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‘N,O activity’ — global status

».4 AM TEAM

Advanced Modelling for process optimisation

B Widely discussed
™ Emerging
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“We simply can’t
achieve net zero if we

don’t reduce process
emissions” (Watercare)




Observations .. AM TEAM

Advanced Modelling for process optimisation

=l Over a decade of active work on N,O process emissions,
acceleration in recent years

=l Sensor technology has matured a lot and created awareness
and discussions

I However, we should investigate of how we can maximise the
speed of GHG reduction initiatives
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THE N,0 JOURNEY:
Imnnrtant fuestions

MITIGATION . ™

Status of the market (63 respondents, ~40% utilities)

51%

We are exploring the N20 We are starting assessment /

topic

measurements

We are testing mitigation
strategies



BASELINE /)

ASSESSMENT

HOW, WHERE AND
HOW LONG TO MEASURE?

HOW TO UNDERSTAND
THE ROOT CAUSES?
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THE N,0 JOURNEY:
<10, Important questions

4 Q

HOW TO MAKE SENSE
OUT OF THE DATA?

HOW TO QUANTIFY
ANNUAL EMISSIONS?
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Assessment: biggest challenges
(70 respondents, ~40% utilities)

Reliable quantification Onsite data collection,

of emissions

]

processing and
interpretation of data

Cost related to the
investigation

o
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THE N,0 JOURNEY:
Important questions

Mitigation: biggest challenges
(63 respondents, ~40% utilities)

35%

Selecting the right
mitigation measures
for our plant(s)
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1

Onsite testing and
evaluation of
mitigation strategies

Prioritisation of
treatment plants;

AN

MITIGATION . ™

CAN WE ALSO IMPROVE
EFFLUENT QUALITY?

WHAT T0 DO WITH NEW
PLANTS / RETROFITS?

HOW TO CONFIDENTLY
REPORT % REDUCTION?

HOW TO RAPIDLY
EVALUATE MEASURES?



THE N,0 JOURNEY:

-, Important questions
BASELINE Do ({L)Q o \'\

ASSESSMENT MITIGATION . ™

World Water Congress Copenhagen 2022:
‘We have to keep measuring and measure more’
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THE N,0 JOURNEY:
C-» Important questions

BASELINE OO 4 <\

ASSESSMENT MITIGATION . ™

But:

One decade later, what our industry knows about mitigating N,O
at full-scale is rather disappointing. We also need to search for
hybrid or alternative approaches that enable generic
knowledge buildup to accelerate our path to net zero.
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Theory: N,O emission is a 3-step process

. L“ Advanced I\/Iodelhng for process optimisation

Step 1: Step 2:
N,O gets produced N,O gets transported

Step 3:
N,O gets emitted
somewhere in your through the water flow from your bioreactor

bioreactor in your bioreactor
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What drives N,O?

Influent:
guality and
quantity

Reactor type/
process design

Temporal Spatial

conditions
a.k.a.
MIXING
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Data analysis




Data of WWTP Land v. Cuijck
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VWhat are mechanistic
models?




N,O kinetics

. L“ Advanced Modelllng for process optimisation
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The N,O-tools

. L“ Advanced I\/Iodelhng for process optimisation

I CFD-kinetic models applied to >100 plants worldwide

Looking in 3D (spatial) — 3D CFD-N,0 tool Looking as function of time — Dynamic
- simulation tool
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CFD'NZO I.“Ad deugfp ——

Kinetic modelling

Combining physics with
. chemistry

CFD-N20

WINNER 2022
INNOVATION AWARDS

Water
Europe

4
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How CFD output looks like: N-species
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NH-N (mg/L)

i NO5-N (mg/L I
0. Influent Ammonia (NH) N ) Nitrates (NO,)
15. 5
0. 0
Sensor 18.5 mg/L . . Sensor 5.5 mg/L

N,O-N (mg/L)

0.015
Sensor 0.012 mg/L
CFD 0.010 mg/L
4
gy, Sensor 0.010 mg/L
R e CFD 0.008 mg/L
0.

08/11/2023 18



4 AMTEAM
. !‘ ‘ Advanced Modelling for process optimisation

Practical relevance within the
N,O challenge




Plant no. 1: Importance of sensor location AMTEAM

Advanced Modelling for process optimisation

Initial situation: subopti
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Plant no. 2: Baseline assessment and mitigation
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N,O in liquid N,O PROFILE IN MIDDLE OF BIOREACTOR
phase (ug N/L) (horizontal cross section)
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Plant no. 3: Design for minimal N,O production
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Visual comparison: Quantitative comparison:
N, O emissions N, O emissions 1%

reduction
As seen at 0.7m depth
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Plant no. 4: Mitigation
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Conclusions




Conclusions

=l TOoday: we neglect some essential physics and biology

=l Models for knowledge build-up and mitigation

=l INnCcrease accuracy of direct monitoring

=l EXisting data: validate and build trust

=l Robust and widely applicable

=l Contributes to other challenges (eg effluent !I! - EU UWWD)

- Accelerate our path to net zero
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Thanks for listening!

Pieter.Vlasschaert@am-team.com
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