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The context: water in the circular economy
and circular water systems

Conventional water management systems are linear: produce (potable) water — use — dispose (as quickly as possible)

Circular water management is proposed as alternative:

- Emphasis on enabling loops (greywater recycling at residential units, water reuse
- Addition of local sources (rainwater harvesting)

- Retention of stormwater (SUDS)

- More proactive reduction of demands (water-smarter devices at households) yeduc®
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The means: decision support tools for
circular systems are needed

Circular water management is proposed as alternative:
- Emphasis on enabling loops (greywater recycling at residential units)
- Addition of local sources (rainwater harvesting) -

Need to have decision support systems
(DSS) that:

1. Assist in the design of circular water systems at
arbitrary spatial scale (household -> regional/city).

- Retention of stormwater (SUDS)
- More proactive reduction of demands (water-smarter devices at households)

2. Can model combined (hybrid) systems that include
an array of decentralized techs (RW, GW, SUDS).

3. Include diverse circular techs from the household, neighborhood
and regional scale (hh appliances, household RW, central RW,
central GW, blue-green areas, SUDS), in combination with central
technologies (central WTP, WWTP, supply nodes).

4, Allow the exploration of scenarios with different drivers
(climate/society). Applications: resilience, sustainability, climate change
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UWOT:
A modular simulation engine for
(arbitrary) circular water systems

modular
Bottom-up, component based urban water cycle model

simulation engine
3uilt in C/Python, expandable, able to simulate daily/hourly flows

circular water system . -
able to model a range of decentralized, distributed

Interventions: RWH, GWR, blue-green areas, smart appliances

arbitrardy systems
from appliance level and up, house/neighborhood/city

Can model water quantity, as well as a single conservative
pollutant in water quality (mg/L)
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University
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UWOT as part of Watershare:

Germany

expert tools for e

global water challenges

he
Netherlands

= Part of a toolbox that addresses water issues in various thematic areas.

= Accessible to Watershare partners (https://www.watershare.eu/)
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Not only simulation...
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%Q\' Early applications (NTUA)
Q\,‘V Resilience Framework

Vv

Circular water neighborhood design
SUPERLOCAL — WiCE

Athens

APPLICATIONS
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Westland circulaire
NextGen demo cases

Circular water neighborhoods SG
(VO)

Smart water systems design
(BWaterSmart)
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Circular neighborhood design
SUPERLOCAL (Limburg, NL)

Slower runoff response
* Lower flood peaks
» Rainwater absorbed locally

* Less water use per household

» Water recycled locally
* WW treated locally

Local RW buffer (storage)
Infiltration basin (SUDS)

Vacuum toilets
Water-saving/recirc. showers
Common laundry space for some units|

RWH to DW

GWR / treats WW back to specific uses
Local treatment units for RW/GW

BW stream (toilets, food grinders) 0

Design and simulation of circular water systems: the UWOT model

RESULTS

CONCLUSIONS

Limburgs drinkwater

Melissa conference — 2020.11



MWA

255w
[~ ey

e

P ublic Impenvious.
.

Non Roof Buffer

b3
ANV Roof

Pubc and pivate pervous

INTRODUCTION

METHODOLOGY

Runoffto be treated

RW Treatment Spis Log
v Runoff Tetal

RESULTS

Runoft Total Log
o

Num Exp_Houses| P envious Runoff
—1 X = 1 ‘—{M .
GreyWW House Num Houses
e X
BlackWW House Num Houses
M > X |
e )
F 0od Grinder
"mmnoug }.%oum
househad dnd House
X
S D iy {2
GreyWW Exp_House Num Exp_Houses

—————im

Washing Machine

a

=
I

BlackW W Ex_House

| 1

Shover

[ I —{x }—
Num Exp_Houses
Blie dmd Exp_House household md Exp_House (D
= 1 -

Sink
g__ —

n--wnrmg Apt

L

WMng WMachine

Local GV Treatment

GW b Local Treatment

M)

Trested RW and GW Total

GW to Local Treatment Log

dmd to WaterUtity Log

=

GreyWW to Sever GreyWW 1 Sever Log
e (]

Blackww Totl

BlackW W to VacuumP ump Log

BlackWW Apt
Num Appartments
X ~
Num Appartments
household dmd Apt rx \
= )
Num Appts wit Cofmon Laundry  ¢.0' vasn

""" Common dmd

Design and simulation of circular water systems: the UWOT model

|
M e

Vacuum Pump

PR -

VacuumP ump Exceedance Log

CONCLUSIONS

Scen A: Distinct decentralized
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Scen B: Combined recycling
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Demonstrating circular economy principles in water:
a local pilot for sewer mining

Sewer mining pilot in Athens Nursery area:
= decentralized WW treatment option (MBR treatment)
= |ntermediate, localized water reuse option

@EYDAP |

Gotland (SE)

= modular treatment units that can be placed anywhere on the network
= production of non-potable treated water (25 m3/day)
= placement at point of demand (urban green spaces)

of ¢

Westland Region (NL)

Bhlogph]yr.’s Spernal (UK)

—
o Wirfield (UK)

7

Urban Tree {

Nursery ) CITYOF

ATHENS
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Demonstrating circular economy principles in water:

a local pilot for sewer mining
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Role of UWOT in Athens: 1+

Spli
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Demonstrating circular economy principles in water:

towards a circular water province

One large province (410 km?2):
= Will to transition to a more circular water policy.
= Two major domains: urban water and horticulture.

= Concern over a dry possible future.
= Multiple fragmented (local) pilots with promisin
technologies (ASR, ATES). --

Gotland (SE)

of
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Demonstrating circular economy principles in water:
towards a circular water province
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Demonstrating circular economy principles in water:
towards a circular water province
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Demonstrating circular economy principles in water:
towards a circular water province
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Conclusions

= UWOT is a bottom-up (component-based), spatially agnostic water balance (watercycle) model.
= Suitable for generic circular water system studies.

= Tested against multiple cases, developed over diverse projects
(household smart water applications, city-scale modeling, green-blue area design, innovative pilots,

circular neighborhood design)

Potential links with Melissa — from earth to space

= UWOT is flexible to suit future projects (custom, new components/GUI & API).

ﬂ = As an agnostic model, can be applied to autonomous, close-loop (space) (}{}
- _ systems of water reuse (studies on reliability, resilience, upscaling, ex-ante Q
4 “\ MERLECTLIBIENL evaluation of different layouts).
»

ALTERNATIVE

= = Pairing with data from closed-loop pilots.
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Thank you for your attention! |
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