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P-Lab’: urban raw materials in a small-scale circular economy

: Arjan van Timmeren & Monica Conthe | TU Delft
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My facade is your facade!?
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Circular building covenant in the making

& Ellen van Bueren & Hans Wamelink | TU Delit
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The added value of closing resource flows by communities at the neighbourhood scale
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Els Leclercqg & Mo Smit | TU Delft
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Circular area development: pioneering on a large scale

Ellen van Bueren & Karel Van den Berghe | TU Delft




Zooming in on and out of a circular region
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Alexander Wandl, Lei Qu & Verena Balz | TU Delft a

E‘ €




2-9-2024

Stories

surban faw materials’ 5

inasmall-scale
cirgular economy ¥

: e A
Resgurce sharing' )y
between vertic
farms ang the bifit =&

environment.

Data drivés the
circular economy

“The added value of
The new interior wall: _clésnpeesouree flows
3 iy’ébmmunities at the
neighbourhood leyel¥: =

e

Circular area
development:
of information pioneering on a large
in waste data scale

Zooming in on and out
of a'circular region

—Meeting the makers:

“the circular economy
as a matter of DIY?
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Systemizing input to communicable knowledge




Circular Built Environment — A working definition

"The Circular Built Environment
(CBE) is a system designed for
narrowing, slowing and
closing resource loops at
different spatial-temporal
levels by transitioning
cultural, environmental,
economic & social values
towards a sustainable way of
living (thus enabling society to
live within the planetary
boundaries)".

Delft
TUDelft &=
Technology

https://www.tudelft.nl/bk/onderzoek/onderzoeksthemas/circular-built-environment/scale-matters



Circularity for Educators — (open for everybody)

e
TUDelft

Circularity for Educators.

Browse through our resources and
explore the topics. Use everything
freely in your courses.

Featured Items

Ready to dive in to our resources? Take a look at these three first to
get a befier idea about how this content has been structured.

The Circular The Circular Built
Learning Objectives Environment (CBE)
(CLO) List Hub

Fead Blocks Authars

CIRCULARITY
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Educators for Circularity

-
TUDelft Soni 0

Educators for Circularity.
Share insights. Ask questions. Create impact.

Va Connect with colleagues and experts, share knowledge,
Insights and bast practice. lsarn from experiences and

' . INSpire INNOVANion and new ways of working
L v Visit Carcularity for Educators.

Summer School on
Circularity in the
Built Environment

5-7 July 2023

Launch Event:
Circular Impulse
Initiative

16 September 2022

Calebratien for B official lsnch of
the Circules inpulse Inifiative Actions

valae*: addressing the barriers of
circular &) ephermeration

Circular building
versus the circular
economy?

Clreuiar g versus the cocdar

sconcary?

Architectural
Education in Times
of Uncertainty
Symposium

2-4 November 2022

The Symposiam sims 1o engage &

e of comagms n 3 decrevion
450Ut s survet pessgopiest

Closed and Open
Systems

To understand the importance of non
ANSATTty Whon aIproaching Baucs of
circularity, one nweds i consider the
cruciel differences betwmen closed snd
opon aystems

The distinction between linear and
non Enear systems is fundamental T
constitutes what is arguably the single
most impoctant conceptual
devnlopment kn contermporary
sciences with a sagnificant impact on
he concept of circularty.

Do you have an
idea for a
discussion?
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Creating a repository of circular examples across scales

Circular Design Atlas
Prato Circular City

]
TUDelft
Design & Development:  City of Prato
Year: 2018
1 t Locati Prato, Ital
Circular Design oceon Yoo, o0 4
[ = ] More info: pratocircularcity it Butkskderham

m; Tha Netherind

Thie Circular Design Atlas = an onlne dpen sou
students acrosa the matenial, component, build

Download PDF

Seales v Ressure The city of Prato (around 200.000 inhabitants} is famous werldwide for its textile
T Matarials I Blalog) district, representing about 3% of European textile production. Prato Circular City is
! Camponents S Technl an ongoing project. started in 2018 and prometed by the Municipality of Prato, fo
I LIS ) —— enhance the city's transition towards a circular economy. Historically, the fown
| Nalghbourhaods Critical was strongly characterized by a homogeneous production district, a fertile ground
::::“ :::::IE for this transition. Textile recycling techniques led {o Prato being considered one of
e Haly's most progressive and innovative industrial cities. Therefore. today. the city
. aims to be at the forefront of the circular transition of the built and industrial

envircnment. However, rather than shaping this as a top-down and linear initiative,
Prato has developed an integrated and holistic approach, considering the circular
economy a horizental priority within its long-term urban agenda. With this project.
the cify aims to achieve three main cbjectives:

« Sirengthen the image of Prato as a “circular city” and promote
shared,integrated and pariicipatory actions towards the understanding of the

circular economy,
Credits | Image riore, vedute 04 s3n domenico 1" by Sailko « Establish a permanent table with the stakeholders of the territory to
is ficensed under CC promote shared circular economy actions and build a governance modei of
the circular city. Dunkaraua. Franch

« Create circular city govermnance.



Lifelong learning

Massive Open Online Courses (MOOC’s)

5 Ay

<
Circular Economy for Engineering Design Circular Economy: An Critical Raw Circular Building
a Sustainable Built for a Circular Introduction Materials: Managing Products for a
Environment Economy — Resources for a Sustainable Built
Massive Open Onling Course %
Sustainable Future Environment

Massive Open Online Course Massive Open Onling Course

Massive Open Online Course Professional Education Course

Summer School 2023 Summer School 2022

- T

-

&'— BINCKHAVEN Expert Workshop on
Reverse Logistics for
Circular Building
Products

Online courses for professionals

Spatial Circularity
Strategies for
Sustainable Regional
Development

Spatial Circularity
Strategies
Short online courses on spatial

arculanty strategies
Professional Education Course

REMANPATH

FacadeReLog

Building Lifelong Education
Through Findng Company Sath to
Remanufactunng

Reverse logistics for the recovery
cf metals in the facade industry






Making the Circular Built Environment a Reality: A Call for Collaboration

s

-a.s - 1 Uk s Y

Facilitating an inclusive and open dialogue for envisioning shared circular futures and co-creating values
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Making the Circular Built Environment a Reality

& -
Dissolving borders in the transition towards a circular built environment — Antwerp, December 2023
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Making the Circular Built Environment a Reality

The often-overlooked role of space in the circular economy transition




People matter: exploring the social relevance of circularity
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5th Public Debate, Deift 08-07-202

Publie debate: The Transition to a Circular

'Saciety in the Eurodelta

9 July 2024 19.00 - 21.30 | TU Delft Faculty of Ar ‘ture and the Built Environment - Berlage Rooms
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www.tudelft.nl/CircularBE
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TERRITORIALISING CIRCULARITY with contribution by.

Chapter 2
Territorialising Circularity

Ceciiia Furlan ), Alexander Wandl ™, Chiara Cavalieri(®,
and Pablo Mufioz Unceta

Mowadays, the an
in cioes dﬂ] TerniLy

cularity conczpt domiaates e dedls on Eseurce management
5, e e 15 oflen usad as a vehicle towards 1 more sustain-
able socio-ecological transition. based oa e circular economy (CE) framework.
Unlike other susiaimatility frameworks. CE onginaies in ecological and envirn-
menial economics and industrial ecology. It focuses on de\c—!npmv an aliemative
economic and technological model for production end consumption, avoiding natural
resource depletion and redesig rocesses and cycles of :n:1lcr|':151 closed- Ioops).
However, when CE is translaied to cities ind lemitaries, ECONOMIC
and design agency is often neglected. On the one hand. it demands o acknowledge
the need for a relational understandi :JI’ space, place and actors involved and, on
the other, ip explore the spatial speci of CE. Therefore, there is a need for a
broader theoretical discowse on the CE'stemitoriality as the predominant. Research
on circular urban and 2mitoral development demands more than merely upscaling
industrial ecosysiems diagrams and generating circular businesses. Consageently.
whal is the role of t2mitory in the CE conceptualization in the urbanism literatwe?

Spatial
approaches
to a circular

economy

Determining locations and scales

osing material loops using
geographic data
Tsui

https://journals.open.tudelft.nl/abe/a
rticle/download/7282/5735

1! IAPHIE

Significance, Semanti
sig

np

https://repository.tudelft.nl/islandora/object/u
Llld%3A745ae85b 75a3-42e7-a044-
0laalfocdcis?collection=research

(enbownal kibrary 128

Regenerative
Territories

Dimensions of Circularity for
Healthy Metabolisms

and the many brilliant students who joined our regional and geo-design courses on circularity.
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Down To Earth: Regenerative soil as the solution for an innovative bio-based region to restore ecological systems. Authors: Ana Paula Amieva Gomez, Tara Kanj, 1sa van der Bijl, Ann Eapen, Claudia Engel; © 2022



How to consider the



How can contemporary urban planning and design consider the
built environment's metabolism and promote a transition to a more
circular way of living?



flow?

are the activities involved?

are the relationships?



1) Identify Activities-Inputs-Outputs-Stocks

Energy 2 ACTIVITY ._o_) Waste water
Water o—o—)
| | || Processes o—@—) Separated waste

Secondary raw material o-a-)

Primary raw material —C>D>

Mixed waste
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Source: Adapted from Geldermans, B., et al. (2017)




Flow Relations

ACTIVITY

[N

Raw material
extraction

ACTIVITY
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Raw material
supply
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*~— @ 9 Landfill
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‘ e
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Manufacture Construction -

Installaton

Source: Adapted from Geldermans, B., et al. (2017)




3) Systemic Diagram of Activities
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Systemic Diagram of Activities in relation to space

WASTE

AS RESOURCE

Current
waste practices
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spaces
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What is the potential of recycling Central Limburg's landscapes and integrating
its infrastructures as part of the transition to the circular economy?

Closing circles

Microtopographies
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Source: Motti Marin 2016 https://issuu.com/toplimburg/docs/atlas_iabr_final v3 13-04-2016.co




Current situation:
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Ok but how do we start?



In the region are the flows?
1s the quality and quantity of the materials?
are the actors and activities involved, and where are they
located?

are the potentials for synergies?



The developed method, which links actors and activities on a specific geographical territory. Through

this method, coined the “ ),
specific activities relating to material flows and stocks in specific areas, the involved actors and their

interrelations can be identified



Activity based Spatial Material Flow Analysis Method

1) Locate economic activities => Actors




Activity based Spatial Material Flow Analysis Method

= a

1) Locate economic activities => Actors
2) Identify flows between Actors




Activity based Spatial Material Flow Analysis Method

1) Locate economic activities => Actors
2) Identify flows between Actors
3) Add Material (properties) to the Flows
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Activity based Spatial Material Flow Analysis Method

1) Locate economic activities => Actors
2) Identify flows between Actors

3) Add Material (properties) to the Flows
4) Display detailed accurate informations




Activity-Based-Spatial Material Flow Analysis

The Amsterdam Metropolitan Area (NL)  Hamburg: Altona District (Germany)
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Activity-Based-Spatial Material Flow Analysis

The Metropolitan Area of Naples (Italy) t6dZ Metropolitan Area (Poland)

Warsaw

° _ Source Separated
Organic Waste
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source Management in Peri-urban ~reas
Grant Agreement No.: 688920




Activity-Based-Spatial Material Flow Analysis

Ghent and Destelbergen (Belgium) The Pécs Agglomeration (Hungary)

Separately collected organic waste from households at Actor level for

the region Flanders Organic/Food waste from Restaurants, at Actor level

eafw | & OponStmetag cantrtners, © o

i - REsource Management in Peri-urban /reas -
Grant Agreement No.: 688920



The scale of the Circularity is a matter of values, policies, infrastructure and spatial organisation!



AS-MFEA method discloses how to integrate a metabolic approach based on data-driven information in
urban territories

However, a territorial lens calls for a close reading of the urban context, going beyond the more

traditional limits imposed by a data-driven analysis.

The territorial lens requires an interpretation, a selection, or a combination of different spatial features.



ing the construction and demolition waste movement: the Amsterdam Metropolitan Area




Waste flows movement

Wood waste flow in tons

— 1-184

— 184367 e
— 367-550 ; j &
m—550.733 ‘

— 733-916 Lk

Wood waste origins

® Wood waste destinations

purce: Furlan 2021 Territorialising Circularity
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Waste flows movement

Wood waste flow
T (different colours for different flows)

Wood waste origins
® Wood waste destinations
receiving more that 1000 tons

- - - AMA administrative borders

—— Road infrastructures

Source: Furlan 2021 Territorialising Circularity
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Identify waste stock and flows in the built environments

Wood waste flow b
(different colours for different flows)
—— 1.0000 - 184.0000
—— 184.0000 - 367.0000
——— 367.0000 - 550.0000
m— 550.0000 - 733.0000
m—733.0000 - 916.0000

- — — AMA administrative borders
~—— Road infrastructures

Wood stocks in tons/sqm et S E S \ — -
(Kernel density) '
0

10.86635

B 16299525
B 16299525

B 217327

Sourcé: Furlan 2021 Territorialising Circ
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Identify resource scheds

Il

Wood waste flow

Wood stocks in tons/sqm
(Kernel density)

0
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16.299525
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Urban expansion area

Intensity of use
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7-10
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Flow movements exceed the city's administrative boundaries.

The visual analysis of flows origin, destination and material stock

displays alternative synergies at a different spatial level.

The definition of resonrce sheds helps to identify the

operational scales in which to develop circular strategies.



Location Choices of Material Hubs, based on Material
Density and CO2 Emissions

optimal locations for 1 hubs
(87.2 euros / tCO2 reduction)

7.3 Popularity of candidate hub locations. Circle size represents the number of times the location has
locations that were never chosen

been chosen as an optimal location. Red dots are locations that were chosen at least once, gray dots are
Spatial parameters for circular hubs: criteria for future facility locations for a circular built environment in the Netherlands
Tanya Tsui, Cecilia Furlan, Alexander Wandl, Arjan van Timmeren; Published in Circular Economy and Sustainability (2023). https:
; 4be3-b28c-4c243fcbb818.pdf?c=1686725490
Delft
e t University of
Technology

doi.org/10.1007/543615-023-00285-y

Spatial optimization of circular timber hubs, Tanya Tsui, Fabio Duarte, Titus Venverloo, Tom Benson Preprint available at https://assets.researchsquare.com/files/rs-3013682/v1_covered_8c6bcd55-52ea-


https://doi.org/10.1007/s43615-023-00285-y

Dealing with Geopolitical Changes
International Flows —Ports - (hinter)Land
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Access denied to CRMSs

AFFECTED AREA: 454 km?

FULL-TIME JOBS 740 029

PART-TIME JOBS 45 529

NUMBER OF COMPANIES 103 477
AVERAGE COMPANY SIZE 7 EMLPOYEES
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Sometimes material flows are too complex they move too far or too little,
or even undergronnd to be represented on a map. Representing in sections

might help fo identify material movement and synergies



Systemic Section from Analysis

ﬁ Waoden logs Wooden planks Doars and windows Components from demolished
buildings

Image by Oviya Elango. Icons from Lorenzo, Orin Zuu, Delwar Hossain, Adrien Coquet, Patrick Trouve, Maurizio Fusillo, Pamck Morrlson Asham Ishaq Fasobrun Jamll Ismael Rulz

Isaac Claramunt, Graphic Enginer, Nick Abrams, HideMaru, Lluisa Iborra, Federico Panzanes




Adding the Concrete Chain

‘& Wooden logs Wooden planks Doors and windows Components from demolished
buildings
@ Sand/ Aggregate e Building blocks @ Blocks from demolished
buildings

Image by Oviya Elango. Icons from Lorenzo, Orin Zuu, Delwar Hossain, Adrien Coquet, Patrick Trouve, Maurizio Fusillo, Patrick Morrison, Asham Ishag, Fasobrun Jamil, Ismael Ruiz, Isaac Claramunt
Graphic Enginer, Nick Abrams, HideMaru, Lluisa Iborra, Federico Panzano, Wahyuntitle, Akash, Prashanth Rapolu, Designs-ey-MB—Nareerat-daiaew e from-Noun-proj




Finding Space to Grow Trees

Wooden planks

Wooden logs @
@ Sand/ Aggregate Building blacks

Doors and windows Components from demolished
buildings

Blocks from demolished
buildings

@ 0

Image by Oviya Elango. Icons from Lorenzo, Orin Zuu, Delwar Hossain, Adrien Coquet, Patrick Trouve, Maurizio Fusillo, Patrick Morrison, Asham Ishag, Fasobrun Jamil, Ismael Ruiz, Isaac Claramunt
Graphic Enginer, Nick Abrams, HideMaru, Lluisa Iborra, Federico Panzano, Wahyuntitle, Akash, Prashanth Rapolu, Designs-ey-MB—Nareerat-daiaew e from-Noun-project




Establishing a CLT Production Chain

Wooden planks

Doors and windows Components from demolished
buildings

Blocks from demolished
buildings

Wooden logs @
@ sand/ Aggregate Building blocks

;:f* s Timber

» O Q

Cross-Laminated CLT by-products.

Timber(CLT)
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Image by Oviya Elango. Icons from Lorenzo, Orin Zuu, Delwar Hossain, Adrien Coquet, Patrick Trouve, Maurizio Fusillo, Patrick Morrison, Asham Ishag, Fasobrun Jamil, Ismael Ruiz, Isaac Claramunt
Graphic Enginer, Nick Abrams, HideMaru, Lluisa Iborra, Federico Panzano, Wahyuntitle, Akash, Prashanth Rapolu, Designs-ey-MB—Nareerat-daiaew e from-Noun-proj




Cascading Flows

Wooden planks

F-3 Wooden logs Doors and windows Components from demolished
buildings

@ Sand/ Aggregate e Building blocks

@ 0O Q0

Blocks from demolished
buildings
Timber Cross-Laminated CLT by-products
Timber(CLT)
f fi f

-~

-0

Image by Oviya Elango. Icons from Lorenzo, Orin Zuu, Delwar Hossain, Adrien Coquet, Patrick Trouve, Maurizio Fusillo, Patrick Morrison, Asham Ishag, Fasobrun Jamil, Ismael Ruiz, Isaac Claramunt

Graphic Enginer, Nick Abrams, HideMaru, Lluisa Iborra, Federico Panzano, Wahyuntitle, Akash, Prashanth Rapolu, Designs-ey-MB—Nareerat-daiaew e from-Noun-proj




Comparing Status Quo with one Potential Future

Image by Oviya Elango, Icons from Lorenzo, Orin Zuu, Delwar Hossain, Adrien Coquet, Patrick Trouve, Maurizio Fusillo, Patrick Morrison, Asham Ishaq Fasobrun Jamll Ismael Ruiz, Isaac Claramunt
Graphic Enginer, Nick Abrams, HideMaru, Lluisa Iborra, Federico Panzano, Wahyuntitle, Akash, Prashanth Rapolu, Desigrns-sy- Vi




How support a circular
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5 Required Elements from the competition

1/ il Campus ;

2/ the residential area;
3/ the urban Port;

4/ the industrial ruin:
5/the patk.




The ambition and the idea: design and develop a circular metabolic project

Ruderal vegetation as structural and
productive elment

Mobility, soft mobility and connection

with public transport
o~ PR )~ 2] a; ) [o10) B
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Circular water strategies
Water strategies to reclaim land pollution

Wtk 1 Reusing waste

Cirnclar Energy production

Equipe Studio Paola Vigano, STUDIO21 (2021)

Merten S.; Stas M.; and Vanbrabant B.;

Furlan C. (2019) Europan 15; Forging the Fallow




Landscape as a structural element

CHARIEROL PORTE OUEST: 1 EM

Equipe Studio Paola Vigano, STUDIO21 (2021)







Three strategies

re-CONNECTING the site
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Challenge 1: Soil pollution

Niveaus de pollution élevés Niveaus de pollution trés €levés




Challenge 1: Soil pollution

Urban Strategies to Integrate

Reclamation Processes in the design of the area

Equipe Studio Paola Vigané, STUDIO21 (2021)
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CO2 stockés Transport par

dans les bituments

Challenge 1: Soil pollution

Urban Strategies to Integrate
Reclamation Processes in the design of the area
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Challenge 1: Soil pollution

Urban Strategies to Integrate
Reclamation Processes in the design of the area

re-generating the pollut-
ed soil by cycle tree plan-

L 4 tations
X, “37./;:-.‘
DRILL PLANT BREAK SELL

‘Ngg?f‘"‘w _~» biomass

PLANT SPECHIEC REMEDIATING PLANT SPECIES
/

@a.yﬂ,, —

.~ —————

5 5 K M * oo
e

REMOVE TREES WITH POLLUTION AND USE
AS POTENTIAL BIOMASS

PLANT NEW TREE



Challenge 2: Energy efficiency

L

Electricity Production Industries Public Bulidings Oid Residential New Rezidential Algse Ponds, Sport Fleids
& & & Bathing Facilities

heat network
re-CIRCULATING HEAT from industrial processes (e.g. existing steel

factories)

{ ]
oncrete break-off experiments, creating JU
reen cracks in the surface —x
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View from the rnasterplan: the campus

Equipe Studio Paola Vigand, STUDIO21 (2021)




View from the masterplan: the port

Equipe Studio Paola Vigan6, STUDIO21 (2021)



View from the rnasterplan:
the integration of the industrial ruins

Equipe Studio Paola Vigan6, STUDIO21 (2021)




Extractivism to Circularism

An exploration of the spatial implications of the Critical Raw
Materials Act in the Netherlands

B -
T s

Preksha Rautela

First Mentor: Alexander Wand|
Second Mentor; David Peck

Extractivism to Circularism (2024) An exploration of the spatial implications of the Critical Raw Materials Act in the Netherlands



Critical Raw Materials Act (CRMA)

The Critical Raw Materials Act will ensure EU access to a secure and sustainable
supply of critical raw materials, enabling Europe to meet its 2030 climate and
digital objectives.

4 Z

At least 10% of the EU At least 40% of EU At least 25% of the EU
annual consumption annual consumption annual consumption for
for extraction. for processing. recycling

\_ AN /0 J

Benchmarks for 2030 p

Source: European Commission

Extractivism to Circularism (2024) An exploration of the spatial implications of the Critical Raw Materials Act in the Netherlands



Challenges

- S A7 489 B \

Need space and have environmental implications Increasing consumption

What could be the potential spatial and environmental impacts of the European
CRMA on the Netherlands based on different socio-economic systems?

Extractivism to Circularism (2024) An exploration of the spatial implications of the Critical Raw Materials Act in the Netherlands



Scenario building
Processing ?

Eapacity 0 40% 0 40% 0 100 40% o 40% 40%
% EU % EU % % EU % NL EU
NL

¥ ¥

What if the Netherlands does =~ What if the Netherlands does  What if the Netherlands does ~ What if every country
no processing ? processing for the whole of  its own processing does its own 40%?
Europe? independent of the EU?

Agenda Knowledge Economy Industry Leaders Self-Sufficient Regenerative

How to create scenarios ?

Extractivism to Circularism (2024) An exploration of the spatial implications of the Critical Raw Materials Act in the Netherlands
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Extractivism to Circularism (2024) An exploration of the spatial implications of the Critical Raw Materials Act in the Netherlands
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1. Knowledge Economy

« Growth is concentrated in
the Randstad.

Extractivism to Circularism (2024) An exploration of the spatial implications of the Critical Raw Materials Act in the Netherlands



2. Industry Leaders

« Growth concentrated
around the Delta corridor.

« Processing in Rotterdam.

o Manufacturing in
Eindhoven.

Processing

0% 40%

Extractivism to Circularism (2024) An exploration of the spatial implications of the Critical Raw Materials Act in the Netherlands



3. Self Sufficient

. No region dominates.

« Processing happens along
the inland rivers.

Extractivism to Circularism (2024) An exploration of the spatial implications of the Critical Raw Materials Act in the Netherlands



4. Regenerative

Growth is concentrated at
safe - higher and dryer
locations.

Seasonal agriculture is
practiced in vulnerable
locations.

Extractivism to Circularism (2024) An exploration of the spatial implications of the Critical Raw Materials Act in the Netherlands



Including a circular approach in the design is still an open question.

The excamples show how different dimensions and possibilities to design
(with) circularity conld be integrated into the urban space through scales

The project becomes an instrument for negotiating and doing research.
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