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Overview PN/ Amx full -scale applications

Municipal WWTP
Conventional biosolids reject liquors ( centrate )
THP biosolids reject liquors

Sludge drying condensates

o Do o I»

Yet to come: Mainstream treatment

Industrial effluents

Food ( gelatin potato,fish> a { DBEveragaindustry / Manure
(THP) Biosolids co -digestion reject liquors

Fermentation industry

o Do o Do N

Rendering ( slaughterhouse/meat processing )

Others

> W

Leachate

A OFMSW (co -)digesters reject liquors
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Industrial applications: critical issues

Alnhibiting /toxic compounds
ASolids /COD excessive load
AOverdosing dewatering polymers
AFoaming

AScaling of biomass / piping
ALimiting alkalinity

ALimiting Inorganic Carbon, IC
AConductivity
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oo Industrial applications: critical iIssues

Alnhibiting /toxic compounds
A Partly technology -dependent criticality extent

A Granular sludge /

A MBBRJ/IFAS
A Flocculent sludge

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

A improved solid /liquid separation , dilution , larger reactor volume
Alnhibiting /toxic dewatering polymer
A Change /optimization of polymer dosage
AH,S
A Flash aeration before PN/A
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Industrial applications: critical issues

ASolids /COD excessive load

A Technology -dependent criticality extent

A Granular sludge //

A MBBR/IFAS
A Flocculent sludge
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Industrial applications: critical issues

ASolids /COD excessive load
A Granular sludge

ARisk for inefficient oxygen removal in external layer dueto AOB growth
on flocs formed by OHO growth : Anammox O  inhibition

ASOLUTION: efficient microbial clades segregation

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

200 pm

Lottiet al., 2014

Figure 6. Microscopic images of granules (a) as well as FISH image of sliced granules (b and c). FISH was conducted on sliced granules
and hybridization was accomplished with Cy3-red (AOB + NOB), Cy5-blue (Eubacteria), and Fluos-green (anammox)-labelled probes
(b) and with Cy3-red (AOB) and Fluos-green (NOB)-labelled probes (c).
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Industrial applications: critical issues
ASolids /COD excessive load
A MBBRI/IFAS

ARisk for inefficient oxygen removal in external layer dueto AOB growth
on flocs formed by OHO growth : Anammox O  inhibition

ARisk for AOB washout

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

-“' : _—
" AnAOB AOB
Reactor - e - g
: . Liquid  Biofilm Liquid  Biofilm
R1 (MBBR) 1% 99% 1% 99%
R2 (IFAS) 4% 96% 93% 7%
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Industrial applications: critical issues

ASolids /COD excessive load
A Flocculent sludge

ARisk for inefficient oxygen removal in external layer dueto AOB growth
on flocs formed by OHO growth : Anammox O  inhibition

ARisk for AOB/Anammox  washout

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

14 A
12
10 A

—a— Underflow
—e— MLSS
—— Overflow

Activity (mg NO,-N/gTSS/h)
[o2]

o N B oo
R T

el
T

0 10 20 30 40 50
Time (d)

Life DeNTreat FINAL EVENT i February 24,2021 ©Copyrightsall rightsreserved



eeeeeeee

Industrial applications: critical issues

AOverdosing dewatering polymers

Formation of slimy layer over biomass causing mass transfer
limitation

ALower oxygen (nutrients , NH,*) flux to biomass A lower NRR

ALower N, flux from biomass A sludge floatation /washout

SOLUTION: optimizition of dewatering polymer dosage
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Industrial applications: critical issues

AFoaming
A often related to high influx of solids and dewatering polymer

Mass transfer limitation
ALower oxygen transfer to bulk A higher energy consumption
ABiomass washout A process instability /failure

SOLUTION: antifoam dosage ; optimization of dewatering process
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AScaling of biomass / piping

A Technology -dependent criticality extent

A Granular sludge
A MBBR-IFAS
A MBBR

s _
, 2013

SOLUTION:
A GENERAL:P-recovery;anti -scalingagents dosage

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

A MBBR/IFAS: SRT control of carriers

Linet al.
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Industrial applications: critical issues

ALimiting alkalinity
A PN/Anammox process produces about 1,1 mol H+ per mol NH,"
Corresponding to about 3.7 gCaCO3/gN -NH4

ARisk for low process pH limiting microbial activity
AFeCl, in anaerobic digestion lower alkalinity
SOLUTIONS:

AAlkalinity dosage (e.g. NaOH)

ACope with lower Nitrogen removal efficiency
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Industrial applications: critical issues

ALimiting Inorganic Carbon, IC

A AOB and Anammoxare both obligate autotrophic microorganisms

A Anammoxare more affected by IC limitation than A OB éut!

ARisk for limiting conditions for microbial activity
ARisk for excessive N,O production/ emission
SOLUTIONS:

AIC dosage
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Industrial applications: critical issues
ALimiting Inorganic Carbon, IC

A Anammoxare more affected by IC limitation than A OB éut !

A Itis documentedthat both AOB and select NOB can up -regulate their CO2
fixation as well as their HCO3/CO2 machineryin responseto IC limitation
(Kim et al., 2012; Wei et al., 2006), while anammox do not have this
metabolic capability (  Strous et al., 2006).

A In addition to the fundamental metabolic differences between AMX, AOB and
NOB, mass transfer limitation to the innerlayers 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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Industrial applications: critical issues
ALimiting Inorganic Carbon, IC

A Anammoxare more affected by IC limitation than A OB éut !

A Risk for excessive N,O production/ emission

@trophic % Nitrifier \
nitrification denitrification

s N SERMEREES T by AOE @terotrophic denitrification \
. NO
L S (< N Organic carbon

] i re : e e e
NO; - NO, - NO — - N,
NOz'l 102
Chemical Biological by e.g. \ /
NOH or N,0O,H,
Hydroxylamine-
oxidation
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Industrial applications: critical issues

ALimiting Inorganic Carbon, IC

A Anammoxare more affected by IC limitation than A OB éut !
A Risk for excessive N,O production/ emission
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Mred: electron carriers in reduced form
Mox: electron carriers in oxidised form
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N,O production by AOB Is associated to
the imbalance between the supply and
availlability 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 NH20H/NO accumulation and
thus chemical N2O production (Ma et al.,
2016).
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N, O emissions: general considerations

N,O production/ emission is an environmental issue related to any
biological process (e.g. WWTP bu also agriculture soil, estuaries |,
river /marine sediments ,etc..)

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

AN,O emissions are caused by imbalance/variation of N-COD loading/aeration

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

10% r PN B 1 0.5%
Sharon Stage

8% | 0.4%

A Buffer tanks and continuous
operation systems mitigate
iInbalances /rapid variations and
thus reduce N ,O emissions

6% 1 D.3%

4% 1 2%

N.O [% of N-conversion]
MNO[% of N-conversion)

MX PN/A AMX
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Industrial applications: critical issues

AConductivity
A AOB and especially Anammox are inhibited at high conductivity

SOLUTIONS:
AAdaptation ( shown in several case studies)

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

ADilution
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Industrial applications: success stories

Municipal Reject water Potato processing plant
A MaximisingEnergy recoveripy methane from COD

A Recovery ophosphoruson biosolids reject

A Anammo®removal of remainingmmoniacal nitrogen

- PHOSPAUY 4 ANAMMOX®

Biosolids
Digester

[e———————

Anaerobic P Recovery N Removal
Digestion MgNH,PO,

Life DeNTreat FINAL EVENT i February 24,2021 ©Copyrightsall rightsreserved



o Industrial applications: success stories

Waterstromen Olburgen (WwTP)
Side stream treatment by Anamnfox

Savings on aeration
Savings on footprint

WwTP = 98,600 p.e. Increasing Capacity WWTP

Abma et al, 2012 . - -
ma et a Info/images kindly provided byaques
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Start - Up Period

Reducing start -up period

A2002: 1000 days (1 %)

A2006: 180 days

A2010: é days )

Start -up period depends on

AAmount of Anammox
GranularCatalyst

ASize of project
AType of effluent

Info/images kindly provided byagues
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