systems



Beginnings of MD – IWA/WEF NRR conference

Miami (2011)



Beginnings of MD – IWA/WEF NRR conference

Vancouver (2013)



Oxygen and energy 

demand
Mass Flux (g p-1 d-1) Energy (Wh p-1 d-1)

Case A Case B Case C Case A Case B Case C

Aeration for COD

removal
40 30 15 -40 -30 -15

Aeration for Nitrogen

removal
22 22 16 -22 -22 -16

Pumping/Mixing energy -20 -20 -15

Methane-COD and

electrical energy

production from biogas

30 40 55 +38 +51 +70

Net Energy -44 -21 +24

Case A - Conventional treatment; 

Case B - Conventional treatment, with anammox used in the sidestream; 

Case C - Optimized treatment, with anammox in the mainstream

Net energy consumption in different

wastewater treatment systems

Kartal et al.. (2010)



Feature Unit Mainstream Sidestream

Influent TN mg N/L 20 - 100 500 - 3000

COD/N ratio mg COD/mg N >10 <2

Temperature oC 10 - 25 >30

Comparison of typical mainstream and 

sidestream systems

 Different influent characteristics

 N effluent standards need to be considered for 

mainstream systems (e.g. 10-15 mg N/L in EU)

 More microbial competition in mainstream systems



Microbial competition in MD systems

Cao et al et al. (2017)



 Eliminate External Carbon

 Energy

– decreases aeration demand for N removal

– decreases aerobic COD oxidation

– diverts wastewater carbon to anaerobic digestion

 Intensification

– carbon diversion = much smaller aeration tank volume required

Drivers and challenges for implementing

mainstream deammonification

Drivers

Bott (2016)



 Unstable performance of the carbon concentrating 

pretreatment 

 Suppression of nitrite oxidizing bacteria (NOB), especially 

under low temperatures (10-15°C) 

 Low activity of anammox bacteria under the low 

temperatures

 Effective retention of the anammox biomass in the system

 Effective final polishing step for N residuals

Drivers and challenges for implementing

mainstream deammonification

Challenges



Full-scale MD demonstration sites

Strass, Austria 

(cold with bioaugmentation)

Changi, Singapore PUB 

(warm without bioaugmentation)



Short-term effects of temperature on 

anammox activity
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Arrhenius vs. Ratkowsky equation
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Ratkowsky eq.

b = 0.29

c = 0.001

Sobotka et al. (2016)
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θ15-30ᵒC = 1.07

θ11-15ᵒC = 1.65

Lotti et al. (2015)

Effect of temperature change on anammox

activity

IC reactor, airlift reactor and MBR SBR

Sobotka et al. (2016)



Recipe for implementation of MD

 AOB & anammox bioaugmentation from sidestream

 Effective anammox retention in mainstream

 Aggressive SRT Control
− Lower SRT results in selective washout of NOB at warmer temperatures

 Intermittent high DO “transient anoxia”
− At high DO AOB grow faster than NOB

− NOB seem to have a delayed response as they move from anoxic to aerobic 

zones 

 Rapid transition to anoxia
− DO must be scavenged quickly to avoid a “low” DO environment

− Step-feed to anoxic zones to deplete DO quickly 

− CEPT by-pass to enhance soluble COD as needed

 Maintain residual ammonia > 2 mg/l
− Ensure higher ammonia oxidation rates so AOB outcompete NOB for DO

− Ammonia-based aeration control (AvN controller)

Stinson (2016)
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Anammox DeammonificationSBR (10 L)

Long-term biomass cultivation

Lu et al. (2017)



sieve
(200 µm)

Granules
≥ 200 µm

Flocs
< 200 µm

Anammox SBR (10 L)

Anammox

Separation of biomass on a sieve

Lu et al. (2017)

Deammonification



Flocs (deammonification)Granules (deammonification)Anammox

Microbial (metagenomic) analysis

Lu et al. (2017)



Flocs Granules Anammox

SAA 0,14 0,22 0,5

NUR 0,14 0,13 0,02

AVN 1 1,8 30

AOB 2,7 3,8 1,5

Anammox/AOB 1,75 2,5 7,5
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Lu et al. (2017)

TN removal rates - measured

(g N/(g VSS·d))

(g N/(g VSS·d))



DO = 0.7 g O2/m
3

DO = 0.3 g O2/m
3

DO = 1.0 g O2/m
3

DO = 0.5 g O2/m
3

Effects of aeration modes on deammonification (1)

Al-Hazmi et al. (2017)



Effects of aeration modes on deammonification (2)

Al-Hazmi et al. (2018)

NO3-N

N2O-N



Conclusions

I Mainstream deammonification (MD) is an emerging technology with a great

potential for achieving a positive energy balance in WWTPs.

I There are five main challenges for implementation of MD in full-scale WWTPs.

I A potential recipe for MD consists of several factors that need to be taken into

consideration.

I Long-term studies with granular sludge at GUT showed an effective way of

suppression of the NOB activity and mitigation of N2O production.
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