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Nutrient Management at Plants with Anaerobic Digestion

AZCOM
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Plant Recycle Streams with High Ammonia Concentrations AZCOM
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Conventional Treatment Options AZCOM

Blending with Influent Wastewater or Primary Effluent
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Conventional Treatment Options A=COM

Blended with RAS in Activated Sludge Process
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Advantages of Separate Filtrate Treatment A-ZCOM

Almproved Reliability

ARemoves 20-40% of nitrogen load even
during main plant process upsets

AProtect the main plant from process
upsets due to variability in filtrate/centrate
guality

AcCan provide source of nitrifiers for seeding
of main activated sludge process

ACost Effective

AOptimize treatment based on the unique
characteristics of filtrate/centrate

AFacilities have small footprint

’f ASustainable
.

> |3 — ANutrient recovery
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— . 4 Reduced enerii and chemical use



Novel Sustainable Filtrate/Centrate Management A=COM

FiltrateCentrateManagemer@®ptions
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Fundamentals of Nitrification - Denitrification AZCOM

Autotrophic
Aerobic Environment

Heterotrophic

. Anoxic Environment
1 mol Nitrate oxic onme

(NO3") — 40% Carbon
i ’
5 /
(¢
1 mol Nitrite 1 mol Nitrite
(NO,) (NO, ) _, = 60% Carbon

75% 0, — = =
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(NH4/ NH,*)  Oxygen demand 4.57 g I g NH*,-N oxidized (N,)
Alkalinity demand 7.14 g / g NH*,-N oxidized

Carbon demand 4.77i COD /i NO'i-N reduced



AZCOM

Autotrophic ANHeIRfoxophic
Aerobic Environment Anaerobic Ammonium Oxidatidh
Autotrophic Nitrite Reduction
(New Planctomycete, Strous et. al. 1999)

A > 60% reduction in Oxygen

A Eliminate demand for supplemental carbon
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Novel Sustainable Filtrate/Centrate Management A=COM

FiltrateCentratdManagemer@®ptions
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AT#3 & BABE A=COM

(Chemostat) (SBR)

A Filtratetreated in a small separate tank (~4 day

A Portion of the mainstream RASiltcatetank .o,
V Seedsiitrifiers adds alkalinity & controls temperature

Primary Effluent

X Introduces Nitrite oxidizing bacteria | RAS |
A Can add methanol fdenitrificatiorand methanol e e eniter I
. NORI SS
degradeseeding y Dewatering

Centrate

AT#3 BABE (Commercial) —
A No dedicated clarifierA SBRi built in clarifier Methano'fAﬁ::"fi?yf
or RAS system A Control on SRT o
A MLSS back to the | A WAS / Effluent back to the main
main AS process AS process Carified Effluent or
A Clarifier effluent NOx to head of Dewatering
plant for odor control (Phoenix) *

A Several full scale installationslew York City (2), Hertogenbosch, \&
NL. Extensive piloting and research. -

Digestion
Nitrifier
Rich WAS
Sludge



Operational Benefits A-ZCOM

AdNitrifierincubatoéenhances P9y B & T
operational reliability ARE T \@ | e

AEnhanced winter performance §ii4 f
AMitigatesstorm washout impacts @! e §

AMitigatescentrateinhibition |mpac_ “_

4414434331

AMitigatesair limitations
ROftLoaded 30% TKN Load
AOxidized 795%centrateTKN
ADenitrifiedn main plant anoxic zone using wastewater COD
A>70% TKemoval plaatvide

26th Ward WPCP 1 85 mgd

ANitriteaccumulatioin main plant suggested select@mimAOB over NOB



Novel Sustainable Filtrate/Centrate Management A=COM

FiltrateCentratdManagemer@®ptions

Biological PhysicalChemical
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Nitritation / Denitritation Process Control A-COM

A Temperaturé3038C) favors growth kinetics of Ammonia Oxidizers

A SRT= HRT Sludge Age;
>Minimum for ammonia oxidizers, but < minimum for nitrite oxidizers

Selects for ammonia oxidizeA©OB3 and deselects for nitrite oxidizerSIQB3
Courtesy: Grontmij m2t

A pHin 6.6 to 7.2 range L e
\
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I Optimal range fkOBs

T Methanol fodenitrificatiorand
alkalinity recovery
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A DOin the 0.3 to 2 mg/L range




SHARON Process (Chemostat) -
Stable and High activity Ammonia Removal Over Nitrite AZCOM

Courtesy: Grontmij

ASmall Footprint
I 2.5day SRT = HRT
A OXicSRT s1-1.5 days |
A Anoxic SRT = 0-9.75 day|
I No clarifiers
I Nopretreatment

A90% NEIN removal

ACost Reductions

I 25% Oxygen demand
I 40% COD demand

- 30% sludge

I 20% CQemission

200




SHARON Experience

A 7 operational >10 years experience

A 4 planned

A NYC DEP Wards Island
I Firstin USA & largest in world

© 30-40% TKHNbad

WWTP Capacity SHARON Operational
(pe) kgN/day
Utrecht 400.000 900 1997
Rotterdam-Dokhaven 470.000 850 1999
Zwolle 200.000 410 2003
Beverwijk 320.000 1,200 2003
Groningen-Garmerwolde 300.000 2,400 2005
The Hague - Houtrust 430.000 1,300 2005
New York-Wards Island ~2,000,000 5,770 2009
Whitlingham, UK 275.000 1,500 2009
MVPC Shell Green, UK - 1,600 2009
Geneval Ailre 2 600.000 1,900 2010
Paris Seine Greésillons 3,500 2010




Nitritation / Denitritation SBR Experience
STRASS Process

WWTP Salzburg WWTP Strass



Novel Sustainable Filtrate/Centrate Management A=COM
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AZCOM

A Elimination of supplemental carbon source e.g. methanol
A Significant reduction in energy demand possible

Typical Energy Demand Ranges
.
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Nitrification / Nitritation / Deammonification
Denitrification Denitritation (a.k.a. ANAMMOX)

| ndustry has tended t o adher@mdronyind iaciudemo ni f |
OLAND: Oxygen-Limited Autotrophic Nitrification-Denitrification
CANON: Completely Autotrophoic Nitrogen removal Over Nitrite



AZCOM

ALow growth rate
I approx. 10 day doubling time at 30 C
I <10 day has been reported (Park et. al - 5.3 - 8.9 days)
I SRT (>30 days)

ASensitive to
T Nitrite

A Toxic- irreversible loss of activity based on
concentration and exposure time

ANH,": NO, ratio 1 : 1.32
DO - reversible inhibition
Free ammonia (<10 -15 mg/l)
Temperature >30 C preferred
pH (neutral range)




Keys to success AZCOM

Ability to manage competing demands:
Manage SRT

AAerobic SRT - long enough to support AOB growth but short enough to wash
out NOBs (2<SRT<3) and

AAnaerobic SRT long enough to support ANAMMOX growth (>30)

Manage DO
Ahigh enough to support partial nitritation
ABut low enough to suppress NOB growth (Ks AOBs< Ks NOB)
AAnd also low enough so that it does not inhibit ANAMMOX (reversible)

Manage nitrite concentration
A Sufficient nitrite to support ANAMMOX growth (electron acceptor)
ABut low enough to avoid ANAMMOX inhibition (irreversible)

Manage ammonium concentration
A Sufficient ammonium to serve as energy source for ANAMMOX
ABut avoid free ammonia inhibition of AOBs (<15 mg/l)



A DEMON® Suspended growth SBR
process
I 12 operational facilities (2011)
I Several under design in N.Amer.

A Attached growth MBBR
Process
I Hattingen, Germany (2000)

I Himmerfjarden, Sweden (2007)

I Sj0lunda, Malmo, Sweden aniTa™
Mox pilot)

A Upflow granulation process

I ANAMMOX® by Paques ANITA™ Mox MBBR G &
I 11 operational facilities (2011) ANAMMOX® Upflow
i More industrial than municipal Granulation Process



Suspended Growth Deammonification Experience:
DEMON® Process (DEamMONIification)

Strass (AT) 600 2004
Glarnerland (CH) 250 2007
Plettenberg (DE) 80 2007

Thun (CH) 400 2008
Gengenbach (DE) 50 2008

Heidelberg (DE) 600 2008
Etappi Oy (FI) 1,000 2009 A
Balingen (DE) 200 2009 Strass (A)

Apeldoorn (NL) 1,900 2009
Limmattal (CH) 250 2010
Zalaegerszeg (HU) 160 2010 .
Alltech (Serbia) 2,400 2011 Thun (CH)



Overview of Several DEMON® Plants A-COM

ATypical volumetric design load = 0.7 kg / m3 / day
AExpect ~90% NH3-N and ~85% TN removal

AEffluent NO5-N ~10% of NH4-N removed; less if biodegradable COD is
available

Apeldoorn 1900 2900 0.66
Thun 400 600 0.67
Glarnerland 250 360 0.69
Strass 600 500 1.20



AZCOM

A 84% TN Removal at design loading rate of 0.7 kg/ m3 / day

A 1.0-1.3 kW-hr/kg N removed

-N accumulation <5 mg/l

A Sensitive to NO,
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DEMON® depends on 3 main controls
I pH (narrow range e.g. 7.01 1 7.02)
I DO (07 0.5mg/L)

T Time

.. (LA
:@ pH-bar'ld
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water level
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Figure 2 Control scheme of the DEMON process — parameter selection aims to optimize process
performance considering ammeonia inhibition, nitrite toxicity and inorganic carbon limitation (Wett et al, 2007)

Provides accurate adjustment of all three
key process control parameters

I free ammonia inhibition <10 mg/L),
I nitrite toxicity (<5 -10 mg/L)
I Inorganic carbon limitation

Must measure NH;-N, NO,-N, NO;-N and
make process control decisions, primarily
wasting, based on measurements



Attached Growth Concept A=COM

A Simultaneous aerobic and anaerobic conditions in biofilm layers
I NH;-N, alkalinity and DO in the bulk liquid
I AOBs In the outer aerobic layer
I ANAMMOX in the inner anaerobic layer

Liquid NH4+

N,

Nitritation

____________

Anammox

C
SSTE Simultaneous
Biofilm // 5 in biofilm
Anoxic

Courtesy Veolia

/Aerobi

A Attached growth ANAMMOX organisms are
less sensitive to inhibitory compounds

I DO: 3 mg/L vs. 0.3 mg/L suspended
I NO,-N: 50 mg/L vs. 5 mg/L suspended



Hattingen, Germany 2000

40% K1 media fill, intermittent aeration 0-4 mg/| DO
Loading rate of 0.86 g/m2 /day or 0.43 Kg/m3 /day

70-80 % TN removal
Removal rate = 0.62 g/ m2/day or 0.31 Kg/m3/day

i
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Single stage MBBR selected for Himmerfjarden WWTP  AZCOM

A Start up April 2007 with 32% K1 Kaldness media fill, 27° C
A 10 months startup (6-7 months to establish ANAMMOX fully)
A Intermittent aeration i 3 mg/l for 50 mins; 10 mins anaerobic

A 73% +/- 11% TN removal

A Removal rate of 1.2 +/- 0.3 g/m?/day
A Free ammonia inhibition of AOBs at >15 mg/!
A Energy demand ~2.3 kWh / kg N (Gustavsson, 2010)




