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+Digital Water Solutions

https://digitalsolutions.witteveenbos.com

Witteveen

Sewage water

+Dataprofeet +DigiProH,0

+ OSCA Optimal Sewage water system Control Al
3 == -

+WOMBAT" proceshesturing
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Emission Impact Controller™

+EIC - Python based Emission Impact Controller




1
Bos
Witteveen ';k\/')l water

+Emission Impact Controller (+EIC)

* Real time monitoring op Overall CO,_.yiyalent-€Missie

* Procesemissies: Machine Learing + risico N2ORisk DSS-modellering (Cobalt Water)

* Procesemissies: IPCC berekening op basis van massabalansen voor CO, en CH,

* Indirecte CO,_qyivaient-€Missies via elektra beluchting + recirculatie en chemicaliéndosering.

« Sturing op effluentkwaliteit met + WOMBAT

* Optioneel: Machine Learning integrale instelling voor beluchting en recirculatie met DigiProH,O

 Python based combinatie van totale CO,_.q i alen:-€Missie van energieverbruik, chemicaliéndosering
en procesemissies verlaagd worden én effluentkwaliteit behaald wordt.

* Besluitvormende KPI's CO,_ o, alent iN +EIC Dashboard voor integrale procesoptimalisatie

* Optioneel: setpoints naar SCADA-controller
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+EIC (CO,._quivalent) Met focus op de waterlijn RWZI

Legenda

Proces
Directe procesemissies (scope 1)

Influent Effluent Brandstof emissies (scope 1)
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Emissie naar lucht (CO,, CH, en N,0)

Data validatie & RWZI modellen ‘

- Validatie van processdata met de

Dataprofeet® (noise removal, outliers)

»
>

Effluent
Q, CZV, NH4, NO3, NO2, Ptotal

- Massabalansen o.b.v. stromen van CZV, Influent

NenP Q, CZV, NH4, NO3, Ptotal

Slib
¥ Q,CZV,N,P
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+EIC op basis van +WOMBAT

+WOMBAT-regelmodule in SCADA:

- Minder pieken

- Verlaging pieken DO, NH4, NO3
- Lager energieverbruik

- Lager Ntotaal

- Lager Ptotaal

- Lager metaalzoutverbruik

rood = nitraat
blauw = ammonium
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Straat 2 (Tabelregelaar, conventioneel)

10

o N B (o)} (o]
L |

=
N

[EEY
o

Concentratie (mg/l)

Periode van 4 dagen

Straat 1 (Adaptieve WOMBAT®)
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Periode van 4 dagen
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VISUALISATIE DASHBOARD 8



Bos

~T. Cobalt
Witteveen ‘//\.\j WC_ﬂ_e_'l‘

-l

Cobalt Water Global N20 timeline in NL

N20Risk 15,tt.'\'2t9 .
Model mitigation in
full-scale ClimateTech Other N20
W. De Dommel solutions
2010 UGent EHVRWZI start
: 2015 2016 2019
U.Girona
.- il - - | > -‘-
tn2o 20 crowa | 2NAN20 2020 2021 2022
Measu[‘ement Cobalt Water N20 ir;]lzﬁitlon N20  Mitigation
Campaign Consultancy Project Challenge in UK
W. Aa en Maas scale
LvC RWZI

The N20ORisk DSS has also assessed N20 for more than 10 million people in 10 countries
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Assessing N,0 Risk (with Al) and Emissions (with ML)

Courtesy of Metropolitan Water Reclamation District of Greater Chicago, USA

o

Mar 2018

|l

May 2018

1 j

Dynamic assessment because N20 is dynamic

Jul 2018 Sep 2018 Nov 2018 Jan 2019
Time

—— Low DO Risk
8 —— High DO Risk
N20 pred. (mg/L)

= N20 emission prec

N20 emission

measured
@ predicted

Tanks dimensions:

Volume (m) [ 1949 ]mea(mz) [ 397 \

Avg. meas.:
XX kg N20/day

XX ton_co2_year

Avg. pred.:
0.51 kg N20/day

55.47 tons of CO2e/year

Mar 2019
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Reducing N20 with Risk-based Al insights =~ oaer

N20ORisk DSS

Data to Visualize: Voor: actuele DO (grijs) boven of onder v
naoriskdss fporo: adivies DO (blauw) oor

n2oriskdss_jporro_LVC3.3 35

' —— DO (mg/L)
Upload .CSV File ! Recom. DO (mg/L)

Date Selection

Reset Date Range

02/16/2019 — q

02/20/2019

Process Data

|
|
Risk to Display t N
Low DO [
High DO
Overall
NO2 n/d
pH
High DO Denitrif.
COD/N
Overall Denitrif

1

00:00 12:00 00:00 12:00 00:00 12:00 00:00 12:00

Feb 16,2019 Feb 17,2019 Feb 18,2019 Feb 19, 2019
Data to Display Time Cobalt Water en Waterschap Aa en Maas
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N20Risk DSS

Data to Visualize:

n2oriskdss_jporrox VOOI"

n2oriskdss_jporro_LVC3.3

‘ 1.4 —— N20 meas. (mg/L)
Upload .CSV File | N20 pred. (mg/L)

1.2
Date Selection

Reset Date Range \ ]
Vg

02/16/2019 —> Na

/ S

02/20/2019 f\ /‘ 0.8 g

| »

'\I‘ 8

Risk to Display 0.6 (é

o
Low DO

High DO 0.4

Overall

ﬂ

e 0 Rl MJJ L el s,

Overall Denitrif

NO2 n/d

00:00 12:00 00:00 12:00 00:00 12:00 00:00 12:00

Feb 16,2019 Feb 17,2019 Feb 18,2019 Feb 19,2019

D . . Cobalt Water en Waterschap Aa en Maas
ata to Display Time
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Monitoring N20 in other lanes w/ ML

Lane 1 measured N20 versus Lane 2 model predictions
(Model trained on Lane 2 N20 measurements)

Avg N20 conc. measured = 0.032 mg/L (purple)
Avg N20 conc. predicted = 0.027 mg/L (green)
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Aug 27 Aug 31

Aug 25 Aug 29

2023
Time

Sep 6

Courtesy of Welsh Water

Sep 8

0.2

Process Data

—— N20 meas. (mg/L)
N20 pred. (mg/L)
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Intervention (reduction in low DO risk from diffuser replacement)
< > > 07
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CO,_cquivalent Modellering

- Berekening van CO, en CH,-emissies conform IPCC2021,
- N,ORisk DSS model van Cobalt Water (risico + N,O emissies)

- Energieverbruik beluchting en recirculatie

- Chemicaliénverbruik (metaalzout)

- Monitoring effluentkwaliteit: NO5;, NO,, NH,

=> vertaling naar overall CO,_oquivalenten

=> Dashboard voor besluitvorming aanpassing procesinstellingen

=> Optioneel setpoint voor procesregeling beluchting en recirculatie

18
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2023/2024: demonstratieproject RWZ| Dronten - Zuiderzeeland
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Risk Score

_ Bos Dronten Nitrificatie Tank T cobalt
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@ Terug naar RWZI overzicht

Wi tteveen Gemiclidelde proFeswaardgn lbinrjen ge(selec.eerde tijd (j Alle data
NH4o(mg/l) NO2o(mg/l) Flow (m3/15min) Ptoti{mg/L)
0,28 0,13 199,97 8,09 Data

7-7-2021 15-10-2021

Broeikasgas emissies O O

®CO2 (STOWA2014-09) @CHS (IPCC 2013) @N2O (1PCC-2019) @ STOWA-2019-05-N2C min 19CC-2019-N20C

+EIC ¥

5
g
: —  Afgel k
! b Afgelopen wee
Dashboard e
oK ok 2021 —> Afgelopen maand
op maand- of weekbasis - Afgelopen jaar

Zuurstof verhouding
@ Gemiddsldz van O2_Satpoint @ Gemiddzlde van O2_value
2.00

T e e P S SI /\/\N“\WN o ——

mg O2fL
8

0,00
aug 2021 sep 2021 okt 2021

Lachgas risicoindicators

@ Gamiddzlde van NO2 o (mg/L) @Gemiddelds van NH4.0 (mg/L)
D4

mofl
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™

sep 2021




@ Terug naar RWZI overzicht

Witteveen Gemiddelde proceswaarden binnen geselaceerde tijd (—-—) Alle data
NH4.0 (mg/l) MNOZo(mg/L) Flow (m3/15 min) Poti (ma/l)
0,27 0,14 200,00 8,09 Data
o N w B3 - 23-3-2021  24-3-2021
Broeikasgas emissies O

@02 (STOWAZ014-08) @CHA (IPOC 2013) @M20 (1PCC-2019) @ STOWA-2018-05-N20 min IPCC-2019-M20
4k

+EIC

]
g x
24 au elopen wee
Dashboard _ARenpRunnnnnntunnftunnniunnlafe] < geiep
23 aug 00 23 aug 600 23 aug 1200 23 aug 18100 24 aug 000 #agena | (T2 368 kg CO2-eq (IPCC) elo pen maa nd
op dag- of uurbasis CH4 80 kg CO2-2q (IPCO) Afgelopen jaar
Zuurstof verhouding N2O 200 kg CO2-eq (IPCT)
® Gemiddzlde van 02_Setpoint @ Gemiddslde van O2_value N2O 2K kg coz-eq (sTOWA)
200

-\v}?”--},\\_\fﬁ\vﬁf-\;_‘;Nf‘;‘/\\ NS S \/\/_\/\\: et \x'\.\

g DAL
8

0.00
23 aug 0:00 23 aug 6:00 232 aug 12.... 23 aug 18:... 24 aug :00 24 aug 6:00 24 aug 12:... 24 aug 18:..

Lachgas risicoindicators

@ Gamiddelde van NO2.o (mg/L) @Gemiddelds van NH4 o (mg/L)

ug 600 23 aug 1200 23 aug 1800 24 aug 0D 24 aug 60D 24 awg 1200 24 zug 18:00
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