
Decentralized innovative treatment of ammonium - rich urban wastewater

Keynote on anammox processes applied 
to industrial wastewater: success 

stories and critical issues

LIFE DeNTreat FINAL EVENT ïweb meeting 

February 24 th , 2021

The project has received funding from European Union ´ s LIFE Programme under Grant Agreement LIFE16 ENV/IT/000345 

Tommaso LottiLogo

affiliation University of Florence



Life DeNTreat FINAL EVENT ï February 24 th , 2021 2©Copyrights all rightsreserved

Overview PN/ Amx full - scale applications 

1.  Municipal WWTP

Å Conventional biosolids reject liquors ( centrate )

Å THP biosolids reject liquors

Å Sludge drying condensates

Å Yet to come: Mainstream treatment

2.  Industrial effluents

Å Food ( gelatin, potato, fishΣ a{DΣ Χύ / Beverage industry / Manure

Å (THP) Biosolids co -digestion reject liquors

Å Fermentation industry

Å Rendering ( slaughterhouse/meat processing )

3. Others

Å Leachate

Å OFMSW (co - )digesters reject liquors
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ÅInhibiting / toxic compounds

ÅSolids /COD excessive load

ÅOverdosing dewatering polymers

ÅFoaming

ÅScaling of biomass / piping

ÅLimiting alkalinity

ÅLimiting Inorganic Carbon, IC

ÅConductivity

Industrial applications: critical issues 
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ÅInhibiting / toxic compounds

Ą Partly technology -dependent criticality extent

ÅAntibiotics (manure ), biocidal substances (anti - fouling agents, 
disinfectants )

Ąimproved solid / liquid separation , dilution , larger reactor volume

ÅInhibiting / toxic dewatering polymer

Ą Change / optimization of polymer dosage

ÅH2S

ĄFlash aeration before PN/A

Industrial applications: critical issues 

Å Granular sludge
Å MBBR/IFAS

Å Flocculent sludge
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ÅSolids /COD excessive load

Ą Technology -dependent criticality extent

Industrial applications: critical issues 

ÅGranular sludge
ÅMBBR/IFAS

ÅFlocculent sludge
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ÅSolids /COD excessive load

Ą Granular sludge

ÅRisk for inefficient oxygen removal in external layer due to AOB growth
on flocs formed by OHO growth : Anammox O 2 inhibition

ÅSOLUTION: efficient microbial clades segregation : 

Ąeasy to maintain low SRT for flocs while retaining AOB/Anammox in 
granules

Industrial applications: critical issues 

Lotti et al., 2014
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ÅSolids /COD excessive load

Ą MBBR/IFAS

ÅRisk for inefficient oxygen removal in external layer due to AOB growth
on flocs formed by OHO growth : Anammox O 2 inhibition

ÅRisk for AOB washout

SOLUTION: lower DO, lower AOB/ Amx concentration (Ąlower NRR); 
higher flocs SRT (Ą higher energy consumption )

Industrial applications: critical issues 

AnAOB and AOB (% of total bacteria) in biofilm and liquid phase for each reactor on Day 147. 

Reactor 
AnAOB AOB 

Liquid Biofilm Liquid Biofilm 

R1 (MBBR) 1% 99% 1% 99% 

R2 (IFAS) 4% 96% 93% 7% 
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ÅSolids /COD excessive load

Ą Flocculent sludge

ÅRisk for inefficient oxygen removal in external layer due to AOB growth
on flocs formed by OHO growth : Anammox O 2 inhibition

ÅRisk for AOB/Anammox washout

SOLUTION: lower DO, lower AOB/ Amx concentration (Ąeven lower NRR); 
hydrocyclone (Ą higher energy consumption )

Industrial applications: critical issues 
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ÅOverdosing dewatering polymers

Formation of slimy layer over biomass causing mass transfer
limitation

ÅLower oxygen (nutrients , NH4
+ ) flux to biomass Ą lower NRR

ÅLower N2 flux from biomass Ą sludge floatation / washout

SOLUTION: optimizition of dewatering polymer dosage

Industrial applications: critical issues 
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ÅFoaming

Ą often related to high influx of solids and dewatering polymer

Mass transfer limitation

ÅLower oxygen transfer to bulk Ą higher energy consumption

ÅBiomass washout Ą process instability / failure

SOLUTION: antifoam dosage ; optimization of dewatering process

Industrial applications: critical issues 
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ÅScaling of biomass / piping

Ą Technology -dependent criticality extent

Industrial applications: critical issues 

ÅFlocculent sludge
ÅGranular sludge

ÅMBBR- IFAS
ÅMBBR

SOLUTION:

ÅGENERAL: P -recovery; anti -scaling agents dosage

ÅGranular: SRT controll based on heavy biomass removal (low part of 
sludge bed)

ÅMBBR/IFAS: SRT control of carriers

Linet al., 2013
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ÅLimiting alkalinity

Ą PN/Anammox process produces about 1,1 mol H+ per mol NH4
+

Corresponding to about 3.7 gCaCO3/gN -NH4

ÅRisk for low process pH limiting microbial activity

ÅFeCl3 in anaerobic digestion lower alkalinity

SOLUTIONS:

ÅAlkalinity dosage (e.g. NaOH)

ÅCope with lower Nitrogen removal efficiency

Industrial applications: critical issues 
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ÅLimiting Inorganic Carbon, IC

Ą AOB and Anammox are both obligate autotrophic microorganisms

Ą Anammox are more affected by IC limitation than AOBé.but !

ÅRisk for limiting conditions for microbial activity

ÅRisk for excessive N2O production/ emission

SOLUTIONS:

ÅIC dosage

Industrial applications: critical issues 
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ÅLimiting Inorganic Carbon, IC

Ą Anammox are more affected by IC limitation than AOBé.but !

Industrial applications: critical issues 

Å It is documented that both AOB and select NOB can up -regulate their CO2 
fixation as well as their HCO3/CO2 machinery in response to IC limitation 
(Kim et al., 2012; Wei et al., 2006), while anammox do not have this 
metabolic capability ( Strous et al., 2006).

Å In addition to the fundamental metabolic differences between AMX, AOB and 
NOB, mass transfer limitation to the inner layers of biofilm also contribute to 
the reduced availability of IC to AMX relative to surface -associated AOB and 
NOB

AOB
NOB
AMX
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ÅLimiting Inorganic Carbon, IC

Ą Anammox are more affected by IC limitation than AOBé.but !

ĄRisk for excessive N2O production/ emission

Industrial applications: critical issues 
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ÅLimiting Inorganic Carbon, IC

Ą Anammox are more affected by IC limitation than AOBé.but !

ĄRisk for excessive N2O production/ emission

Industrial applications: critical issues 

N2O production by AOB is associated to 
the imbalance between the supply and 
availability of electrons or reducing 
equivalents (Chandran et al., 2011; Yu et 
al., 2010).
IC limitation may cause similar imbalance 
in AOB and feedback inhibition for NH4 
oxidation for both AOB and AMX, 
resulting in NH2OH/NO accumulation and 
thus chemical N2O production (Ma et al., 
2016).
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N2O production/ emission is an environmental issue related to any
biological process (e.g. WWTP bu also agriculture soil , estuaries , 
river /marine sediments , etc..)

ÅN2O emissions in mainstream activated sludge varies between 0-14 % of N-
load (Kampschreur et al., 2009 )

ÅN2O emissions are caused by imbalance/variation of N-COD loading/aeration

ÅN2O emission in PN/A process is much lower compared to other biological
processes in WWTP (see graph below, Kampschreur et al ., 2008 )

N 2O emissions: general considerations

ĄBuffer tanks and continuous

operation systems mitigate 
inbalances / rapid variations and 
thus reduce N 2O emissions
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Industrial applications: critical issues 

ÅConductivity

Ą AOB and especially Anammox are inhibited at high conductivity

SOLUTIONS:

ÅAdaptation ( shown in several case studies)

ÅEnrichment in salinity tolerant genera (e.g. Candidatus
Scalindua )

ÅDilution
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Industrial applications: success stories

Anaerobic

Digestion

N RemovalP Recovery

MgNH 4PO4

UASB

PHOSPAQTM ANAMMOX®

Biosolids
Digester

MAP

Municipal Reject water+ Potato processing plant

Å Maximising Energy recovery by methane from COD

Å Recovery of phosphoruson biosolids reject

Å Anammox®removal of remaining ammoniacal nitrogen 

Info/images kindly provided by Paques
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Industrial applications: success stories

Waterstromen Olburgen (WwTP)
Side stream treatment by Anammox®

Savings on aeration

Savings on footprint

Increasing Capacity WWTP

Info/images kindly provided by Paques
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Industrial applications: success stories

Reducing start -up period 

Å2002: 1000 days (1 st )

Å2006:   180 days

Å2010:     50 days

Start -up period depends on

ÅAmount of Anammox 
GranularCatalyst

ÅSize of project

ÅType of effluent

Start -Up Period

Info/images kindly provided by Paques


