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Smart Monitoring and Modelling
for Water Wise Cities

Why measuring?

Our vision: a sustainable urban water
management, in harmony with the environment
around cities

This requires
measurements!

https://iwa-network.org/publications/the-iwa- . gk \Wise-cities/]

éo@c®

Rovemnance  Knowledye g iru et aton
A Lapacsty Too fouts

Regeneratie Water Sarvices n2o.eu

* Replenish Waterbodies and

their Ecosystenms

* Reduce the Amount of Waler

and Energy Used

* Rouse, Recover, Recycle
* Use a Systemic Approach

Integrated with Other Services

* Increase the Modularity of

Systams and Ensure Mostiple
Opticem

Water Sensitve Urben De 8]

* Enabie Regenerative Water

Services

+ Design Urban Spaces %o
Reduce Mood liaks

+ Enhance Liveability with
Visibile Water

* Modify and Adapt Urban
Materials 1o Minimise
Environmental Impact

+ Plam %0 Secare Water
Rescources and Mtigate
Drought

* Profect the Ecological Mealth of

Waler Resources

* Prepare for Extreme Events

4  \Water-Wise Communities

* Empowesed Cltizens

+ Professionsls Awae of Water
Co-benelils

* Transdisciplinary Planning Teams

* Policy Makers Enabling
Water-Wise Action

* Loacers that Ungage anct

Engender Trust
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Smart Monitoring and Modelling
for Water Wise Cities

Monitoring for managing water quality in cities

We need monitoring to:

Assess the current situation in urban water matrices

How bad the situation is?

Plan actions to reduce pollution and improve water quality
What should we do to fix the problem

Continous surveillance of our efforts

Are our efforts working?

We need to monitor:

,,,,, - Many water matrices (wastewater, drinking water, stormwater,
"""" natural waters, etc.)

Many pollutants and water quality indicators (bacteria, nutrients,
pesticides, metals, etc...)

A lot of challenges!
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Our solution

Challenges

@ We need data to plan pollution reduction
actions and to evaluate them

@’ New threats to water resources

We need an integrated perspective

www.urbanm2o.eu

Current Limitations
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Best Available Monitoring Methods (BAMM)
are costly, difficult to use, limited spatial and
temporal limitations

We could use models, but they are uncertain
and do not easily integrate monitoring data

Available data are stored across multiple
system and stakeholders
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Our solution

Al-enhanced Monitoring
technologies

validated, cost-effective and
market-ready sensors that allow
targeting multiple pollution threats
in various water matrices

Cmm—)

Holistic data
management system

smooth information transfer across
stakeholders and administrative
entities, fostering a new digital
economy

(@)

www.urbanm2o.eu

Fit-for-purpose Modelling
tools

flexible Digital Urban Water Twin
(DUWT) to track pollutants,
allowing the planning and
evaluation of current and future
pollution reduction strategies
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Al-enhanced Monitoring

A

Monitoring ‘) Modelling
Cmm—) IIl

Our solution

Fit-for-purpose Modelling
technologies . tools
c ac flexible Digital Urban Water Twin
validated, cost-effective and Holistic data (DUWT) to track pollutants,
market-ready sensors that allow management system allowing the planning and

targeting multiple pollution threats evaluation of current and future

in various water matrices ] ) i ; ;
smooth information transfer across pollution reduction strategies

stakeholders and administrative
entities, fostering a new digital
economy
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ow are we going to do that?
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+ Other commercially available methods

L

Developing over 5 different
Monitoring technologies

Real-time biomonitoring for online alerting

Online sensors based on spectrophotometry

Real-time remote water quality learning
micro-sensors

Ultrasound multi-frequency backscattering for
online particle (TSS,,) measurement

Passive pollutant flux sampling

www.urbanm2o.eu

Benchmarking against Best Available
Monitoring Methods (BAMM)

/%\- Official methods currently
hﬁ\ acknowledged by environmental

b4 V4 authorities

Are we measuring the same environmental risk?
Are we losing information?
Are we getting worse accuracy and precision? If
so, how much worse?
What is the required investments (OPEX and
CAPEX?)
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Smart Monitoring and Modelling
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Which sensors are we developing

A multi-species tool

Real-time biomonitoring for online alerting (episodic ' - |

pollution) in various water matrices
real-time locomotion behaviour of non-invasive invertebrate organisms

High throughput analysis, ’ -
controlled environment: o ’

e i b’ T oy | pREranes. | ey FRy pen . el n el
1er commercially availlabple methods

1ssessment kits
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Water sensors

Which sensors are we developing

s Real-time biomonitoring for online alerting (episodic
g pollution) in various water matrices

reai-fime locomotion behaviour of non-invasive invertebrate organisms

Online, real-time, remote (surface-)water quality | Soil sensors

e sensor (uvc/uva/RGB type)

measuring conductivity, temperature, UV280 (280 nm), UV400, VIS461,
VIS520, VIS640, TOC, tot N, tot P, humic acids, turbidity, DO, micropollutants,
biofouling trends

Online, real-time, remote soil and air quality sensor

Topsoil and subsoil moisture content, organic matter content, nutrient
saturation degree, drought sensitivity, topsoil biological activity, washout risk

Manitorini

Online, real-time, remote (blue-)green algae surface

water quality sensor + Other con
concentration of: blue-green algae (ug/l chlorophyl A equivalent), green algae Water as
(ug/I Chlorophyl A), dissolved oxygen; Measurements of turbidity, humic acids, :
biodiversity, micropollutants

conventional
_ Effect-ba
e Antimicrobial resistance (surface-) water quality | ecotoxicolog

sensor
Future: detection of antibiotic-resistant bacteria in samples, exponential

growth rate estimates

Passive s

I,'.iJ_'I,'I:',I'_' or |__[ T
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Real-time remote water quality learning micro-
Sensors

classification of multiple contaminants (heavy metals)

Ultrasound multi-frequency backscattering for online

ent

particle (TSS,,) measureme

sollutant flux sampling
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Passive sampling (Chemcatcher SDB-RPS disks)
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O-5Eens0rs

Ultrasound multi-frequency backscattering for online

particle (TSS,,) measurement
measure Particle Size Distribution (PSD)
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Real-time remote water quality learning micro-sensors
classificotion of multiple contaminants (heawy metals)
Unique patented technology

Currere wrvtons < g e yoer e whiie (o

un pstestid boihaitaghs o mainuting rundoster B G Ultrasound multi-frequency backscattering for online

Ly sarticle (TSS,...) measurement
Ot Oor) I Owe ordyiom 1 v “ ¥ wr corvdeer! wy - i =

water Swwel 2214 EART N 1Ay INAOr Aolet 0N TSI TTWTEL 1D B vahustl ' meaasure Particle Size Distribution (PSD)

Passive pollutant flux sampling
Sampling of groundwater for nutrients, heavy metals, organic micropollutants (incl.
PFAS)

Digital groundwater flux sensors
Monitoring groundwater fluxes

+ Other commercially available methods

Water assessment kits

Ferusatianel and ranoen mrtimanal micrabinlasicnl cantamsinante
CoONeRtoOnNoiana non-comventional micrepiciogical coniaminants

Effect-based assessment tools

ecotoxicology

Passive sampling (Chemcatcher SDB-RPS disks)

polar erganic chemicals
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Which sensors are we developing

Al-enhanced Monitoring
tEChnOIogies aquency backscattering tor online
What do we mean?

NO new sensing principles ...
e o S Elaboration/combination of
(multiple) signals from

Onlme. real-time. remote [biue-igreen alegae surface water

Some sensors are already = existing sensors
available in the market ...
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How are we going to do that?

Fit for purpose Digital Urban
Water Twins

Identification of pollutant sources in the urban
catchment

Source-flux-fate modelling (using as little data as
possible)

Simulation of future management scenarios

Supplying additional information to monitoring
activities (software sensors)

Supporting planning of monitoring (where to
sample? When?)

00000 V-]

www.urbanm2o.eu

Holistic Data Management System

Ensure exchange of data across
monitoring activities and stakeholders

Monitoring Modelling

s—2<>  Support
5 282

stakeholders




|
L
||"| U rba n www.urbanm2o.eu
I M Smart Monitoring and Modelling
W 2 for Water Wise Cities

,_ﬂ.r\_,\/x/\,-\ m;.ﬂam
The steps towards Digital Urban Water Twins S,\C_OIQE,P o e

Source identification
*Point sources
*Diffuse sources
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The steps towards Digital Urban Water Twins

Source identification
*Point sources
*Diffuse sources

Conceptual models

L I *Mass fluxes tracking
nputs /%, eLiterature parameters

IUWS_MP library

available in WEST already - P
10 yrs ago... S ‘.-_: =¥
s
— o 70 MY, N
INTEGRATED URBAN DRAINAGE ,f;.., 7 "'-'____ & '__. il
Will also be available in - A5 -':‘f T-.,,L -
{ Ay 3 &2

open-source software o

www.urbanm2o.eu

ScorePP . [

N — P et
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,—ﬂf\.«/\/\’—\ maﬁm
The steps towards Digital Urban Water Twins SCOrePP e Gt

—— Ny — s et

Source identification
*Point sources
*Diffuse sources

Conceptual models

L *Mass fluxes tracking
Inputs—~ ﬁ Inter-compartment

/Q, *Literature parameters
fluxes

i RN
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The steps towards Digital Urban Water Twins

. o fe . D' 1 . D
Wsoume identification igital Urban Water Twin (DUWT) \

*Point sources
*Diffuse sources

Conceptual models

L *Mass fluxes tracking
Inputs——~ . ﬁ Inter-compartment

% *[iterature parameters
Z’ fluxes j
— N\
® "\ pata integration 7/_

*Parameter m n
arameter estimatio Outputs @

*Uncertainty quantification
@ C:ii ﬁ::: Support
&=~ Stakeholders

Holistic
water
system

Holistic Data

Management System
(DMS)

* Evaluation current situation
How bad is it?
*Planning monitoring activities

and control strategies
New sensor

Where to measure?
technologies # Which solution to implement?
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Where are working? — Urban M,0 case studies

Barcelona/Sant Adria de Besos (BCN) Copenhagen (CPH) Zurich (ZRH)
the water scarce city the blue-green climate city the urban water test lab
N ﬁ ‘:.,
= EH B = E B = B
Drainage

WTTP effluent/

NBS influent-

network/freshwater

River/groundw cifluent/ o iremwater freshuater
ater groundwater
Industrial
effluent/river Drainage CSO/seawater
network/ Drainage
groundwater network/groundwater

What we will measure
* Microbial contaminants
* Heavy metals
* Nutrients (N, P), TSS, Major ions, TOC, DOC
* Organic micropollutants
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How will we do it? - The 3 phases of Urban M,0
4 years duration (June 25 — May 29)

e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e

’ Phase 1 .
Co-Design / Set the frame Phase 2 - Develop and demonstrate

(water utilities, regulators)

=

End Users/Stakeholders

(water utilities, regulators)

* Develop Al-enhanced

*|dentify Lesson learnt

Sensors * Demonstrate data : :
; , , * Co-create flexible guidance to
Define current and future «  Develop Flexible modelling integration e monitoringg Ny
monitoring needs tools *  Benchmarking management plans
(User Stories) Develop Data sharing technologies

*Build transition capacity
systems

7/
7

\ External Technology Developers (ETD) ]
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End-Users and stakeholders - Involvement and roles

? i; xo Phase 1 - Co-Design / Set the frame

i — User Stories” = requirements for the solutions

é What do you need to monitor?

How do you need the data to be shown?

O@} Follow the development of solutions

What do you think about our developments?
Phase 3 - Synthetize

Co-design guidance material
@ Create transition capacity in their

organization

How should the guide look like?

Let’s make sure your staff can use our
results

www.urbanm2o.eu
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End-Users and stakeholders - Involvement and roles

Urban M, 0 project

? i: xo Phase 1 - Co-Design / Set the frame

?ﬁﬁfo User Stories” = requirements for the solutions
d What do you need to monitor?

How do you need the data to be shown?

Lots of options

~

We make sure that the
outcome of Urban
M,0 can be used by
people like you

We need you!

Source: www.lego.com

Source: www.lego.com
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WHAT ARE PEOPLE MEASURING?

URBAMN M20 survey : current water monitoring

activities

i b8 el 10 alPerr il Wb Pt e ey At i o

PTG dilsshe T SCopee O 1Py Sapr

Witeen o ikt This lommne i/ wall nod s mabically codlert your detads lier name s emasl acdness nless i ke A ek

* Raaipridiadl

. Infarmation and contact

Thiy sciiom sl ot mdenbihang which kind of sctor weea see snd aheo howe con we use your snevess in the scope of the projed

J Please ndicate splect your country (i you ane not bated in &n Eurcpean country, plaase select "Other” snd
list your thinee letter 150 code = example China ; CHND * [T

(@)

www.urbanm2o.eu

You can still give us your input

23
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End-Users and stakeholders - Involvement and roles

? ﬂo Phase 1 - Co-Design / Set the frame From Wikipedia: “user story is an informal, natural language description
of features of a MONITORING system.

They are written from the perspective of an end user or user of a system”

Typical user of \

{:}(%}Q water quality data

What is needed

— User Stories” = requirements for the solutions

?i& What do you need to monitor?

How do you need the data to be shown? /

At which resolution

Where should be shown

Etc...

\_ /
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T1.1 Mapping current and future requirements and transition trends _
As before Christmas

100000
100000 o = Economy of scale?
a .. i 10000 o °

. 10000 0 ¢ 2 1000 @ ® (monitoring needs a
i s ® o e . big initial
— v investment
= 1000 o = e o ment)
g ° o 10 °
5 100 b g 1 e e
o 1 10 100 1 10 100 1000

Number of sampling locations Number of collected samples

Results constantly updated (until we close
the questionnaire)

Challenge (= what takes time): open questions/translation

@@ 25
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End-Users and stakeholders - Involvement and roles

P ¢ o
=
?ﬁx;

Phase 1 - Co-Design / Set the frame

Project Partners [ Exploitation Group (EG) ]
”User Stories” = requirements for the solutions

What do you need to monitor? Active part in the Urban M20 Participate to project on voluntary basis

How do you need the data to be shown? activities Workshops/online meetings and webinars.

Organized at local level/around case
studies

Follow the development of solutions Example for Copenhagen

)

Copenhagen Municipality
(local) HOFOR (utility)
DK EPA (national)

What do you think about our developments?

Society of DK

engineers (standards)

Vandcenter Syd (utility)
D4RUNOFF project

Phase 3 - Synthetize

Co-design guidance material Aarhus Vand

Create transition capacity in their
organization
How should the guide look like?

NOVAFOS (utility)
Let’s make sure your staff can use our

results
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USER STORIES — WET WEATHER DISCHARGES

(V1.0)
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