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* Integrated control and optimization of the full water supply chain () Groundwater pumping  (5) Distribution pump
(2) Aeration (&) Distribution well

@ Filtration @ Water meter
@ Clean water storage

* Groundwater abstraction (on-demand production)
* Water treatment
* Distribution network (mainly pressure management)

e Optimization — Model Predictive Control - MPC
* Energy, water quality, abstraction permits (multi criteria)




The physical system

ity 6 Al a few facts....

* Aarhus Water is a publicly owned water
utility

e 3 operational areas

* 336.000 water customers

e Annual turnover 110 million USD

* 15 million m3 (4000 million gallons), 9
water works, 100 wells, 1500 km pipes

* Unaccounted-for-water is around 4-6%

* Wastewater treatment: 35 million
m3/year, 4 treatment plants, 150
pumping stations, 2200 km pipe, 25%
combined sewers, 70.000 m3 retention
storage




Managing the physical system
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Concept: Demand Driven Water Supply

Set-points: Q, p Set-points: Q, p
- Distribution

network

Capacity: Min., Max. Capacity: Min., Max.
Costs (energy, WQ, expenses) Costs (energy, WQ, expenses)




Internal structure of the operational units

Level 3

Real time modelling and optimization
Al Robot

i I

™\ ~ - v Level 2
Sensors: Data validation Calculation of Setpoints }

Auto
Manual

and -filtration > setpoints and Upstream demand A
L upstream demand

Software sensors: Costs, Costs and min./max =
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=

\/ Level 1

Levels, pressures, flows, valve Set-points, upstream W .
Costs/capacities| POsitions, actuator status, etc. Local control loops demand, downstream | Costs/capacities

upstream costs/capacities, Sensors/Actuators costs/capacities
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Automation platform — layered structure

Level3 Real Time
Modelling — Al Robot

Q-Calc3-SP
Q-SP-Select2-3

Level2
Calculations

| acalczsp | | acalcsse |

Flow Meter

Variable
speed drive

OP-Unit Controller

Actuator

wrsssrssssssssnssnnsinnasinss DIMS.CORE  vaesy

External modeling
software (well fields,
distribution- and drainage
networks, wastewater
treatment plants...)

<: Software sensors,

L Process Alarms,
—— Controllers, Models

Validated Results|incl. Set-
dat. point

Other systems (Historians,
Labs., Asset management,
Meteorology, ...) and
manual input

Data Validation, Signal
Filters, Aggregation,
Visualisation, Reporting

SCADA/PLC
(OPCservers)
Sensors/actuators




Operational Area South

Operational Area Center
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Demand forecast

Q _: This minute - n weeks back in time

Pred iCtion: Q ;: This minute - last week

Q: This minute
Q ;: This minute - next week

7 days into the future

: : Discard:
for each minute is V(@ Qs Q)
calculated every hour.... Min (Qo, Q 4, -y Q)

O.1= ( Qk)/(n'l)

Q 1,max = MaX(Q 0r Q <1y v Q —n+2)
Q 1 min=Min (Qo, Q .y, ey Qg2

— *
Q 1,expfilt = Q 1,expfilt,old +& (Q 17 Q 1,expfilt,old )

Q 1,corrected = TimEShift (8: Q 1,expfi|t)




Demand forecast — 7 days ahead

Forbrug forsyningszone Z105 Syd

Flow [m3/h]

o r r r
25-059-2021 30-09-2021 30-09-2021 01-10-2021 01-10-2021 02-10-2021 02-10-2021 03-10-2021 03-10-2021 04-10-2021 04-10-2021 05-10-2021 05-10-2021 06-10-2021
12:00 00:00 12:00 00:00 12:00 00:00 12:00 00:00 12:00 00:00 12:00 00:00 12:00 00:00

[W === Forbrug Z105 Syd (incl. Lerre) - presdikteret, korr. [m3h] ¥ — Forbrug Z106 Syd (incl. Lerre) [m3/h]

Flowdifference Z105 Syd: malt minus prasdikteret [m3/h]

Flowdif, [ma/h]
Bz

bhbbshy

'9-09-2021 30-09-2021 30-09-2021 01-10-2021 01-10-2021 02-10-2021 02-10-2021 03-10-2021 03-10-2021 04-10-2021 04-10-2021 05-10-2021 05-10-2021 08-10-2021
12:00 00:00 12:00 00:00 12:00 00:00 12:00 00:00 12:00 00:00 12:00 00:00 12:00 00:00

[

¥ — Forbrug diff. Z105 Syd (mdlt- presdikteret) [m3/h]




Operations in the automated workflow

CHAINvm

DIMS.CORE

RTC robot

Get data from ftp
Every hour

Sensor data

Train demand
forecast

| Optimisation

parameters

Once a day

Run demand

forecast
Every hour

Calibrate

surrogate model
Once a day

Run optimisation
Every hour

Aarhus Vand sftp

DIMS.CORE ®

Put sensor

data on ftp

Every hour
Sensor data Sensor data
Optimisation Optimisation
parameters Put optimisation parameters

parameters on

ftp

Every hour

Get optimisation

result from ftp
Optimisation Evely ot Optimisation
result result

Optimisation
result

Put optimisation
result on ftp

Every hour




Operations in the automated workflow

dhi_plus_ai_daily _procedure I
FINISHED

AAV puts sensor data and
control parameters on sftp

m GetDataFromAAV

AAV picks up

results on sftp ="

dhi_plus_ai_hourly _update_ procedure
Not run at 9:18

dhi_plus_ai_hourly_update_procedure
FINISHED

CHAINResultsImport

PutDataToAAV m
Runs every 5
I I minutes on i*5+1

dhi_plus_ai_daily procedure




Managing a water distribution system

4 )

 Reactive

* |solated control of
subsystems

DA

© DHI




Managing a water distribution system

Model Predictive /
Control

* Proactive

* Coordinates
subsystems

© DHI

DA



Model Predictive Control (MPC) for a pressure zone

Fredensvang

__ " Ragehall®

N / #

AL e
i 7__/-/.‘1 g}

up -

@sterby = Bushgi Q_exchange
Waterworks * storage

© DHI




Model Predictive Control (MPC) for a pressure zone

Fredensvang

up

Jsterby
Waterworks

© DHI
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Model Predictive Control (MPC) for a pressure zone

@sterby waterworks flow
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Conclusion and recap

* Successful demonstration of concept

* Optimization on energy and pressure

* Offline “shadow” optimizer — still being evaluated
* Concept scalable

* Fast optimization process

More information:
* Practical experience — initial focus on data- and Anders Lynggaard-Jensen, aly@aarhusvand.dk
workflow Anne Katrine Falk, akf@dhigroup.com
Sten Lindberg, sl@dhigroup.com
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