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ULTIMQTE

WATER SMART INDUSTRIAL SYMBIOSIS

Industry water utility symbiosis for a
smarter water society

Kleybocker, A., Jahrig, J., Schutz, J., Kraus, F., Rodenkam Melchiorsen, L., Bendix
Larsen, S., Kristensen, M., Milter, H., Thisgaard, P., Vredenbregt, L., Miehe, U.
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ULTIMATE solutions involve circular economy technologies

SYMBIOSES BETWEEN:
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The project leading to this application has received funding from the European Union’s
Horizon 2020 research and innovation programme under grant agreement No 869318
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CS9 Kalundborg (DK)

 Biotech & pharmaceutical industry
« Production of cooling water

« Joint control system for two WWTPs
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Water reclamation - industrial cooling

« 2 years of pilot plant operation
» Best performance: dual media filter + cUF + RO
» Cooling water quality achieved

-> Jahrig et al. 2025 Wat. Sci. Tech.
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A, Water reclamation: CO.-footprint is lower compared to
seawater desalination
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* Brine treatment is crucial 2> more
R&D needed!
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AJ Joint control system implemented in real environment

« Predicts increasing nitrogen loads from iIWWTP - mWWTP
« Enables demand-driven aeration in mMWWTP
- Increase in energy efficiency: 18% (N/E)

= Schitz et al. 2024 Wat. Sci. Tech. 30 -2
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Dynamic tool to visualize water types and flow rates

Maximum 5 Mio. m¥/a Maximum 0,2 Mio. m¥/a Maximum 5,0 Mio. m¥: Maximum Maximum
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REACREATE

Reliability and effectivness of integrated
alternative water resources (AWR)
management for regional

climate change adaptation

Kleybdcker, A., Thisgaard, P., Zamzow, M., Miehe, U.

14 07.11.2025




REACREATE Industrial Symbiosis is expanding
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« Expansion of Industrial Symbiosis g o] G BT

. Lake Tiss@: uncertainty about future water extraction S, Wil Aol

« Longer drought periods (summer) . 75 20 km

« More precipitation (winter) <, 3 J \

* Groundwater availability: limited ; Mlbm;yk;; |

« Uncertainty about the price of fit-for-purpose water
and how to finance new distribution systems
 EU 2020/741: not yet applied in Denmark

- New executive orders and laws
supporting AWR in preparation!




KWB adelphi ()

Wasser Berlin

REACREATE

Governance structure is changing = enabling water reuse and the use of AWR

New executive order and law in preparation Legend: Quality  Monitoring Licensing Certification

supporting the use of AWR e.g.: B not defined/not existing standards
changing/being established \/ \/

B positive influence

I cutral

avvandsbe-
kendtggrelsen
(Seawater
executive order)
2024

Act on technical
water supply,
in preparation

NGOs Dpriver:

Enabling environment for o
|::> L Minimising water
EU) (PtX) [ water reuse } abstraction from lake Tisse

1 1

-> Source for
technical water (no
a

-> Allowing to use
desalinated seawater

I\

for drinking water ggpglng t\;\;a;féé can Flnﬁgf:r:ngl Industry Agriculture Public participation
production Wéstég\}ater pricing Driver (industrialfxlwater
: reuse of low
Tariffs  Capital cost Longer drought periods in awareness)
(e.g. distribution summer & potential limitation of
network) / groundwater abstraction



https://www.retsinformation.dk/eli/lta/2024/798
https://www.retsinformation.dk/eli/lta/2024/798
https://www.retsinformation.dk/eli/lta/2024/798

REACREATE Aim of CS2 (Kalundborg)

Climate change impact modelling eurecat .c"’;pf- KWB_ |fjsenosors )
—> Future scenarios

&

UWOT modelling KWB,, Wllanososs

- Capacity design and — Water Management J;"'—(HM?
upgrade of new and Strategy (WMS) R
existing infrastructure l

LCA, cost efficiency, microbial and chemcial KWB,_
risk assessments - Optimisation of WMS Winpeone
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Input: Risk Management Plan



REACREATE
Urban Water Optioneering Tool (UWOT)

» Simulation of different scenarios

 Considering climatic conditions and seasonal effects

« Dynamic simulation with adjustable timesteps

» Possibility of water source priorisation

« Capacity design and upgrade of new and existing infrastructure

Treated rainwater

Water demanding process

Water Demand

Wastewater -
treatment plant

Desalinated seawater




REACREATE Example: UWOT model
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REACREATE Example: UWOT model
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REACREATE Example: UWOT model
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REACREATE Example: UWOT model
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REACREATE Example: UWOT model
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REACREATE Example: UWOT model

g Agri-
N culture o ed
= .
L
[{w]
- — D ]
L]
5 9
£ ¥ )
Water loss : o — ,
(e.g. evaporation) | = Desalinated
¥ Garden o 2 8 seawater
| m
D u—
o=,
s Time
§ Cooling | = = R aINWater
Wastewater =
tbe“@tment plant
e Reclaimed
water

Wintiwitir Trstamiant L

Water reclamation




REACREATE Example: UWOT model
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REACREATE .

Estimation: water consumption for agricultural irrigation

Area of Kalundborg Municipality (KAL): 604 km?  [1]

Agricultural area of KAL: 60-70% (estimated using googlemaps)
Area DK 42434 kmz? [2]

Agricultural area in DK: 65% [3]

Agricultural irrigation in DK (2023): 330 M m3/a [4]

Agricultural irrigation in KAL.: 4.7 M m3/a

Water consumption in industries and households, 1,000 m3 R 4

Time: 2023 | Water type:

[4] M Own abstracted water [l Purchased water

References:
[1] https://en.wikipedia.org/wiki/Kalundborg_Municipality
[2] https://www.cia.gov/the-world-
factbook/countries/denmark/#geography
[3] https://tradingeconomics.com/denmark/agricultural-land-
percent-of-land-area-wb-data.html
RO T O S TG SR SRS JUURLS SRS JOUETL SO S [4] https://www.dst.dk/en/Statistik/emner/miljoe-og-
1000 m3 energi/groent-nationalregnskab/vand-og-spildevand

Utility services

Manufacturing

Industry

|

Fishing

Agriculture and horticulture

Households
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Example of seasonal variation = peak events are crucial

B Sieam B Gardens B Agriculture
B Cooling B Tourism
B Processing B Households

(o] (=
(] =
[ O —
E [

o L

E

-~ _

L e

b ] S (=

n o C =

0o — = —

5 3 2 &

'

© 2

= D _

S z

23 .

0 o = —
(= '
- -
[ ] [ -

0 Time [4] 1 Mean use Day of maximum use



REACREATE .

Example of seasonal variation = peak events are crucial

B Sieam B Gardens B Agriculture
B Cooling B Tourism
B Processing B Households
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Example of seasonal variation = peak events are crucial

B Sieam B Gardens B Agriculture
B Cooling B Tourism
B Processing B Households
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Types of water resource hierarchy for future scenarios

Step 1: How much water
IS missing when?

Water demanding process

Groundwater
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REACREATE

Types of water resource hierarchy for future scenarios

Step 1: How much water Step 2: What is the water
IS missing when? volume used from each

water resource?
Water demanding process

Mesing water

Water demanding process

Groundwater
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Internal water
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UWOT input:

Basic future scenario assumption:
Groundwater abstraction and available lake water are limited

Alternative water resources:
Desalinated seawater, rainwater, reclaimed water in different qualities

Output of UWOT:
What is a realistic water source hierarchy per water use?

Which production and storage capacities are needed?
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Thank you!

anne.kleyboecker@kompetenz-wasser.de

AN This project has received funding from the European Union’s Horizon Europe research and innovation programme under grant
L, agreement No. 101136598. This document reflects only the views of RECREATE consortium, neither the European Commission

nor any associated parties are responsible for any use that may be made of the information it contains.
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Quantitative microbial and chemical risk assessments
(QMRA & QCRA) to protect public health

OMRA QCRA tool developed by KWB
= TOOL BY KWB ey 2%0%0 &Qw
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https://qmra.org/

