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A JOINT MIA AND ICA SG WEBINAR
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This webinar is a joint venture between:

IWA SG on Modelling and Integrated Assessment

and

IWA SG on Instrumentation, Control and Automation

IWA SGs on Modelling and Integrated Assessment / Instrumentation, Control and Automation
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IWA Modelling and Integrated
Assessment Specialist Group

Dr. Ulf Jeppsson (chairof MiaSG)

Dr. Elena Torfs (Vice-chair of MIA SG)

UNIVERSITY



MODELLING AND INTEGRATED ASSESSMENT
SPECIALIST GROUP (MIA SG)

INSTRUMENTATION
CONTROL AND

.
How to find us
m mOBELUNG & INTEGRATED ASSESSMENT

“This group targets people from research, consulting companies,

institutions and operators to think along the use of models and

computing tools to support the understanding, management T e s

and optimization of water systems.”
Website: http://iwa-mia.org/

PRIORITIES

I

» Interact with other IWA SGs and other professional organizations mw -

= Organize specialized conferences, sessions and workshops T
» Engage and activate YWPs in the domain. o '

Website: http://iwa-mia.org

CURRENTLY 1900 MEMBERS https://iwa-connect.or

IWA SGs on Modelling and Integrated Assessment / Instrumentation, Control and Automation
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Task Groups (TGs) Working Groups (WGs) Conferences / Events

= Benchmarking of Control » |ntegrated Urban Water = WRRmod
Strategies for WWTPs (BSM) Systems (IUWS)
AND Good Modelling Practice | _ = Watermatex
(GMP) AND Design and . Compu.tatlonal Fluid
Operations Uncertainty (DOUT) Dynamics (CFD)
AND Use of Modelling for

Minimizing GHG Emissions from ) E.éc)l\?lclzl))l\/lodelllng Practice

Wastewater Systems (GHG) (all
four finished)

= Generalised Physicochemical Guidelines for Benchmarking of Uncertainty in
. . Using Activated Control Strategies Wastewater Treatment The Use of Water Quality
MOdelhng (PCM) (ln preSS) Sludge Models for Wastewater and Process Models

Design and Operation

for Minimizing Wastewater Utility
Greenhouse Gas Footprints

Treatment Plants

= Membrane Bioreactor Modelling
and Control (MBR)

= Good Modelling Practice in
Water Resource Recovery

Systems STR STR STR STR
(Sept. 2012) (Sept. 2014, (2021, now (2022, open access)
open access) open access)

IWA SGs on Modelling and Integrated Assessment / Instrumentation, Control and Automation




MIA SG: UPCOMING CONFERENCES
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8th Water Resource Recovery Modelling seminar
(WRRmod2022+)

= Location: Stellenbosch, South Africa, 18-21 January
(NOTE: new dates) 2023

= Chair: Dr. David Ikumi (Univ. Cape Town)

11th Symposium on Modelling and Integrated
Assessment (Watermatex2023)

= Location: Québec City, Canada, 23-27 Sept. 2023

= Chair/vice-chair: Prof. Peter Vanrolleghem (Univ.
Laval)/Dr. Elena Torfs (Univ. Ghent)

9th Water Resource Recovery Modelling seminar
(WRRmod2024), PROBABLY in Stowe, Vermont, USA

IWA SGs on Modelling and Integrated Assessment / Instrumentation, Control and Automation




FIND MIA SG ON SOCIAL MEDIA

m ISTRUMENI
Follow the Modelling and Integrated Assessment Specialist Group on: CONTROL AND

water association AUTOMATION

mc t https://iwa-connect.org/group/modelling-
— onnec and-integrated-assessment-mia/timeline

-—— ot

https://www.linkedin.com/company/iwa-
mia-specialist-group-on-modelling-and-
integrated-assessment

, https://twitter.com/iwa_mia_sg

— MIA SG open web site http://iwa-mia.org

to get informed about our latest events, publications and news!

Newsletter, push messages, webinars, YouTube channel, digital archive

IWA SGs on Modelling and Integrated Assessment / Instrumentation, Control and Automation



https://iwa-connect.org/group/modelling-and-integrated-assessment-mia/timeline
https://www.linkedin.com/company/iwa-mia-specialist-group-on-modelling-and-integrated-assessment
https://twitter.com/iwa_mia_sg
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= |nternational discussion forum to:

o Collect & exchange methodologies and experiences, in all
aspects of ICA for water systems

o Collect, summarize and publish practical experience to
support and promote the use if ICA in practice

o Highlight socio-economic and sustainability aspects of ICA.
e.g. management problems, operator aspects...

IWA SGs on Modelling and Integrated Assessment / Instrumentation, Control and Automation



IWA INSTRUMENTATION, CONTROL AND
AUTOMATION - ICA SG
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= Updating social media with relevant information
= Group newsletters

= Organising and supporting conferences & workshops

= Supporting Task Groups, Working Groups & Clusters

= Organising webinars

= Encouraging publications of ICA related papers at conferences
and scientific journals

= Leveraging partnerships and relationships with industry %

organization (e.g. Smart Water Network Forum)

IWA SGs on Modelling and Integrated Assessment / Instrumentation, Control and Automation



IWA INSTRUMENTATION, CONTROL AND
AUTOMATION - ICA SG
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Current Task Group on MetaData

= Aim: Metadata collection and organization

= Qutcome: STR in preparation (2023)

Webinars in preparation

= Advanced nitrogen removal control

= Advanced biological nutrient removal control

Next 14t Instrumentation, Control and Automation Conference (ICA2025)
= Location: Oslo, Norway, June 2025 (to be confirmed)

= Chair: Harsha Ratnaweera (Norwegian University of Life Sciences)

IWA SGs on Modelling and Integrated Assessment / Instrumentation, Control and Automation



IWA INSTRUMENTATION, CONTROL AND
AUTOMATION - ICA SG
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mcﬂnnect https://iwa-connect.org/#/group/instrumentation-control-and-automation

is page as a member v « IWAICASG Search Q
0 Twests
© Home -
m INSTRUMENTATION INSTRUMENTATION mwazzze  IWA ICA Specialist Group
CONTROL AND H#  Explore No subscribers
atersesociation AUTOMATION CONTROL AND
—— 0 Notifications g ‘Hla“lll_lal HOME  VIDEOS PLAYLISTS ~ CHANNELS  ABOUT Q
= s o615010 AUTOMATION —
CONTROL AND
& Messages AUTOMATION E .
IWA Specialist Group on Instrumentation, Control and Automatio
nal f ge knowledg
ices and state-of-the-art in ICA to all stakeholders in the o e Ear

IWA s the be:
water s
Professi lowers
J nection work here
=
e  About Posts  Jobs People

https://www.linkedin.com/co https://twitter.com/IWA _ICA_SG https://www.youtube.com/channel/
mpany/iwa-ica-sg/ UCgAnJWfqiLJtVSIJSD6BwZw

a Chair: Janelcy Alferes (Janelcy.alferescastano@vito.be)

Vice-Chair: Yanchen Liu (liuyc@tsinghua.edu.cn)

IWA SGs on Modelling and Integrated Assessment / Instrumentation, Control and Automation
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LAUNCH OF THE IWA BOOK

Open access, FREE download: DOI: https://doi.org/lO.Z166/9781789060461'“ 'GNUSJT“:;‘E"NT:"“"
water secoriation AUTOMATION

Scientific and Technical Report Series No. 26

Quantification and
Modelling of Fugitive
Greenhouse Gas
Emissions from Urban v
Water SyStems Liu Ye (Lead Editor, The Jose Porro (Co-Lead Editor,

University of Queensland) Cobalt Water Global)

Edited by Liu Ye, Jose Porro and Ingmar Nopens

Ingmar Nopens (Editor,
Ghent University)

Link: https://iwaponline.com/ebooks/book/844
/Quantification-and-Modelling-of-Fugitive

IWA SGs on Modelling and Integrated Assessment / Instrumentation, Control and Automation



https://nam12.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdoi.org%2F10.2166%2F9781789060461&data=04%7C01%7Cpraveenac%40novatechset.com%7C8cfd110e9d4542135c3a08da1a2344b2%7Ca03a7f6cfbc84b5fb16bf634dbe1a862%7C1%7C0%7C637851036049205984%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000&sdata=1mOnOMV5%2Fflw52kD%2FqZPWVrEvZ6Rrmdj7QnSGtshN9w%3D&reserved=0
https://nam12.safelinks.protection.outlook.com/?url=https%3A%2F%2Fiwaponline.com%2Febooks%2Fbook%2F844%2FQuantification-and-Modelling-of-Fugitive&data=04%7C01%7Cpraveenac%40novatechset.com%7C8cfd110e9d4542135c3a08da1a2344b2%7Ca03a7f6cfbc84b5fb16bf634dbe1a862%7C1%7C0%7C637851036049205984%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000&sdata=4IjXlC37%2FIXw0bWk6YHP7JGIwoeNZxVSi9FlW0sDC24%3D&reserved=0

THE GHG WEBINAR SERIES

Quantifying, Modelling and Monitoring, Modelling and

Mitigating Process Emissions Mitigating Nitrous Oxide
Process Emissions - Masterciass 1

WA 12 Apil 2022 1:00BST
IChemE st WEBINAH iwa-network org/webinars .

18 May 2022 | 11:00 BST
iwa-network.org/webinars

CLIMATE
ACTION

R - Climate Action Now! "
Monitoring, Modelling and z P

Mitigating Methane in Wastewater

'ocess Emissions - Masterclass 3

30 August 2022 | 11:00 BST
www.icheme.org/knowledge

23 June 2022 | 11:00 BST
iwa-network.org/webinars

IWA SGs on Modelling and Integrated Assessment / Instrumentation, Control and Automation
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Speaker 1 = This session is being recorde ..,

Keshab Sharma (Univ. of Queensland, = Microphones and cameras have been

Australia) disabled due to the large number of
attendees;

Speaker 2

= The normal chat function is disabled;

= Please put any questions and
Speaker 3 qomrrlerl’;]s ylou ma%/thavze in the Qd&A
Wim Audenaert (AM Team, Belgium) (u;on 0 the low right in Zoom) an we
will do our best to answer them during
the session (in writing or orally).

Mathieu Sperandio (INSA, France)

Speaker 4
Xavier Flores-Alsina (Technical
University of Denmark)

Speaker 5
Jose Porro (Cobalt Water Global, USA)

Q&A Session Moderator: Liu Ye (Univ.
of Queensland, Australia)

IWA SGs on Modelling and Integrated Assessment / Instrumentation, Control and Automation
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MODELLING OF CH, EMISSION FROM
SEWERS: DEVELOPMENT AND

APPLICATION

Keshab Sharma (k.sharma@ug.edu.au)
Australian Centre for Water and

_ Environmental Biotechnology (ACWEB)
" The University of Queensland, Australia

IWA SGs on Modelling and Integrated Assessment / Instrumentation, Control and Automation
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= ..wastewater in closed underground sewers is not
believed to be a significant source of methane” - IPCC

= Data collected from the field has shown high CH, levels in
some sewers - up to 20-25 mg/L of dissolved CHy, in rising
main sewers, up to 50,000 ppm in sewer headspace

= Sewers are distributed system — it is difficult to quantify the
CH, emissions through direct measurements as in the
case of the wastewater treatment plant

= Mathematical modelling for CH, emission in sewer system
Is key for GHG inventory for wastewater system

IWA SGs on Modelling and Integrated Assessment / Instrumentation, Control and Automation



BACKGROUND
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= SeweX model — dynamic sewer process model for

predicting hydrogen sulfide production (Sharma et al.,
2008)

= Components for CH, production in sewer biofilm added
(Guisasola et al., 2009)

= Model initially developed based on ADM1 model
components and parameters were calibrated using the
laboratory data

= Model was later validated using the field data

IWA SGs on Modelling and Integrated Assessment / Instrumentation, Control and Automation



MODEL DEVELOPMENT
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@ Acidogenesis
—

-
S~ — -

~ = = - -

= The model considers the competition for common substrates among
the methanogens and sulfate reducing bacteria

* Processes included in the model are:
— Acetogenesis, Acidogenesis
— Hydrogenotrophic methanogenesis, Acetoclastic methanogenesis

— Hydrogenotrophic sulfidogenesis, Acetate-based sulfidogenesis, Propionate-based
sulfidogenesis

IWA SGs on Modelling and Integrated Assessment / Instrumentation, Control and Automation




MODEL VALIDATION
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I SeweX model predictions vs measured CH,
@ . . .
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Time (Hours)

SeweX model predictions vs offline CH, data
collected from a sewer system in Australia

Methane concentration (mg/L)

isasol ., 2 *] o
(Guisasola et al., 2009) _ S N
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IWA SGs on Modelling and Integrated Assessment / Instrumentation, Control and Automation




MODEL VALIDATION
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Measurements vs. SeweX Predicted CH, Concentrations for Gold Coast Sewer System

IWA SGs on Modelling and Integrated Assessment / Instrumentation, Control and Automation
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= Mechanistic model to complex for its application to large
sewer systems

= A large quantity of data is required which are not readily
available

= The entire process would be time consuming and
resources intensive

= Simplified approach is therefore required

— Empirical models

IWA SGs on Modelling and Integrated Assessment / Instrumentation, Control and Automation




EMPIRICAL MODELS

S " Xz 7,

m INSTRUMENTATION
CONTROL AND
the international

water association AUTOMATION

= Methane production in pressure main (Foley et al.,
2009)

A

= Methane production in gravity sewer (Chaosakul et
al., 2014)

A
Ceu, = 6.0x107°% (V xHRT) x1.05""29 4+ 0.0015

= Methane production in gravity sewer (Xu et al., 2018)
Qch, = Yen,/x - X - HRT - 1.05(720)

IWA SGs on Modelling and Integrated Assessment / Instrumentation, Control and Automation



EMPIRICAL MODEL DEVELOPMENT
AND APPLICATION (GRAVITY SEWER)

/ Sewer Properties
Length = 1000 m (constant)

Pipe Diameter =D mm
Pipe slope =S (m/m)
Average daily flow = Q (m3/s) with
diurnal variation
Temperature =T°C
A range of the parameters/sets of

sewer conditions to be applied

( Network Data \
Pipe length (L)
Pipe diameter (D)
Average dry-weather daily flow (Q)
Pipe Slope (S)

\_ Temperature (T) )

IWA SGs on Modelling and Integrated Assessment

Calibrated SeweX Model

Simulations to estimate methane production
under each set of sewer conditions

Non-linear regression of the simulation results data to
develop a correlation between the sewer parameters
and the methane production

Methane production in each pipe section
calculated to obtain total methane production in
the entire sewer network




GS-MODEL DEVELOPMENT FOR
GRAVITY SEWER

9:37”\1—41— ;TS;
0=k-Q -DP.8"

D D

Aop =05 L=k-Q D757 5 L Q

rom, =k - Apy=k-Q" -DP.S7. L

rega0=k-Q DS

IWA SGs on Modelling and Integrated Assessment 25



METHANE GENERATION IN GRAVITY SEWER

rom, = 0.419 x 1.06(729) x Q926 x

Where,

cu,= Methane production rate (kg/km-day)

O = Average flow over a day (m3/s)
D = Pipe diameter (m)
S = Pipe slope (m/m)

Parameter Correlation Matrix

IWA SGs on Modelling and Integrated Assessment

Output~= 1.035xTarget

2.5

15 |
10 -
05 4

0.0

] ® Data
1— Fit
2.0 4

- Y=T

Regression: R?=

0.9991

0.0

0.5

1.0

1.5

Target

2.0

26
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EMPIRICAL MODEL DEVELOPMENT
AND APPLICATION (PRESSURE MAIN)

/ \ Calibrated SeweX Model

Sewer Properties
Length = 1000 m (constant)
Pipe Diameter =D mm
Pump run time = P (min/day)
Average daily flow = Q (m3/s) with Simulations to estimate methane production

diurnal variation under each set of sewer conditions
Temperature =T°C

A range of the parameters/sets of
sewer conditions to be applied

Non-linear regression of the simulation results data to
develop a correlation between the sewer parameters
and the methane production

( Network Data \
Pipe length (L)
Pipe diameter (D)
Average daily flow
Pump run time (hours/day)
\_ Temperature

Methane production in each pipe section to obtain
total methane production in the entire sewer
) network

IWA SGs on Modelling and Integrated Assessment 27



EMPIRICAL MODEL DEVELOPMENT FOR FORCE MAIN
SEWER

15

10

Production rate (kg/day-km) = 3.45 x Pipe Diameter (m)

Methane Production (kg/day-km)

.

rem, =k -Apy=k-D-L o

0 1 2 3
Pipe Diameter (m)

Production rate per unit length

TCH4_=k.D

kr = kyo - 1.057720) rCcH,20 = 3.45 - D

IWA SGs on Modelling and Integrated Assessment 28



Predicted Rate

EMPIRICAL MODEL DEVELOPMENT FOR FORCE MAIN

SEWER

Methane Production Rate (kg/day-km)

Estimated Values for Parameters

Expected Rate

IWA SGs on Modelling and Integrated Assessment

Parameter Estimated value SE
« 0.202 0.0054
I} 0.396 0.0087

reH,20 = 3.45 - D.Ng. U~ NpxPr/1440)

Where,

Tcu, = Methane production rate (kg/km-day)
T = Temperature(°C)

D = Pipe diameter (m)

Np= Number of pumping events per day

P;= Average pumping interval (min)

29



MODEL APPLICATION - PRESSURE MAIN

Calculation of methane production rate for C27 rising main (Summer)

Pipe Pipe Length Pipe Diameter | Temperature (°C) | No of pumping | Average Pumping | Methane Production
No. (km) (m) events/day Interval (min) (kg/day)

1 2.04 0.525 6.37 5.94

2 0.09 0.225 28 19 6.76 0.08

3 0.47 0.525 28 62 5.90 1.56

4 0.06 0.100 28 16 3.92 0.02

5 1.10 0.525 28 75 5.45 3.91

6 0.01 0.150 28 21 2.07 0.00

7 0.20 0.525 28 94 4.61 0.76

8 1.22 0.330 28 41 2.17 1.96

9 0.20 0.525 28 126 3.91 0.83

10 0.54 0.150 28 43 15.44 0.57

11 0.40 0.525 28 164 5.55 2.30

Total: 17.95

measurement methane (kg) model (kg)

Summer 23.46 17.95 -23.49%
Winter 26 15.18 15.07 -0.73%

IWA SGs on Modelling and Integrated Assessment 30
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Speaker 1 = This session is being recorde ..,

Keshab Sharma (Univ. of Queensland, = Microphones and cameras have been

Australia) disabled due to the large number of
attendees;

Speaker 2

= The normal chat function is disabled;

= Please put any questions and
Speaker 3 qomrrlerl’;]s ylou ma%/thavze in the Qd&A
Wim Audenaert (AM Team, Belgium) (u;on 0 the low right in Zoom) an we
will do our best to answer them during
the session (in writing or orally).

Mathieu Sperandio (INSA, France)

Speaker 4
Xavier Flores-Alsina (Technical
University of Denmark)

Speaker 5
Jose Porro (Cobalt Water Global, USA)

Q&A Session Moderator: Liu Ye (Univ.
of Queensland, Australia)

IWA SGs on Modelling and Integrated Assessment / Instrumentation, Control and Automation




MODELLING N,O EMISSIONS

-STATE OF THE ART —
-MODELLING OF FULL SCALE
NITRIFYING BIOFILM REACTOR

Mathieu Sperandio
(sperandio@insa-toulouse.fr)
INSA, France
Toulouse Biotechnology Institute

IWA SGs on Modelling and Integrated Assessment / Instrumentation, Control and Automation



DETERMINISTIC MODELS FOR N,O EMISSION

STATE OF THE ART
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Quantification and

Modelling of Fugitive
Greenhouse Gas

Emissions from Urban 4
Water Systems -

£O%0 By Liv 7o, 200t POrve and Ingmar Nogest

Quantification and
Modelling of Fugitive
Greenhouse Gas
Emissions from Urban
Water Systems &

Edited by Liu Ye;, Jose Porro;,
Ingmar Nopens

IWA Publishing

DOI: https://doi.org/10.2166/9
781789060461

Chapter 7

Modelling N,O production and
emissions

Mathieu Spérandio’, Longqi Lang’, Fabrizio Sabba? Robert Nerenberg? Peter Vanrolleghem?,
Carlos Domingo-Félez*, Barth F. Smets*, Haoran Duans, Bing-Jie Ni* and Zhiguo Yuans

TBI, Université de Toulouse, CNRS, INRAE, INSA, Toulouse, France. E-mail: sperandio@insa-toulouse.fr

2Department of Civil and Environmental Engineering and Earth Sciences, University of Notre Dame, Notre Dame, IN 46556, USA
aModeleau, Département de génie civil et de génie des eaux, Université Laval, 1065 av. de la Médecine, Québec, QC G1V 0A6,
Canada

“Department of Environmental Engineering, Technical University of Denmark, 2800 Kongens Lyngby, Denmark

SAdvanced Water Management Centre, The University of Queensiand, St Lucia, QLD 4072, Australia. E-mail: zyuan@awmc.uq.edu.au

SUMMARY

Mathematical modelling of N,O emissions is of great importance for the understanding and reduction
of the environmental impact of wastewater treatment systems. This chapter reviews the current status
of the modelling of N,O emissions from wastewater treatment. The existing mathematical models
describing all known microbial pathways for N,O production are reviewed and discussed. These
include N,O production and consumption by heterotrophic denitrifiers, N,O production by ammonia-
oxidizing bacteria (AOB) through the hydroxylamine oxidation pathway and the AOB denitrification
pathway and the integration of these pathways in single-pathway N,O models. The two-pathway models
are compared to single-pathway models. The calibration and validation of these models using lab-scale
and full-scale experimental data is also reviewed. The mathematical modelling of N,O production,
while still being enhanced by new knowledge development, has reached a maturity that facilitates the
estimation of site-specific N,O emissions and the development of mitigation strategies for wastewater
treatment plants taking into account the specific design and operational conditions of the plant.

Keywords: AOB pathways, calibration, heterotrophic denitrification, modelling, N,O

IWA SGs on Modelling and Integrated Assessment / Instrumentation, Control and Automation



DETERMINISTIC N,O MODELLING

STATE OF THE ART
Hydroxylamine Nitrifiers
pathway (NN)MW (ND)
NH; — NH,OH » NO NO;, =—————b NO;

Ammonium Oxidising Organisms Nitrite Oxidising Organisms

N, 4—@4—— NO €—— NO; €¢—— NO;

Heterotrophic Denitrifiers
(Ordinary Heterotrophic Organisms)

= N,O models related to denitrification
— Multistep denitrification (N,O, NO), ASMN: Hiatt and Grady 2008
— Other concepts, electrons carriers : Pan et al., 2013 ; Domingo-Félez and Smets 2020

= N,O models related to nitrification

— Single pathway (Nitrifier denitrification — ND):  Ni et al., 2011; Mampaey et al., 2013; Pocquet et al., 2013; Guo and
Vanrolleghem, 2014

Single pathway (Hydroxylamine pathway — NN): Law et al., 2012; Ni et al., 2013
— Comparison: Sperandio et al., 2016
Multiple pathways : Ni et al., 2014; Peng et al., 2015; Pocquet et al., 2016; Domingo-Félez and Smets, 2016

= N,O models related to chemical pathways
— Harper et al., 2015 ; Su et al., 2019
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COUPLING MICROBIAL REDUCTION AND

OXIDATION PROCESS

= Similarly to ASM concepts, oxidation and reduction pooled in single kinetic rates

= Hydroxylamine is the electron donnor

Nitrification: 2-pathway model (Pocquet et al., 2016)

Model G
NN pathway ND pathway
N,O
|
NH,* 1 NO,
- et g7 Q.
NH HNO, <

Stoichiometry of the 2 pathway model (Gujer matrix).

Process Model Components — 2-P model
SNH Snzon  SNo SN0  Snz0 Soz Xaos
1 -1 1 -8/7
2 —~i -1 1 1
NEM " Yaop  /Yaos —(12/7 — Y08) / Yao
3 -1 1 -4/7
NN 4 -1 =4 __, 1 4
ND 5 —] — 1 2

—

Nitrification + denitrification

AMO HA
—=> NH,0H —

HD
N
- NO —> N,
N,O T Nor
NN T Nor NO
NO T Nir
N,O )
NirK NO,
T Nor T Nar
o HAO NXR
’> NO ——2—>|HNO, NO, > NO;

Pocquet et al., 2016

Hiatt and Grady, 2008
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Model-based evaluation of strategies to S-S
mitigate N,O emissions from a full-scale . g

. . . . . m INSTRUMENTATION
nitrifying biofilm reactor oxmantms ooy

.

) Nitrifying biological active filters (BAFs) (~1 kg NH,-N m=3d?)
J In Seine Aval WRRF, N,O emission = 2% to 4% of NH,-N removed
) ~80% of the carbon footprint

Full-scale
guantification of
N20 emissions

Justine Fiat, Beatriz Gonzalez Vazquez
Ahlem Filali, Sylvie Gillot, Yannick Fayolle
Jean Bernier, Sam Azimi, Vincent Rocher
Mathieu Spérandio

INSA

TOULOUSE

INRAZ
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NITRIFYING BIOFILTERS: IMPORTANCE OF

PHYSICAL DESCRIPTION

T WATER
D RESEARCH

Water Research
Volume 156, 1 June 2019, Pages 337-346

g WESSN

IER

¥

EV

ELS

Considering the plug-flow behavior of the gas
phase in nitrifying BAF models significantly
improves the prediction of N,O emissions

Justine Fiat 3, Ahlem Filali 2 & &, Yannick Fayolle 2, Jean Bernier b Vincent Rocher , Mathieu Spérandio €, Sylvie
Gillot ¢

mmmp Filtration cycle
=) Backwash mode

Media bed

173m?x3.5m

g% T o L
SRR TARe TAMATE (ANAY A | EATAY | ATAT) AT SR,
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Physical description
Compartments for gas and liquids

EEE Gas

227 Water

[ siofilm

Media

mmp Advection
=) G/Ltransfer

I=) Filtration,

detachment,
diffusion

= e B R B B B B
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Nitrifying model calibration (Fiat et al., 2019)

4 - - -~ 1.0

r N q
€3 W W 08 Z Summer
Z r T
» - N =06 9 INSTRUMENTATION
=, : 2+ N20-PRdata
& = = 04 8 CONTROL AND
o F Y " E S N20-PR model the international
o . 023 water association AUTOMATION
- ’ h \e # w -t Ratio data
0 +—ga Legiu1y i o il 0.0 B Rt mode]
257 258 259 260 261 262 263 264 “‘ € * Inlet/outlet wastewater characteristics of nitrification (643 days)
Time (d) Experimental | * Inlet Qg and Q, of B2 (643 days)
data * Inlet water T of nitrification (643 days) and JNB27 (21 days)
_ * Outlet N,O fluxes and NO," of INB27 (21 days)
8
= £ =
L z Summer
e s o gt WP ., > l
£ ' = e Hiqui
=4 3 ‘ e DO data Step 1 Partition of gas-liquid N;,O | 0 Tansfer parameters
O ‘ o Aeration fluxes?
e o A o 0.5 2 ~— DOmodel (Chapter IV) Predictions = measurements? € ko
€ 2 ok -?—-w \l, ¥4 ) - 1 e
3 %JL ' "\ﬂ I § ¢ No2data Ves|
wo 5 =+ P00 —— NO2 model
261 262 263 264 2 Effluent NH,* and NO;? No Bed porosity €,;
T'me (d) .~ . Effluent NO;- of INB27? balance of AOB and
Predictions = measurements? NOB activities: K; 08
2
< z Winter
= °
g g N20-PR data Step 3 N,O-PRin No ND pathway; Nyo,
o ° N, O production winter/summer? Ko K
g s N20-PR mode| - Predictions ~ measurements? MAOB,ND» T41,0,408
e —
z g Ratio data Yes
e & £ Ratio model
390 392 394 396 398 400 402 404 | catibrated model |
Time (d)
_10 - T 25 __ — Dissous simulé Dissous mesuré
< { =) Wi 25
S 8 L 2.0 > nter
w
g 6 \"Mf/hv 1 1.5 £ + Dodata g0
- F " z
Q a 109 DO model % 15
. 3
S 2 ¥ ?'( ?’ {Vn M 05 € 2 10 :
.-E : ?ﬂpmh M N .U ‘ WWIA ‘y lb 3 ® NO2 data s *];)\
pv o 0 E NO2 model = s
390 402 o
Tume (d) : '
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Statistical data analysis:

m CONTROL AND

the international

A 5. . water association AUTOMATION
100000 | 8
_ i P =30
= 80000 g 6
< aoomo | WM e LJ T FN,O
= SRR AL A 2 e ] 3 1.0 1.0 4 2
< 00001 [ ) L' | ZNwW‘ '-_1 x all & ‘ D
& 20000 é L J",;‘f\" “‘-ﬂl' 2 L\ | mwﬂw ot FNH4 removed Qair | (N
T3 3 4 5 6 7 o7 ‘2 3 4 5 6 7 533 4 5 6 7 N 0.5 ~ 0.5 EN |/ FENN2G
t() c o
o C
50 h\ A. 50 B. » g 0 O g 0 0
3 a0 ‘\rf“'\\(w/’ AG ~y T 20 a U.UA o 0.0 1
:«'Ea 30 [ 1w ! '\‘"9"\/ :§ 30 g g
3 2 g 205 £ 0s]
220 200 " e s ] 8
2 2 3 T 6 9 2 3 s 8 6 E E
50000 & 2000 D - -1.0 1 o -1.04
% 40009 ) ! ~§— 1500 L | T T T T T T T T T T
g o Lo "T‘ | 1 L % ocol | | vy il -1.0 05 00 05 1.0 -1.0 05 00 05 10
E):SZZ: 1 MM F““llh ’\ \]" Ly :‘; ”‘..\,n‘ £ o *TM'; rww \m)‘vfl"r.'w,'l ‘LJ““" Principal component 1 Principal component 1
o 2 3 4» 5 6 a 2 3 a4 5 6

() t ()

Major sources of variability: rain (flow, dilution), seasons (temperature, flow, concentration)
* N,O emission factor correlated to NH, concentration (Summer and Winter)
* N,O emission rate (F-N,O) correlated to NH, concentration and NH, loading rate (Winter)

* N,O emission factor (EF) inversely correlated to Qin (Winter) and flux of dissolved N,O
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Simulation based on long term operational data
(2 years) (Fiatetal., 2019)

m INSTRUMENTATION
CONTROL AND
the international

water association AUTUMATIUN

N,O emission vs NH, load

15 6% Concentration in the biofilm
F -« <Tmedian
. _ge © 5% + . i 0.05 S.E4
t % ‘o-: . é ’ r > T median [« <Tmedian [« <Tmedian
,,,E 1.0 + _-" . 5 4% - — 0.04 A = > T median 4E.4 - = >Tmedian
= E : g z
» £ 3% . £ 03 g
= = e £ =
S os R 2% - R s £
< « <Tmedian w . % -:‘:-’ 0.02 2
= >Tmedian 3, 1% - : '. s “. % g
[ —y=x ..-_(. Z 0.01
0.0 0% o
0.0 0.5 1.0 15 2.0 0.0 0.5 0 15 2.0 °-°°00 00 0s 10 s o
NH,* load (kgN/m?3/d) NH,* load (kgN/m?3/d) ) NH,* load (kgN/m¥/d)
Figure VI.3-4. Evolution of the AUR and N20-PR predicted by the model in 2014-2015 with the applied NHa"load 10 - 70 -
(n=643). « <Tmedian
6.0 — .
0.8 = >Tmedian
S <50 - .
. . £ 06 + ®
High N,O emission : £ E40 o
S04 £30 - .
g | BB E 2 20 T
3 d4-1 02! T R R
1 - - 2T o « <Tmedi E K] ..
« for high NH, load (>1 kg N m= d-) I STmeden 10 §
[ = >T median : VeI
. _ . . s 0.0 — 0.0 i 3
(high NH4 => high NH,OH in biofilm) 00 05 10 15 20 00 05 10 15 20
NH,* load (kgN/m?3/d) NH,* load (kgN/m3/d)

Figure VI.3-6. Evolution of average concentrations in the biofilm predicted by the model in 2014-2015 with the

« in winter (low T, in blue) it e
(lower N,O reduction by heterotrophs)
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Benchmarking control scenarios (conzaiez etal, wrrRmod 2021) et

MeOH

~ - 7 "'_
A L Post-
SS removal Carbon & P removal Nitrification denitrification CONTROL AND
1 ll

: T B the international
ot — L1l T~ el

water association AUTUMA“UN

MeOH Post-

B SS removal Carbon & P removal Pre-denitrification Nitrification denitrification

Pretreated __ 11 — -
wastewater ‘ . :L, “ ""ﬂlh"" T

Pre-denitrifcation rec.

Nitrification
Air flow control (Q;,)
expectation: limiting N,O stripping and DO limitation Q, FNH,*, ! (NH,"] >
4
. . [NH,*]
* Feedback with [NH,*] out: FB_Air_NH, ’
* Feedforward with inlet NH;" load: FF_Air_FNH, , Qairi____ ________________ .
« Feedback + feedforward: FF_Air_FNH, + FB_Air_NH, O
I setpoint
Recirculation control (Q,):
expectation: dilution + liquid circulation, predenitrification of N,O >

° Feedforward with Qin : FF_Qr_Qin
° Feedforward with Qin and pre-DN
* Feedback with FE N,O setpoint: FB_QR_N,O0
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Benchmarking control scenarios

6 —— SP=5
. —— Sp=7
Air flow control 5 | =9
. . . ’O\ 4_
* Emission poorly influenced by the control & i |
o ! | ‘ " ‘
typology (FF, FB, FF+FB) =21 1 T
* N,O emission factor (inversely) correlated =2 N |
. I
to [NH,]out setpoint 14
073 1 2 3 4 5 6
t ()
Recirculation control (Q,):
. 2.50
. 3 O Internal recirculation
g Emission factor % 2.25 1 = OO0 Pre-DN recirculation
g x © L . o
2 5 &© * N,O emission factor reduced <+ 5 2:007 S 5
+ o X 2 I
T //Q:l’ . . Em175- oo
23, X9 by recirculation =8 O o i
5% %’ 00 ) @ " 1,501
2 | o-a * Up to 60 % reduction for £
e 1 T 1.25- H
o recirculation ratio 200% 2 / \ ©
= 0 T T 1.00 T T T
400 500 600 700 0 100 200 300
NH4* removal rate (kgN/d) Recirculation ratio (%)
X Current control
O FB_Air_NH:
O FEATNH: #75.0n 0 effect of dilution effect of N,O reduction
by predenitrification
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CONCLUSIONS

= N,O models reach the age of maturity
— still perfectible
— very useful for identifying influencing factors and possible strategies for mitigation
— ... after appropriate calibration

= A major challenge for modelling full-scale systems is to describe
appropriately heterogeneities
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AGENDA AND HOUSEKEEPING

s e e A
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water association AUTOMATION

Speaker 1 = This session is being recorde ..,

Keshab Sharma (Univ. of Queensland, = Microphones and cameras have been

Australia) disabled due to the large number of
attendees;

Speaker 2

= The normal chat function is disabled;

= Please put any questions and
Speaker 3 qomrrlerl’;]s ylou ma%/thavze in the Qd&A
Wim Audenaert (AM Team, Belgium) (u;on 0 the low right in Zoom) an we
will do our best to answer them during
the session (in writing or orally).

Mathieu Sperandio (INSA, France)

Speaker 4
Xavier Flores-Alsina (Technical
University of Denmark)

Speaker 5
Jose Porro (Cobalt Water Global, USA)

Q&A Session Moderator: Liu Ye (Univ.
of Queensland, Australia)
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FULL 3D SIMULATION FOR ROOT CAUSE
ANALYSIS, ENHANCEMENT OF
MEASUREMENT CAMPAIGNS AND VIRTUAL
MITIGATION STRATEGY TESTING

Wim Audenaert
(Wim.Audenaert@AM-Team.com)

.Ji Advanced Modelin gf r process optimisation
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N20O EMISSION IS A 3-STEP PROCESS

Step 1:
N,O gets produced

somewhere in your
bioreactor (just explained)

eF &
H A2
@

Step 2:

N,O gets transported
through the water flow in
your bioreactor

el T AR /

miEEhIlL ™

Liquid sensors

=

M INSTRUMENTATION
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the international

water association AUTOMATION

Step 3:
N,O gets emitted from
your bioreactor

Gas measurements

| Y
This is the root cause This is what we measure
of the problem . )

Y
This has climate impact
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HOW MODELLING CAN HELP
PRACTITIONERS OVERCOMING THE N20
CHALLENGE INSTRUMENTATION

CONTROL AND

the international
water

erassociation AUTOMATION

= Assessment stage
— Quantification of N,O emissions
— Comparison and prioritization of WWTPs
— Enhance, reduce or replace onsite measurements

= Mitigation stage
— Virtual testing of mitigation strategies
— Comparison and selection of strategies
— Mitigation + optimisation of effluent quality
— Obtaining generic learnings every utility can apply

IWA SGs on Modelling and Integrated Assessment / Instrumentation, Control and Automation



3D PROCESS SIMULATION: COMPUTATIONAL
FLUID DYNAMICS (CFD) + BIOKINETICS

= Physics = Biology
— N20 transport, diffusion, stripping — ASM models with extended N,O
pathways




CASE FROM NEW ZEALAND Waltercare %

e

=
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Goals of this project: Inlet
* Enhance piloting and onsite RAS **
measurement campaigns 4
e Obtain generic process
understanding

* Effective mitigation

Outlet

IWA SGs on Modelling and Integrated Assessment / Instrumentation, Control and Automation



3D SIMULATION RESULTS N20O

;__ < A
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Liquid N,O concentration Off gas N,O concentration

g/Lin gas
g/Lin water 1.8 x107

6 x10°
0.9 x107
0

-ation of N2o Mixture Level

i 3 x10°
0
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COMPARISON OF PATHWAYS Watercare =%

m INSTRUMENTATION
y g@ g@ S\ CONTROL AND
@H A1 A2 water association AUTOMATION
N,O produced N,O produced N,O EJrOduced
kg/m3/s pr— = - kg/m>/s e m = ke/m*/s m B | R |
0 2 x101 4 x10°1 0 3 x10°3 6 x10°3 0 1 x10°3 2 x10°3

‘What if’ scenario:

What happens I
when ammonia load

increases?
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COMPARISON OF ROOT CAUSES

Low ammonia scenario High ammonia scenario

N
A1
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LIQUID N20O CONCENTRATION - FULL-SCALE

il

Anoxic " | Anaerobic

Anoxic

4= RAS

Fine bubble

— aeration

| Base case

Inlet pipe

& Recycle pipe

== = QOutlet

m NSTRUMENTATION
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mg/L N,O in water

S —
0 3.5 x1072 7 x102




LIQUID N20O CONCENTRATION - FULL-SCALE

.
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N,O in gas (ppmv) e et AUTOMATION

0 200 400




COMPARISON OF 2 SCENARIOS: SWING ZONE

Mass balance

Units: kgN/s Swing zone off Swing zone on Swing zone on:
Net production 1.26e-5 6.25e-6 - 45.9% of emissions
i 0 :
Effluent ) 346-6 6.83e-7 50.4% of net N,O production
Off gas 1.03e-5 5.57e-6
Het. Den., 0% Het. Den., 0%

—  AOBDen, 13%

/_ AOB Den, 28%

Hydroxyl.
Path., 72%

\

Hydroxyl.
Path., 87%

Swing zone off

m Het. Den. = AOB Den = Hydroxyl. Path.

Swing zone on

m Het. Den. ®AOB Den = Hydroxyl. Path.
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GUIDING OF MEASUREMENT CAMPAIGNS
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CONCLUSIONS

.
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= The Pareto principle applies to N,O: 80% of your N,O can be
produced in 20% of your bioreactor

= Onsite N,O measurements reveal the symptoms. Curing the patient
lies in addressing the root causes

= CFD-N,0 simulation acts like an ‘x-ray’
= Many strategies are possible, but the ‘perfect one’ likely does not exist

= CFD-N,0 allows ‘what-if' testing for N,O root cause analysis,
regulatory reporting, and mitigation

Wim.Audenaert@AM-Team.com
am-team.com/n2o
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AGENDA AND HOUSEKEEPING
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Speaker 1 = This session is being recorde ..,

Keshab Sharma (Univ. of Queensland, = Microphones and cameras have been

Australia) disabled due to the large number of
attendees;

Speaker 2

= The normal chat function is disabled;

= Please put any questions and
Speaker 3 qomrrlerl’;]s ylou ma%/thavze in the Qd&A
Wim Audenaert (AM Team, Belgium) (u;on 0 the low right in Zoom) an we
will do our best to answer them during
the session (in writing or orally).

Mathieu Sperandio (INSA, France)

Speaker 4
Xavier Flores-Alsina (Technical
University of Denmark)

Speaker 5
Jose Porro (Cobalt Water Global, USA)

Q&A Session Moderator: Liu Ye (Univ.
of Queensland, Australia)
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Benchmarking GHG emissions in
water treatment systems: past, present
and future prespectives

Xavier Flores-Alsina

Process and Systems Engineering Centre (PROSYS), Department of Chemical and
Biochemical Engineering, Technical University of Denmark.




49

Background information

= BSM development — ongoing effort since 1997
=  Work started as part of an EU COST action

= |WA Task Group on Benchmarking of Control Strategies for
WWTPs initiated in 2005

» Scientific and Technical Report published in 2014
= Now is open access

Objective: provide a ‘realistic’ simulation benchmark protocol for
objective comparisons of control and monitoring strategies for
WWT systems
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Background information

Finalised versions of BSM1, BSM1_LT, BSM2, the influent
wastewater generator model and more available for free

O Product v Solutions v Open Source v Pricing

Signin | Sign up |

O Product v Solutions v Open Source ~ Pricing Signin | Sign up |
Pop . .
B wwtmodels / Benchmark-Simulation-Models  pubiic
Anj O Product v Solutions - Open Source v Pricing Signin | Sign up
| <> Code (@ lIssues 1 11 Pullrequests  ® Actions [ Projects @ Security
°
8 wwtmodels / Influent-Generator-Models ' Public £ Notifications % Fork 1 T star 5~
P main ~ P lbanch ©4tags
Be <> Code (@ Issues 1 11 Pullrequests (® Actions [ Projects @ Security |~ Insights
N @ wwimodels Update READMEmd
oo rand . . B About
‘ O READMEmd Update READMEmd £ main ¥ 1banch ©2tags Go tofile ou
wwtmodels
Inf O WWMiogopng Add files via upload No description, website, or topics provided.
Follow @ wwtmodels Update README.md 77835da on Nov 29, 2020 ) 27 commits
P [ Readme
A collaboration between the PROSYS README.md D READMEmd Update README.md 2yearsago ¢ Sstars
center at DTU and the IEA division at LU 0 WWIMiogopng Add files via upload dyeasage D Twatching
to altruistically distribute water models 3¢ . . ¥ 1fork
developed n previous research prjects Benchmark Simulation Models
. ; README.md
£63 followers -1 following This repository contains the different benchmark simulation mod| Releases @
on benchmarking of control strategies for WWTPs. Updated vers )
R2019b ormwards as wel as the older versions that work from Ma WWTP Influent Generators © BSsewer Infiuent Generator (ates)
Achievements on Oct 16, 2020
BSM1LR2019b This repository contains the different WWTP influent Generator Model developed between Lund University and +1 release
Technical University of Denmark. Two implementations are currently available
1. BSM2 Influent Generator Packages
This implementation is the BSM2 influent generator developed by Krist V. Gernaey, Xavier Flores-Alsina, Lorenzo
Benedetti, Christian Rosen and UIf Jeppsson. The model is described in the following paper authored by the model No packages published
developers:
PR VI VRV PYNTE i Lo "
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Influent

Past: How did we include GHG emissions wi
the BSM platform? *

Primary clarifier

—

Qr

Off plant:

CO2 from heat- and power generation
CO:z from production of carbon source
N20 from N-conversion in recipient

Secondary clarifier
[ Effluent

Qw|

'mkener
Y

Storage
tank

Co-generation ult

CO2 & CH, from AD and combustion
CO2 credit from energy generation

Lidge for disposal & reuse
-

CO2 from transport
CO2 N20 & CH, from disposal & reuse

*  Mathematical models
ASM1 extended with N20 production
ADM1

» Evaluation criteria
EQI
OCl
GHG emissions
« 1) Direct secondary treatment emissions
» 2) Sludge Processing
* 3) Net power GHG
* 4) Chemicals
* 5) Sludge disposal & reuse

N— N’ SN’ S

* Plant layout, influent disturbances &
simulation procedure remain the same



52

EQI (kg pollutantion day-1)

Simulation

results (1)

. Default configuration
7000 — @ DO set-point variation
O % TSS removal in PRIM
O TinAD
6800 -
6600 - 3
DO=1gm
% TSS =33
6400 -
o - T=55C
6200 - % TSS = 66
—
Cax
6000 1 DO=3g m™
5800 . . .
12000 13000 14000 15000
oCl (-)

»
»

Higher DO set-points improve EQ but
also increase OCI

Increase TSS efficiency in the primary gives
more revenues due to higher energy
recovery, but the change in the COD / N
ratio damages DN

Operate in termophilic conditions it is just a
more expensive way to operate the plant

Flores-Alsina et al., 2014. Sci. Tot. Env. 466-467, 616
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EQI (kg pollutantion day-1)

Simulation results (1)

»

Low DO values, decrease OClI, off-site CO,
emissions (energy related) but increase N,O
production

@ Default configuration T . Default configuration
7000 -—— @ DO set-point variation - ~ . DO set-point variation
8 T ~ 7T ' () % TSS removalin PRIM
6800 z || (O) Tin digester
<
. |
o 161
6600 - 3 ) | |
DO=1gm o |
% TSS = 33 8 | |
> 151
6400 - = | l
p ‘
6200 % TSS = 66 T=55¢C g 1.41 %TS5=33 ||
i 0 | %TSS
s - g |
g 13 (=
| | - i 7000
6000 DO =3 g m-3 o --'....'_.-' E T: s c ,.!‘,-'esm 6;\
B 1.2~ : ~e00
5800 . . . e - ~<ea00 N
12000 13000 14000 15000 R e "DO=3gm <8200 gq°\
OCI (-) 14000 T— 7 ;',A" 8000 \\g‘

Ocyy, 15000 5800

Flores-Alsina et al., 2014. Sci. Tot. Env. 466-467, 616



Present : Plant-wide model describing GHG
emissions and nutrient recovery options

Expanded the scope

Comtenss isa svaileble o8 SocneDinees

‘Water Research

oumnal homepage: wiww clicvicr COMIGES Wit

A plant-wide model describing GHG emissions and nutrient recovery
options for water resource recovery facilities

e Modified influent disturbances

Modified plant layout

Modified mathematical models
(and model interfaces)

Modified evaluation criteria

Expanded the potential
strategies

Solis et al., 2022. Water Research. 215, 118223



Results

THK in THK underflow THK overflow
Q 6000 mid’ Q 624 md’ Q 5376 m'd’
€ 15172 kgcd® C 14519 kgcd® C 653 kgcd?
Influent N 3296 kgNd’ N 3103 kgNd' N 193 kgNd*' Effluent
20935 m'd* P 3569 kgpd’ P 3492 kgPd® P 77 kgPd! Q  20920.5(99.9%) m’d*
64515 kgCd* pH 7.7 pH 7.7 pH 7.7 C  1491.7(231%) kgCd* —— "
10808 kgNd* N 5280(489%) kgNd® | GHG emissions in kg CO, d
1 SECONDARY 1 || Total GHG emissions: 18941
Atz Lol INFLUENT PRIMARY ACTIVATED SLUDGE (AS) CLARIFIER (SEC2) EFFLUENT | | st el st
7.0 CLARIFIER (PRIM ANAERTANASR2 | ANOX1 | ANOX2 |  AERI AR | AERS L PH i — Eealpd) (2
N N i i 0 0 °nio 0210 O ° N0 (%) 287
> > : H 2:0.01%2, 0 01 "0c C O
PRIM in ‘:\J> A E— % i I s %ﬁg- ool ' ’ E:> CH (%) 58
Q 216723 m'd* A - [ o > | AS Direct GHG emissions 15206
C 67591 kgcCd*! C 21183(32.8%) kgCd* Total secondary treatment 8920
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Future : Virtual replicas to assess catalytic treatment

Mass balancing and data
reconciliation

Model development and scenario analysis

Quantification of emissions
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Conclusions and take home messages

The inclusion of GHG emissions provides an additional criterion when
evaluating control/operational strategies in a WWTP, offering a better idea
about the overall “sustainability” of plant control/operational strategies.

Simulation results show the risk of energy-related (aeration energy in
AS/energy recovery from AD) optimization procedures, and the opposite
effect that N,O and its 300-fold stronger GHG effect (compared to CO,)
might have on the overall GWP of the WWTP.

The importance of considering the water and sludge lines together and
their impact on the total quantity of GHG emissions are shown when the
temperature regime is modified and the anaerobic digester supernatants
return flows controlled.

While these observations are WWTP specific, the use of the developed
tools is demonstrated and can be applied to other systems
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The N20 Reduction Journey
* Accounting/screening/prioritizing N20 action

* Measuring and reducing N20
Monitoring the process and N20 after reducing N20
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KNOWLEDGE OF N,O PATHWAYS AND INFLUENCING (RISK) FACTORS
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Al / MACHINE LEARNING (ML) APPROACH

FOR MITIGATING WRRF N,O EMISSIONS

Knowledge Base
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The N20ORisk DSS is the first Al/ML platform to:

1) Account for; 2) Reduce; and 3) Monitor

wastewater N,O process emissions

5& Sner N20Risk DSS [ iogom

[X]



Accounting of N20 emissions, screening/prioritizing sites
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The Emission Factor Problem
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IPCC 2006 ML-based accounting
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Using available plant data for accounting of N20 process emissions
Northeast lllinois, USA
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Tank Pass 1 Predicted N,O Risk and Emissions
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Tank Pass 2 Predicted N,O Risk and Emissions

—— Low DO Risk
—— High DO Risk

N20 pred. (mg/L)
—— N20 emission pred.

N20 emission

measured
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Tank Pass 3 Predicted N,O Risk and Emissions

— Low DO Risk
—— High DO Risk

10 N20 pred. (mg/L)
—— N20 emission pred.
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Measuring and reducing N20
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Monitoring the process and N20

Training model with one month of measurements

Jan 3 Jan 10 Jan 17/ Jan 24 Jan 31
2021
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How long to measure

Testing trained ML model with historical N20 measurement data
0.25

0.2

0.15

Process Data

0.1

0.05

19

OO @O :/6/7 p@é
2020 2027 2097

v, Se Yo
7)
yQOQO 2090 9030 2020 '02030 2020 VQOQO

Time



How long to measure

Zooming into roughly one-month in July/August 2020 to test trained
January 2021 ML model with historical N20 measurement data

0.25
—— N20 meas. (mg/L)
N20 pred. (mg/L)
0.2
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a
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jIH “ \\1 \ LR il i i \"UL
a4 A i I l L0l |HJ Ly b .fJHU L[ ol 0 ‘ 288.57tonsofCOZe/year‘
Jul 19 Jul 26 Aug 2 Aug 9 Aug 16 Aug 23
2020

Confirms we can use historical data for baselining purposes and do not need to measure for a full
year to understand season/operational variability and accurately estimate N,O emissions



Land van Cuijk RWZI Knowledge-based Al/ML Insights

A (R N20Risk DSS
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Reducing N,O with Knowledge-based Al/ML Insights

A oot N20Risk DSS
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Reducing N,O with Knowledge-based Al/ML Insights

A oot N20Risk DSS
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Data to Visualize:
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Monitoring process and N20 after reducing
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Testing of ML model based on first month of measurements against measured N,O
for several months after at site in NL
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ML model was fairly accurate for almost five months after
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Getting more out of your measurements and monitoring N20 in other lanes w/ ML
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Integrating N20Risk DSS with other tools
e ASM mechanistic models
 CFD/Biokinetic models
* Digital twins
* Advanced control solutions
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N20 Reduction Journey
 Journey can start now!
* Al/ML can take you through this journey
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Thank you

Jose.Porro@cobaltwater-global.com
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CLOSING REMARKS

Great thanks to all presenters for a wonderful event!

Make sure to follow MIA’'s NEXT webinar on December 21,
2022, at 15:00 (CET):

‘MODELLING PHOTOTROPHIC SYSTEMS”

If you have ideas for your own future webinar then contact
MIA MC and we will help you make it happen!

IWA SGs on Modelling and Integrated Assessment / Instrumentation, Control and Automation
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