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sustainability transitions, environmental studies, business, and the social sciences more broadly.

Hanna Lehtimiiki is a professor of innovation management in the business school and a director
of research for the Center for Sustainable Circular Economy at the University of Eastern Fin-
land. Her research examines circular economy with theoretical frameworks on strategic manage-
ment, organisation theory, leadership, and entrepreneurship. She and her research team advance
transdisciplinary social sciences research and societal impact in sustainable circular economy
transition.

Leena Aarikka-Stenroos is a professor of industrial management and a director of the Research
Centre for Managing Circular Economy, ManCE at Tampere University in Finland. Her research
on circular economy is positioned in the multidisciplinary crossroads of innovation, technologi-
cal development, and business including business-to-business marketing and ecosystems. She
holds leader and specialist positions to advance ecological sustainability.



Ari Jokinen is a senior research fellow in environmental policy at Tampere University in Fin-
land. He holds a PhD in administrative sciences and is an adjunct professor in natural resources
policy at the University of Eastern Finland. His research interests include sustainability policy,
focusing on urban transformations, circular economy, biodiversity, and the politics of nature.

Pekka Jokinen is a professor of environmental policy at Tampere University, Finland. His re-
search focuses on environmental governance, social change, and sustainabilities, and his current
work concerns climate policy and urban circular economy. Jokinen has written on a wide range
of issues in environmental politics and policy.



THE ROUTLEDGE HANDBOOK
OF CATALYSTS FOR A
SUSTAINABLE CIRCULAR
ECONOMY

Edited by Hanna Lehtimdki,
Leena Aarikka-Stenroos,

Ari Jokinen, and
Pekka Jokinen

a 2R°““ed96 earthscan

vewvore  from Routledge



Designed cover image: © Jani Ikonen

First published 2024
by Routledge
4 Park Square, Milton Park, Abingdon, Oxon OX14 4RN

and by Routledge
605 Third Avenue, New York, NY 10158

Routledge is an imprint of the Taylor & Francis Group, an Informa business

© 2024 selection and editorial matter, Hanna Lehtimaki,
Leena Aarikka-Stenroos, Ari Jokinen, and Pekka Jokinen;
individual chapters, the contributors

The right of Hanna Lehtiméki, Leena Aarikka-Stenroos, Ari Jokinen and
Pekka Jokinen to be identified as the authors of the editorial material, and of
the authors for their individual chapters, has been asserted in accordance with
sections 77 and 78 of the Copyright, Designs and Patents Act 1988.

The Open Access version of this book, available at www.taylorfrancis.com,
has been made available under a Creative Commons Attribution-Non
Commercial-No Derivatives (CC-BY-NC-ND) 4.0 license. Funded by the
University of Eastern Finland, Tampere University, LUT University, and the
University of Turku.

Trademark notice: Product or corporate names may be trademarks or
registered trademarks, and are used only for identification and explanation
without intent to infringe.

British Library Cataloguing-in-Publication Data
A catalogue record for this book is available from the British Library

Library of Congress Cataloging-in-Publication Data
Names: Lehtiméki, Hanna, editor. | Aarikka-Stenroos, Leena, editor. | Jokinen,
Ari (Research fellow in environmental policy), editor. | Jokinen, Pekka, editor.
Title: The Routledge handbook of catalysts for a sustainable circular economy /
edited by Hanna Lehtiméki, Leena Aarikka-Stenroos, Ari Jokinen and
Pekka Jokinen.
Description: Abingdon, Oxon ; New York, NY : Routledge, 2024. | Includes
bibliographical references and index.

Identifiers: LCCN 2023021408 (print) | LCCN 2023021409 (ebook) |
ISBN 9781032212449 (hardback) | ISBN 9781032212456 (paperback) |
ISBN 9781003267492 (ebook)

Subjects: LCSH: Circular economy. | Sustainable development.
Classification: LCC HC79.E5 R674 2024 (print) | LCC HC79.E5 (ebook) |
DDC 338.9/27--dc23/eng/20230630
LC record available at https:/lccn.loc.gov/2023021408
LC ebook record available at https://lccn.loc.gov/2023021409

ISBN: 978-1-032-21244-9 (hbk)
ISBN: 978-1-032-21245-6 (pbk)
ISBN: 978-1-003-26749-2 (ebk)

DOI: 10.4324/9781003267492

Typeset in Times New Roman
by KnowledgeWorks Global Ltd.


https://www.taylorfrancis.com
https://lccn.loc.gov/2023021408
https://lccn.loc.gov/2023021409
https://doi.org/10.4324/9781003267492

CONTENTS

List of figures

List of tables

List of contributors
Acknowledgments

1 Introduction: Circular economy catalysts in sustainability transition
Hanna Lehtimdki, Leena Aarikka-Stenroos, Ari Jokinen,
Pekka Jokinen, and Juha Kotilainen

PART I
Contextualised understanding of catalysts

2 Catalysts for urban circularity: Reasoning by analogy approach
Ari Jokinen, Pekka Jokinen, Leena Aarikka-Stenroos, Marika Kokko,
Johanna Kujala, Hanna Lehtimdki, and Jere Nieminen

3 Recreating the construction sector for circularity: Catalysing the reuse
of prefabricated concrete elements
Satu Huuhka, Leena Aarikka-Stenroos, Jukka Lahdensivu,
Paul Jonker-Hoffrén, Viktoria Arnold, Erik Stenberg, Rijk Blok,
Kjartan Gudmundsson, Patrick Teuffel, and Angelika Mettke

4 Catalysing the textile industry toward a circular economy:

An ecosystem approach
Olga Dziubaniuk, Leena Aarikka-Stenroos, and Eeva-Leena Pohls

vii

Xi
xv
XViil
XXX

19

21

42

67



Contents

A review of the circular economy in Nigeria: From rhetoric to enterprise
development
Muhammed Akanji, Nathaniel Amoah, Oreva Theresa Akpoveso,

Oreva Atanya, and Chris Ogbechie

Catalysts for transition to circular economy solutions in the
biowaste management sector in India
Bhavesh Sarna, Rahul Singh, and Pankaj Singh Rawat

Plastic waste and a circular economy in China: Current situation and

future possibilities

Jouni Havukainen, Mariam Abdulkareem, Yayong Yang, Mi Yan,
and Mika Horttanainen

The role of institutional environment in catalysing circular

entrepreneurship: A cross-country comparison of Finland and Italy

Beatrice Re, Kaisa Henttonen, Ville-Veikko Piispanen, and Hanna
Lehtimdki

PART II
Types of catalysts

9

10

11

12

13

14

Regulatory catalysts for the circular economy
Topi Turunen, Eleanor Reyes Mateo, and Joonas Alaranta

Mission-oriented policy as a catalyst for transition to a circular economy
Lina Dagiliene, Jurgita Bruneckiene, Viktorija Varaniute,
and Justina Banioniene

Information as a catalyst for the circular economy
Nina Tura, Matias Stahle, Tuomas Ahola, Jyri Hanski,
and Pasi Valkokari

Design as a catalyst for the circular economy
Ricard Lykke Margot, Hybel Sofie Bach, and Jofre Sergio

Circular economy and finance: Either a straightforward relation or a
virtuous loop?
Claudio Zara and Luca Bellardini

Core competences and core resources as catalysts for the design of
circular business models
Davide Chiaroni and Andrea Urbinati

viii

88

107

128

143

167

169

187

207

226

246

271



Contents

15 Artificial intelligence as a catalyst in the circular economy transition
Kang Li

16 Gamification as a catalyst to the circular economy
Georgina Guillen Mandujano, Marc Riar, Benedikt Morschheuser,
and Juho Hamari

PART III
Methodological approaches for catalysing

17 Mid-range transition arenas as catalysts in a circular economy
Tatu Marttila, Jani Lukkarinen, Sampsa Hyysalo, David Lazarevic,
and Helena Valve

18 Design thinking tools to catalyse sustainable circular innovation
Nancy Bocken, Brian Baldassarre, Duygu Keskin, and Jan Carel Diehl

19 Scenario method for catalysing circularity and lowering emissions in
the construction sector/real estate, Nigeria
Olumide Ayanrinde and Jeffrey Mahachi

20 Digital affordances for a circular economy transition: A multiple case
study of digital technology-enabled circular business models
Outi Blackburn, Paavo Ritala, and Joona Kerdnen

21 Accelerating the adoption of a circular economy: An extended diffusion
model for understanding consumer perceptions of circular economy products
Jennifer D. Russell and Okechukwu Okorie

22 Co-creation art to catalyse competencies for a sustainability transition
Juha Suonpdd and Peter Sramek

23 Utopias as catalysts for a sustainable circular economy
Marileena Mdkeld and Maili Marjamaa

PART IV
Conceptual understanding of catalysing

24 Toward a typology of circular economy agency
Satu Teerikangas, Tiina Onkila, Katariina Koistinen,
Antero Hirvensalo, Angelina Korsunova, Marileena Mikeld,
Milla Sarja, Mira Valkjdrvi, and Noelia-Sarah Reynolds

289

312

337

339

359

388

403

422

446

466

491

493



25

26

27

28

29

Contents

Roles of virtual intermediaries in the transition to a circular economy
Magnus Moglia, Christian A. Nygaard, Olamide Shittu,
Tmnit H. Halefom, and Sean Trewick

The assembling of circular consumption: A sociomaterial practice approach
Elina Nérvinen, Christian Fuentes, and Nina Mesiranta

Catalysing a circular transition in Brixton
Joanna Williams and Josefine Hintz

‘Regime-niche’ actors as catalysts in the transition to a circular economy
Rachel Greer

Catalysts in a sustainable circular economy: Directions for future research
Hanna Lehtimdki, Leena Aarikka-Stenroos, Ari Jokinen,
Pekka Jokinen, and Juha Kotilainen

Glossary
Index

513

535

550

568

584

589
599



2.1
2.2
3.1

32

33
34
35

3.6
4.1
5.1
6.1
7.1
7.2
10.1

10.2

FIGURES

Catalysts accelerating the transition to urban circularity.

The timeline of developing Hiedanranta into a new CE district.

Concrete elements deconstructed from the buildings behind them (left).
Location: Finland. A new building made from deconstructed elements (right).
Location: Germany. Photos: SH.

ReCreate’s view on disciplinary expertise and the competences needed to
transition the construction sector towards reuse. Socioeconomic perspectives
(black horizontal) cross-cut technical perspectives (grey vertical). Existing
knowledge on precast systems (white, top) feeds the research, but also draws
from it when it comes to evaluating the business potential at large. The core
substance — studied with the help of real-life pilot projects — is drawn also
from for knowledge sharing (white, bottom).

The circular value chain of reuse from (donor) building to (new) building.
Quality control and authorisation process.

Catalysis of a reuse transition in the construction sector, conceptualised in
Geels’s (2002) framework.

Diverse catalysts needed to transition the construction sector towards reuse.
Industrial ecosystem for textile circulation: Actor types and relations.

CE model.

Identified catalyst framework in biowaste management in India.

Annual production of plastic in China.

Plastic recycling in China from 2010 to 2021.

National expenditures on environmental protection: Structure by institutional
sector and percentage of GDP.

The framework for the analysis.

X1

22
28

43

46
47
49

61
63
74
98
115
130
130

193
194



10.3
10.4

10.5

11.1
11.2
11.3
11.4
12.1
12.2

12.3

12.4
13.1
13.2
13.3
13.4
13.5

13.6

14.1

14.2

15.1
15.2
15.3

15.4
16.1
16.2
16.3
16.4
16.5
171

17.2

17.3

Figures

Documents of different hierarchical levels according to their approval date.
Events to develop the roadmap for Lithuania’s Industrial Transition to a Circular
Economy.

Key multi-level scale challenges for the transition to the CE from a public
sector perspective.

The model of the CE.

Developing wisdom in business decision-making.

The flow of design-oriented research.

Circulation of information enabling CE.

The sandwich layers of a solar cell panel, 3D model.

Expected market share for different cell-connecting technologies,

ITRPV 2022 forecast.

Learning objectives: Master of science course in sustainable materials in
product creation.

A simple illustration of the Material Driven Design Method.

The four pillars of the circular finance chain.

The 3R Model of opportunities: Main claims and drivers.

Risk breakdown in the 3R Model of circular finance.

Average Circularity score by industry.

The effect of circularity on risk; the magnitude of estimated coefficients and
statistical significance.

The effect of circularity and disclosure on equity risk as magnitude of
estimated coefficients and statistical significance.

Conceptual framework of the resource-based view of companies for the
design of circular business models.

Conceptual framework: Visual representation of linkages between managerial
practices and core competences and resources.

Systematic literature review process.

Distribution of journal article by year.

The role of Al in circular design, production, consumption, reuse, repair, and
recycling stages.

Appendix. Summary of research results.

Database consolidation and analytical process.

Visualisation of the most addressed topics in the analysed literature.

The transition management cycle.

TMC type concerning impact area of gamification and CE phase.

Graphic summary of the chapter.

The general structure in the mid-range TA workshop series, and

photos of actual transition pathway co-creation supported with the

MTPT canvas.

Collected answers from the follow-up participant survey (1-5 scale, the dark
columns on right marking standard deviations).

The mid-range TA process with different ‘framings’ as the focus, with
differences in the necessary resources and time for preparation, and
follow-on activity.

Xii

196

201

202
209
211
212
216
233

234

236
239
249
251
255
258

262
265
275
282
292
294
297
308
317
321
322
322
329
343

348

351



18.1

18.2
18.3

18.4
18.5

18.6

18.7
18.8

18.9
18.10
19.1
19.2
19.3
19.4
21.1
21.2

21.3

21.4

22.1

222

22.3
22.4
22.5
22.6

227
23.1
23.2
233
234

Figures

Kerosene lanterns and design of a solar energy-powered lantern as a
sustainable alternative driven by the future vision of the company.

System maps of two different grocery home delivery business models.
Service blueprint tool applied in a project with Philips Design, supporting
the design of a circular service model in a health-care context. For more
information, see van Hamersveld (2019).

Sustainable business model canvas for circular fashion.

Circular collaboration canvas applied with multiple stakeholders working
together to boost circularity in the fashion industry in Australia. For more
information, see https://www.monash.edu/circular-fashion/who-we-are.
Circular business model pilot canvas applied in the Zero Brine project. For
more information, see https://zerobrine.eu.

Environmental value proposition canvas.

Product journey mapping by mapping the use cycles of the life cycle of a
washing machine in a lease system.

Value mapping tool.

Populated value mapping tool.

Decarbonisation scenarios process chart.

Proposed decarbonisation scenario equations for residential buildings.
Proposed 2DC paths for residential buildings.

Energy, water, and material savings diagrams for pilot real estate buildings.
Summative model of factors affecting intention to purchase.

Simplified model of factors affecting intention to purchase new and

VRP products.

Sensitivity of absolute product attractiveness for case study VRP industrial
digital printers to change in perceived quality (PQF) (panel (a), USA; panel

(b), China), and to change in perceived loss (0) (panel (c), USA; panel (d), China).

Sensitivity of relative product attractiveness for case study VRP industrial
digital printers to change in perceived quality (POF) (panel (a), USA; panel
(b), China), and to change in perceived loss () (panel (c), USA; panel

(d), China).

Co-creation in process, Visual Catalysts workshop, University of Europe for
Applied Sciences, Berlin 2019.

The open call for a Visual Catalysts workshop INTAC-VICAT

in Berlin, 2019.

The INTAC network structure.

Screenshot from Miro whiteboard platform.

Examples of INTAC exhibition catalogues.

Co-creation project Useless Objects from the exhibition Turmoil, at the Off
Festival, Bratislava, Slovakia, 2017.

Poster project Ugly Food. VICAT Berlin workshop.

Economically sustainable circular economy.

Environmentally sustainable circular economy.

Socially sustainable circular economy.

Culturally sustainable circular economy.

Xiii

366
368

369
370

372

373
374

377
378
379
396
396
397
398
427

428

433

434

448

448
451
452
453

455
458
4717
479
480
481


https://www.monash.edu
https://zerobrine.eu

25.1
26.1
27.1
272
28.1
28.2

Figures

High-level conceptualisation of the necessary CE transformation.

The assembling of circular fashion consumption.

Transition process in Brixton.

Circular transition process in Brixton.

Transition dynamics (multi-level perspective).

The niche-regime and regime-niche: Transition dynamics and bilateral
connections.

Xiv

518
545
553
564
571

578



2.1

2.2

23

4.1
4.2
5.1
6.1
6.2
6.3
8.1
8.2

8.3
8.4
9.1
9.2
9.3
9.4
9.5
9.6

9.7

TABLES

Core analogies identified between the systems of chemical catalysis and
sustainability transition. Grounds are the basics in catalyst thinking, and
warrants refer to deeper system dynamics

Key catalysts along Hiedanranta urban circular developments from
experimenting to implementation in the case of the urban nutrient cycle

(P = Policy catalyst, T = Technology catalyst, B = Business catalyst; small
letters indicate the catalytic mechanisms of each catalyst as presented in the
Results section)

Catalytic mechanisms breaking the system barriers and creating push towards
a transition state in Hiedanranta

Empirical data sources and methods of data collection

Catalysts for textile circulation in the CEE

Schedule of interviews

Energy potential mapping from waste in India

Details of the interviewees

The need analysis of the key stakeholders

The three pillars of institutions

Institutional actors and their functions in the Italian and Finnish innovation
systems catalysing CE

Description of the cases

Institutional pillars in circular venture operations

Examples of regulatory instruments regarding circular product design
Examples of regulatory instruments regarding circular manufacturing processes
Examples of regulatory instruments regarding product service systems
Examples of regulatory instruments regarding the sharing economy
Examples of regulatory instruments concerning circular waste management
Examples of regulatory instruments promoting recycling and the use of
recycled materials

Examples of regulatory instruments regarding the management of substances
of concern in CE

XV

24

30

31
73
81
93
109
113
123
145

150
151
160
171
172
174
175
177

178

180



9.8
10.1
10.2
10.3
10.4

11.1
11.2
13.1
13.2
14.1
14.2

15.1
15.2
16.1
16.2
16.3
17.1
17.2
17.3
17.4

18.1

18.2
18.3
18.4
18.5
19.1
19.2
20.1
20.2
20.3
20.4

20.5
20.6
21.1
21.2

Tables

Examples of overarching regulatory instruments

CE indicators in the Baltic Sea region

Mission-oriented policy approach criteria for strategic documents

Research objects

Integration of CE-related documents at the national, regional, and municipal
levels in Lithuania

Information about the workshops and meetings

A summary of the information circulation identified in the case studies
Components of the Circularity Score

Description of the sample

Managerial practices for circular business model design

An overview of the resource-based view of companies for the design of a
circular business model and the adoption of managerial practices
Categorical analysis by sources and types

Categorical analysis by AI/ML technique

Components for catalysing the CE

Publications per CE phase

Affordances per publication

Types of arena work and potential focus in outputs

Cases in focus

Developments in the mid-range TA methodology and the MTPT process
Potential framings and orientations for mid-range TA exercises, and
implications on follow-on action

Synthetic overview of the design thinking tools and methods, categorised
according to sustainable and circular design thinking principles, criteria,
phases, and level of circular innovation

Three cases and their environmental value propositions

Rapid circularity assessment

Focus of design thinking (light grey) and circular (dark grey) tools and methods
Unifying framework for circular design thinking

Stepwise guide to the proposed methodology

2DC target criteria

Description of the cases in the order of interviews (n=20)

Categorised digital affordances through the socio-technical systems lens
Selected evidence for narrowing the resource flows (cases #2 and #7)
Selected evidence for slowing the resource flows (cases #6, #8, #9, #11, #12,
#13, #14, #16, #18, and #20)

Selected evidence for closing the resource flows (cases #1, #4, #5, and #19)
Selected evidence for regenerating the resource flows (cases #3, #10, #15 and #17)
Summary of notation for VRP diffusion model

Estimated market share/installed base(IB//) for the United States (US) and
China (CH) product () and process () utilised for model demonstration.
Estimates of market size for China are based on international trade data from
the Observatory of Economic Complexity, using 2014 data (Observatory of
Economic Complexity, 2015). Production printers are based on HS92 Code
8443: Industrial Printers/Printing Machinery, and printing presses are based
on HS92 Code 844313

XVi

181
192
195
196

198
215
217
257
261
274

280
295
295
315
318
319
342
344
347

352

364
375
375
381
382
395
399
408
410
413

414
416
418
443

444



213

214

21.5

21.6

21.7

23.1
232
233
234
24.1
242
27.1
27.2
273
28.1

Tables

Market and inflection threshold (/BThresh) parameters for the United

States (US) and China (CH) product () and process () utilised for model
demonstration. Production mix estimates for China are based on adjusted U.S.
market values (UNEP IRP Berlin Workshop, 2016)

Sensitivity to network effect (Sck) parameters of case study process () and
market (k) utilised for model demonstration

Transaction value (7Vi,j,k) parameters for product (i) and process (j) in the
international marketplace utilised for model demonstration. The estimated
average market price was based on average customer market prices taken
from a sample of publicly available pricing for case study products in 2018.
The transaction value factors reflect equivalent price discounts relative to the
prices of the new product option. For the purposes of generalization, these
values are held constant for both U.S. and China markets. Based on weighted
results of price discount offered by imaging product remanufacturers, relative
to new (per Nasr et al., 2017)

Perceived quality factor (PQF) parameters for the United States (US) and
China (CH) product (i) and process () utilised for model demonstration. The
PQF for remanufactured products in China is reduced relative to the United
States per Matsumoto, Chinen, and Endo (2017)

Sensitivity to perceived loss (6) parameters for case study economies (k)

and processes (7). The sensitivity to perceived loss parameter for the VRP
products are estimated by multiplying the mean risk aversion score

(Bao et al., 2003) by the sensitivity to perceived risk of loss

(Kahneman & Tversky, 1979)

Dictionary definitions of the word ‘utopia’

Summary of previous studies focusing on CE and futures

Summary of the content and key features of each utopia

Interview data

Overview of the three studies and findings presented in this chapter
Typology of CE agency

The timeline of circular transition in Brixton

Overview of catalysts in Brixton

Barriers to experiments scaling up in Brixton

Catalysing functions of the regime-niche: Definitions and exemplifications

xvii

444

444

445

445

445
468
470
476
487
496
497
555
560
562
574



CONTRIBUTORS

Leena Aarikka-Stenroos is a professor of industrial management and a director of the Research
Centre for Managing Circular Economy, ManCE, at Tampere University in Finland. Her research
on circular economy is positioned in the multidisciplinary crossroads of innovation, technologi-
cal development, and business including business to business marketing and ecosystems. She
holds leader and specialist positions to advance ecological sustainability.

Mariam Abdulkareem, PhD, works as a post-doctoral researcher in the department Sustain-
ability Science in LUT University in Finland. Her research focuses on life cycle thinking and
modelling, circular economy and providing sustainable solutions for resource and waste manage-
ment systems. In addition, she mentors, teaches, and supervises postgraduate and PhD students.

Tuomas Ahola, DSc (Tech), is a professor of industrial engineering and management at Tam-
pere University, Finland. His research concentrates on the management of complex interorgani-
sational projects, citizen participation, project governance, and sustainability in the context of
project deliveries.

Muhammed AKanji is an economic and policy development enthusiast. He is a goal-directed
and result-oriented professional with a strong analytical economic and quantitative background.
He has served as a research associate at the Lagos Business School. He has had numerous publi-
cations in reputable journals nationally and internationally. He presently serves as an academic
consultant for different tiers of MBA-level admissions both locally and internationally.

Oreva Theresa Akpoveso is a sustainability and development professional. She designs and
manages impactful programmes in sustainability and circularity at Lagos Business School’s Sus-
tainability Centre. She holds a master of business administration and a bachelor of science in eco-
nomics and development studies. Her research interests include corporate sustainability, circular
economy, shared value, and sustainable development.

Joonas Alaranta, LLD, MSc (Admin), is a legal advisor at the Registry of the Board of Appeal of
the European Chemicals Agency and postdoctoral researcher at the University of Eastern Finland

xviii



Contributors

Law (UEF) School. In his academic research, he has focused on matters related to the regulation
of hazardous substances in the circular economy.

Nathaniel Amoah holds an MRes and BSc in marketing. He is currently pursuing a PhD in
sustainable consumer behaviour at the University of Brescia, Italy. He is a visiting researcher at
the Lagos Business School’s Sustainability Centre in Nigeria and Memorial University of New-
foundland in Canada. His research is mainly focused on sustainability.

Viktoria Arnold is a research associate in the Construction Recycling Department at Branden-
burg University of Technology, Germany. She is completing her PhD on the topic of assessing
sustainability of construction of single-family homes. She is ReCreate’s co-leader for environ-
mental impact assessment.

Oreva Atanya is a problem solver, author, senior executive, and academic who is passionate
about the sustainable development and the transformation of African economies and commu-
nities. She leads sustainability at the prestigious Lagos Business School and serves as a lead
facilitator designing and delivering sustainability and circular economy sessions at the LBS Sus-
tainability Centre (LBSSC), Enterprise Development Centre (EDC), and Nigeria Climate Inno-
vation Centre (NCIC).

Olumide Ayanrinde is a registered professional engineer with hands-on experience in the im-
plementation of sustainable infrastructural projects. He is a recipient of an MSc degree in civil
and environmental engineering from the University of Lagos. Olumide is currently a PhD re-
searcher in the Civil Engineering and the Built Environment Department at the University of
Johannesburg.

Brian Baldassarre holds a BSc degree in industrial design from Politecnico di Milano in It-
aly, as well as an MSc in industrial engineering and a PhD in circular economy business model-
ling from Delft University of Technology. He has 10 years of experience with sustainable and
circular innovation projects, working across academia, industry, and the public sector.

Justina Banioniene is a PhD student in the Digitalisation research group at Kaunas University of
Technology. Her research interests include circular economy modelling through general equilib-
rium models, investments in the circular economy, and circular business models.

Luca Bellardini, PhD, is a postdoctoral researcher at Luiss Guido Carli University through 2023.
Formerly at Bocconi University’s GREEN Research Centre, he served as an adjunct professor
of economics of financial institutions at the University of Milan and a teaching assistant in his
previous positions.

Outi Blackburn is a dual degree doctoral student in the Business School at LUT University,
Finland, and in the Graduate School of Business and Law at RMIT University, Australia.

Rijk Blok was an assistant professor at Eindhoven University of Technology, the Netherlands.
He was also the leader of ReCreate’s deconstruction work package and Dutch country cluster. In
addition to his interest in reusing building components, he was also active in the research of bio-
based materials. Sadly, he passed away in 2022 during the writing of this chapter.

Xix



Contributors

Nancy Bocken holds an MSc in international business from Maastricht University, and a PhD
from the University of Cambridge, funded by Unilever. She is a professor of sustainable busi-
ness at the Maastricht Sustainability Institute and leads Circular X, a European Research Coun-
cil funded programme on experimentation with circular service models. Next to her main role,
Nancy is a fellow at the Cambridge Institute for Sustainability Leadership and co-funded her own
sustainable business called HOMIE.

Jurgita Bruneckiene is a professor and an investigator in the Sustainable Economy research
group at Kaunas University of Technology. Her research areas include circular economy impacts,
regional economy, industrial economy, and smart economic development.

Davide Chiaroni is a full professor of strategy and marketing in the Department of Management,
Economics, and Industrial Engineering of Politecnico di Milano, Italy.

Lina Dagiliene is a professor and a principal investigator in the Digitalisation research group
at Kaunas University of Technology. Her research areas include corporate sustainability, circu-
lar transformation, circular business model, sustainability reporting, and ethical implications of
digital audit.

Jan Carel Diehl holds an MSc in industrial design engineering and a PhD in design for sustain-
ability at Delft University of Technology. He is currently an associate professor in inclusive sustain-
able health care and has over 25 years of experience with Ecodesign, Design for Sustainability, and
Sustainable Product Service Systems in both design practice as well as in academic contexts.

Olga Dziubaniuk is a postdoctoral research fellow in the Faculty of Management and Business,
Unit of Engineering and Industrial Management, Tampere University, Finland. Her research ex-
pertise is positioned within scopes of circular economy, industrial ecosystems and value chains,
business-to-business relationships, and networks predominant in industrial marketing.

Christian Fuentes is a professor at the Department of Service Studies, Lund University, Swe-
den. His research often takes an interest in the role that devices and technologies have in shaping
consumption and the organisation of markets. He is currently working on several projects that
address circular consumption.

Rachel Greer, PhD, is a sustainability researcher and advisor who wrote her PhD thesis on the
transition from a linear to a circular economy. Previously, she has worked as a researcher and
advisor at DRIFT, Erasmus University of Rotterdam, and an environmental sustainability techni-
cal consultant in Spain.

Kjartan Gudmundsson is an associate professor at the Department of Civil and Architectural
Engineering at KTH Royal Institute of Technology in Stockholm, Sweden. His research is focused
on building performance in terms of energy use and environmental impact, with an emphasis on
using building information models to capture, share, and communicate data and information. In
ReCreate, he leads the work on the last-mentioned aspects.

Georgina Guillen is a member of the Gamification Group and a doctoral candidate, lecturer,
and project manager at Tampere University, Finland. Her research focuses on gamifying

XX



Contributors

sustainable consumption and its practical implementations. She previously worked on projects
about circular business models and strategic planning for circularity, particularly stakeholder
engagement.

Tmnit Halefom is a PhD candidate at Swinburne University, with an MPhil from the Univer-
sity of Queensland. Tmnit has been working as a research assistant in developing a Theory of
Change for circular economy transitions at Swinburne University. Her doctoral research focuses
on mechanisms that can facilitate sustainable mobility outcomes.

Juho Hamari, PhD, is a professor of gamification and the head of the Gamification Group in the
Faculty of Information Technology and Communication Sciences at Tampere University. Profes-
sor Hamari is leading research on gamification under the Academy of Finland Flagship, Profiling,
and Center of Excellence programmes.

Jyri Hanski is a senior scientist at VTT Technical Research Centre of Finland, Ltd. His research
focuses on sustainability-related aspects including circular economy, sustainability assessment,
critical raw materials, and asset and life cycle management.

Jouni Havukainen works in the Department of Sustainability Science at LUT University in
Finland as an associate professor (tenure track). His research is related to the sustainability of
circular economy and energy system solutions including P2X value chains. Additionally, he is
involved in teaching as well as guiding students in the PhD, master, and bachelor programmes.

Kaisa Henttonen is an associate professor (tenure track) in innovation management at the Uni-
versity of Eastern Finland Business School, Finland. Her scientific work focuses on sustain-
able innovation, entrepreneurship, and digitalisation. She is also closely involved with business
practice related to these topics through research projects, executive and professional education
programmes, and as an invited speaker and advisor.

Josefine Hintz, MSc, is a PhD candidate at the Technical University Berlin. Her research focuses
on governance of artificial intelligence (Al) for climate action in European cities. Previously, she
worked for ICLEI — Local Governments for Sustainability, where she supported cities globally in
various sustainability projects. Josefine also worked as a research associate at the Circular Cit-
ies Hub, after completing a master’s in sustainable urbanism at the Bartlett School of Planning,
University College London.

Antero Hirvensalo is a postdoctoral researcher at Tampere University, Finland. He studies in-
novation ecosystems in circular economy, especially how social interaction is constitutive of
organisation, and of knowledge creation in response to systemic environmental challenges.

Mika Horttanainen is a professor in Lappeenranta-Lahti University of Technology, Finland.
He is the head of the Department of Sustainability Science. The research of his team focuses on
analyzing waste management systems and finding sustainable solutions for solid waste manage-
ment, recycling, and recovery.

Satu HuuhKka is an associate professor (tenure track) for sustainable renovation at Tampere Uni-
versity School of Architecture, Finland. She leads the ReCreate project and the Finnish country

XX1



Contributors

cluster. With her research group ReCET (Renovation and Circular Economy Transition), she
researches all aspects of circular construction, in particular the reuse of existing buildings and
their components.

Sofie Bach Hybel is studying for a PhD at the University of Southern Denmark, Department of
Technology. As part of the Circular Economies and Innovation research group, she focuses on
redesigning products for sustainable manufacturing. Sofie is an integrated designer engineer with
an MSc. in product development and innovation.

Sampsa Hyysalo is a professor of co-design in Aalto University, Finland. His research focuses
on designer-user relations in socio-technical change and different co-production arrangements
for design, innovation, and governance.

Sergio Jofre is a lecturer at Swansea University, UK, and part of the Circular Economy In-
novation Communities programme. He has a PhD in environmental engineering from Osaka
University. His research work focuses on the multidisciplinary exploration of the human-envi-
ronment-technology evolutionary interrelationships.

Ari Jokinen is a senior research fellow in environmental policy at Tampere University in Fin-
land. He holds a PhD in administrative sciences and is an adjunct professor in natural resources
policy at the University of Eastern Finland. His research interests include sustainability policy,
focusing on urban transformations, circular economy, biodiversity, and the politics of nature.

Pekka Jokinen is a professor of environmental policy at Tampere University, Finland. His re-
search focuses on environmental governance, social change, and sustainabilities. His current
work concerns climate policy and urban circular economy. Pekka has written on a wide range of
issues in environmental politics and policy.

Paul Jonker-Hoffrén is a labour sociologist and public policy scholar at the Work Research
Center of Tampere University, Finland. As ReCreate’s work package leader for work and regu-
lation-related aspects, his current research interests include the practice of work and the role of
public policy in the circular economy. His previous publications focused on non-standard work
and industrial relations.

Joona Kerinen is an associate professor and co-deputy dean (R&I) in the Graduate School of
Business and Law at RMIT University, Australia, and a visiting associate professor in the Busi-
ness School at LUT University, Finland.

Duygu Keskin received her BSc degree in environmental engineering and M.Sc. degree in in-
dustrial design from the Middle East Technical University in Turkey, and her PhD degree
in industrial design engineering from the Delft University of Technology. She is an assistant
professor with the Department of Industrial Engineering and Innovation Sciences, Eindhoven
University of Technology. Her research interests include circular innovation, design and creation
of new firms and innovation ecosystems, and sustainable entrepreneurship.

Katariina Koistinen is a postdoctoral researcher at the Institute of Advanced Studies, Univer-
sity of Turku, Finland. Her research explores proactive individuals in sustainability transitions,

XXii



Contributors

be it via reviews of prior research, studying change agents’ life paths, or top managers’ enabling
circular transitions.

Marika Kokko is an associate professor (tenure track) of bio and circular economy in the Faculty
of Engineering and Natural Sciences at Tampere University. Her research focuses on environ-
mental biotechnology and industrial biotechnology applications that enable environmental pro-
tection as well as resource recovery.

Angelina Korsunova is an adjunct professor in sustainable business at the Department of Forest
Sciences, Faculty of Agriculture and Forestry, University of Helsinki (Finland), specialising in
circular economy, consumer-company interactions on sustainability topics, and motivating the
transition to sustainable behaviour and lifestyles.

Juha Kotilainen is a doctoral researcher of environmental policy in the Department of Geo-
graphical and Historical Studies at the University of Eastern Finland, where his research focuses
on applying collaborative governance to natural resources.

Johanna Kujala is a professor of management and organisations, vice dean for research, and
director of the RESPMAN Responsible Management Research Group at Tampere University,
Finland. She has published over 130 peer-reviewed scientific articles. Her research interests focus
on stakeholder theory and engagement, sustainable value creation, circular economy, and com-
mons governance.

Jukka Lahdensivu holds the title of docent at Tampere University’s Department of Civil Engi-
neering. He also works as a leading consultant at Ramboll Finland. During his 25-year research
career in the field of renovation, service life of structures, and R&D projects for industry, he has
published over 270 publications. In ReCreate, he leads the work on the quality management of
reclaimed elements.

David Lazarevic is a leading researcher at the Finnish Environment Institute, focusing on the
role of public policy in socio-technical change processes.

Hanna Lehtimiéki is a professor of innovation management in the Business School and a direc-
tor of the Research Center for Sustainable Circular Economy at the University of Eastern Finland.
Her research examines circular economy with theoretical frameworks on strategic management,
organisation theory, leadership, and entrepreneurship. She and her research team advance transdis-
ciplinary social sciences research and societal impact in sustainable circular economy transition.

Kang Li is a postdoctoral researcher and university lecturer at the Business School of Faculty of
Social Sciences and Business Studies, University of Eastern Finland, Kuopio campus, in Finland.

Jani Lukkarinen is a human geographer specialising in environmental governance in trans-
disciplinary policy processes. He works currently as a senior research scientist at the Finnish

Environment Institute with a focus on low-carbon policy implementation.

Jeffrey Mahachi is a registered professional engineer and registered construction project man-
ager. He is a recipient of a PhD in civil engineering from Wits University. Jeffrey is currently

xxiii



Contributors

the head of the School in Civil Engineering and the Built Environment at the University of
Johannesburg and the director of the Sustainable Materials and Construction Technologies
(SMaCT) Research Centre. He is also a current recipient of the research fund by the Depart-
ment of Science & Innovation to promote advanced 3D printing of houses. Jeffrey is also
serving as a board member of Agrément South Africa and technical advisor for the Council
for Geoscience.

Marileena Miikeld, PhD, works as a senior lecturer at the University of Jyviskyld in the School
of Business and Economics and the School of Resource Wisdom, Finland. Her research interests
include sustainability communication, employees and sustainability, the circular economy, and
futures images.

Maili Marjamaa is a doctoral researcher in management and organisation at the Faculty of
Management and Business, Tampere University, Finland. Her research interests are the circular
economy, business and urban sustainability, futures images, and stakeholder theory.

Tatu Marttila is a design professional currently working as a postdoctoral researcher at Aalto
University, Finland. With several years of experience in transition arena work, his current re-
search focus is on developing services for climate action and carbon impact monitoring.

Eleanor Mateo is a joint doctoral candidate in circular economy and international trade law at
the Brussels School of Governance (BSOG) and University of Eastern Finland (UEF). She has
worked as legal researcher at the BSOG and UEF on externally funded projects, including green
procurement and circular product policy instruments.

Nina Mesiranta is a senior research fellow in the Wastebusters research group at Tampere Uni-
versity. Finland. Her current research interests include food waste reduction and sustainable fash-
ion consumption. She has published, for example, in the Journal of Public Policy & Marketing,
Industrial Marketing Management, and Journal of Cleaner Production.

Angelika Mettke is a professor and the head of the Construction Recycling Department at the
Brandenburg University of Technology, Germany, with a focus on the reuse of precast concrete
elements and production of recycled concrete. In 2016, she received the German Environmental
Award, and in 2017, the 25 Women for a Better Environment Award. At ReCreate, she leads the
work on environmental impact assessment and the German country cluster.

Magnus Moglia is an associate professor and an internationally recognised expert in urban sus-
tainability solutions and a systems scientist at Swinburne University of Technology’s Centre
for Urban Transitions. He has co-authored over 65 articles in leading journals, in fields relat-
ing to climate adaptation, water management, urban regeneration, circular economy, and energy
transitions.

Benedikt Morschheuser, PhD, is an assistant professor of information systems (Gamification) at
the School of Business, Economics and Society, Friedrich-Alexander Universitét Erlangen-Niirnberg
(FAU). His work focuses on designing and investigating the effects of gamified information systems.
In this field, he has authored numerous impactful research publications in prestigious international
outlets.

XX1vV



Contributors

Elina Nirvinen is a professor of services and retailing in the Wastebusters research group at
Tampere University, Finland. Her research interests include the circular economy transition, sus-
tainable consumption, and marketing. She has led several projects on circular economy-related
topics and has published in several business, marketing, and sustainability journals.

Jere Nieminen, PhD, is the founder of Wild Zone Association in Finland. After conducting
research on nature conservation and circular economy at Tampere University, he brought these
ideas together to study nature-enhancing urban circularities. This research agenda is based on
practical collaboration between ecologists, civic activists, business, and public institutions.

Christian A. Nygaard is an associate professor and an applied social and urban economist and
the director of the Centre for Urban Transitions at the Swinburne University of Technology. His
research explores pathways to just, healthy, and productive urban futures. He has held research
and teaching positions in the United Kingdom and Australia.

Chris Ogbechie is a professor and teaches strategy, sustainability, and corporate governance at
the Lagos Business School and Strathmore Business in Nairobi, Kenya. He is the dean of the La-
gos Business School and the founding director of the school’s Sustainability Centre. His research
interests are strategy in turbulent environments, strategic leadership, board effectiveness, and
corporate sustainability.

Okechukwu OKorie, PhD, is a lecturer in sustainable manufacturing at the University of Exeter
in the UK. He researches circular economy, digital manufacturing, and Industry 4.0 technologies
adoption. Previously a senior research fellow at the Exeter Centre for Circular Economy (ECCE),
he led the EPSRC-funded Data-Driven Intelligence for a Circular Economy.

Tiina Onkila, PhD, is an associate professor of corporate environmental management at the
School of Business and Economics, University of Jyviskyld, Finland. She holds an adjunct pro-
fessor title at the School of Economics, University of Turku, Finland. Her research focus is on
sustainable business, stakeholder relations, employee-sustainability relationships, and sustain-
ability agency.

Ville-Veikko Piispanen, PhD, is a research manager at the University of Eastern Finland Busi-
ness School in Finland. His research focus is on circular economy and sustainable entrepreneur-
ship. He has worked in several multidisciplinary research and business development projects with
universities and industry actors.

Eeva-Leena Pohls is a project researcher at the Center for Innovation and Technology Research
(CITER) in the Faculty of Management and Business, Tampere University, Finland. Her research
explores themes such as transition towards circularity in the life cycles of materials and resources,
circular economy experiences, and circular economy ecosystems.

Pankaj Singh Rawat is a practitioner with more than 21 years of experience in the Indian manu-
facturing industry. Additionally, he is a research scholar at BIMTECH, Greater Noida, and his
research interests focus on sustainability, CSR, and the circular economy. Currently, he is deputy
general manager in an automobile manufacturing company and he is writing his doctoral thesis
that explores micro-CSR in the Indian context.

XXV



Contributors

Beatrice Re is an assistant professor at the University of Pavia, Italy. From November 2020 until
April 2021, she was a visiting PhD fellow at the Turku School of Economics (Finland), where she
joined the CICAT2025 research team. She is interested in circular entrepreneurship and organisation
studies. She has published in several international journals, such as the Journal of Business Research.

Noelia-Sarah Reynolds, PhD, is a senior lecturer in strategic management at the Essex Busi-
ness School, the University of Essex, UK. She has written on sustainability, agency and strategic
change and has published in journals such as Organisation Studies, International Business Re-
view, and New Technology, Work and Employment.

Marc Riar is a doctoral candidate at the Technical University of Berlin. His research centers
on human-computer interaction with foci on computer-mediated cooperation, gamification, and
extended reality (XR).

Lykke Margot Ricard is an associate professor and research group leader in circular economies
and innovation at the Department of Technology and Innovation, University of Southern Den-
mark. She leads the programme Product Development and Innovation. Her research focuses on
sustainable growth and the need for more sustainability in technical designs.

Paavo Ritala is a professor of strategy and innovation in the Business School at LUT University,
Finland. Professor Ritala is the co-editor-in-chief of R&D Management and serves on the edito-
rial review board of Journal of Product Innovation Management.

Jennifer D. Russell, PhD, is an assistant professor of sustainable systems at the Virginia Polytech-
nic Institute and State University in the United States, and co-author of the UNEP International
Resource Panel report Redefining Value — The Manufacturing Revolution (2018). She researches
the practice and operationalisation of sustainable consumption and production systems.

Milla Sarja, MSc (Econ) is a doctoral candidate in the discipline of corporate environmental
management (CEM) at the Jyviskyld University School of Business and Economics, Finland.
Her current research explores circular economy, systemic thinking, and sustainability transitions
in a business context.

Bhavesh Sarna is a university teacher at the Jyviskyld School of Business and Economics,
University of Jyvéskyld, Finland. His research interests focus on the micro-foundations of
sustainability, more specifically on micro-CSR from employees’ perspectives. Aside from
micro-foundational studies, he is also interested in understanding blockages to sustainability
in emerging markets. With the changing global dynamics, he is drawn towards exploring green
supply chain models in emerging markets.

Olamide Shittu, PhD, is a Circular Economy Research Fellow at Swinburne University of Tech-
nology, Australia. His research focuses on the systemic transformation of social structures by
embedding sustainability principles into household, business, and policy practices. He currently
leads research on developing a Theory of Change for circular economy transitions.

Rahul Singh is a professor and chair of the Sustainable Tourism and Development Centre, at
the Birla Institute of Management Technology, India. His research interests are in strategy,

XXVI



Contributors

sustainability, and emerging markets. He has won the management teacher award from the Min-
istry of Education. He also has earned the best researcher award, best research paper award for
conference papers, and published research papers in the domain. He has also conducted training
and offered to consult with companies and the government.

Peter Sramek is an artist/educator working in photography and book arts who has developed
innovative art curriculum for over four decades. INTAC focusses his ongoing efforts to expand
experiential, cross-cultural learning opportunities for students. He authored the book Piercing
Time: Paris After Marville and Atget 1865-2012.

Matias Stahle, MSc (Eng), is a doctoral researcher at Tampere University, Finland. His research
is related to management of project business, solution marketing and sales, and circular economy.
Matias has published his research in academic journals such as the International Journal of Pro-
Jject Management and Journal of Cleaner Production.

Erik Stenberg is an architect and associate professor at KTH Royal Institute of Technology in
Stockholm, Sweden. He is engaged in the practice, research, and politics of restructuring large-
scale postwar modernist housing areas of the Swedish Million Program Era. At ReCreate, he
leads the work on charting precast systems and the Swedish country cluster. He is also the co-
editor of the 2018 book Sustainability in Scandinavia: Architectural Design and Planning.

Juha Suonpiai is an artist/educator and has curated international art exhibitions, published numer-
ous monographs, and researched, for example, topics related to environmental photography and vis-
ualising science. Suonpia is the founder of the University of the Arctic (UArctic) thematic network
Communicating Arctic Research, and a co-founder of the International Art Collaborations network.

Satu Teerikangas is a professor of management and organisation at the University of Turku,
Finland. Her research focuses on mergers and acquisitions, sustainability agency and leader-
ship, as well as building circular economy—based, biodiversity-respectful futures in the Finnish
Academy—funded research projects CICAT2025 and BIODIFUL. She is an editor of the Research
Handbook of Sustainability Agency.

Patrick Teuffel, PhD, is a professor at Eindhoven University of Technology, the Netherlands,
and the founding director of CIRCULAR STRUCTURAL DESIGN in Berlin, Germany. He has
extensive experience and knowledge in structural design in the context of circular economy.
Within the ReCreate project, he is the leader of the work package about the reuse of components
in new buildings.

Sean Trewick is a circular economy practitioner focused on circular ecosystem activation within
the social enterprise and local government spheres. He is currently completing a master of engi-
neering management by research at Stellenbosch University in South Africa, where he is explor-
ing residual value opportunities within product-service systems.

Nina Tura, DSc(Tech), MEd, is a postdoctoral researcher in the Innovation Management group
at LUT-University in the Department of Industrial Engineering and Management. Her key re-
search expertise areas include sustainability-oriented innovations, sustainable business models,
and circular economy.

XXvii



Contributors

Topi Turunen, LLD, is a postdoctoral researcher at the University of Eastern Finland (UEF)
Law School and a senior researcher the Finnish Environment Institute (SYKE). His research has
focused on legislation concerning circular economy including waste, chemicals, and eco-design
legislation.

Andrea Urbinati is an assistant professor of strategy analysis and organisation design at the
School of Industrial Engineering of LIUC Universita Cattaneo, Italy.

Mira Valkjirvi is a doctoral researcher of circular economy at the department of management
and organisation, University of Turku, Finland, and RDI specialist at the Centria University of
Applied Sciences, Finland. Her PhD studies companies’ circular strategies.

Pasi Juhani Valkokari, MSc (Tech), is a senior scientist for the System and Components Per-
formance team at Technological Research Centre of Finland, VTT (joined 1999). His current
research activities include the life cycle management of industrial systems, industrial service
development, and asset management approaches supporting circular economy.

Helena Valve is a senior research scientist at the Finnish Environment Institute. She studies cir-
cular economy policies and politics, drawing from human geography, policy studies, and science
and technology studies (STS).

Viktorija Varaniute is an associate professor and researcher of the Digitalisation research group at
Kaunas University of Technology. Her research areas include circular business models, sustainabil-
ity management, performance management in relation to value creation, and digital transformation.

Joanna Williams, PhD, MRTPI, is a professor of sustainable development at University College
London. She is also the director of the international Circular Cities Hub. She is the author of the
book Circular Cities: A Revolution in Sustainability, published by Routledge. Jo advises interna-
tional organisations (UN Habitat, European Union, European Investment Bank, European Envi-
ronment Agency, OECD), cities, communities, and those working in practice on implementing
regenerative, circular, and zero-carbon forms of development. She is also an expert in sustainable
urban transformations; she has engaged in research and published widely in this area.

Mi Yan is a professor at the Institute of Energy and Power Engineering of Zhejiang University
of Technology in China on the topic of solid waste management and waste to energy by thermal
technology, especially as supercritical water gasification and pollution control during waste in-
cineration. He is also fully involved in international collaboration in education and STL.

Yayong Yang is a master’s degree student studying at the Institute of Energy and Power Engi-
neering in Zhejiang University of Technology in China and conducts research on depolymerisa-
tion and liquefaction of plastic waste in supercritical fluids. His goal is to explore innovative ways
to deal with plastic waste and produce useful products.

Claudio Zara is a professor and researcher at Bocconi University, Department of Finance and
the GREEN Research Centre, in Milan, Italy. He leads the research unit on sustainable, transi-
tion, and circular finance in partnership with the ISP Banking Group, a European bank involved
in promoting and financing the circular economy.

XXviii



ACKNOWLEDGMENTS

During this project, we were able to engage with numerous people across the globe, and we would
like to take this opportunity to take a short look back and express our thanks and gratefulness.

This book started as a quest to produce actionable knowledge for creating solutions to the en-
vironmental crisis of climate warming, biodiversity loss, and increasing pollution caused by our
human activity. We came together to explore ways in which business studies and environmental
policy frame circular economy as a response to environmental crisis. We introduced the concept
of catalysts to our network and invited scholars from across disciplines and countries to examine
what accelerates a sustainable circular economy.

We appreciate having worked with all the authors in a very co-creative process of looking at
different fields and evoking the individual catalysts from various fields of research; we realised
both how insightful the notion of a catalyst is, and how well the catalysts advance the circular
economy in the many researched fields represented in this book. It has been an uplifting experi-
ence to work together, within a large community of authors, to bring the chapters together into
the book you are reading now.

Throughout the process, we were assisted by Ida Parkkinen, Juha Kotilainen, and Kristina
Leppéld. Their collaborative efforts in working with the authors, reviewers, and editors were
invaluable during the entire process. We would also like to thank the anonymous reviewers for
providing constructive feedback to the chapters as they were being developed.

We enjoyed working with the publisher, Routledge, and wish to thank especially our edi-
tor, Senior Editorial Assistant Matthew Shobbrook, and others at Routledge, for professional
support and advice throughout this journey. His dedication and professional enthusiasm to this
book encouraged us to pursue the vision of this collection of circular economy research from
the first day.

We are very thankful for the independent funding support we as editors have received to bring
together this book. The work was supported by the Strategic Research Council, Academy of
Finland, through the project entitled Circular Economy Catalysts: From Innovation to Business
Ecosystems (CICAT2025) (grant IDs 320194; 320209; 320206). Our contributors also received
funding support for their research work, and their acknowledgments are included in their indi-
vidual chapters.

XXiX



Acknowledgments

As editors, we are greatly optimistic for the future of the circular economy as it moves from
a vision and ideal to an actualised phenomenon. As the chapters show, work is being done at all
levels of society and all over the globe. We encourage and challenge researchers, firms, govern-
ments, and people from around the world to come together and work on this great challenge — this
would be the greatest catalyst of them all.

XXX



1
INTRODUCTION

Circular economy catalysts in sustainability
transition

Hanna Lehtimdki, Leena Aarikka-Stenroos, Ari Jokinen,
Pekka Jokinen, and Juha Kotilainen

Introduction

The topic of sustainability transition and circular economy (CE) is of growing relevance in
countries worldwide. Many environmental problems that contemporary societies are facing
globally, including the biodiversity crisis, climate change, and resource depletion, are rooted
in unsustainable production and consumption patterns. Many of our socio-technical systems,
such as electricity, construction, and food, may cause harm to the environment and create
negative consequences for the well-being of future generations. These exacerbating problems,
which threaten economic stability and even human health, cannot be addressed only by incre-
mental improvements and simple technological fixes. Solving the problems requires radical
shifts to new kinds of socio-technical systems, which are called ‘sustainability transitions’
(Kohler et al., 2019; Elzen et al., 2004; Grin et al., 2010). The CE is one of these transitions. As
a techno-economic and sociocultural model, it seeks to minimise the use of natural resources
and waste creation, reuse material to sustain its maximum value, and recycle material ef-
ficiently (Grafstrom & Aasma, 2021). Ultimately, its aim is to change current production and
consumption models (Hartley et al., 2020).

Governments, consultants, and think tanks in different parts of the world have promoted CE
thinking. The Ellen MacArthur Foundation, a European consulting agency and think tank, has
been influential in developing the CE concept, influencing legislation, and drawing large cor-
porations into taking on the ideas of CE. In Europe, many organisations, from small companies
to cities and states, have begun taking strategical steps towards a CE, believing that it can lead
to positive environmental impacts while providing long-term significant economic advantages.
Elsewhere, China has been driving CE development, driven by the massive environmental, so-
cial, and health problems within the country (Ghisellini et al., 2016). In North America, compa-
nies, third-sector organisations, and forerunner states such as California have advanced the CE
movement. In the global South, the concept is gaining momentum among other sustainability de-
velopments, and due to the frugal economic conditions, CE is sometimes framed differently than
in the global North. Overall, CE provides actionable solutions to green transitions of societies in
the global North and environmentally and socially sustainable economic growth and urbanisa-
tion in the global South.
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In contrast to the earlier developments in sustainability transitions, the uniqueness of a CE
comes from two interconnected ideas: the closed-loop economy and ‘design to redesign’ thinking
(Murray et al., 2017). A closed-loop economy is a waste-free, economic model that aims to reuse,
repair, and recycle resources; in other words, it effectively turns waste into a valuable resource.
Design to redesign thinking aims to design out waste, return nutrients, and recycle durables using
renewable energy to power the economy, and thus, makes the system restorative and regenera-
tive in nature. Contrary to many other approaches, the scope of CE is on entire value chains or
systems to address systematic problems, instead of its individual stages or components.

There is a strong sense of urgency with sustainable CE solutions. However, the challenge in
sustainability transitions is that they are characterised by inertia and resistance (Markard et al.,
2020). Even when progress is made, the change often feels slow due to fast global warming, bio-
diversity loss, and increases in harmful substances entering nature. As sustainability transitions
are complex and consist of numerous variables, there is ambiguity related to which solutions are
critical for the sustainability transition’s success. To understand and influence the sustainable CE
transition, we need new and continuously updated tools to ascertain how to accelerate the rate
of CE transitions and to identify the critical variables and dynamic factors that can help us to
accomplish this.

A catalyst is a new tool that can aid with the task of accelerating CE transitions. We consider
catalysts as various factors, mechanisms, and forces of change that trigger, facilitate, and ac-
tualise transition processes and create a push for sustainable CE. Catalysts initiate, create, and
maintain favourable conditions for complex systemic change in sustainability transition. They
give an impulse to put systemic change in motion. To the extent the impulse leads to changes
that advance the transition, the catalyst may create favourable conditions for complex systemic
change and may even maintain the momentum of the transitional process. However, in all stages
of transition, the core characteristic of a catalyst is that it is a trigger that kicks off the change
either at the initial state of transition or at a later point when the momentum of transition should
be strengthened.

The concept of the catalyst as a positive driving force for sustainability is a unique contribu-
tion to sustainability research. We introduce it as a third conceptual tool, complementing the
concepts of drivers and barriers and leverage points that are commonly used in analysing and
discussing sustainability transitions. The recognition for needing action concerning both re-
search on transitions in general and the CE in particular has found academics analysing and
discussing how sustainability transitions could be accelerated (e.g., Geels et al., 2019; Markard
et al., 2020). To aid in this task, the past literature has utilised conceptual tools such as drivers
and barriers, which refer to conditions that can either enable or hinder the process of transition
(e.g., Hina et al., 2022; Khan et al., 2022; Kiefer et al., 2019; Lozano, 2015) and leverage points,
which refer to critical points in a complex system where significant sustainability impact can be
achieved with relatively small effort (Abson et al., 2017; Leventon et al., 2021; Meadows, 1999).
The catalyst, however, considers the challenge of action in sustainability transitions with a fo-
cus on what initiates, creates, and maintains change in a systemic transition. Common to these
concepts is that they all recognise the several simultaneous conditions that must be in place for
a transition to occur.

In the specific context of sustainable CE transition, we suggest that the term ‘catalyst’ can be a
useful concept in inducing, stimulating, nurturing, and accelerating various aspects of sustaina-
ble CE. Catalysts trigger, maintain, or establish favourable conditions for the CE via significantly
varying applications, such as transition arenas (Hyysalo et al., 2019), different forms of collabo-
ration (Hale, 2020), or as platforms for exchanging ideas (Pitkdnen et al., 2022). A catalyst can
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be a sharp, small, single changemaker or a wider entity such as a technological advancement in
some sector. Technological advancement is often counted among system drivers, but it deserves
the status of catalyst when the contextual factors that make it catalytic are explicated. Whereas
drivers are often understood as long-term carriers of system-changing processes, catalysts are
seen as triggers. Also, catalysts can be used as tools for the intentional experimentation of system
properties. In transitions, the routes to make progress may seem promising yet simultaneously
insurmountable. Thus, catalysts for experimenting, trialling, imagining, and identifying where
and when the first steps can be taken or how the momentum can be strengthened are needed.
Catalysts help mutual learning, which is a necessary condition for a transitional change.

In this book, we have invited the authors of the individual chapters to identify and test the
concept of a catalyst in varying contexts. The contributing authors present several conceptualisa-
tions of the catalyst, ranging from its metaphoric and analogical use in depicting change-initiating
triggers, to specifications that aim to harness self-organisation in a systemic change. The catalysts
discussed in this book cover the domains of technology, innovation, business models, finance,
management and organisation, regulation, policy, product design, and culture. The authors show
that a catalyst’s target can be an individual behaviour, a city, an industrial sector, or even society.
They direct attention to the right conditions, different technologies, process models, and individu-
als having a catalytic impact. Furthermore, the authors’ contributions suggest that catalysing can
occur at many levels, and it can be a specific tool for achieving a tangible change in the system, but
it can also be a means to modify ways of thinking. The multiple insights lead to new understand-
ings about the concept of the catalyst and, ultimately, its usefulness in sustainability research.
The richness of the application areas for the catalysts provides grounds for future development of
studying CE transitions with catalysts, and we offer some preliminary criteria to aid the process.

In this introductory chapter, we outline the conceptual underpinnings of the CE catalysts book
and introduce the chapters in this book. Next, we will elaborate on sustainability transition as a
systemic change and thus portray CE among the sustainability transitions. We will then provide
an overview of the theoretical roots of CE and elaborate the concept of a catalyst. This introduc-
tory chapter concludes with an overview of all the chapters and explains the ways in which the
different sections of the book increase understanding about catalysts and how they are transform-
ing society from a linear economic model towards a sustainable CE.

Sustainability transition is a systemic change

The CE is a prominent example of sustainability transitions. The term ‘sustainability transition’
refers to systemic innovations towards more sustainable socio-technical systems (Holscher et al.,
2018). Essentially, sustainability transitions stand for moving to a more sustainable society, where
the needs of the present are met without compromising the ability of future generations to meet
their own needs.

Transition research started in the late 1990s, and these early studies mainly focused on the
mutual shaping of technological and social change (Truffer et al., 2022). Since sustainability
transition research (STR) is described as “broader and more interdisciplinary than many other
sustainability approaches” (Kohler et al., 2019), there is not one group of disciplines forming tran-
sition studies. According to Zolfagharian et al. (2019), STR studies are rooted in system thinking
and their main object is fundamental structural change. Other major intellectual roots identi-
fied for STR are comprised of evolutionary economics, the sociology of innovation, institutional
theory, and governance studies, among others. However, and most importantly, the STR field has
expanded and diversified when growing up by asking ‘big picture’ questions (Kohler et al., 2019;
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Truffer et al., 2022). It is evident that sustainability transitions research continues to develop by
building bridges, especially to social science theories.

Sustainability transitions are characterised by the complexity involved in the intertwined pro-
cesses. They are multidimensional and multi-actor processes, which result in material, institu-
tional, and sociocultural changes and, therefore, also include uncertainty and contested values
(Zolfagharian et al., 2019). Guidance and governance play a particular role in sustainability tran-
sitions (Markard et al., 2012). Still, a controlled and well-managed systemic change has proven
difficult to accomplish in practice, which is especially true if the introduced change is meant to
fulfil genuine and strong sustainability criteria. This difficulty is the most critical challenge in
the era of persistent and radical environmental problems that call for rapid decisions to ensure a
liveable planet for future generations.

Why is sustainability change so difficult? Berninger et al. (2017) identified four reasons that
make systemic change difficult. First, systemic change can be achieved only if there is a widely
agreed-on need for change and there is a significant will to take the leap towards a new system.
Second, prevailing and existing operation models create path dependencies, which hinder or even
impede the required change(s). One apparent example of this is how existing traffic infrastructure
can largely define the societal structure of the future or the modes of transportation. Third, form-
ing a shared vision about the future is difficult and time-consuming, even if there is an agreement
that the current system needs to change. This difficulty is because there are always numerous
potential alternatives and timeframes, and decisions must be made with incomplete information.
Finally, systemic changes often proceed unexpectedly and at unpredictable speeds, which poten-
tially make managing them both difficult and unpredictable.

Consequently, as a form of sustainability transition, CE requires both top-down national and
international policies and bottom-up company innovations (Ruggieri et al., 2016). Both top-down
and bottom-up actions challenge and break prevalent practices, structures, beliefs, and assump-
tions that hinder renewal. The multi-level perspective (MLP) on transitions describes systemic
change as an interplay between different levels (Geels, 2002, 2005). Yet, instead of describing
transition as a simple vertical process, the MLP emphasises that systemic change is multidimen-
sional and without a single, major driver. At the meso-level, the socio-technical regime accounts
for stability of existing technological development and the occurrence of dominating trajecto-
ries. The micro-level of niches, consisting of protected spaces such as research laboratories, is
the source for generating and developing radical innovations. According to the MLP dynam-
ics, regimes resist niche innovations, but after a breakthrough of a successful innovation, major
changes in the regime take place. The key issues brought up in recent transition studies are how
the transitions can be accelerated and under what circumstances acceleration can occur (Kéhler
et al., 2019; Markard et al., 2020).

Circular economy as a sustainability transition

The CE is an economic system that seeks to reduce the use of natural resources, close material,
energy, and nutrition cycles, and retain the value of products, materials, and resources as long
as possible. The CE changes the production patterns from a linear take-make-waste model into
loops of reduce, redesign, remanufacture, reuse, repair, and recycle (Kirchherr et al., 2018). These
loops establish technical and economic cycles, minimise energy loss, and de-materialise produc-
tion and consumption (Jaeger-Erben et al., 2021). Ultimately, the CE aims to decouple environ-
mental pressure from economic growth (Ghisellini et al., 2016) and contrasts with the traditional
linear take-make-waste economy that creates value on natural resources through extraction,
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production, and consumption, and destroys value through the disposal of the resources as they
become waste. The vision with a CE is that we do not just repair what has gone wrong in the
linear economy, but rather move to a regenerative economy to create value and well-being to both
humans and nature within planetary boundaries.

The CE belongs to the same group of concepts on policy change as ecological modernisation,
green economy, and sustainable development (cf. Meadowcroft & Fiorino, 2017). Despite their
differences, all these concepts share the common ideal to reconcile economic, environmental,
and social goals (D’Amato et al., 2021). Some scholars have questioned the compatibility of the
concepts of CE and sustainable development (e.g., Schoggl et al., 2020; Nikolaou et al., 2021).
Yet, others have argued for an integrated CE and SD benefiting both sustainability and circularity
(Evans, 2023). Furthermore, the CE has been associated with several United Nations Sustainable
Development Goals (SDGs) such as Sustainable Cities and Communities, Responsible Consump-
tion and Production, and Climate Action (Nikolaou et al., 2021).

The origins of CE thinking go back to academic discussions in the 1950s on the limited re-
sources on the planet, the ecological impact of human activity, and the planetary boundaries of
consumption. The CE has several distinct roots in academic research. First, industrial ecology
and ecological and environmental economics (Ghisellini et al., 2016; Murray et al., 2017) started
to portray industry as a unified, large system rather than a set of independent inputs and outputs
or single entity operations (Murray et al., 2017). This laid the groundwork for a systemic ap-
proach in CE. Later, in the 1980s, these areas of research started to highlight the environmental
and social aspects of sustainability in industrial ecology and thus paved the way for deliberating
CE thinking (Murray et al., 2017).

Second, the roots of CE can be found in waste management research. During its early develop-
ments in the 1960s, attention was paid to technological innovations related to waste management
and recycling systems. Over the decades, researchers and developers started to consider waste
as an input for other processes. Towards the start of the 21st century, related ideas, policies, and
business models were brought together to connect the input and output flows in material cycles,
and a comprehensive view on waste, resources, and energy production and consumption emerged
(Calisto Friant et al., 2020). This comprehensive view explores CE as an avenue for energy sav-
ings, material efficiency and recycling, and improved waste management, and it highlights the
important relationship between materials and energy.

Third, the roots of CE business research are in cleaner production (Schwager & Moser, 2006),
sustainable manufacturing (Rashid et al., 2013), and resource efficiency (Schulte, 2013). In this
line of CE research, value creation and capture in economic activity are of central interest (Geiss-
doerfer et al., 2020). Finding ways to reconcile economic and environmental value in business
activities and to address the triple bottom line of sustainability has led to explorations of the CE
business model innovations and business decision-making (Sarja et al., 2021). The business stud-
ies on CE are a broad field of research that include, at least, attention to closed-loop production,
sustainable design of products and services, innovations on ownership and business models, and
operating modes in CE ecosystems.

Fourth, a recent development in CE research has focused on cultural change and commitment
and participation of societal actors in CE (Jaeger-Erben et al., 2021); this focus is on behavioural
change that is needed to fully acknowledge the role of the environment in human economic ac-
tivity. This line of research comprises studies on circular society, eco-cities, and collaborative
consumption models. The interest lies in searching for ways to portray citizens and consumers as
active participants in a culture of reduce and recycle, to decouple well-being from consumption,
and to create socially just and inclusive economic models.
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In terms of multilevel thinking and the vertical dimension of governance, the development of
CE has quickly become a key policy objective of international and national agendas (e.g., Calisto
Friant et al., 2021; Hartley et al., 2020). According to the attractive policy promises, CE develop-
ment results in increased sustainability in various domains by cutting emissions, enabling the re-
use of by-products, and stimulating economic activities (e.g., Morseletto, 2020). As an illustrative
example, the European Union is pushing hard towards a CE transformation, including steering
the member states (Calisto Friant et al., 2021; Mazur-Wierzbicka, 2021). However, policy studies
have shown that, even though the CE discourse is rather holistic, so far EU policies have not suc-
ceeded in addressing the socio-ecological implications of a circularity transition, and therefore,
the policies appear insufficient to support a sustainability transformation (Alberich et al., 2023;
Leipold, 2021).

Though originally considering supranational and national challenges, the major benefits of
circularity are ultimately materialised at a local scale. This means that the essence of CE is de-
fined in the urban context (e.g., Savini, 2019). Many cities around the world have started to adopt
CE as an important part of their sustainability agendas and action plans (Prendeville et al., 2018;
Wolfram, 2016), and forerunner cities are defining themselves as circular cities (Fratini et al.,
2019; Paiho et al., 2020; Williams, 2021). Urban policies may aim to integrate CE principles into
existing urban structures and processes or to create entirely new physical areas that adhere to CE
principles. Either way, the thought of a circular city is a promising concept due to its potential to
localise and particularise the general notion of circular transition.

In addition to the multilevel governance approaches and directing attention to the vertical
dimensions of governance as described previously, the CE is often analysed with horizontal ap-
proaches focusing on the linkages among industries, urban infrastructures, and policy-making
structures (Ghisellini et al., 2016; Kirchherr et al., 2017). With horizontal approaches the interest
lies in examining the CE at the micro-level with a focus on individuals, meso-level with a focus
on organisations, and macro-level with a focus on societal structures. Micro-level studies typi-
cally pay attention to single companies and individual consumers, whereas the meso-level studies
address industrial settings, public organisations, circular ecosystems, and collaboration for circu-
lar flows. The macro-level studies examine the shaping of social institutions, such as regulation,
policymaking, and markets (Aarikka-Stenroos et al., 2021, 2022; Ghisellini et al., 2016).

Catalysing mechanisms in the circular economy

In contrast to the many other academic concepts, ‘catalyst’ is a word that is well established in
common language and captures the imagination of a wide range of people from different back-
grounds. The word has strong metaphoric aptness (Thibodeau & Durgin, 2011) —referring to
something that sparks a reaction that can lead to change, to literally hasten it through a catalytic
effect. As a conventional metaphor, catalyst is easy to understand without comparison-based
processing between the source and target domains, which is the case with novel metaphors. Thus,
people in practical, real-world contexts can intuitively recognise catalytic mechanisms in their
organisations, political processes, or from their everyday life. In that sense, we find that catalyst
has immense potential in transdisciplinary research that promotes systemic change in collabora-
tion with practitioners and various stakeholders across society.

The catalyst is a multifaceted concept that can be used as an asset in sustainability research
(e.g., Hale, 2020; Jensen et al., 2018; Lee & Waddock, 2021; Tozer et al., 2022; Waddock & Wad-
dell, 2021). It is a metaphor for driving a positive force for sustainability. Like many other meta-
phors used in scientific research, a catalyst gains its tangible power from a source domain that is
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clearly different from the domain of application. Here the source domain is chemistry, which de-
fines catalyst as “a substance that initiates or accelerates the rate of a particular chemical reaction
without itself being chemically affected” (Nemeh & Longe, 2021, p. 837). Catalysis is the process
in which the catalytic reaction takes place. We argue that ‘catalyst’ and ‘catalysis’ are particularly
helpful metaphoric terms for sustainability research, including research focusing on CE transi-
tions. The catalyst is one answer to the question presented by Sage et al. (2022, p. 3): Which
metaphors will we need to address the deep era of transformation we are currently navigating?

In general, metaphors are essential for any scientific progress by providing inspiration for
research ideas, methodologies, and theory building. For instance, the metaphors of machine and
organism have been groundbreaking in the history of several scientific fields. They have created
shared understandings of relevant scientific problems and worldviews and resulted in numerous
productive research programmes. Currently, the use of metaphors is recognised to be increasingly
important in sustainability research, as they enhance interdisciplinary understanding of complex
sustainability problems. Metaphors are also needed because science alone cannot resolve wicked
sustainability problems without engaging a wide array of experts, practitioners, and laypeople.
Widespread metaphors make environmental problems and scientific concepts understandable for
all participants and enhance collaboration among them (Niebert et al., 2012; Sage et al., 2022).
The essence of metaphor is that it involves an implicit comparison between concepts that are
unrelated but share some common characteristics. For instance, the following climate change
metaphors create an instantaneous image of problematic gases in the environment: ‘greenhouse
effect’, ‘heat-trapping blanket’, and ‘osteoporosis of the sea’ (Armstrong et al., 2018).

The productivity of metaphoric concepts in science depends on how they are used in actual
research. Like some other authors utilising the concept of a catalyst, we see that a single catalyst
is usually insufficient to cause a transformation, but catalysts need to be clustered or aligned with
other actions to produce sufficient momentum for systemic change (Tozer et al., 2022; Waddock
& Waddell, 2021). Catalysts are always bound to the context, that is, the surrounding conditions
impact its effectiveness. This can mean that the idea of one CE catalyst cannot be effectively
transferred to another state, city, or organisation where the socioeconomic or environmental con-
ditions significantly differ. In a wrong context, a catalyst can become even an inhibitor, which
ends up hindering the change and thus the wider transition. Legal frameworks, cultural tradi-
tions, or organisational structures can hinder or enhance the catalyst’s impact. People who have
a wide spectrum of experience in applying ‘best practices’ know this well: some practices are
extremely sensitive to context and can be fruitless or even detrimental if applied at random.

Catalysts involve some degree of unpredictability, since social processes remain full of uncer-
tainty and the contexts where catalysts are deployed, include unforeseen variables. In contrast to
clinical laboratory conditions, it is hard, and often impossible, to control all the relevant variables
in real-world situations. In catalysing social processes, any assumptions on causalities need to
be considered carefully, to avoid false and simplified conclusions about impacts. An inherent as-
sumption in catalysing is that a catalyst has a causal impact on something. However, it depends
on our adopted systems thinking what types of causality we should think about (e.g., Voulvoulis
et al., 2022). In general, sustainability transitions are complex, nonlinear systemic changes and
break down the mechanistic thinking of linear causalities. A catalyst triggers and puts something
forward, but at that moment we can see only probabilities of its systemic effects, and surprises are
common. It might, thus, be better to depict how a catalyst operates in systemic reconfigurations
and be reflective and analytical about the context. Such an approach accounts for the potential non-
linearity of catalysing mechanisms and still increases our understanding of the ways catalysts alter
the interactions, components and structures that cause a system to behave in a certain way.
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Overall, there is a need for a catalyst approach in sustainability research that complements the
current lines of research. For instance, catalyst thinking helps transition management in tasks of
putting change in motion and evaluating the probabilities of what happens next in the system,
and which components of the system are reactive in relation to each other. Furthermore, meta-
phoric images evoked by the term ‘catalyst’ generate conceptual insights and theoretical ideas for
catalyst-based research (see Cornelissen & Kafouros, 2008). However, before turning this pos-
sibility into systematic research, concrete experience and empirical research are needed that use
the catalyst perspective in detailed knowledge production from multiple perspectives and across
various cases in transitional processes and experimentations. This book serves as a collection of
such work.

Overview of the book’s chapters

In this handbook, we introduce a broad range of perspectives on catalysing sustainable CE from
different disciplines and from different sociocultural contexts. Nearly 100 authors present theo-
retical insights, contextualised case studies, and participatory methodologies that are used in dif-
ferent countries in all continents to accelerate sustainability transition. The chapters in this book
create a rich offering on the ways in which different catalysts work together in different contextual
settings. Discussing sustainable CE within a variety of national, industrial, and cultural contexts
provides for in-depth understanding of how sustainability and CE transition can be supported in
different settings and through different catalysts. The chapters include aspects of sustainability
and CE in multiple countries with different regional and urban contexts given the authors’ varying
economic, political, regulative, technological, and cultural backgrounds. In each chapter, authors
explore how catalysts create and maintain favourable conditions for complex systemic change in
sustainability transition. An increased understanding about catalysts helps us to understand the
different aspects and dynamics of transformation from a linear to a sustainable CE.

Real-world case studies provide for cross-continent, cross-country, cross-industry, and cross-
cultural comparisons that enable identifying different patterns of sustainability transition and
relevant catalysts. By discussing the most impressive context of CE transition, cities, as nodes of
change that are crucial for global sustainability, this book provides a novel contribution to exist-
ing CE literature. In addition, the variety of theoretical and practical perspectives deepens our
understanding about ways to accelerate change across organisational, hierarchical, and discipli-
nary boundaries. The broad-based social sciences and business studies perspective on sustain-
able CE paves the way for further research on social and business innovation to accelerate the
sustainability transition. These chapters invite readers who are interested in sustainability transi-
tion to join the authors in open dialogue and co-creation of knowledge to advance CE in business
and society. To support learning about CE, the book has a glossary of key terms, and questions or
points for further discussion on the topic are presented at the end of each chapter.

The book has four sections. The first section provides a rich contextualised understanding
about the catalysts in different countries across the globe and in industries that are particularly
relevant in sustainability transition. The second section presents an overview of the multitude of
catalysts and the ways in which they operate in interaction with other factors in a CE. The third
section presents actionable research methods for the catalysing forces. The central idea is to pre-
sent actionable research methods that academic researchers, students, and practitioners need to
find ways in which they can use their training and analytical skill to accelerate the transition. The
fourth section provides views on future directions in sustainability studies and presents critical
views on research on sustainability transition.
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Contextualised understanding of catalysts

The chapters in this section examine different contexts of CE and the catalysts that enable and accel-
erate the sustainability transition therein. The contextualised understanding of catalysts increases
our understanding about the ways in which catalysts mobilise assets and capabilities in different
industries, sectors, regulatory contexts, and urban, national, and cultural contexts. A contextualised
discussion of catalysts allows for readers to generate an in-depth understanding of the transition
potential of CE conceptions, strategies, and practices. Furthermore, examining the catalysts of CE
within a context-specific framework highlights the interconnections and dependencies of catalysts
in the systemic change. The articles on CE catalysts in different countries and different industrial
ecosystems and presenting empirical insight on CE companies varying from small-sized start-ups
to mature large companies provide a rich elaboration of the dynamics of CE transition.

Chapter 2, “Catalysts for urban circularity: Reasoning by analogy approach” by Ari Jokinen,
Pekka Jokinen, Leena Aarikka-Stenroos, Marika Kokko, Johanna Kujala, Hanna Lehtiméki, and
Jere Nieminen, presents a detailed elaboration of analogies derived from chemistry to develop
a catalyst approach for the research of urban circularity. Drawing on an empirical study of a
city district, the authors elaborate on the ways in which policy, technology, and business as key
catalysts were both selective and interactive in running the system towards a transitional change.
The authors argue that stepwise mechanisms of a catalyst make a strong contribution in urban
circularity.

Chapter 3, “Re-creating the construction sector for circularity: Catalysing the reuse of prefab-
ricated concrete elements” by Satu Huuhka, Leena Aarikka-Stenroos, Jukka Lahdensivu, Paul
Jonker-Hoffrén, Viktoria Arnold, Erik Stenberg, Rijk Blok, Kjartan Gudmundsson, Patrick Teuf-
fel, and Angelika Mettke, examines the benefits, methods, and challenges of the reuse of concrete
in the construction sector. The chapter examines the deconstruction and reuse of prefabricated
concrete elements that were not originally designed for disassembly. The chapter provides in-
sights on the interdependencies between technological and socioeconomic catalysts and the tem-
porality of catalysts in facilitating reuse as an innovation that is to change the current business
as usual in construction.

Chapter 4, “Catalysing the textile industry towards a circular economy: An ecosystem approach”
by Olga Dziubaniuk, Leena Aarikka-Stenroos, and Eeva Pohls, maps the collaborative, multiple-
actor ecosystem required for catalysing the CE in consumer textiles. The authors draw attention
to technological competences, organisational and managerial practices, regulatory support, com-
munication, and the ethical concerns of organisation managers as catalysts in the socio-technical
transition indicated by CE in the textile industry. The chapter increases our understanding about
the ecosystems of reusing and recycling of used textile products and highlights the importance of
development in textile circular management.

Chapter 5, “A review of the circular economy in Nigeria: From rhetoric to enterprise develop-
ment” by Muhammed Akanji, Nathaniel Amoah, Oreva Theresa Akpoveso, Oreva Atanya, and
Chris Ogbechie, examines CE in Nigeria. The chapter presents a rich contextualised description
of CE transition in a global South context. The authors provide insights related to the interplay of
CE catalysts at the micro and macro levels of society. The micro-level catalysts include culture,
passion, and attitudes while the macrolevel catalysts refer to government policies and infrastruc-
tures. The authors argue that catalysts at both levels are needed in advancing circular business
models and supporting innovative companies operating in a CE.

Chapter 6, “Catalysts for transition to circular economy solutions in the biowaste manage-
ment sector in India” by Bhavesh Sarna, Rahul Singh, and Pankaj Singh Rawat, examines CE in
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India’s energy sector. They report on their research on agricultural waste that is found in abun-
dance and is a potentially important material for biofuel production. They elaborate on a broad set
of catalysts that support agricultural waste management transition into bio-energy production.

Chapter 7, “Plastic waste and a circular economy in China: Current situation and future pos-
sibilities” by Jouni Havukainen, Mariam Abdulkareem, Yayong Yang, Mi Yan, and Mika Hort-
tanainen, brings China’s plastic waste challenges to the forefront and describes the transition to a
sustainable and circular pathway from the waste management of plastic to plastic recycling. The
chapter reviews the transition of plastic waste management towards plastic recycling from tech-
nological, regulative, and environmental perspectives. The authors direct attention to regulation
and policies, on the one hand, to consumer behaviour, on the other hand, as catalysing mecha-
nisms in dealing with plastic waste and increasing recycling of plastic.

Chapter 8, “The role of institutional environment in catalysing circular entrepreneurship: A
cross-country comparison of Finland and Italy” by Beatrice Re, Kaisa Henttonen, Ville-Veikko
Piispanen, and Hanna Lehtiméki, presents their study of Italian and Finnish regulative, norma-
tive, and cognitive-cultural pillars in institutional environments. The comparative study in two
European Union countries shows that while CE start-ups create sustainability innovations to the
market and society, they also catalyse change in the institutional environment through challeng-
ing the norms, culture, and the taken-for-granted behaviour and attitudes. The authors argue that
both the constraints and the supporting factors operate as catalysing mechanisms for CE.

Types of catalysts

In this section, the chapters offer a variety of viewpoints to studying catalysts in sustainable CE
transitions. The chapters present an in-depth examination of a variety of catalysts in CE policy-
making and business. The chapters contextualise the dynamics of catalysts through empirical
studies and provide literature reviews to present useful theoretical lenses for studying catalysts.
The variety of catalysts discussed in this section provide insights on the diversity of catalysts, the
bundles of catalysts, the dynamics between catalysts, and the chain reactions created by catalysts.

Chapter 9, “Regulatory catalysts for the circular economy” by Topi Turunen, Eleanor Reyes
Mateo, and Joonas Alaranta, focuses on regulatory instruments as catalysts in changing produc-
tion and consumption to achieve a CE. The chapter presents different regulatory approaches to
CE and gives examples of regulatory catalysts from all around the world. The authors provide an
overview of the ways of regulating the CE and discuss how regulation functions as a catalyst for
the CE throughout a product’s life cycle.

Chapter 10, “Mission-oriented policy as a catalyst for transition to a circular economy” by
Lina Dagiliene, Jurgita Bruneckiene, Viktorija Varaniute, and Justina Banioniene, discusses
mission-oriented CE policy as a catalyst. The authors present empirical research on Lithuania’s
CE transition and direct our attention to the readiness of public policy for a mission-oriented ap-
proach at the legislative level, co-creation principles in public policy, and a partner approach in
policymaking to solve sustainability issues in business and society.

Chapter 11, “Information as a catalyst for the circular economy” by Nina Tura, Matias Stahle,
Tuomas Ahola, Jyri Hanski, and Pasi Valkokari, examines information as a catalyst for the
CE. The authors present a model that emphasises the role of data, information, knowledge, and
wisdom hierarchy, and the hierarchy’s relations that enable efficiency improvements and cross-
sectoral collaboration in circular business. The authors discuss the findings with four empirical
case studies to elaborate on information as a catalyst for revising business models and accelerat-
ing wider system-level CE transitions.
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Chapter 12, “Design as a catalyst for the circular economy” by Lykke Margot Ricard, Sofie
Bach Hybel, and Sergio Jofre, examines design principles that are general to the practice of green
engineering, eco-design, and cradle-to-cradle as catalysts for the CE. With an empirical study on
solar cell panels, the authors direct attention to the role of design in enabling the reuse and recycle
of materials at the end of a product’s life cycle. The authors highlight the need for a change in
mindset in designing products for full circularity and links this need to education, with a focus
on the inner transition, where higher education plays a vital role.

Chapter 13, “Circular economy and finance: Either a straightforward relation or a virtuous
loop?” by Claudio Zara and Luca Bellardini, examines the CE transition from a financial institu-
tion’s standpoint and presents different views on finance as a catalyst. The authors argue that the
existence of opportunities offered by a circular transition to the financial players is the crucial
trigger for steering the financial services (FS) industry in supporting the CE. Furthermore, they
highlight the importance of nonfinancial information and metrics on circularity for investors.
The chapter brings forth interesting insights on the ways in which investing in companies that
move towards circularity converge into a system-wide catalysing of the CE transition.

Chapter 14, “Core competences and core resources as catalysts for the design of circular busi-
ness models” by Davide Chiaroni and Andrea Urbinati, focuses on business models as catalysts.
The authors discuss the resource-based view of companies, a well-established line of research in
strategic management literature, and use that to analyse the micro-foundations of the CE in busi-
ness. The chapter focuses on core competencies, managerial practices, and resources as catalysts
for circular business model design and capability building in a firm to create a sustainable com-
petitive advantage in the market. The authors argue that a resource-based view of companies is a
beneficial framework in CE studies that focus on circular business models.

Chapter 15, “Artificial intelligence as a catalyst in the circular economy transition” by Kang
Li, investigates the role of artificial intelligence (AI) and machine learning (ML) as a catalyst.
The chapter presents a systematic literature review and provides knowledge about how Al can be
used to support the CE transition through advanced objectivity, accuracy, and cost-efficiency in
implementing the CE principles in business. The results presented in this chapter help research-
ers, entrepreneurs, industry leaders, and policymakers to better understand AI and ML as cata-
lysts in the CE transition.

Chapter 16, “Gamification as a catalyst to the circular economy” by Georgina Guillen, Marc
Riar, Benedikt Morschheuser, and Juho Hamari, examines gamification as a catalyst in the CE.
The chapter presents a systematic literature review of gamification and comprises perspectives
on policymaking and managing CE transitions via gamification. The results show that existing
research on the topic is firmly focused on end-of-life activities (e.g., recycling) whereas design,
production, and use phases require more attention. Similarly, the authors show that there is a
strong focus on operational tasks, although gamification for tactical and strategic efforts is less
explored.

Methodological approaches for catalysing

The chapters in this section present methodological approaches to catalysing the CE. The meth-
odologies include co-creation of new knowledge, processual research, practices of collaboration,
design thinking, scenario tools, and future studies, to mention a few.

Chapter 17, “Mid-range transition arenas catalysts a circular economy” by Tatu Marttila,
Jani Lukkarinen, Sampsa Hyysalo, David Lazarevic, and Helena Valve, introduces the transition
arena (TA) as a knowledge co-production process to engage societal stakeholders to develop a
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future vision, pathways suggestions for policy actions, and experiments that cut across policy
sectors. The authors show how the process has been used at national and regional levels of poli-
cymaking. The authors propose that the mid-range TA methodology offers a heuristic method
to support CE policy development and catalyse the operationalisation of agendas and shaping
ideas into action in collaboration with a variety of actors, organisations, and networks in specific
spatial and temporal settings.

Chapter 18, “Design thinking tools to catalyse sustainable circular innovation” by Nancy
Bocken, Brian Baldassarre, Duygu Keskin, and JC Diehl, presents an overview of how design
thinking tools, skills, and methods can be used in catalysing sustainable circular innovation.
The authors summarise design thinking phases and the principles of design thinking that are
particularly relevant in tackling the complex CE innovation challenges. They show how to meet
the criteria of desirability, feasibility, viability, sustainability, and circularity when seeking to
catalyse sustainable circular innovation with design thinking and tools.

Chapter 19, “Scenario method for catalysing circularity and lowering emissions in the con-
struction sector/real estate, Nigeria” by Olumide Ayanrinde and Jeffrey Mahachi, examines the
use of scenario methods in catalysing a CE. The chapter inspires context-based sustainability
thinking and shows how to approach the grand challenges of sustainability goals through locally
based targets and measures. The authors present a case study to exemplify the use of scenario
methods in estimating and validating decarbonisation with respect to energy, water, and material
efficiency in a residential building pilot in real estate in Nigeria.

Chapter 20, “Digital affordances for a circular economy transition: A multiple case study of
digital technology-enabled circular business models” by Outi Blackburn, Paavo Ritala, and Joona
Keridnen, presents digital technologies as enablers in circular business models and the ways to use
digital affordances in assisting firms to overcome circular business model implementation chal-
lenges. Digital affordances refer to information provision, market intermediation, supply chain
enhancement, and institutional legitimation. The authors provide practical implications for circu-
lar business model development and show empirical evidence for the benefits in circular resource
flow strategies, namely narrowing, slowing, closing, and regenerating in socio-technical systems.

Chapter 21, “Accelerating the adoption of circular economy: An extended diffusion model for
understanding consumer perceptions of CE products” by Jennifer D. Russell and Okechukwu
Okorie, focuses on the perspective of the consumer to increase understanding about the ways
in which the adoption of eco-innovation can be accelerated. They present an extended diffusion
model for value-retention products that are remanufactured, refurbished, repaired, or reused. The
authors highlight consumer education about value retention, acknowledgment, and mitigation of
perceived risks associated with value retention and product differentiation as important in ac-
celerating eco-innovations.

Chapter 22, “Co-creation art to catalyse competencies for a sustainable transition” by Juha
Suonpii and Peter Sramek, shows how creative thinking skills and co-created art can be applied
in learning processes to develop capabilities and problem-solving skills needed in a sustainable
CE. The chapter reviews university learning models that are designed to lead to a fundamental
ideological change required for achieving sustainable development and forming of CEs. Drawing
on experiences of running a global initiative of the International Art Collaborations (INTAC), the
authors present a collaborative methodological model in art making for producing instrumental
and strategic skills that catalyse a sustainable CE.

Chapter 23, “Utopias as catalysts for a sustainable circular economy” by Marileena Mikeld and
Maili Marjamaa, examines preferable future images or utopias to provide new perspectives and agency
to catalyse the CE. By providing insight derived from 61 interviews with CE experts in Finland,
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the authors elaborate on four utopias, economically sustainable CE, environmentally sustain-
able CE, socially sustainable CE, and culturally sustainable CE. The chapter shows how utopias
can serve as mental models to inspire decision-making that catalyses the future development of
sustainable CE.

Conceptual understanding of catalysing

The chapters in this section provide conceptual frames to support research on sustainable CE
transition. The topics in this section include a discussion on temporality and dynamics of transi-
tion, critical views on CE, and the future of CE.

Chapter 24, “Towards a typology of circular economy agency” by Satu Teerikangas, Tiina
Onkila, Katariina Koistinen, Antero Hirvensalo, Angelina Korsunova, Marileena Mékeld, Milla
Sarja, Mira Valkjarvi, and Noelia Reynolds, presents a typology of CE agency. The typology de-
picts active and relational agency at the individual, organisational, and interorganisational levels
of analysis. The authors discuss circular transitions as structuration processes amid an ongoing
tension between agency and structure. The authors emphasise that all actors have the potential
to become CE catalysts, depending on the extent to which they recognise and exercise their CE
agency.

Chapter 25, “Roles of virtual intermediaries in the transition to a circular economy” by Mag-
nus Moglia, Christian A. Nygaard, Olamide Shittu, Tmnit H. Halefom, and Sean Trewick, dis-
cusses the roles virtual intermediaries play in facilitating a business ecology to a CE. The authors
present three transformation arenas — market creation, the enabling environment, and organisa-
tional change — and examine the roles of virtual intermediaries in reducing transaction costs,
overcoming inertia, streamlining and standardising, or facilitating systemic learning within and
across the arenas. The chapter highlights the systemic realignment that is required for a sustain-
able CE transition to take place.

Chapter 26, “The assembling of circular consumption: A sociomaterial practice approach” by
Elina Nérvanen, Christian Fuentes, and Nina Mesiranta focuses on consumerism and conditions
of sustainable consumption in CE. The authors present a conceptualisation of socio-material as-
sembling of circular consumption and the role of the consumers in it. The chapter contributes to
the literature on circular consumption and has practical implications for involving consumers as
catalysts in a CE.

Chapter 27, “Catalysing a circular transition in Brixton” by Joanna Williams and Josefine
Hintz, theorises on the circular urban transition process. The authors identify catalysts in a pro-
cess of scaling up circular urban experiments. With an empirical investigation of Brixton, a
community-led, circular transition process, enabled by tactical urbanism, the authors identify
catalysts for circular activities. The chapter draws attention to a culture of activism, local symbi-
otic relationships, a positive narrative, and the availability of vacant land and property.

Chapter 28, “Regime-niche actors as catalysts in the transition to a circular economy” by Ra-
chel Greer, applies the concept of catalysts as a mechanism of change. The chapter posits that in-
novative thinkers operating in a regime context are a prime example of catalysts in sustainability
transitions. The author depicts such actors as regime-niche (R-N) actors and defines, describes,
and exemplifies such actors with empirical analysis from the Dutch context. The chapter invites
readers to ponder the impact of sociopolitical contexts and cultural differences on the potential of
different types of actors to act as catalysts.

The chapters present a multitude of techno-economic and sociocultural perspectives on CE
transition. Overall, this book paves a way to studying the variety of catalysts and catalysing
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mechanisms that accelerate the transition. In the final chapter, “Catalysts in sustainable circular
economy: directions for future research”, we reflect on the critique on CE and portray directions
for future research on CE catalysts.
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CATALYSTS FOR URBAN
CIRCULARITY

Reasoning by analogy approach

Ari Jokinen, Pekka Jokinen, Leena Aarikka-Stenroos, Marika
Kokko, Johanna Kujala, Hanna Lehtimdki, and Jere Nieminen

Introduction

In sustainability research, it is important to know the forces that can drive systems and processes
to sustainable paths. Research of urban sustainability transitions (Frantzeskaki et al., 2017) stud-
ies nonlinear and structural changes to identify pathways and solutions for desirable environ-
mental and societal change. This chapter provides exploratory research to find dynamic features
from chemical catalysis that have analogical similarities with urban systems transitioning toward
sustainability. The purpose is to recognise the most relevant dynamic similarities for building
an analogy model that can be used as a research tool for catalyst-based sustainability research.
Thus, the analogy model utilises the well-known source domain, chemical catalysis, to provide
new research perspectives to study the less known target domain, urban sustainability transition
and its catalytic forces.

This research task has two parts. First, we make a systematic conceptual analysis between
chemistry and sustainability transitions to identify the most potential analogies. Second, we con-
duct an empirical case study focusing on urban circular economy (CE) transition to demonstrate
the selected analogies to find out their relevance, empirical credibility, and ability to bring out
fruitful insights for sustainability research. The case study site is Hiedanranta, which serves as a
district-level urban laboratory for CE transition in Tampere, Finland. In this case study, we focus
on key catalysts and two research questions:

1 What kind of mechanisms give power to the catalysts promoting urban CE transitions?
2 How do the dynamic features of a transitioning urban system explain the systemic effect of
catalysts?

The following choices make the case suitable for our empirical analysis. First, the studied
key catalysts are policy, technology, and business. They carry the historical development of the
idea of CE and frame the state-of-the-art research of CE transitions together with several other
factors (e.g., de Jesus & Mendonca, 2018; Geissdoerfer et al., 2017; Kirchherr et al., 2018). While
sustainability transitions are complex, multidimensional, multilevel, and multitemporal societal
changes and should be studied from multiple perspectives (Frantzeskaki et al., 2017; Rotmans
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et al., 2001), the research focusing on these three key catalysts is particularly important in the
initiation and acceleration of CE transitions. Second, the system studied is a case of urban regen-
eration. Urban regeneration is the core generator of sustainability transitions in cities (Wolfram,
2019). The experimental sites of urban regeneration are often conceptualised as urban living labs
and can be studied, for instance, as urban CE ecosystems (Aarikka-Stenroos et al., 2021; Engez
et al., 2021b). Thus, urban regeneration is a natural host for a multicausal systemic transition from
a take-off phase (see Rotmans et al., 2001) towards urban circularity. During the process, the key
catalysts of policy, technology, and business mutually shape one another and interact with other
trajectories of change (Figure 2.1).

We utilise sustainability transitions research focusing on urban living labs as instigators of
sustainability transitions (e.g., Florez Ayala et al., 2022; Frantzeskaki et al., 2017; Fuenfschilling
et al., 2019; von Wirth et al., 2019) to recognise dynamic similarities between chemical catalysis
and urban transitions. Context is essential: it makes no sense to study catalysts, system change,
or urban regeneration without context. For urban sustainability, the defined place is a central
contextual factor (Ghavampour & Vale, 2019), and we primarily conceptualise it as an evolving
system property (Peris-Blanes et al., 2022).

Our research contributes to sustainability transitions research, particularly the research of urban
CE transitions. We provide new insights of CE transitions by uncovering the mechanisms by which
catalysts become influential both individually and in concerted ways to run urban systems towards
transition. Moreover, our research provides inspiration for researchers to use catalyst-based ap-
proaches for sustainability research and to make these approaches more methodological. Thus far,
the catalyst as a research term is in metaphoric use, and this use is basically communicative and
expressive (Cornelissen & Kafouros, 2008). Accordingly, it evokes the research idea that catalysts
for sustainability are increasingly important and points out the direction in which the most fruitful
analysis of the catalytic mechanisms can be made. While the metaphoric use can be heuristic and
generate promising inspiration for research, the catalyst itself as a research concept remains under-
developed (for rare exceptions, see e.g., Lee & Waddock, 2021; Tozer et al., 2022). Analogy models
provide one possibility to address this gap, and our research is a preliminary effort in that direction.
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Figure 2.1 Catalysts accelerating the transition to urban circularity.
Source: CICAT2025 research project.
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The structure of this chapter is as follows: in the next section, we implement our first research
task by creating the theoretical basis of our approach by delving into conceptual identification,
selection, and formulation of the most potential analogies between chemical catalysis and sus-
tainability transition. This continues with a subsection in which we give some specifications of
the catalytic nature of policy, technology, and business and formulate our assumption of the actu-
alisation of this catalytic power. Then, we describe the empirical case study site of Hiedanranta,
where we test the created analogies. In the results section, we uncover the catalytic mechanisms
of policy, technology, and business as empirical research findings enabled by the analogy model.
In the discussion section, we answer the second research question and present three dynamic
features that characterised the transitioning urban system under catalytic forces. In conclusion,
these results suggest that the analogy model has potential to be further developed as a research
tool for sustainability research.

Building up the conceptual basis

Analogies between chemistry and sustainability transition

Analogies are used in research to make sense of and to produce new knowledge of complicated
phenomena. Using analogies is based on the idea that there are certain aspects of the source do-
main similar with the target domain, which is the object of research. When the source domain
is well-known, it is possible to create analogies that may significantly help understanding the
unknown target domain. Analogies work if the similarities between the source and target are
significant enough and provide fruitful results to increase the understanding of the target (Bailer-
Jones, 2009; Haila & Dyke, 2006; Swedberg, 2014). Hence, a detailed mapping of similarities and
dissimilarities is a major task in building a good analogy.

Catalysis is one of the most established areas of knowledge in chemistry. We use the chemical
system of catalysis as a source domain to create an analogy model to study sustainability transi-
tions, particularly focusing on a district-level urban system as a model case. Since numerous
similarities between catalysis and transition can be found by examining these two systems, we
made a systematic pre-empirical evaluation (Ketokivi et al., 2017) to identify the most relevant
and helpful ones. For this purpose, we utilised our interdisciplinary knowledge, the basic text-
book descriptions of chemical catalysis (e.g., Hanefeld & Lefferts, 2018; Nemeh & Longe, 2021;
University of California, n.d.), and recent research of sustainability transitions in urban systems.
In this iterative process, we examined chemical catalysis as a system of relations and whether
these relations also hold in sustainability transition. The aim was to find the most relevant dy-
namic similarities between the systems because they are most helpful in analysing the real-life
systems (Haila & Dyke, 20006).

After the first analogy, we constructed further analogies to get closer to our theoretical idea
that system change in both domains depends on the catalytic mechanisms that push the system
towards a transition state. “Transition state’ is a term in chemistry that describes the final stage of
catalysis before the activated reactants convert into products. Throughout the chapter we also use
transition state to depict the theoretical culmination point towards which an activated sustainabil-
ity transition is moving during the phase of acceleration. During acceleration, change accumu-
lates through positive feedback loops and the speed of change increases (Rotmans et al., 2001).
By mechanism, we do not refer to its meaning in chemistry where it covers the whole pathway of
the reaction that leads to catalysis, but as discernible factors that make the catalyst functional and
keep it powerful. This means that the term ‘mechanism’ in our use covers the internal properties,
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Table 2.1 Core analogies identified between the systems of chemical catalysis and sustainability transition.
Grounds are the basics in catalyst thinking, and warrants refer to deeper system dynamics

Core analogy Potential value in model building

1 Catalysts are selective and complementary. Grounds
2 Catalysts increase the interaction of a system’s entities towardsa ~ Warrant
transition state.

3 Catalytic pathways occur in a stepwise manner and overcome Warrant
energy barriers.
4 Catalytic processes are highly contextual. Grounds

context, and trajectory of a catalyst. The focus on mechanisms helps us in our first research task
to explicate the concept of catalyst but is necessary also for the second task to examine whether
an analogy model is helpful in sustainability research primarily since it addresses the dynamic
features of the studied system.

The following four analogies proved to be the most relevant to our research task (Table 2.1).
For their tentative evaluation, we applied the idea of using the terms ‘grounds’ and ‘warrant’
presented by Ketokivi et al. (2017). We claim that the analogies 1 and 4 are necessary grounds for
building an analogous model because they create the basis for catalyst thinking. They also pre-
sent the novelty value of the catalyst approach, and it seems that they are at least invisibly present
when the term ‘catalyst’ is used in metaphoric ways as a research concept. They become more
explicit when the first ideas of an analogous model are outlined (e.g., Figure 2.1) but reach more
depth only in model building. The analogies 2 and 3 can be considered warrants, because they
are likely needed in model building if the goal is to develop a methodological basis for a catalyst
approach. The cornerstone of all analogies is the catalyst as defined in chemistry: catalysts are
substances that initiate or accelerate the speed of a particular reaction without undergoing a per-
manent chemical change (Hanefeld & Lefferts, 2018).

Analogy 1. Catalysts are selective and complementary. In chemical systems, in addition to a
catalyst, the other substances participating in the reaction are called reactants, and they disappear
when products appear as the result of the reaction. Chemical catalysts are usually selective, which
means that they determine the product of a reaction by accelerating only one of several possible
reactions that could occur. Catalysts complement each other because of complex chemical pro-
cesses that require contribution by several types of catalysts. For a tentative analogy, catalysts in
chemistry are selective and complement each other; this corresponds to the studied key catalysts
of policy, technology, and business. Key catalysts are qualitatively different triggers, and they
need to complement each other to initiate or speed up the system change towards a transition.

Analogy 2. Catalysts increase the interaction of a system’s entities towards a transition state.
Catalysts are needed in both systems to increase the interaction between the basic entities, which
are molecules in chemical systems and entities like human actors, artefacts, institutions, and ma-
terials in sustainability transitions. In chemical systems, catalysts speed up the reaction by lower-
ing the activation energy to achieve a transition state. The transition state is also changed with a
catalyst, that is, the reaction goes through different pathways than without the catalyst. Transition
state is an intermediate state during which the reactants are no longer reactants, nor are they yet
products (Nemeh & Longe, 2021). While the time spans are different, a chemical system reaching
its transition state resembles a sustainability transition approaching its turning point (Rotmans
et al., 2001). In both transitions, intensive reconfiguration characterises the acceleration period
during which the system becomes ready to change.
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Analogy 3. Catalytic pathways occur in a stepwise manner and overcome energy barriers.
This means that catalysts transform the system by creating stepwise pathways with lower energy
demands. Chemical reactions can take place only when collisions between molecules occur with
enough energy and proper orientation, and this threshold of energy is called activation energy. In
chemical systems, catalysts reduce the activation energy and allow the molecules to achieve the
transition state. Accordingly, it is understood in chemistry that catalysts accelerate the chemical
reaction by allowing the reaction to proceed via the pathway that has a lower activation energy
when compared to an uncatalysed reaction. However, catalysts do not affect the degree to which
a reaction progresses but only the kinetics of the reaction. The overall change in free energy is
not affected by the catalyst but is determined by the reactants and products. When catalysts de-
crease the activation energy and thereby accelerate the reaction, they create alternative pathways
for the process. The catalytic cycle proceeds through multiple steps, from which the catalyst
emerges unchanged that makes the sequence catalytic. A tentative analogy is that catalytic path-
ways require activation energy in both chemistry and sustainability transitions, and they are also
stepwise, to avoid energy barriers of the system. Research focusing on sustainability transitions
shows that steps are unavoidable in transition management (Frantzeskaki et al., 2017).

Analogy 4. Catalytic processes are highly contextual. Chemical catalysis requires suitable cir-
cumstances to speed up the reaction, such as temperature, pressure, energy, the presence of suit-
able catalyst and reactants and their dispersion and orientation, and the physical state and surface
area of reactants. For instance, a higher temperature makes the particles move at a faster speed
and collide with each other with more energy, and, therefore, they more likely reach the activa-
tion energy threshold needed for a chemical reaction. In systems where more than one reaction is
possible, the same reactants can produce different products under different conditions. Because
contextual circumstances are the necessary conditions for chemical catalysis to take place, we
posit that also the mechanisms of sustainability catalysts are strictly dependent on contextual
circumstances when triggering the system towards a transition.

As a result, these four analogies most faithfully respect the core dynamics of chemical cataly-
sis and the CE transitions of urban systems and appreciate the most relevant similarities between
the two domains. If this is correct, the four analogies we described can create novel ways to
examine CE and other urban sustainability transitions. As we suppose, these analogies can be
used for an empirical demonstration to examine how the structure of the chemical catalysis can
be mapped onto the structure of the target domain. In the case study demonstration, we use the
analogies to analyse the properties of policy, technology, and business as catalysts and how these
key catalysts develop and interact in the studied urban system, and the mechanisms through
which they run the system towards a sustainability transition. If the analogies fulfil empirical
adequacy, factual validity, and structural soundness (Ketokivi et al., 2017), they give positive
messages for further research to collect more empirical data for confirming, rejecting, or improv-
ing the analogy-based catalytic approach developed in this chapter.

The roles of policy, technology, and business in urban circular transitions

When we apply the analogies formulated previously to examine a transition towards urban cir-
cularity, we make the following assumptions of the key catalysts, causality, and the system under
transition. Relationships, interactions, and interdependencies are crucial system properties in
different approaches to transitional change. We assume that policy, technology, and business
are continuously emerging catalytic triggers for urban change and thus evolve under particular
circumstances. As key catalysts, policy, technology, and business are linked to the previously

25



Ari Jokinen, Pekka Jokinen, Leena Aarikka-Stenroos, et al.

mentioned system properties and, therefore, can speed up a systemic change towards transi-
tion. This assumption of causality is our firsthand methodological guideline for the analysis. The
assumption allows for detecting individual catalytic mechanisms and the connections between
catalysts, and identifying how the mechanisms and connections accelerate the transition. At the
same time, we acknowledge that various forms of causality and uncertainties arise from com-
plexity. We can mostly observe only first-order mechanisms and can only study the most obvious
catalysts at this time. The following specifications selected from previous research illustrate the
catalytic potential of policy, technology, and business.

Perhaps most notably, policy catalysts refer to political institutions such as specific policies or
programs, policy-making procedures, laws, and regulations that accelerate sustainability transi-
tions (Patterson, 2021). Policy catalysts in CE transition are needed for creating momentum and
circumstances for this new branch in urban environmental policy. Multi-level policy reforms and
decision-making are needed by the EU, member state bodies, and city networks. Important policy
issues include regulation, financial factors, and policy integration. City institutions must create
policy catalysts to promote CE transition in issues such as local strategies for CE, institutional
arrangements, land use policy and planning, public procurement, and new governance models
while including stakeholder collaboration and experimentation for CE transition (Prendeville
et al., 2017; Williams, 2021). Indications of catalyst thinking can be found from policy research.
For instance, Johnson et al. (2005) have suggested that a catalytic change in policymaking em-
ploys a window of opportunity, is more intense than incremental change, and is also more funda-
mental in terms of implications. The concept of CE serves as a catalyst in policy processes (Nylén
& Jokinen, 2022). Recent work on policy design and policy processes (Capano & Howlett, 2021)
demonstrates how policy catalysts (‘activators’ in their terminology) trigger first- and second-
order mechanisms in the studied system. Temporal issues, such as timing, sequence, and duration
become important in these processes (Turku et al., 2022, 2023).

Technological evolution includes autopoietic mechanisms that lead to distinct stages in its in-
ternal development (Arthur, 2009). In our analysis, we examine these stages on a micro-level and
call them as internal catalytic mechanisms of technology. Technology catalysts are crucial in urban
regeneration because a fundamental infrastructural change is necessary when creating a new urban
district based on CE principles (Dong et al., 2018). From a technological viewpoint, catalysts in CE
transition involve, for instance, environmental, process and digital technologies that enable reduc-
tion, recycling, and reuse or sharing of resources. Novel technologies often trigger their adaptation
and implementation (de Jesus & Mendonca, 2018) due to their enhanced efficiencies compared
to technologies currently in use. However, to enable the transition towards a CE, technological
solutions must be available, and the market, legislation, and other factors must support the imple-
mentation of the technologies (Aarikka-Stenroos et al., 2023). If these requirements are not met, a
transition may be hindered. Other barriers may include the scarcity of large-scale demonstration
projects and the lack of data on the impacts of technologies. However, according to Kirchherr et al.
(2018), CE transition is not mainly hindered by technological barriers but by both cultural and
market barriers. The technological catalysts entail innovative interaction between actors, employ
material flows in the area, and thus mediate social and cultural aspects of CE transition.

The catalytic nature of business is studied indirectly by examining, for instance, the evolu-
tion of business models (e.g., Demil & Lecocq, 2010). In research on innovation ecosystems and
business ecosystems, transition is understood as a dynamic change of evolution and extinction
in a multi-actor network (Tsujimoto et al., 2018). In ecosystem literature, attention is paid to en-
trepreneurs, customers, users, public and private investors, policymakers, and technology actors
who contribute as enablers or barriers in the dynamics of ecosystems. In urban CE transitions,
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the shift from innovation ecosystems to implementation ecosystems requires a value co-creating
exchange between actors operating with different logics of value creation (public and private)
(Aarikka-Stenroos & Ritala, 2017). The transition also requires that actors engage in the explora-
tion of and experimentation with novel, value-creating opportunities for the different stakehold-
ers who are involved (Tapaninaho & Heikkinen, 2022) and pay attention to the various interests
that stakeholders have regarding the CE transition (Marjamaa et al., 2021). Business catalysts are
needed to foster the shift from the current innovation ecosystem towards commercialisation of
CE technologies, including profitable business models that can compete with current linear mod-
els, and with the practices that mitigate buyer risk when investing in novel technology (Lehtiméki
et al., 2020). These catalysts employ the developing interdependences between companies and
other actors. Aarikka-Stenroos and Ranta (2019) have distinguished five mechanisms of CE busi-
ness catalysts: exchange, value creation, competence, business model, and collaboration mecha-
nisms. Many of these mechanisms interact with other catalyst types.

To summarise, we assume that policy, technology, and business are intrinsically catalytic in
transitions for urban circularities, but the full actualisation of this potentiality requires suitable
circumstances. The context perspective is required to study the actualisation and its mechanisms.
The activities of stakeholders, organisations, and institutions are essential contributors in these
processes. Like catalysts in chemistry, policy, technology, and business maintain their core iden-
tity in transitions.

The case study for exploring catalysts in urban regeneration

In this chapter, we examine urban regeneration by adopting the case study approach. One recog-
nised strength of the case study approach is that it provides for analysis of the interdependencies
between actors and processes within their particular social settings. As shown next, we have
selected a case that can be interpreted through its characteristics and then further theoretically
examined in terms of key catalysts and their mechanisms.

The case we report on is the Hiedanranta district in the city of Tampere (235,000 inhabitants),
the second most rapidly growing city in Finland. Hiedanranta is an old industrial area (pulp mill)
under brownfield redevelopment for up to 25,000 new inhabitants. As shown in Figure 2.2, this
process started in 2014, and the planning of housing for the incoming residents is ongoing at the
time of publication. Enabled by the city, an entire series of experimental CE projects took place
in the area between 2015 and 2020. Several companies, citizen groups, and research institutions
carried out the CE projects in and outside of industrial buildings. These groups for instance,
developed urban nutrient circulation by focusing on the following interlinked projects: source-
separated sanitation, the cultivation of microalgae, composting, anaerobic digestion, developing
methods for using urea for fertilisation, growing strawberries commercially by using LED lights
and robots, experimenting with collective urban gardening, and creating waste and sanitation
infrastructure for local treatment and nutrient recycling. In addition, pyrolysis and biogas plants
were operated for local renewable energy. Another start-up innovation was to use overheated
sand as an energy battery; the innovation raised international interest when the pilot was con-
nected to a local district heating grid in Hiedanranta and elsewhere.

The city of Tampere’s guiding strategy for the Hiedanranta area is to create a real CE city
district in which residents, companies, and researchers are integrated to operate both together and
separately. Hiedanranta is marked by its explicit place-based focus, and as an upcoming residen-
tial district it differs from isolated CE industrial parks commonly used for the promotion of CE
in cities. The project is recognised in international city networks and is of strategic importance
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Figure 2.2 The timeline of developing Hiedanranta into a new CE district.

Source: City of Tampere, 2020, modified by the authors.

for the city. As a district-level urban living laboratory, its unique features include the intersection
among the city, activist groups, businesses, and research; the generation of collective agency; the
coexistence of diverse experiments; and local to transnational exchanges and connections.

The empirical case study work in 2015-2021 was based on interviews, group discussions, site
visits, documents, and data created by observational and participatory methods. The primary aim
of the analysis was to identify the most relevant socio-technical trajectories supporting CE prac-
tices in the area, exemplified by the ‘zero fibre project’ and the ‘nutrient cycle project’ described
in the next section. The developmental path of each trajectory was followed and the mechanisms
and interactions of key catalysts were specified and analysed. We made a distinction between
(a) the policy catalyst creating an agenda and space for transition and keeping its momentum,
(b) the technology catalyst necessary for CE innovations, and (c) the business catalyst enabling
and boosting the commercial viability of CE innovations, leveraging their implementation and
acceptance and thus the move of the CE transition.

While we particularly analysed technology-driven experiments for urban development fol-
lowing CE principles in Hiedanranta, we also considered the citizens, as they participated in
many of these experiments (Engez et al., 2021a; Turku et al., 2022, 2023). Moreover, citizens were
the primary actors in many other innovative projects in the area, focusing on the reuse of indus-
trial spaces, new consumer cultures like do-it-yourself activities, and ideas for urban planning,
including a new superblock implementable in the Hiedanranta area (Laine et al., 2017; Leino &
Puumala, 2021; Sjoblom et al., 2021). Overall, the citizen activities significantly characterised the
whole experimental stage of urban regeneration and created the spirit and preconditions for the
urban CE transition in Hiedanranta.

Results

In this section, we examine the key catalysts taking place and reinforcing CE principles in the
Hiedanranta development area and thus accelerating the CE transition in urban regeneration.
While analysing policy, technology, and business as key catalysts each in turn, we aim to uncover
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the individual catalytic mechanisms contributing to circular urban development. In the final
subsection, we analyse how the catalysts interact and accumulate, and how different catalysing
forces amalgamate when enabling circular urban developments. Tables 2.2 and 2.3 summarise
the empirical findings and complement the analogy model developed in this chapter.

Policy catalyst

In Hiedanranta, the policy catalyst emerged from the city’s will, power, and leadership to enable a
new kind of urban district and to keep momentum in its experimental development. This required
anew mode of governance through which the city was able to harness multistakeholder capacities
to collaborative urban development. The city’s actions were decisive for the development of a CE
as the guiding principle for the Hiedanranta district. The city had made a series of single deci-
sions, but these decisions were not the only reason for the push towards the establishment of CE
principles in the area. Rather, we found that the catalysing effect was evolving because of three
interlinked mechanisms: the policy vision, the sequence of reflective decisions and plans, and
space creation. The interaction of these catalytic mechanisms resulted in constant reorganisation
of CE principles and activities in the area.

(a) Policy vision of Hiedanranta. In the vision, the city has launched the Hiedanranta district
as the “City of the Future”, referring to a district that supports “the commercial and industrial
progress, as well as the competitive strength, of the whole region, with emphasis on implementing
a smart, adaptable and resource-effective city, based on a circular economy” (City of Tampere,
2017). This vision is highly ambitious, reflecting the global inter-city competition over sustain-
ability issues. Practically, it reflects the match between global policy models of urban sustainabil-
ity and the local political and institutional receptivity, which always entails modification of global
models into local circumstances (McCann, 2011). As a demonstration of global competition, the
city has stated emphatically that “the Hiedanranta district has a strong brand, because it is the
first circular economy-based urban district in the world created by companies and citizens”
(City of Tampere 2018a, p. 7). This statement is a culmination of Tampere’s urban development
in recent years in terms of the adoption of low-carbon and other global sustainability targets in
the city’s strategy and strategic spatial planning (Jokinen et al., 2018). The strong position of a
CE in the vision has its roots in previous works, such as the preliminary development vision for
Hiedanranta made by local universities (Lehtovuori et al., 2016).

In 2018, there was an initial CE ecosystem comprising 25 operating actors (companies, as-
sociations, communities, entrepreneurs); collaboration with research and education institutes;
39 experimental research and development projects; and numerous events that annually attracted
up to 40,000 visitors to the area (City of Tampere, 2018b). In short, typical of urban CE ecosys-
tems, the collective goal was to produce sustainable urban amenities (Aarikka-Stenroos et al.,
2021). Citizen activity had increased and developed diversely in the area, including many partici-
patory elements (Laine et al., 2017; Leino & Puumala, 2021). The development in Hiedanranta
shows that the vision had a quite strong catalysing power, but also required the support of tech-
nology and business catalysts and citizen activities.

(b) Sequenced policy decisions. Compared to ordinary urban development and the formal
principles in planning and governance, the studied experimental period at Hiedanranta was quite
different. The area was a free zone for actions where many formal rules had been loosened to
enable attractive access to the area, interaction within and between diverse actor groups, inno-
vation, and identity formation. The formal plans for land use only took place gradually, at the
general level, and in the background. However, to support the vision, the city had to sharpen and
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Table 2.2 Key catalysts along Hiedanranta urban circular developments from experimenting to implementation in the case of the urban nutrient cycle
(P =Policy catalyst, T = Technology catalyst, B = Business catalyst; small letters indicate the catalytic mechanisms of each catalyst as presented in the Results

section)

Components of the
closed nutrient
cycle

Toilet

Catalysts —
Technologies

Catalysts —
Local food
production

Catalysts —

Development of urban circularity

Intensification
Years 2018-2019

Experimenting
Years 20162018

Stakeholders interact but experiments
are mostly developed separately.

New relationships between stakeholders,
experiments, and key components.

Source-separating dry toilets were
permanently installed for 1,000
people in the Kuivaamo cultural

were created; four vacuum toilets were
installed in Kartano; systematic toilet
testing.

Pc + Tab + Bade

venue.

Pabc + Tab

Microthermal treatment of solid toilet
waste and various treatment methods
for urea were experimented to create

formally approved for food production;
developing the old and testing new

fertilisers. technologies for urea treatment; treatment
of black water from vacuum toilets with
anaerobic digestion.
Pabc + Tab Tab + Babcde

Companies experimenting vertical
farming and making soil improvers
from biochar; collective gardening
experiments by citizens and NGOs.

Companies creating innovations and
international connections; diversification
of collective gardening types; testing
urea, humanure, zero fibre and biochar for
soil improvement, fertilisation and food
production.

Pabc + Tab + Bede Pc + Tabced + Babcede

Implementation

Years 2020-2040

Further development towards a system of
interdependencies.

New models of source-separating dry toilets New toilet solutions potentially implemented

in the new residential district. Export
potential of companies operating in
Hiedanranta.

Pabc + Tab + Babcde

Microthermal treatment technique (DTS) wasLocally produced humanure products

available for growing food and managing
recreational green areas in Hiedanranta.

Potential markets for DTS technique in Asia
and Africa.

Tab + Babcde

Diverse communal and commercial food
production in Hiedanranta supported
by vertical farming techniques, biochar,
biowaste recycling, and natural fertilisers
and soil improvers. Export potential of
participating companies.

Pabc + Tab + Babcde
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Table 2.3 Catalytic mechanisms breaking the system barriers and creating push towards a transition state
in Hiedanranta

Origins of catalytic power Transitional setting

Key catalyst Mechanisms Functional logics of Principle of management Energy barriers to

the mechanisms sensitising to change be broken

Policy Vision Successive Making urban regeneration Locked-in
Decisions mechanisms in experimental ways institutional rules
Space creation

Technology Internal Place-induced Trialling potential Conventional urban

development evolutionary functions of the place developments

Incomers mechanisms
Experiments
Scope widening

Business Exchange Variational fit Reassembling the ideas Linear economy
Value creation of necessary of market actions
Business model mechanisms
Competence
Collaboration

revise the policy decisions also during the experimental period. The development programme
of the area was divided into three functional aspects: spatial land-use planning to create a new
residential district based on a CE, Temporary Hiedanranta, and the Hiedanranta Innovation
Platform.

The last aspect was crucial for CE development in the area, but also debatable:

Some stakeholders were seeing this [Hiedanranta Innovation Platform] purely as a plat-
form for accelerating business, some others as an area that resolves our sustainability chal-
lenges. In some way, these two views lead to quite distinct targets concerning processes,
services, and actors they are employing. Then it was precisely outlined [in the meeting
of Hiedanranta management group incorporating heads of city departments] that the in-
novation platform’s main priority is to support the targets we have in planning and imple-
menting this new urban district. This means, above all, that in the innovation platform we
then promote collaborative knowledge generation by harnessing diverse expertise, and one
aspect of this is that we provide space for companies in the area.

(City official interview, May, 2019)

The three functional aspects of the development programme were helpful for the city be-
cause it had to make sequential policy decisions to support the vision, the principles of iterative
governance and the modular ideas of urban development in the area. One of these checkpoints
took place when the city shifted the name ‘Temporary Hiedanranta’ to ‘Adaptive Hiedanranta’
as a response to tensions between business-led and citizen-oriented urban sustainability (Turku
et al., 2022).

(c) Space creation. The collaborative achievement of technological development and social
innovations for urban circularity requires space for experimentation. Therefore, space creation
is one of the catalytic mechanisms that can overcome barriers to circularity. In Hiedanranta, the
city as the landowner was flexible in arranging space for projects, citizen groups, and companies
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to experiment with CE technologies and generate co-creative knowledge for sustainability. Space
creation is a political act, because allowing space for certain kinds of actors and experiments,
supporting tests for some solutions instead of others, and allowing certain project continuities are
political choices between alternatives and between different interests among stakeholders. Space
creation becomes more demanding over time when the CE solutions experimented with will be
integrated into urban structures of the new district. The applied infrastructural solutions are new
and space demanding in different ways, perhaps socially acceptable only by some parties, and
make the city building more complicated. These challenges may be difficult to anticipate during
experimentation.

Technology catalyst

Technological progress is necessary for urban circularity, particularly for transforming infra-
structures to support sustainable urban development. As a former industrial area, Hiedanranta
lacked most urban infrastructures but provided multifaceted physical environments for develop-
ing new kinds of infrastructures with field experiments. Several technological solutions were
piloted and implemented in the area, and this was an opportunity for us to examine the contextual
emergence and on-site evolution of the technology catalyst.

(a) Internal mechanisms. We first found that the catalytic effect depends on the general na-
ture of technology. We use the term ‘internal mechanisms’ to catch the evolution in which each
technology fulfils a human purpose and develops intrinsically in combinatorial ways (see Ar-
thur, 2009). In the area, there were some innovative technologies, such as pyrolysis or vertical
farming, where the technology and its future possibilities catalysed the further development and
implementation of the technology on site. The combinatorial development can be seen in ways
some technologies piloted in Hiedanranta were realised due to requirements generated by other
technologies. For example, the use of source-separating toilets called for technologies that can
be used to recover nutrients from new waste streams (e.g., source-separated urine) and that are
rarely used on a large scale.

Second, we found three place-dependent mechanisms that catalysed technology particularly
in the context of urban regeneration so that it fulfils the goals of the policy vision of Hiedanranta.
The place-dependent mechanisms are discussed next in more detail.

(b) Novel technologies as contingent incomers. Since the development of Hiedanranta started,
the aim of the city was to attract companies with suitable CE business ideas. The incoming
companies integrated their activities with other local actors and old industrial buildings with the
aim of promoting CE in the area. As a result, a unique, continuous pyrolysis plant operated in
Hiedanranta since 2017 by a company whose aims matched with the city’s plans for decentralised
energy production. The pyrolysis plant produced carbon-neutral district heat since 2018, as well
as biochar. Thus, while the technology acted as a catalyst to achieve renewable energy production
with simultaneous production of biochar to be used locally (e.g., in organic food production), it
crucially gained its catalytic power via the place properties. Another company started hydro-
ponic vertical farming for strawberry cultivation in the area. The vertical farming promoted
CE as it enabled the local year-round production of food as a part of urban agriculture by utilis-
ing LED lamps as the source of light. The first strawberries in the area were harvested in 2018.
Both the biochar company and the strawberry company actively developed their own operations
within the city’s aim towards a CE, which supported the companies in expanding their operations
elsewhere. It can be seen that the technology catalyst is formed by both contingent incomers and
coevolution.
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(c) Technologies emerging from core experiments. Source-separating toilets as a part of the
sanitation infrastructure were created in Hiedanranta; this technological advancement has been
described as “one the most exciting developments in the area of wastewater treatment” (Larsen
et al., 2013, p. xxxi). It responds to urban nutrient wastage. Urine contains approximately 50%
phosphorous, 80% nitrogen, and 90% of potassium present in municipal wastewaters in a small
volume of 1-1.5 L per person per day (Chang et al., 2013), compared to 150-250 L of wastewater
led to the municipal wastewater treatment plant per person per day. Thus, local nutrient recov-
ery from urine provides an interesting opportunity, but it requires the development of novel
technologies.

In Hiedanranta, the implementation of source-separating toilets was catalysed by the city’s
aim for closed water management cycles, and it further stimulated the piloting of other technolo-
gies on site, enabling nutrient recovery from source-separated urine or from the solid stream.
Cultivation of microalgae in source-separated urine enables the algal cells to capture nutrients
inside their cells, enabling nutrient recovery as a form of microalgal biomass. The cultivation
of microalgae was piloted in 2017-2018 in a 2 m® raceway pond situated in a greenhouse in
Hiedanranta (e.g., Chatterjee et al., 2019). Microthermal treatment of solid materials from the
source-separating toilets were piloted since 2016—2017. The end material from the compost unit
contains most of the nutrients present in the raw material. The plan to build a city district with
specified CE targets has thus catalysed the experimentation with new technologies in ways that
are compatible with place properties.

(d) Technologies widening the scope of CE. Hiedanranta is located on an old pulp mill site.
The wastewaters from the pulp mill were piped to the nearby Lake Nésijarvi for decades, which
resulted in the accumulation of circa 1.5 million m? of sedimented fibres in the closest bay. Simi-
lar areas around the world are often left untreated if there are no identified risks of environmental
contamination. To improve the use of the bay area as a recreational area, the city of Tampere
started to investigate the possibility of removing and treating the sedimented fibres. Three tech-
nologies were piloted for the treatment of sedimented fibres. One of these technologies was bi-
ogas process, where the fibres were biologically converted into biogas. This technology was first
tested in a laboratory scale (Chatterjee et al., 2018; Kokko et al., 2018) and later piloted in Hiedan-
ranta; this could enable decentralised energy production. In this case, a well-known technology
was adapted for a new purpose. Biological conversion of the sedimented fibres into valuable
chemicals with novel technological solutions and composting of the sedimented fibres were also
piloted. In the pilots, the fibres as the most problematic persistent properties of the Hiedanranta
brownfield made place an important constituent of technological development.

Business catalyst

When examining business aspects and commercial feasibility of circular solutions in circular
development of Hiedanranta, we identified five major mechanisms of business catalyst. By ‘busi-
ness catalyst’ we mean diverse business mechanisms that support commercial and business fea-
sibility of CE transition and thus support diverse stakeholders’ efforts to realise the desired CE
shift (see Aarikka-Stenroos & Ranta, 2019). From the Hiedanranta case and among its diverse ac-
tors and stakeholders comprising of diverse businesses (e.g., dry toilet company, vertical farming,
biochar production) and public actors (e.g., Tampere city), we identified the following catalytic
mechanisms.

(@) Exchange mechanisms facilitate economic transactions and change between the customers
and the solution providers. They were applied by employing pilots and experiments that enabled
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risk-reducing trials of technology in the actual use context. For example, regarding source-
separated sanitation and zero fibre processing, the city of Tampere enabled companies to ex-
periment with their CE technology businesses in the Hiedanranta area. Such user and customer
experiences can be developed into customer references for CE innovations and solutions to nur-
ture further sales of solutions providers and they also serve risk-reducing customer testimonials
for further potential public and private customers who seek similar solutions.

(b) Value creation mechanisms are formed around factors that enable and particularly
enhance value creation between the solution provider and the customer; they boost value or
extend what is perceived as valuable. In Hiedanranta, particularly stakeholder and customer in-
volvement in the innovation process from technology development to commercialisation were
applied to gather user experiences (e.g., from toilets). User experiences by the end customers
were gathered and analysed to improve the customer experience of using circular solutions, and
this feedback was then used to improve the value of such solutions. For example, the customer-
citizens who visited different events in Hiedanranta provided valuable feedback that enables
both developing the dry toilet tech solutions and the concept further, to make it more conveni-
ent to use and maintain, and thus creating more value for the involved stakeholders from the
circular solution.

(c) Business model mechanisms refers to conventional business model elements, namely value
propositions, value delivery, and value capture. This means that companies and city and other
stakeholders can identify and propose attractive circular solutions (see Ranta et al., 2020), deliver
them with their supply chain partners (Aarikka-Stenroos et al., 2022), and capture economic
value to make the use and implementation profitable. In Hiedanranta, examples of identified busi-
ness model mechanisms included the biochar company’s attractive value proposal, as it provided
not only a sustainable, circular product but also its production and value delivery were sustain-
able. Thereby its circular value proposition and value delivery also supported Tampere city’s and
Hiedanranta area’s “business model” as those industrial companies’ were in the Hiedanranta
area. The business models manifested and actualised sustainability and CE, therefore supporting
also the city’s and the area’s value proposition on novel urban district that was sustainable and
circular, thereby increasing its value and attractiveness.

(d) Competence mechanisms are competencies that enable public and private organisations
(both the city and companies) to design businesses, scale them up and grow, and strategize.
Important catalysing competencies were to sense, identify, and articulate economic and envi-
ronmental customer values of the CE solutions and thus induce and increase sales. These were
applied, for example, as the Hiedanranta area was branded as a CE district by the city, and many
activities were promoted successfully to increase the attractiveness and awareness of the area in
the eyes of multiple stakeholders like citizen-inhabitants, businesses, and public actors.

(e) Collaboration mechanisms refer to factors and activities relating to how firms, cities, and
other stakeholders in the business networks and ecosystems organise and reorganise to enable the
circular loops or reduction of resources in a profitable or otherwise value-creating way (Tapani-
naho & Heikkinen, 2022). This catalytic mechanism is manifested in Hiedanranta through many
means; there has been considerable collaboration between small start-ups and the city. This col-
laboration has enabled small start-ups to test their technology businesses in the facilities owned
by the city (linking collaboration mechanisms to exchange and value creation mechanisms) and
the city itself to benefit from novel CE technologies at the Hiedanranta Kuivaamo venue (see
Engez et al., 2021b). Furthermore, collaboration mechanisms enabled the city to build alliances,
networks, and joint projects with companies, expert organisations, universities, and other stake-
holders; such networking capability is often needed for the implementation of a circular business
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model (see Aarikka-Stenroos et al., 2022). These collaboration projects served, for example,
knowledge-sharing platforms that allowed the city of Tampere and Hiedanranta to process their
initial experiences, including lessons learned with other large cities in Finland, and thus advance
CEs via public—private interactions.

System changing dynamics of the catalysts

The three key catalysts analysed previously — policy, technology, and business — were decisive
in turning the development of Hiedanranta towards urban circularity. The analogy model helped
us to find and specify the catalytic mechanisms that created the transitional impulse. We sum-
marise these findings by demonstrating why the four conceptually formulated analogies between
chemistry and sustainability transition were empirically relevant to increase our understanding
of the transitional process in this specific case. For this purpose, we utilise the case study findings
comprehensively. We also illustrate the results by focusing on the closing of the urban nutrient
cycle (Table 2.2), which was one of the main CE goals of Hiedanranta during the studied period.
Next, we address each analogy in turn.

Catalysts are selective and complementary

The key catalysts in Hiedanranta were selective as they induced individual pressure towards
a transitional change of the system. At the same time, the catalysts complemented each other,
which was the necessary condition for a CE transition in Hiedanranta. Table 2.2 illustrates that
during this complementary process, the key catalysts interacted and had a cumulative effect on
the transition. The catalytic mechanisms had a double role in this process: they supported selec-
tivity by serving as a specific source of energy for individual catalysts but also complementarity
by creating a boundary surface for the interplay between the catalysts. Table 2.2 shows that usu-
ally at least two catalysts contributed to a key component of the urban nutrient cycle, and each
catalyst had several participating mechanisms, which increase the probability of the interaction.
Thus, these mechanisms were prone to support the interplay, but this took place only in particular
situations. To summarise, the key catalysts were both selective and complementary at the same
time, and these dynamics were dependent on specific mechanisms of each catalyst.

Catalysts increase the interaction of a system’s entities towards a transition state

Through the mechanisms and interplay described previously, the key catalysts made the system’s
entities move and interact in oriented ways. The entities include human actors, institutions, ma-
terial and intelligence resources, technical devices, and other system components participating
in the constant reorganisation resulting from the catalysing effects. The number and variance
of the entities and variance between them were high enough for self-organising processes after
catalytic impulses. The mechanisms of catalysts gave iterative, partly contingent direction to
these processes so that the main orientation of the system was towards a transition state. We call
the emergence of a transition state as a result of synchronisation of the key catalysts. The anal-
ogy between chemistry and sustainability transition is based on dynamic similarities and applies
despite the difference that a transition state in chemistry is instantaneous and very short, whereas
in Hiedanranta, the transition state will take years, and possibly remains still partly open-ended.
Its emergence is important for the next processes because it uncovers the potential for multiple
sustainability paths (Turku et al., 2022, 2023).
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Catalytic pathways occur in a stepwise manner and overcome energy barriers

The catalyst accelerates the reaction by reducing the required activation energy, and this takes
place via a stepwise pathway. The catalyst enables a pathway where the energy demand is lower
and thereby the catalyst speeds up the reaction. Our results underpin this analogy by showing that
stepwise catalytic mechanisms promoted the transitional process in Hiedanranta. The steps could
be perceived, for instance, as events, emerging situations, and change of thythms. As presented
in Table 2.3, each key catalyst pushed the process. First, through its single mechanisms that were
essentially place-dependent; these catalyst-specific mechanisms complemented each other when
giving activation energy and directionality of the process. Second, as the mechanisms worked
as groupings that followed catalyst-specific functional logics and various dynamics, they gave
distinct impulses for the process. Accordingly, the policy catalyst provided activation energy
through sequential mechanisms that were intrinsically successive starting from the vision, but
also shifting order could be recognised; the technology catalyst operated through place-induced
evolutionary mechanisms that were both internally and spatially stepwise; and the business cata-
lyst proceeded through a variational fit of necessary mechanisms that became successive at least
when the change of business model required a specific order of the other mechanisms.

The functionality, directionality, and sequential order of mechanisms made the policy, tech-
nology, and business catalytic by increasing the kinetics of entities in the system. In addition,
the mechanisms increased the mutual interaction and the cumulative effect of the catalysts
(as described by Analogy 1), and this interaction pushed the whole transitional process into
pathways with lower energy demands avoiding barriers. The progress of the whole transi-
tional process was stepwise from experimenting to intensification to implementation because
the catalysts took different complementary turns at each stage. A simultaneous part of this
same process, and necessary for synchronisation, was that the mechanisms created coinci-
dent combinations across catalysts (Table 2.2). While the key catalysts of policy, technology,
and business were parallel, interacting, and mutually reinforcing, they also conditioned each
other in rejective ways. All these dynamic features of the transitional process break down the
simplified image of linear order, in which policy creates a safety space for experimentation
and innovation, technology brings content and form to renovations, and business makes them
marketable.

When the key catalysts turned to reinforce each other, they sometimes accelerated change
very tangibly. Digi Toilet Systems Oy (DTS) was a company established for experiments in
Hiedanranta, and it finally succeeded in creating a usable product from humanure (human fae-
cal material and urine recycled for agricultural purposes via treatment techniques). In 2019, the
product gained formal approval from the Finnish Food Authority, a national regulatory body of
the Finnish food chain, and now the product can be used as a fertiliser in growing food. This new
technology bridges one of the gaps in the urban nutrient cycle.

Catalytic processes are highly contextual

The place-dependence characterised both the selectivity and complementarity of the key cata-
lysts in Hiedanranta. As presented in Table 2.3, the mechanisms and how they grouped together
made the place an integral part of the transitional process. The policy catalyst gained its power
from successive mechanisms enabling the circumstances for a transition in this particular place;
the technology catalyst from place-induced evolutionary mechanisms (meaning that the place is
mediated into internal mechanisms of technological development by other mechanisms), and the
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business catalyst from the variational fit of necessary mechanisms that made the business to ac-
celerate the transition in place-typical ways.

Discussion

In the first part of our research, we used detailed knowledge of chemical catalysis to formulate
an analogy model for the examination of forces accelerating sustainability transitions. This pre-
examination provided four potential analogies to be empirically demonstrated in a case study
analysis of urban generation focusing on a district-level CE transition. The case study confirmed
that the dynamic similarities we found between chemical catalysis and sustainability transition
are empirically relevant and the analogy model provides new knowledge of the central problems
of urban circularity and urban sustainability transitions. For the factual validity, the studied cata-
lysts of policy, technology, and business fulfilled the basic definition of catalyst in chemistry
and allowed an empirical analysis of mechanisms through which they initiate and accelerate a
transition process. The results suggest that the dynamic similarities between chemical catalysis
and sustainability transition can be a fruitful starting point to develop an analogy-based catalyst
approach for sustainability research.

The empirical results produced new perspectives to understand the dynamics of urban CE
transitions. We summarise the findings as follows: 1) policy, technology, and business are the
key catalysts of urban CE transition and their synchronisation leads to the emergence of a tran-
sition state, 2) synchronisation requires that the key catalysts increase their processual power
and mutual interaction through stepwise catalytic pathways, increasing the interaction among
the system’s entities and the directionality of the transition process, but 3) the initial roots of
the catalytic force are place-dependent mechanisms that actualise the intrinsic but often hidden
catalytic potential of the key catalysts (see the section ‘The roles of policy, technology, and busi-
ness in urban circular change’) by making them accelerative in a particular context when the
circumstances are favourable.

The previously mentioned dynamic terms can generate new conceptual ideas for further studies.
Synchronisation is the precondition of the opening of a new phase in system development, transi-
tion state, in which several possible sustainability paths become available. The examination of these
choices and probabilities of their realisation is important for the future development of urban regen-
eration, as we have done elsewhere (Engez et al., 2021b; Turku et al., 2022, 2023). Stepwise catalytic
pathways refer to events and situations in which catalyst-specific mechanisms function in ways that
overcome the energy barriers of the system and thus promote the systemic change (Table 2.3). As
these events and situations take place between the intentional actions of human stakeholders and
the self-organising system development, they can help transition management to identify critical
points and catalytic chains for a change (Tozer et al., 2022). Finally, place-dependent mechanisms
are crucial as they challenge the idea that place or land can be stabilised as circumstances where a
transition takes place. Rather, when a catalyst reaches its functionality through place, it ‘captures’
the place for its functional property, as it were. Consequently, when place becomes a constituent
of catalytic force, it means that any activity in policy, technology and business is simultaneously
placemaking (Ghavampour & Vale, 2019), as well. This finding emphasises place-based conditions
of transitions (Peris-Blanes et al., 2022) and suggests that placemaking can be a fruitful analytic
lens to study urban CE transition in relation to other ideas of urban sustainability.

The analogy model allows various systems approaches to be adopted in research of sustain-
ability transitions. Since the real-life systems are complex and dominated by nonlinearities, it
would be relevant to include system parameters in the analysis, because shifts between variables
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and parameters are common during transitional processes (Haila & Dyke, 2006). For instance,
the city-owned land in Hiedanranta can turn into a spontaneous catalyst or inhibitor and thereby
radically change the system dynamics. Several tensions, including ‘zero fibre problem’, the limited
urban space for CE solutions, potential land speculation in urban regeneration, and the dashed
hopes of civic groups are creating pressures on land use since our intensive case study period.

We argue that the analogy model developed in this chapter has original value in sustain-
ability research, including research focusing on urban CE transitions. We could illustrate only
some aspects of its potential value in this chapter. The analogy model highlights the significance
of catalysts in the acceleration of sustainability transitions, gives analytical depth to a catalyst
approach, and can lead to novel conceptual insights in research. It also differs from two other
models, the ULL and the urban CE ecosystems, that are used to study urban systems under
sustainability transitions. An important point is that an analogy model works only situationally.
Numerous other case studies with different ideas could be done by utilising the four-part analogy
we developed in this chapter. How the analogies work and whether they provide fruitful results
depends on the case. Taking this precondition into account, it may be possible to develop the
analogy model as a methodological tool for a catalyst-based research approach. As presented by
Ketokivi et al. (2017), this requires the accumulation of empirical evidence, critical evaluation
of the results from internal and external perspectives, and a frequent emphasis on the model’s
empirical adequacy, factual validity, and structural soundness.

Conclusions

The analogy model developed in this chapter to support the catalyst approach in sustainability
research utilises the detailed knowledge of catalysis in chemistry. The empirical demonstration
of the model in the context of urban CE gave positive results for its potential in the research ex-
ploring the possibilities to accelerate sustainability transitions. The chapter encourages research-
ers to develop the methodological basis of catalyst-based approaches in sustainability research.
The findings confirm the view that it would be difficult to understand sustainability transitions
without understanding the catalytic force that makes the system change towards a transition state.
Vice versa, it would be difficult to uncover how catalysts work without an empirical examination
of their contextual functioning in real-life systems. The chapter presents the claim that catalytic
mechanisms do not refer to mechanical features of catalysts but dynamically developing contex-
tual properties that make them catalytic. Like in chemistry, while catalysts may have intrinsic
catalytic potential, only suitable circumstances can actualise this potential to support the contex-
tual acceleration of a sustainability transition.
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Urban sustainability transitions are diverse and are based on interconnected changes and shifting
temporal scales. Due to complexity, several research approaches are needed to study them.
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Analogy models can be used to study complicated research objects. In this chapter, the dy-
namic features of chemical catalysis were used to build an analogy model to study urban sustain-
ability transitions and the catalysts accelerating them.

Policy, technology, and business were selected as key catalysts for empirical examination to
study the emergence of urban circularities. This choice demonstrates the fact that analogy models
are always unique, and they can be constructed for specified research purposes. In the studied
case, the basic structure of the analogy model can be further developed by gathering more em-
pirical evidence of its relevance and adequacy in sustainability research.
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Introduction

This conceptual chapter discusses how the construction industry can transform itself into a circu-
lar and low-carbon sector. The construction sector is presently one of the largest waste-generating
industries (O’Grady et al., 2021; Pomponi & Moncaster, 2017; Solis-Guzman et al., 2009) and
producer of CO, emissions (Chen et al., 2022), and one of the largest consumers of raw materials
and energy (UNEP, 2019). Even though it has been noted that the construction sector has a high
potential for the use of circular economy (CE) principles and to create value by exploiting them
(Smol et al., 2015), it is still at an early stage in the transition to CE (Hossain & Ng, 2018). The
sector’s impacts are not limited simply to construction activities but include upstream industries
(raw material extraction and construction material manufacture) as well as downstream indus-
tries (the real estate and housing sectors). Therefore, transitioning the construction sector towards
climate neutrality and circularity is focal for any society striving to transform its trade and indus-
try so that the inflicted burdens do not exceed the planetary bearing capacity.

Moreover, this chapter investigates how circularity on a high level, that is to say the reuse
principle, can be catalysed in the sector. In CE, solutions are favoured that preserve already ex-
tracted material resources in use, thus avoiding further extraction and waste generation. This can
take place either through continued use or through the reuse or recycling of obsolete products.
In Europe, the European Union (EU) has authorised a waste hierarchy stipulating that continued
use should be prioritised over reuse, and reuse over recycling (European Union, 2008). Reuse is
considered to create more value, since existing products and components are retained and put into
new use via factory-refurbishment, remanufacturing, or redistribution; whereas in recycling, the
product/component is reprocessed into a secondary material (den Hollander et al., 2017; Bocken
et al., 2016; Liideke-Freund et al., 2019). However, in the construction sector, only a marginal pro-
portion of construction and demolition waste (CDW) materials is presently directed at reuse as
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construction products in their original function (e.g., reusing a window as a window). Recycling
remains the sector’s business-as-usual modus operandi, and often results in downcycling, mean-
ing that the recycled material will not be applied in structures and purposes equally demanding
to those that the secondary material came from.

This chapter specifically examines the reuse of precast concrete elements. Most construction
is made out of concrete globally, and consequently, concrete also dominates emissions of build-
ing materials and CDW generation. Concrete structures can be either cast in situ or precast in a
factory and assembled on the site. As opposed to in situ casting, the prefabrication of elements
results in components more favourable to reuse, even if most precast elements have not been
specifically designed for disassembly. In Europe as well as in many other contexts, precasting in
factories has been employed since the 1940s (Alonso & Palmarola, 2019). Consequently, coun-
tries have accumulated significant building stocks with panels and other prefabricated elements
with the unlocked potential for reuse.

The purpose of this chapter is to present how, in the construction sector, the CE transition
can take place by the increased adoption of the reuse principle, particularly the reuse of concrete
elements in new buildings (Figure 3.1). Methodologically, this chapter is a conceptual one. Its in-
sights are theoretical and originate from the planning of the Horizon 2020 project ReCreate, short
for ‘Reusing prefabricated concrete for a circular economy’, which runs from 2021 to 2025. The
aim of the project is to facilitate the deployment of the deconstruction and reuse of concrete ele-
ments as technologically and economically viable industrial processes. The focus is on elements
that have not originally been designed for deconstruction. Therefore, this chapter discusses how
the learnings acquired in planning and executing the ReCreate pilot projects in four European

Figure 3.1 Concrete elements deconstructed from the buildings behind them (left). Location: Finland.
A new building made from deconstructed elements (right). Location: Germany. Photos: SH.
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countries — work in progress at the time of writing — can help the construction sector to transition
from a linear to a circular economy beyond the pilots themselves as well as beyond the borders of
the project countries. The project and its approach are multi-, inter-, and transdisciplinary, cover-
ing not only construction and the related disciplines of architecture and civil engineering, but
also the domains of demolition, materials science, environmental impact assessment, economics,
the sociology of work, and regulation and public policy. This approach also allows the display and
discussion of diverse technological, economical, and societal aspects that can catalyse the tran-
sition to a more circular modus operandi in the construction sector. Consequently, this chapter
draws from various disciplinary vocabularies pertaining to the diverse disciplinary fields while
still being positioned primarily within the construction sector research.

This chapter considers CE catalysts as factors enabling the implementation of the reuse to
advance circularity and CE principles in the construction sector. The definition follows that of
Cabell and Valsiner (2011), proposing that catalysts are positive ‘helpers’ that initiate and facili-
tate change processes. Focal catalysts encompass feasible deconstruction technologies and work
processes, robust protocols for verifying the deconstructed elements’ properties and quality, re-
manufacturing processes turning the elements into ready-for-reuse construction products, and
regulation that acknowledges their recertification. It is also noted that key persons in stakeholder
organisations, willing and positioned to ease this transition, can be considered catalysts in their
own right. Moreover, it is considered that an extractable urban mine of a sufficient volume and a
functional circular value chain, consisting of separate but connected operators, are also crucial
for realising the upscaling potential of reuse. In brief, a wide variety of interlinked catalysts are
required to operate simultaneously to facilitate a transition to circularity.

Background

Catalysing a technological transition

The ReCreate approach is inspired by Frank Geels’s (2002) theory on technological transitions,
which builds upon technology studies and evolutionary economics. Geels conceptualises techno-
logical transitions within the context of a multi-level perspective, consisting of a nested hierar-
chy of a socio-technical landscape, socio-technical regimes, and technological niches. Here, the
landscape means a slowly changing context formed by a multitude of wider factors external to
technology, such as (geo-)political, cultural, environmental, and economic structures and values.
Regimes stand for the integrated configurations of routines, practices, and rules of individuals
and organisations, pertaining to both engineers and other involved social groups, such as financ-
ers, regulators, and users of products, etc. The intertwined web of actors, products, and rules in
these regimes create a kind of stability that constrains innovation on path-dependent trajectories,
making any innovation incremental at best. Niches, on the other hand, are environments suf-
ficiently protected from normal market mechanisms that can give birth to radically different
innovations, which characteristically are expensive, low-performing, and unwieldy at first. They
provide room for learning and building necessary social networks to support the innovations,
such as value chains (Geels, 2002).

Niches are embedded in regimes and regimes in landscapes, meaning that novel technologies
are developed in the context of the knowledge and capabilities arising from the existing frame-
work. Often niches emerge from landscape developments to address problems within prevailing
regimes. Geels suggests how radical innovation can break out of a niche into an existing regime
via gradual niche cumulation, that is, by conquering one market or domain after another. For
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a breakthrough to successfully happen though, simultaneous developments in the regime and
landscape are needed that reinforce the process. The landscape level, for one, may transform in
a way that also pressures a regime to change. Tensions, such as differences of opinion, within
a regime may weaken the regime’s stability. In this way, windows of opportunity can open for
new technologies to establish themselves within a regime. Mechanisms for this include techno-
logical add-on or hybridisation, where new technologies pair up with old technologies to form a
symbiosis rather than present a direct challenge. Alternatively, new technologies can ride along
the growth of specific markets in which the new technology is for contextual reasons a better
solution than the existing one. Eventually, such changes can cascade and over time lead to an old
regime reconfiguring into a new one in all of its dimensions (technologies, value chains, policies,
markets, users, etc.) (Geels, 2002).

Catalysing circularity and the move from recycling to reuse
in the construction sector

How then has the construction sector so far shifted towards more circular operations? The sector
is very material intensive (Zimmann et al., 2016), so substantial material streams are both pro-
duced and consumed, and it also results in several side streams and waste generation. Therefore,
the CE and more circular, resource-efficient operations implementing CE principles have been
suggested for solving many of the sector’s environmental problems (Hossain & Ng, 2018; Pom-
poni & Moncaster, 2017; Reike et al., 2018). However, the CE implementation in the construction
sector is following the same biased patterns seen in society. Out of the hierarchical principles of
CE — the so-called R imperatives ‘Reduce, Reuse, Recycle’ — the lowest-level option, recycling,
dominates (see also Ghisellini et al., 2016; Ranta et al., 2018). It is often most easily applicable
to the operators’ own activities. This can also be seen to support Geels’s (2002) argument about
path dependency.

By harnessing the reuse principle in the construction sector and by reusing building compo-
nents, it would be possible to achieve major environmental benefits (Zabek et al., 2017), such
as lower CO, emissions (Cimen, 2021), but also create economic value (Hopkinson et al., 2019;
Stahel, 2016). However, component reuse is a radical niche innovation, and as such it faces resist-
ance from the construction sector regime. Component reuse triggers diverse technical, business,
and societal challenges, such as rising costs, low market demand, and the need to develop reuse
technologies (Densley Tingley et al., 2017; Hopkinson et al., 2019).

The literature has suggested diverse catalysing factors that could advance the implementa-
tion and adoption of the reuse approach in the construction sector. These factors range from the
technical to the more societal: Densley Tingley et al. (2017) propose that digital solutions could be
used to store and retrieve information from surrounding suppliers and reusable materials; market
demand should be initiated, and training and guidance on material reuse should be provided as
well as governmental influence could provide support. Also, many technological aspects, such as
dismantling methods (Hopkinson et al., 2019) and tools for reusability analysis for different parts
of the building (Akanbi et al. 2018), need further development to facilitate reuse in the construc-
tion processes. Solutions are also needed for transportation of the secondary products and materi-
als (Gallego-Schmid et al., 2020). In addition to technical and economic factors, societal factors
are crucial in advancing reuse in the construction sector, because stakeholders’ perceptions of the
risks of material reuse shape the reuse of building components (Rakhshan et al., 2020). It appears
that currently, the implementation of reuse projects has depended on the vision of a few individu-
als in key positions in their organisations (Huuhka et al., 2019).
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The ReCreate concept

Geels (2002) documented how technological transitions may occur with the use of a historical
case study of the transition from sail ships to steam ships. His theory on technological transi-
tions is used to explain how the ReCreate project approached catalysing future technological
transitions. The ReCreate concept (Figure 3.2) is based on a multi-, inter-, and transdisciplinary
approach focused on the collective problem-solving around real-life pilots, both for deconstruc-
tion and for reuse of deconstructed components. The 2021-2025 project takes place in four EU
countries — Finland, Sweden, the Netherlands, and Germany — where at least some prior experi-
ence of precast concrete component reuse exists, and the project covers different building and
element types, including residential, commercial, and industrial buildings and from panels and
slabs to columns and beams. The pilots are deployed as a focal means to research and develop
deconstruction and reuse in an operational environment to identify and work with key issues and
to provide solutions, such as catalysts.

The approach is premised on the idea that the acts and business of construction are at their
core human activities, even though technology is the foundation for human actions. Reuse in
construction requires viable technologies enabling deconstruction, quality inspection and assur-
ance, remanufacturing/factory refurbishment, efficient logistics, and redesign and reassembly.
Nevertheless, we believe that for a wider deployment of reuse, it is important to tackle aspects
pertaining to work, regulation, and business processes, such as acquiring new skills, having
regulation that recognises and justifies (and even supports) reuse, and understanding the business
determinants, and this will be even more important in the long run. In Geels’s (2002) terms, the
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Figure 3.2 ReCreate’s view on disciplinary expertise and the competences needed to transition the con-
struction sector towards reuse. Socioeconomic perspectives (black horizontal) cross-cut tech-
nical perspectives (grey vertical). Existing knowledge on precast systems (white, top) feeds
the research, but also draws from it when it comes to evaluating the business potential at large.
The core substance — studied with the help of real-life pilot projects — is drawn also from for
knowledge sharing (white, bottom).
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Figure 3.3  The circular value chain of reuse from (donor) building to (new) building.

former can be understood as developments within the niche, while the latter denote construction
sector regime changes.

Thus, the next two sections of this chapter will cover both of these aspects. First, the section
‘Catalysing the pilot projects’ reflects how these pilots can be materialised and what kind of
technological, process operational, and other considerations may come into play in the required
technical activities of deconstruction planning, deconstruction, quality inspection, factory re-
furbishment, information management, building design, and reuse in a new building. Second,
the section ‘Catalysing wider adoption’ discusses more societal factors focal for the upscaling
of the novel reuse-enabling technical processes developed in the pilots in the wider construc-
tion industry. These factors include numerous socioeconomic factors, such as 1) learning novel
work processes and skills throughout and at all levels of the value chain (Figure 3.3), 2) the ac-
knowledgment of reuse in regulation, standards, and tendering, 3) business potentials and value
creation and capture mechanisms in deconstruction and reuse, and 4) surveying the potential for
reuse in building stocks. The next section discusses the role of landscape developments and their
pressures on the construction sector regime in creating a window of opportunity for the reuse
niche and the ReCreate project to emerge in the first place. In the concluding chapter, these fac-
tors are discussed as catalysts of different types and reflected on in more detail against Geels’s
(2002) theory of technological transitions.

Landscape developments and regime changes that catalysed ReCreate

The groundings for implementing the reuse principle in modern construction have long existed.
The niche of deconstruction and the reuse of concrete elements has existed since at least the early
1980s, when the concept emerged nearly simultaneously in Sweden and the Netherlands (Huuhka
et al., 2019). Deconstruction and reuse have been studied in Germany since the early 1990s,
through the ‘Stadtumbau Ost’ urban renewal programme. The 2000s were a particularly active
decade with several implemented deconstruction and reuse pilot projects. This created some sort
of potential for a niche breakthrough in the German market, which did not occur. Activities in
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Germany largely wound down by the late 2000s, but research in Finland kicked off at around the
same time. In Finland, the first — and so far the only — Finnish pilot was constructed by 2010. As
in Germany, its construction was connected to a mass housing renewal programme, but the focus
was not yet on sustainable construction or CE.

The 2010s were not particularly active in terms of building deconstruction and reuse research,
but towards the end of the decade, a substantial change in the socio-technical landscape became
noticeable. In the EU, climate change and other impending global environmental crises came to
the awareness of policymakers and the general public, giving rise to calls for low-carbon, carbon
neutral, and circular industries. These calls were reflected in the European construction sector,
which during the 2000s focused almost exclusively on the operational energy efficiency of new
buildings. Towards the end of the 2010s, the industry became aware of the emissions ‘embodied’
in building products (i.e., emissions occurring in their raw material extraction and production),
too (cf. Rock et al., 2020).

Presently, the pressure from the socio-technical landscape is changing the construction sec-
tor regime; new regulation, which requires lower-carbon and more circular construction is being
put into place in the EU. We discuss these regulations shortly, but now point out that pioneering
companies in the sector are establishing sustainability policies and programmes of their own,
which reflects the linkages within the construction sector regime, even appoints towards a transi-
tion. The commitment to these sustainability policies is encouraging individuals in key company
positions to become more open to change and to partner with research bodies to introduce radi-
cal innovation, such as deconstruction and reuse. With public funding, niche environments as
projects can be created; these projects are protected from normal market mechanisms. It is here
that the companies of the deconstruction-reuse value chain can establish relationships and obtain
knowledge that is essential for scaling up from a niche. One example of such public financing is
the EU innovation funding for ReCreate,

Catalysing the real-life pilots via technology (and process) development
Deconstruction planning and practical deconstruction

Donor building

The process aiming at reuse begins with identifying a so-called donor building, made from pre-
cast concrete elements and scheduled for demolition. From this donor building, elements can be
deconstructed. Once a donor building is available, its analysis starts with a pre-deconstruction
audit, under development in ReCreate, which differs from a conventional pre-demolition audit
(European Commission, 2016) by having a specific focus on the reusable components and their
extraction while still fulfilling the pre-demolition audit’s requirements for waste management
purposes. The pre-deconstruction audit is usable not only in identifying the potentially reusable
elements of the donor building, but also in identifying the different potentials of structures and
in directing them towards the highest-quality end-of-life alternatives. Elements or structures not
deemed reusable can still provide high-quality mineral and other non-mineral secondary raw
materials for recycling.

Pre-deconstruction audit

The pre-deconstruction audit can include an assessment of the available construction drawings and
documents, a visual inspection of the building, on-site verification that the available documentation
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matches what was built, and a review of the connections between the elements based on the legacy
drawings. An inventory of the numbers and types of distinctive elements must be made, either as
a list or as an ‘inventory model’ in a Building Information Modelling (BIM) programme. When a
BIM model is used, it can be populated with information gathered throughout the assessment pro-
cess, as we will explain in more detail later. The audit may also want to examine how secondary
fit-out materials are connected to the elements. Inspections to detect possible harmful substances
and to survey the physical condition of the elements, as well as their material and structural proper-
ties, are vital parts of the pre-deconstruction audit (see the next section). In the case of missing or
nonexistent construction drawings, the inventory can be complemented by digital building scan-
ning methods, such as laser scanning or photogrammetry for the entire building, and by performing
digital rebar scanning to detect the reinforcement layout of individual elements.

Deconstruction planning

Based on the inventory and an analysis of the building, structural and practical deconstruction plans
will be made. The structural deconstruction plan addresses the order and sequencing of decon-
struction, including (1) specific locations of cuts and drill holes to be made, (2) the type, number,
and capacity of necessary lifting anchors, (3) measures needed to ensure the structural stability of
the building frame, and (4) labelling the individual elements with unique identifiers to ensure full
traceability of the elements once they leave the building. The practical work plan must state multi-
ple factors: (1) the recommended and alternative methods of harvesting and handling the elements,
including the equipment involved in the cutting, sawing, drilling, jacking, pulling, hoisting, and so
forth, (2) the measures to ensure the health and safety of workers during each stage of the decon-
struction, and (3) site logistics, such as the storage of elements on site, timing of the deconstruction
and transportation, and the weather protection measures of the donor building and elements. In ad-
dition, the practical work plan must state the correct attachment of the physical tracing tags (see the
section on information management), the unique identifier labels, to the elements; once the labels
are attached, they must remain in place until the reuse process is completed. The execution of the
deconstruction may include some on-site testing to see whether the planned deconstruction meth-
ods and handling work are as expected. If necessary, the deconstruction work plan can be revised.

Ensuring the health and safety of salvaged components

Quality management process

In new construction, there are established quality management practices for all building compo-
nents and products. In the case of the reuse of deconstructed building components, the quality
management process must be created. The quality management and authorisation process pro-
posed in ReCreate consists of several steps (Figure 3.4). This process covers the whole value chain,
starting from the pre-deconstruction audit (see the previous section), to condition investigation

Pre-deconstruction audit
Inventory of elements

Harmful substance investigation

Structural condition investigation

Demands from new build:
e Structural analyses
Factory refurbishment

Deconstruction
planning &
deconstruction

Approval &

authorization

Figure 3.4 Quality control and authorisation process.
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and deconstruction, to factory refurbishment/modification, testing, and reassembly (reuse). All
the phases must be well-documented to ensure the quality of the reused building components.

While in use, construction materials and structures can deteriorate in several ways: they can
be exposed to the outdoor climate, overloading, or harmful substances, such as asbestos. Damage
to the components can also occur during deconstruction, transportation, storage, or reassembly.
The possible presence and impact of deterioration and harmful substances can limit or prevent
reuse and must therefore be determined before informed decisions about the deconstruction and
reuse of building components can be made. This information will be acquired through a harm-
ful substance investigation and a structural condition investigation. As much of the assessment
and testing as possible should be performed before the deconstruction to avoid deconstructing
components that have no residual value left. These investigations are considered an essential part
of the pre-deconstruction audit.

Harmful substance survey

A harmful substance survey conducted according to standardised procedures (e.g., found in RT 18-
103501, which communicates the industry best practice in Finland) will help identify the presence
and amounts of polychlorinated biphenyls (PCBs), asbestos, absorbed hydrocarbons, lead traces
from panel seam sealants, mould in the insulation, etc. The survey starts with tabulated informa-
tion, given that the products used in the building can be identified and are well-known (e.g., certain
asbestos-containing flooring and insulation products). Unknown materials and hygrothermally sub-
optimal structures prone to mould growth must be sampled and studied in an accredited laboratory.
A risk assessment reviewing past functions of the building helps to identify potential contamination
from the building’s use, such as the risk of hydrocarbons leaked from machinery and absorbed into
concrete during industrial use and is an aid in determining the locations and numbers of samples for
laboratory testing. A similar procedure applies to mould growth—prone structures.

Structural condition investigation

A structural condition investigation, following current best practices (Lahdensivu et al., 2019),
will help to identify the presence of weather or use-induced deterioration, and aids in the trac-
ing of mechanisms behind deterioration. Typical deterioration of concrete structures includes
carbonation-induced corrosion of reinforcements in structures exposed to the outdoor climate,
and structural freeze-thaw damage, which can be found in cold climates. Moreover, chlorides in
coastal areas and alkali-aggregate reactions may deteriorate concrete structures. The structural
condition investigation will provide first, an estimation of the remaining service life of the struc-
ture under investigation in the present or planned new environment, and second, an estimate of
the service life if different types of refurbishment measures are undertaken on the structure.

Factory refurbishment and legal confirmation

Material properties

In addition to damage and degradation, it is essential to uncover the essential material and struc-
tural properties of the elements to define their load-bearing capacities and other functional speci-
fications as a part of the refurbishment process. The properties of deconstructed elements and
their materials can be uncovered with the help of laboratory tests. Most of the tests are standard-
ised (European or national standards) and can be adapted for this purpose. Construction materials
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are typically inhomogeneous, meaning that their properties can vary significantly. Therefore,
the number of samples must be large enough to ensure that the components are safe to reuse. The
planned reuse will influence which material properties of the elements should be studied. The
tests will typically include the compression strength of concrete, E-modulus of concrete, E-
modulus of steel bars, tensile strength of steel bars, freeze-thaw resistance of concrete, porosity
of concrete, and carbonation depth of concrete.

Structural properties

Based on the material properties, the properties of the structures will be determined first by cal-
culations and, if necessary, by testing a sample of elements on a 1:1 scale to verify the results of
the calculations. The most relevant structural properties the calculations will determine are the
bearing capacity of the structure, the durability properties (remaining service life) of the struc-
ture if the exposure class changes in reuse, functionality and bearing capacity of connections
and lifting anchors, fire resistance of the structure, and cover depth of steel bars. In the case of
virgin elements, testing standards often define how many samples should be tested. When such
standards are applied to deconstructed components, the number of tested elements needs to be
determined on a case-by-case basis according to statistical studies to reach a predefined safety
factor (such as 95%).

Refurbishment measures

Structural elements may be damaged from overloading or become damaged during deconstruc-
tion and/or transportation. These structural damages are defects, and must be examined on a
case-by-case basis as a part of the factory refurbishment process before the elements can be
approved for reuse. Suitable examination techniques are strongly dependent on the type of de-
terioration of the elements. The simplest examination is a visual inspection of the element for
cracks (width, length, and location in the structure) and based on these findings, deduction of the
meaning of cracking, the need for repair, and viable repair techniques. Furthermore, there may be
a need to resize the elements at the factory to the new, desired dimensions, to strip coats of paint
off surfaces, or to retrofit new connecting devices if the original connecting devices have been
cut during deconstruction. It may also be necessary to verify the performance of the new retrofit
connections through 1:1 testing, in addition to calculations.

Legal confirmation

As the final step, the proposed factory refurbishment process encompasses a framework for le-
gal confirmation that addresses the issue of liability. It builds upon existing construction prod-
uct certification frameworks, such as the CE mark (Conformité Européenne), and associates the
refurbished element with a quality class, which defines the element’s suitability for different
applications.

Managing information digitally in the reuse supply chain

Need for information management

As the previous sections illustrate, the deconstruction-reuse process is an information-intensive
one. When compared to relatively homogenous virgin production, the required information is
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much more fragmented, and even element specific, since a singular element’s location in a build-
ing may have influenced its current characteristics (e.g., via degradation). Thus, effective man-
agement of the information through digital workflows is essential to facilitate reuse. Ideally, BIM
could be used in the future to create, store, and share structured data that various actors of the
supply chain can use.

Building information modelling and digital twins

Design authoring software can be used to create templates for the digital models of the various
types of building elements. The templates will define the necessary information regarding geom-
etry, attributes, classification, and relations to other objects. The digital template can be used to
create a digital instance, a digital twin, of a physical building element. This digital twin can be as-
sociated with data from the various stages of the supply chain, such as the pre-deconstruction au-
dit, deconstruction, quality management, design processes, and factory refurbishment. The data
may entail, for instance, measurement data from 3D scanning, data from material and structural
testing, or environmental data related to the element’s embodied CO,. The data may also include
historical information, such as building project-specific data or data from the original producer.
The data will be of various formats from different software and may have to be captured with
devices such as scanners, sensors, laptops, or mobile phones. Effective workflows for data ex-
change will require interoperability so that different actors and software can share data without
the loss of information. Furthermore, it would be ideal if the data exchange would be automated
as opposed to a manually uploaded and downloaded event. Workflows will also have to take into
account the conversion of documents into structured and machine-readable data.

Data sharing requirements and current status

While proprietary software platforms will, in some instances, be necessary to create the digital
twins of elements and the associated data, it is important that the information can be shared with
a standardised data model, on vendor-neutral and open file formats, such as the Industry Founda-
tion Class (IFC) format. Access to the data should be ensured with a common data environment
(CDE) that is a central online data depository. The CDE should offer the possibility to control
access to the data and authorisation to manipulate data while keeping a ledger of transactions.
Construction sector CDEs can store any form of electronic data and are commonly equipped
with special features for viewing 3D models and for the sharing of BIM models. In addition, a
CDE for reuse must contain documentation of the donor building, including drawings, listings of
relevant building codes and standards, and the documentation of design values, such as material
and structural properties. As deconstruction and reuse increase as a practice, the CDE must be
equipped to make the selected data available for real-time publication in existing and future digi-
tal marketplaces and material passport/urban mining portals. Today, these services often contain
minimal product information on deconstructed components and lack details that are essential for
reliable quality management and reuse.

Tracing

Either Radio Frequency Identification (RFID) or Quick Response (QR) is used to tag individual
physical precast concrete elements and to connect each of them with their respective digital twin.
The RFID or QR tag, attached to an element’s fabric before a building’s deconstruction, will
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help track the element throughout the logistic processes from deconstruction to reuse. It will also
provide a link for up- and downloading data related to testing, refurbishment, and retrofitting
processes into the digital model.

Designing and building with reused components

A reverse design process

The design of buildings and structures with reused elements turns the whole design process
upside down. Conventionally, a design team of architects and engineers develops a building de-
sign, which fulfils the given boundary conditions for the building, site, and its use. Based on that
design, all the required architectural and structural elements are made to measure. By contrast,
to reuse deconstructed components, the redesign team must work with a given stock of exist-
ing building elements, which should be employed in the new building configuration. This new
constraint will influence the scope of work and roles of the design team members and induce a
greater need for collaboration.

Design parameters

To facilitate the reuse of existing elements in a new building design, a clearly defined framework
of design parameters is necessary to support the design process. Apart from the most obvious,
such as the geometry or material properties of the elements, there is a long list of more detailed
essential technical information, including but not limited to the amount of steel reinforcement in
the elements, the layout of the reinforcement, and potential degradation due to environmental ex-
posure that a structural engineer will need to know. Based on these factors, as well as knowledge
of the intended new use, the necessary factory refurbishment measures can be defined.

Connectors

An important aspect influencing the redesign process is the type of connections between the
elements. Ideally, the existing connections between the elements can be opened and, given that
their performance can be verified, used again to connect elements to one another. In reality, many
connections may need to be cut or will be damaged during the deconstruction, so innovative con-
nectors, preferably designed for disassembly (DfD), should be developed for future use and reuse.

Assigning existing elements to a new design

When a design team attempts to fit an existing stock of elements into a given new design, a per-
fect match is unlikely to occur. If needed, some dimensions of elements may be changed during
the factory refurbishment process; for instance, hollow-core slabs may be shortened. Elements
may usually not be substantially lengthened, though, and not all elements can be shortened,
such as pre-tensioned elements. Thus, viable ways to compromise between the elements and
the design are essential. Different design approaches will offer different possibilities, such
as conventional tacit knowledge-based design, digitally optimised design using parametric
modelling and BIM tools that draw element information from a digital database (CDE), and
the application of artificial intelligence (AI) and neural networks in supporting the designers’
decision-making process.
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On the construction site

If the elements are factory-refurbished, the reuse may not differ substantially from building with
virgin elements. In certain instances, larger tolerances between elements than in new production
may need to be accepted. In other words, the dimensional deviations between individual ele-
ments may be greater than in virgin production, which may have a slight slowing impact on the
assembly work.

Catalysing the wider adoption of reuse via societal and business development
Changing work processes need people to acquire new skills

Work as a material process

As described previously, building from salvaged elements differs inherently from producing,
designing, and constructing with virgin materials; this difference is also reflected in human
work and professions, as well as in work activities and methods. As the value chain is different
throughout, so are the practical work activities within it; new professions may emerge, or at least
the parties involved may need new or updated work skills. In sociology, the concept of ‘work’
can be defined as the activities that people undertake to achieve a goal; they do not just follow
instructions, but the workers must use their judgement and skills to make decisions to take inde-
pendent action (e.g., Wisner, 1995, as cited in Deranty, 2009, p. 70). This includes the interactions
of the workers, such as the architect, engineer, or construction worker, etc., with objects, tools,
machines, and technical procedures (Deranty, 2009). The translation of deconstruction and reuse
from merely an idea into material work processes that are integrated and scalable is focal for the
wider deployment of the ReCreate approach.

New tasks and processes for deconstruction

Deconstruction calls for new work methods because it is different from demolition and prede-
signed disassembly. Prior to deconstruction, a deconstruction plan must be accepted by a regu-
latory body that usually serves as the issuer of the demolition permit. As already described,
this deconstruction plan details the phases of the process, including risks to work safety. Since
deconstruction has implications for the structural integrity of the donor building, it may be
necessary to provide additional calculations on the dynamic stresses that may occur during
deconstruction. These can to some extent be nonstandard calculations, which may demand new
or updated skills from the construction engineers as well as from the authorities evaluating the
plans. When deconstruction and reuse are still at such an early phase, there may be differences
in viewpoints between construction engineers and demolition experts. Since deconstruction is
neither traditional destructive demolition nor pure construction in reverse, methods may need
to be combined from both disciplines to successfully deconstruct a building. In principle, ex-
isting tools and skills can be deployed, but they must be reconfigured into new work processes
that workers must learn. An inventory of a donor building’s precast elements and an engineer’s
structural deconstruction plan are translated by the deconstruction firm into practical steps to
retrieve the elements from the donor building, where the feasibility of the deconstruction and
compliance with work safety regulations are assessed. This may also require the deployment
of new tools or parts.
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New workflows and data needs in building design

Similarly, redesign using salvaged prefabricated concrete elements is another part of the circular
value chain that is affected. The tools used in building design are intended first, for designing
building elements that will be made-to-measure, though following the manufacturers’ guidelines
for their characteristics, and second, for incorporating standardised, off-the-shelf building parts
and materials into the design. Acquiring building elements through deconstruction can result in
nonstandard dimensions and other characteristics of elements, even if the elements may be of suf-
ficient quality and be shown to comply with regulations. Therefore, the digitalised workflows in
today’s building design call for accurate data of salvaged elements — such as the dimensions and
results of the quality assessment of each individual element — to be available for use in the BIM
tools. The circular value chain must be prepared to feed this information to custom BIM libraries
of deconstructed and/or factory-refurbished elements in order to connect with the construction
sector’s digital planning environment. In a practical sense, this includes data for logistics as well.

Updating skills through education

Circular construction, such as the reuse of elements, may give rise to new or updated professions
as construction education is reformed at all levels. These professions combine knowledge from
various fields necessary to work in the circular construction industry. While new work processes
in deconstruction and redesign can facilitate or improve one project at the time, education reform
can have a generational effect. A further impact can be expected to take place in the labour mar-
ket. In order to prevent a sharp division of workers according to circular skills or the lack thereof,
practising construction workers should be encouraged to update their skills with the help of spe-
cific occupational schooling. This is crucial, as policy reports in various countries have identified
shortcomings in human capital as a factor preventing the transition to CE-based construction (see
Burger et al., 2019 for an analysis).

Recognising and justifying reuse in construction regulations,
standards, and tendering criteria

Nexus of various regulations

The implementation of reuse in construction requires developments also in diverse regulations
and standards, which shape how the construction sector can operate and what technologies, pro-
cesses, etc. are considered appropriate. Deconstruction and reuse will have to operate in a regula-
tory nexus of work safety, waste, and construction regulations. In terms of work safety, present
regulations will apply and good practices can be drawn from both demolition and construction.
Waste regulation should not, as a rule, come extensively into play, since deconstructed elements
are not waste but products to be refurbished and reused (Zhu et al., 2022) — though there may be
regional differences in the regulations as well as their interpretation. Construction regulations
are those most likely to be disrupted by reuse.

Focal construction regulations

Reusing components is in principle an act of new construction, so it must comply with construc-
tion standards and regulations that have been set, among other things, to ensure buildings are
safe and healthy to use. In the EU, where ReCreate is located, some of this regulation is EU-wide,
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such as the Eurocodes (European Commission, n.d. a) for structural calculations and the Euro-
pean construction products regulation (European Commission, n.d. b), and some of it is national,
regional, or even local, such as building laws and codes. In general, building codes in most
places can be expected to contain some kind of special provisions that enable the development
of and experimenting with new innovative solutions. While such provisions enable pilots to be
constructed, it is essential that the solutions of circular construction, such as reuse, eventually
become acknowledged in regulations, as perhaps different but equal (or eventually more prefer-
able) to virgin material-based products.

Navigating construction regulations intended for virgin construction

There is no a priori reason why reclaimed materials and components could not comply with pre-
sent standards and regulations. However, the fact that regulations have usually been written from
a virgin material-based viewpoint may cause confusion about how reclaimed elements should be
dealt with. It is fair to expect that additional testing and provision of extensive information may
be required, as previously outlined, to evidence conformity with the requirements. However,
in the absence of established and officially acknowledged standards and good practices for this
process, individuals acting in the role of authorities may be reluctant to be among the first to clear
such procedures for use. This is connected to the need to acquire new skills, as explained in the
previous section, not only by the professionals in the deconstruction-reuse value chain that are
producing the documentation about the elements, but also by the authorities that are tasked with
evaluating whether the evidence is sufficient and convincing.

Construction products regulation

The European Construction Products Regulation (European Commission, n.d. b) pertaining to
the CE mark is a good example of how the lack of acknowledgment of the existence of reused
products and clear rules and processes fit with ensuring their characteristics can hinder the wider
deployment of circular construction. The regulations, based on a European statute and European
harmonised product standards, are intended to remove barriers of trade within the European Un-
ion. While the regulations are EU-wide and directly imposed, and as such in theory not subject
to national interpretation, whether and how they apply to reuse has still been interpreted differ-
ently in different member states due to the fact that reuse has not been explicitly addressed in the
statutes and standards written exclusively from a virgin production perspective. It is worthwhile
noting here that construction standards and regulations are usually devised in collaboration with
industry expert panels. While it makes sense to deploy the expertise of the sector in law- and
policymaking, the practice can also become a hindrance to circular construction in that some
of the sector’s major players, which exercise primarily virgin material-based business, may be
incentivised to obstruct the clarification of regulation.

Environmental assessment regulations

European standards, if not yet regulations, also exist for the evaluation of the environmental
footprint of building products and whole buildings, as we will discuss in more detail in the next
section. Presently, regulation is national (where it exists), so the form and requirements vary by
country. The EU can nevertheless be expected to move in a direction where environmental re-
quirements may eventually be imposed on buildings and building products at the EU level, even
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if only some of the member states, such as the Netherlands, have already enforced regulation
at the national level. Stricter environmental requirements for building projects could be strong
incentives for more circular construction, but robust evidence of reused components’ environ-
mental performance and rules of how to treat them in Life Cycle Assessment (LCA) should also
be established.

Tendering criteria

In addition to regulations and standards, well-informed building owners and commissioners of
buildings, both public and private, have the potential to encourage more circular practices with
their tendering criteria. Quality-based tendering criteria can be devised both for demolition/
deconstruction and construction bids to reward bidders who aim at higher reuse rates as opposed
to conventional low-quality recycling.

Demonstrating the environmental benefits

Environmental benefits make up one of the most substantial arguments in favour of scaling up
reuse. In previous projects, it has been demonstrated that the reuse of precast concrete elements,
such as floor slabs and walls, can save energy by 93-95% and reduce greenhouse gases by 95—
97% (Mettke, 2010).

Requirements emerging in regulation

The quantification of a building’s environmental performance has so far been practised on
a voluntary basis with certification frameworks such as BREEAM, LEED, BNB, etc. How-
ever, with the new European Green Deal growth strategy, the EU aims to transform into an
economy with “no net emissions of greenhouse gases in 2050” where “economic growth is
decoupled from resource use” (European Commission, 2019). The Netherlands has required
environmental assessment in building permits since 2013 (Staatsblad, 2011). Finland, Sweden,
and Norway will soon mandate submitting a whole-life carbon assessment with a building
permit application as a part of their target to achieve carbon neutrality in the building sector
by 20302035 (Kuittinen & Hékkinen, 2020). Germany aims to achieve this goal by 2045
(Bundes-Klimaschutzgesetz, 2019) with the help of a holistic sustainability assessment with
not only ecological but also economic and social aspects (Bundesministerium 2019). The Neth-
erlands has coupled CO, with circularity and, like the EU, aims at carbon neutrality by 2050
(De circulaire bouweconomie, n.d.).

Environmental assessment methods

The environmental impact of products, including buildings, can be measured in a quantitative
and objective fashion with the help of LCA. The EU is presently developing EU-wide user-
friendly tools for assessing the environmental footprint of buildings based on the LCA, such as
the Level(s) framework (Dodd et al., 2017). A full LCA consists of “a compilation and evaluation
of the inputs, outputs and the potential environmental impacts of a product system throughout its
life cycle” (ISO-14040, 2006). The LCA relies on Environmental Product Declarations (EPDs).
To conduct an LCA for whole buildings in the design phase, a database of the EPDs of the used
construction products and materials is needed.
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Environmental product declarations for reused products

Currently, there are no EPDs for reused products; their environmental impact is assessed on a
case-by-case basis. The development of EPDs for the main range of reused precast concrete ele-
ments, which is a task within the ReCreate project, should be a catalyst for the implementation
and acceptance of the reuse of such elements. The availability of the EPDs will demonstrate the
benefits of reuse to clients, architects, and other professionals involved in the LCA of buildings
that are looking for ways to lower their environmental impacts — not only energy and emissions,
but also the use of virgin materials, natural land (especially gravel and sand extraction), and land-
fill land (by avoiding construction waste). An environmental advantage quantified with the help
of an LCA, through EPDs, will result in higher scores in buildings’ sustainability certificates,
regardless of the certification system.

Uncovering the economic value of reuse for construction businesses

Creating and capturing economic value through business model and
value chain development

While regulation, as discussed previously, can soon start to encourage reuse on an environmen-
tal basis, the ReCreate approach has also encouraged diverse companies to learn how to create
and capture economic value and make business from the reuse of concrete elements. These may
entail, for instance, putting the company’s sustainability strategies into action, developing the
business model to also include reuse-based services and/or products, strengthening brand value
gains, as well as serving new sustainably oriented customer segments better. As construction-
sector companies are networked and form value chains, companies can also perceive the eco-
nomic value arising from the sustainability shift of the whole industrial value chain, where the
projects and material flows are designed to be more resource saving and efficient with less waste
and emissions. To encourage companies in this direction, it is essential to uncover what the busi-
ness and economic aspects are that can catalyse reuse and particularly concrete element reuse
in the construction sector, and what determines the economic value creation and capture (see
Hopkinson et al., 2019).

Business potential arising from innovations

The novel technological methods for deconstructing, factory refurbishing, and building out
of reused elements can create novel, innovative business potential for the diverse companies
that are involved in ReCreate’s pilot projects, as well as for potential new entrants. The busi-
ness potential that drives change in companies’ businesses is grounded in different types of
innovation (Aarikka-Stenroos et al., 2021). The business potential can entail technological in-
novations, such as software for inventory modelling or hardware for deconstruction; product
innovations, such as factory-refurbished elements that can replace virgin products; and service
innovations, such as pre-deconstruction audits, quality assurance and certification services, or
redesign services, just to name a few examples out of the value chain demanding expertise and
competencies. In other words, the reuse of concrete elements necessitates diverse companies to
operate in the circular construction value chain. However, it also requires substantial develop-
ment, change, and innovation from them to enable efficient, safe, and functional flows of reused
elements, which then enables the emergence of economic value. This implies both new compa-
nies, with new specified products and services that are needed along the reuse-implementing

58



Recreating the construction sector for circularity

construction process, but also updating existing businesses, which can modify and even renew
their way of operating in general.

Cost management in the value chain

Because the construction process with reused elements is still unconventional and not ‘business-
as-usual’, cost management throughout the value chain is crucial for business to capture value
and ensure optimal cost savings from reuse and to even create profits. From deconstruction to
assessment to factory-refurbishment to reuse, process innovations can shape critically whether
risks and costs are realised. For example, safe work methods can diminish risks and impact costs.
Several factors, such as pre-deconstruction audit methods, inventory modelling of the donor
building, efficient and smart deconstruction methods, and optimised storage and logistics for
elements, determine how well the reuse process can be planned and optimised in advance and to
progress as planned.

Ensuring economic benefits for all companies in the value chain

To capture economic value from reuse, the economic benefits should be aligned among all key
actors/companies in the value chain. This includes, for example, the owner of the donor building,
the deconstruction contractor; technology and design consultants, such as structural and envi-
ronmental engineers and architects; the precast concrete manufacturer; the building contractor;
subcontractors; and the client. Some tasks, such as deconstruction — implemented as planned in a
controlled way — can determine the quality, amount, and type of harvested elements, thereby in-
fluencing how much economic value the other actors can capture after deconstruction and create
out of the harvested elements. For one, the better the physical condition of an element is, the fewer
factory-refurbishment measures are needed. Also, performing an inventory of the donor build-
ing using digital building information modelling may enable the whole value chain and its actors
to do their tasks in a well-planned manner, which has direct implications for the value capture
potential. For example, the quality of the data on the elements deposited in the donor building
influences how fluently deconstruction, logistics, factory-refurbishment, and architectural and
structural design can be planned and executed.

Different pathways to create economic value from reused concrete elements

The reuse principle can be implemented in different ways to create value from concrete elements
in circular construction (Riuttala, 2022). First, concrete elements may be salvaged with the inten-
tion of reusing them in demanding applications, which require high-value components equal to
new components. To correspond to the quality and safety requirements dictated by the design
of the receiving building, elements must be carefully selected in donor buildings and factory-
refurbished to the extent that they are comparable to virgin products, tested, and certified. This
allows the building contractor to gain brand value and possible tax incentives from reuse without
the risk related to product quality. Another value creation pathway builds on finding secondary
applications for salvaged elements, such as in less demanding buildings or in infrastructure con-
struction (e.g., noise barriers or retaining walls). Here, the key is to find a cost-effective solution
for building contractors to gain use value from existing elements without needing to resort to
heavy testing and validation processes. The owner of the donor building may also retain the ele-
ments for use on the same site, or the demolition contractor can choose to resell or donate them
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directly for reuse. In addition, reuse can be combined with recycling to strive for the highest
achievable level of upcycling and material reutilisation.

Creating and sharing precast concrete knowledge

Building stocks as urban mines of elements

For companies to capitalise on the potential of reuse across the EU, there is a need to understand
how large reserves of elements could be available in the “‘urban mines’ of building stocks. Al-
though the global prefabricated housing production built during the post-World War II period has
been estimated to contain 170 million flats with five billion square meters of space, there is no
single and reliable source that has managed to collect and map the vast amounts of prefabricated
concrete used in the European post—-World War II period (1945-1989) or in the more recent past
(1990-2020) (Alonso & Palmarola, 2019). Similarly, there are no reliable or unified sources iden-
tifying where these buildings are located in Europe. The documentation and historical records
of the prefabricated concrete construction sector from the post—World War II period has proved
weak or, in some cases, simply missing. Even if one had a more precise quantitative analysis of
where, when, and how the precast concrete elements were built across the European continent,
the possibility to apply the deconstruction and reuse methods created in one context in another
depends on the types and details of the precast systems.

Classifying precast systems and elements

To meet the aforementioned challenges, ReCreate aims to create new, detailed, and integrated
knowledge of precast concrete through an analysis and classification of past and present precast
construction systems and their elements. Many different sources will be consulted, such as cur-
rent historical research on the subject, literature, public and private archives, industrial partners’
archives and employees, and building case studies. There are also regional differences that shape
the business potential for concrete reuse, and it is crucial to capture this knowledge in order to
increase the reuse of elements in all of Europe. Therefore, ReCreate’s aim is to establish an open
database, in line with the EU’s goals for open data, for precast technologies (roughly from 1945
to today) to identify, order, and create a taxonomy of relevant building, component, and connec-
tion types.

Taxonomy and database to aid decision-making

The taxonomy and database can be helpful in upscaling the reuse of prefabricated concrete in
that — much like a bird-watcher’s guidebook —they can help spread general and specific knowl-
edge of reuse potential to building sector professionals and so help them make informed judg-
ments of singular buildings they may encounter. For example, contemporary planning processes
do not take reuse into consideration and often, if not always, disregard the reuse potential in the
existing buildings on the site. They are seen as refuse rather than a resource. The taxonomy can
be helpful for planners by raising and answering the following questions: (1) Is the specimen in
question a rare instance that needs to be protected? (2) Is it rather a well-documented, common
building system that already showcases a track record of successful reuse? or (3) Does it con-
tain elements that are likely to be constructed using nonhazardous substances and robust struc-
tural capabilities? For other professionals, such as structural engineers or architects that may be
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commissioned to inventory a donor building’s elements, the taxonomy can provide a framework
for the classification of the elements and, in the database, digital twins of the elements in 3D to
ease the documentation process.

Appreciation generation through knowledge creation

By sharing precast concrete knowledge across Europe, ReCreate aims to promote a more posi-
tive understanding of the existing building stock from the post—-World War II period. This era is
largely misunderstood; its buildings are seen as something negative, even vilified. Presently such
buildings are all too often slated for demolition far before their technical life has ended. A more
widespread and better knowledge of their historical origins and contemporary reuse potential
could help contribute to a more sustainable and circular construction sector.

Conclusions

This chapter proposed how the circular economy transition can be catalysed in the construction
industry. This chapter has focused on a high level of circularity, that is, the reuse principle, us-
ing the deconstruction and reuse of precast concrete elements as its example. Drawing from the
ReCreate project, the chapter has identified a spectrum of aspects that need to be catalysed to
implement an industry transformation, ranging from novel technologies and processes needed in
deconstruction and remanufacturing, reuse-oriented design, information management through
digitalisation, to work and skill development, regulative development, and business model and
cost management development. Conceptually, the chapter used Geels’s (2002) multi-level per-
spective of technological transitions as a theoretical framework to discuss catalysing circular
construction transition. Changes in the socio-technical landscape, mainly the political drive to-
wards a low-carbon and circular society, have opened up a window of opportunity in the present
time for reuse to break out of its niche, since there is pressure for the construction regime to
change. Figure 3.5 illustrates these linkages.

/ GLOBAL CLIMATE & ENVIRONMENTAL CRISIS LANA

DECARBONIZATION CIRCULAR ECONOMY SCAPE
ﬂVORK ESTABLISHED  VALUE DEMAND VIA \
PROCESSES KNOWLEDGE CHAINS RENEWED DEMONSTRATED

& SKILLS & EDUCATION & BUSINESS REGULATION PERFORMANCE | REGIME

PILOT WORK  PILOT PILOT EXPERIENCES PILOT GHG NICHE
PROCESSES  KNOWLEDGE VALUE & PROCESSES EMISSION
QSKILLS CREATION CREATION  IN PILOTS REDUCTION /

Figure 3.5 Catalysis of a reuse transition in the construction sector, conceptualised in Geels’s (2002)
framework.

Source: The authors.
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This chapter first explained a wide variety of different aspects that need to be catalysed in
order to make deconstruction and reuse happen in the context of pilots in the current niche, and
second, needs for more general developments in the socio-technical regime to take place for
the approach to spread and gain ground beyond the piloting phase. These needs entail not only
key process steps and necessary tools and technologies, but also changes in behaviours and
social institutions, such as knowledge, education, and regulation. Thereby, the key contribution
of this chapter is in the analysis of the two main catalyst types, namely technological/design
catalysts and societal/business catalysts, which interact in different temporal dimensions, the
former being imminent targets and the latter more long-spanning goals of CE and here, in
particular, circular construction. Figure 3.6 synthesises the various catalysts necessary for the
sectoral change.

In terms of catalysts for pilots, manual tools are essential to make deconstruction and reuse
feasible in practice, and digital technologies can be focal for ensuring a smooth and cost-efficient
process. Nevertheless, the question is not of totally novel and unforeseen hardware or software.
Rather, existing tools and technologies, developed for a different context, are applied on the de-
construction-reuse value chain in a novel process and adapted for this specific use. For instance,
the quality inspection of elements can draw from the condition investigation of buildings; the de-
construction of elements is informed by the decommissioning of industrial production lines; and
the logistics of elements can capitalise on the tracking of products in other industries, to name
just a few examples. Making the existing tools even more suitable for deconstruction and reuse
requires an evolution in practice. Building Information Modelling (BIM) is a good example: the
existing BIM software is optimised for new production but could be adjusted for donor building
inventory modelling and for design using reused elements with the help of add-on software and
real-time object libraries available online. These notions match Geels’s (2002) argument that
regime transitions are rather gradual reconfigurations than sudden in nature.

Consequently, process innovations are at the core of the reuse transition, for both the pilot
projects and the wider deployment. This includes not only practical design and production/
construction processes and rules but also regulatory ones and how construction is managed as a
business. Demolishers, architects, and engineers need to reconfigure their skills into novel work
processes throughout the value chain in order for the sector to come up with new services, such as
deconstruction, quality inspection, and design services out of reused elements. The same applies
to element manufacturers and their new products, such as quality-assured factory-refurbished
elements. The change of the socio-technical landscape is already manifesting at the regime level
in building codes and company policies striving for carbon neutrality and circularity. Riding
along this wave, there is now a chance to demonstrate the environmental benefits of reuse, have
it acknowledged in legislation and incorporated in relevant education providers’ curricula, and
to uncover how to extract economic value from it. This applies not only in ReCreate’s piloting
countries but beyond them; necessary changes to the regime can be intentionally catalysed by
sharing knowledge openly.

While ReCreate’s pilots examine how to add on and hybridise with other sustainable construc-
tion methods, expanding into other markets beyond the project will be decisive as to whether, in
Geels’s (2002) terms, a successful niche-cumulation of reuse will lead to a transformed construc-
tion sector across Europe. The need for the construction industry to change is global, though. As
concrete is the most used construction material in the world and the use of precast elements is
also globally widespread, many practical contributions drawn from ReCreate’s pilots will likely
be applicable on other continents, too. Moreover, in contexts where other materials and forms of
construction are more prevailing, the general framework presented in this conceptual chapter

62



€9

Technology and construction process development

(De)construction & design Digital technologies

Information & data for reuse
Data on elements
Building information modelling
Data sharing and management
Tracing the elements

Deconstruction for reuse
Suitable donor buildings
Pre-deconstruction audit
Deconstruction planning
Deconstruction

Safety of reuse

Business development

Companies’ and value chains’ development
Companies’ business model development
Value chain modifications to enable reuse
Cost management and economic benefits

Optimizing the economic value of element reuse
Innovations needed

Work safety of deconstruction
Harmful substance and structural
condition investigation

Material and structural properties
Quality control and authorization

Refurbishment for reuse
Examination and selection,
cutting, retrofit connectors,

certification

Designing and building for reuse
Designing refurbishment measures
Reuse-oriented building design
from existing elements
Integration with design tools
Connecting elements

Environmental impact assessment
Requirements for buildings
Environmental assessment methods Construction products regulation
Environmental product declarations

Social and societal development \

Knowledge creation and sharing
Suitable donor buildings in the
building stock at large
Reusability potential of different
types of elements
Tendering criteria for reuse
Education of workforce

Changing work and skills
New tasks and routines
New work flows
New or updated skills,
education of workforce

Regulation for reuse
Work safety regulation
Waste regulation
Construction regulation

Interpretation of regulation/

_~

Figure 3.6 Diverse catalysts needed to transition the construction sector towards reuse.

Source: The authors.

AJADINDA1D A0 401D UOIINAISUOD dY] SUIIDIAIIY



Satu Huuhka, Leena Aarikka-Stenroos, Jukka Lahdensivu, et al.

may still be used as a tool for catalysing the construction sector’s sustainability transition, even
if other types and methods of circular construction are to be catalysed.

Funding

The ReCreate project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No. 958200.

Educational content

What categories of catalysts can be identified for a circularity transition in the construction sec-

tor? Name a few catalysts for each category and discuss their nature, role, and significance.
Considering the intertwined nature of factors in socio-technical regimes, such as the construc-

tion sector, reflect and elaborate on the potential linkages of a singular catalyst to other catalysts.
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CATALYSING THE TEXTILE
INDUSTRY TOWARD A
CIRCULAR ECONOMY

An ecosystem approach
Olga Dziubaniuk, Leena Aarikka-Stenroos, and Eeva-Leena Pohls

Introduction

‘Circular economy’ (CE) is an umbrella term and paradigm referring to CE models and circular
processes in industrial structures that enable a reduction in the use of natural resources and the
generation of waste by adopting the principles of recycling, reuse, and reduction to increase cir-
cularity (Geissdoerfer et al., 2017; Murray et al., 2017). High environmental impact industries,
such as construction, textiles, and food have begun to initiate changes toward more circular oper-
ations (e.g., Fischer & Pascucci, 2017; Franco, 2017; Hossain et al., 2020). However, these changes
can be difficult to implement as a rapid shift to circularity-enabling technologies and adoption
of CE business models can disturb conventional business and operation processes, including
related value chains, and demand changes in collaboration and competition (Aarikka-Stenroos
et al., 2021; Ritzén & Sandstrom, 2017). Changes in industries frequently concern their whole
socio-technical systems, including the regulatory domain (Geels & Kemp, 2007). Therefore, it
is important to consider the entire industrial system and its actors, which can be conceptualized
as an ecosystem in which diverse complementary, yet interdependent industrial and social actors
share values, pursue system-level outcomes, and develop through coevolution (e.g., Aarikka-
Stenroos & Ritala, 2017). When this consideration is applied to CE framing, such ecosystems
can be conceptualized as CE ecosystems (CEEs) that seek system-level circulation of resources
and materials through recycling, reuse, and reduction and involve companies, governmental or-
ganisations, regional bodies, policymakers, and consumers (Aarikka-Stenroos et al., 2021). Such
CEE:s facilitate collectively created sustainable value (Aarikka-Stenroos et al., 2021; Uusikartano
et al., 2020). CEEs can focus, for instance, on regional or industrial circular resource flows (cir-
cular urban and industrial ecosystems) or a company’s evolving relationships to drive economic
value creation (circular business ecosystems) (Aarikka-Stenroos et al., 2021). In this chapter, we
are particularly interested in a system of diverse actors enabling textile circulation and in iden-
tifying what could drive the textile industry towards increased textile recycling and reuse as a
system-level outcome.

Research has paid increasing attention to the textile industry’s pursuit of environmental sus-
tainability through circularity (Filho et al., 2019; Franco, 2017; Hole & Hole, 2019; Moretto et al.,
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2018; Niinimdki & Hassi, 2011). Naturally, the textile industry causes an environmental impact
since it represents a massive share of the world’s manufacturing industries, and the production
volumes of textile fibres have been increasing continuously in recent years (Bick et al., 2018;
Ellen MacArthur Foundation, 2017; Textile Exchange, 2021). Global textile production in 2020
reached 109 million tons, of which 91.9% was virgin fibre feedstock (e.g., polyester, acrylic, cot-
ton), and only 8.1% was recycled fibres (Textile Exchange, 2021). Textile production and fashion
are now among the most polluting industries that threaten environmental and social well-being
(Bick et al., 2018; Bostrom & Micheletti, 2016; Koszewska, 2018; McFall-Johnsen, 2020). There-
fore, the industry is in urgent need of large-scale systemic changes in both production and con-
sumption patterns to take a leap towards sustainability and circularity (Bostrom & Micheletti,
2016; European Environment Agency, 2017).

As the systemic shift toward circularity is arduous, there is a growing number of studies ad-
dressing drivers and barriers that enable or inhibit companies, industries, and countries in the
move toward CE (e.g., Jia et al., 2020; Kirchherr et al., 2018; Ranta et al., 2018; Tura et al., 2019).
The drivers and barriers are, for instance, technologies (De Jesus & Mendonga, 2018), consumer
behaviour and adoption of CE principles (e.g., Singh & Giacosa, 2018), institutional and organi-
sational drivers (Aloini et al., 2020; Jia et al., 2020), and industrial infrastructure (e.g., Fischer &
Pascucci, 2017). However, these studies have made little contribution to uncovering the compre-
hensive set of driving catalysts that is needed for versatile actors to facilitate the circulating sys-
tem. Hence, the current study aims to address this research gap by exploring the diverse catalysts
for circularity as perceived by the ecosystem actors. To do so, we apply the catalyst conceptuali-
sation, which refers to the mechanisms that drive or inhibit the change (Cabell & Valsiner, 2011).
The concept of a catalyst (Cabell, 2010; Valsiner, 2013) is applied in this study as a metaphor for
diverse enablers and conditions for CE in an industrial ecosystem.

To uncover circularity catalysing mechanisms in textile CEEs, and due to the pragmatic
relevance of textile circulation from sustainability and business perspectives, we pose three
research questions: (1) What ecosystem is needed for increased textile circulation within the
textile industry? (2) What are the key catalysts for textile circulation? and (3) how do key cata-
lysts enable and create favourable conditions for the textile CEE development? Empirically,
this research is framed as a qualitative case theory (Gummesson, 2017) grounded on extensive
data collected from the ecosystem actors involved in textile circulation in Finland. The Finnish
context provides a fruitful background for our study as, within the past decade, the country
has become a forerunner in industrial innovations in textile circulation (Kamppuri et al., 2021)
in line with the European Green Deal (2022) policies that aim to tackle climate change issues
and increase circularity. The European Green Deal mobilizes industries towards a CE and
promotes circular design of long-lasting products that can be reused, repaired, and recycled.
Special attention in the European Green Deal was directed towards the textile industry, as it is
a resource-intensive sector.

This study contributes to the development of a novel categorisation of circularity catalysing
drivers and a new understanding of how they can advance circularity among the actors of an
industrial ecosystem. These contributions add to CE ecosystem research (particularly regarding
industrial and business ecosystems), CE driver research, emerging research on CEEs and their
transformation (Aarikka-Stenroos et al., 2021; Asgari & Asgari, 2021; Bocken et al., 2016; Parida
etal., 2019), and general research on the CE in the textile industry. The contributions also provide
pragmatic insights and guidance for business practitioners, companies, policymakers, and other
public actors in their attempts to implement circularity and reorganize industrial value chains
and social systems.
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This chapter continues with a literature review on the circular textile industry emphasising the
ecosystem approach and potential drivers. This section is followed by a description of the meth-
odological approaches taken to the qualitative data collection and analysis. The results section
presents diverse catalysts found in the Finnish textile industry and is followed by a section that
summarizes and discusses the findings. Finally, a conclusions section summarizes the research
contributions to the theory and practice.

Theoretical background

Textile industry to be catalysed toward the circular economy

The textile industry is recognized as one of the most waste-generating industries globally, and
consequently research has indicated diverse rationales on why and how it could transform toward
greater circularity (Filho et al., 2019; Franco, 2017; Hole & Hole, 2019). According to industrial
reports in 2021, most textiles (73%) are produced for the fashion and clothing industry, followed
by technical and household textiles (Grandviewresearch, 2021). The textile market is projected to
grow by up to 4% in the period 20222030 (Grandviewresearch, 2021).

The typical linear life cycle of a consumer textile product consists of the following five steps:
(1) naturally grown or manufactured fibres are spun into yarn, (2) yarns are constructed into
fabric then treated with dyes, (3) fabrics are cut, sewn, and trimmed into a product, (4) finished
garments are distributed to storage and retail stores and eventually sold to consumers, and (5) in
the post-usage phase, textiles are discarded, used as landfill, or are incinerated (Ellen MacArthur
Foundation, 2017). Textile production is far from being environmentally viable since it requires
enormous volumes of chemicals, water, pesticides, and energy (Bick et al., 2018; Bostrom &
Micheletti, 2016; Sajn, 2019). For instance, the production of petroleum-based polyester fibres
utilizes fossil resources and large amounts of chemicals, causing significant carbon dioxide emis-
sions (Bick et al., 2018; gajn, 2019; Sandin & Peters, 2018). Pesticides utilized for cotton cultiva-
tion tend to cause soil depletion and they leak into the waterways, creating threats to freshwater
bodies (Bostrom & Micheletti, 2016; Koszewska, 2018).

Due to the environmental impact of the textile industry, companies and institutional actors are
increasingly attempting to transform the industry toward a more circular-operating mode (Filho
et al., 2019; Franco, 2017; Moretto et al., 2018). An efficient system of textile circulation requires
taking new approaches to textile design, prolonging the textile life cycle, and treating textiles
as recyclable raw material instead of waste (European Environment Agency, 2017; Koszewska,
2018). Consequently, industry actors are searching for ways to increase circularity through the
transformation of manufacturing operations that enable fibres and textiles to circulate as many
times as possible, looping back to different parts of the value chain until the processes of reusing
or recycling are no longer technologically, environmentally, or economically feasible (Kessler
et al., 2021; Sandin & Peters, 2018; Snoek, 2017).

To address environmental goals and CE logic, a consumer can contribute to circularity by re-
ducing the consumption of textile products through an extension of their lifetime (Levénen et al.,
2021). However, worn-out textile garments need to be disposed of eventually. Textile circulation
begins when a user places the textile product into a textile waste collection bin for reprocessing or
donates it to a nonprofit organisation for resale (Fontell & Heikkild, 2017). Textile reuse also pro-
longs the life cycle of a textile product, as the product finds a new user through secondhand bou-
tiques, flea markets, online marketplaces, or renting services (Fontell & Heikkild, 2017; Joung
& Park-Poaps, 2013; Levénen et al., 2021). A crucial part of the textile circulation is a sorting
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process that determines whether the textile is reusable, nonreusable but recyclable, or no longer
suitable for circulation (Fontell & Heikkil4, 2017; Karell & Niiniméki, 2019; Sandin & Peters,
2018). Textile recycling embraces processes from gathering and sorting used textiles to cutting
them into fibre that goes through a mechanical, chemical, thermal recycling, or a combination of
these processes (Piribauer & Bartl, 2019; Sandin & Peters, 2018). However, low-quality textiles
that are not, for instance, suitable for mechanical recycling or cannot maintain their quality after
recycling (Karell & Niinimiki, 2019), can create technological challenges. Even though textiles
can pass through multiple cycles of remanufacturing, at a certain point, these textile fibres be-
come unusable for recycling and are consequently discarded at municipal waste points (Kessler
et al., 2021; Sandin & Peters, 2018).

From a value chain perspective, conventional textile production is shaped as a global supply
chain with production outsourced to developing countries and most consumers in developed mar-
kets (Bostrom & Micheletti, 2016; Fontell & Heikkild, 2017). The textile industry in developed
countries is focused on localized production of high-quality products. However, within the past
decade, European countries have begun to introduce manufacturing lines to reprocess used tex-
tiles locally due to high volumes of textile waste (Yousef et al., 2020), technological advancement
(Franco, 2017; Jia et al., 2020), an issue of carbon dioxide emission during textile production and
shipping used textiles back to developing counties for recycling (Moretto et al., 2018; Stanescu,
2021), and the consumer market demand for environmentally sound and ethically produced tex-
tiles (e.g., Desore & Narula, 2018; Ozdamar Ertekin & Atik, 2015). Besides the introduction of
the European Green Deal (2022), the CE for textiles is actively promoted by the European Com-
mission and the Parliament through its strategy “to achieve a carbon-neutral, environmentally
sustainable, toxic-free and fully circular economy by 2050” (European Parliament, 2022).

Applying the ecosystem theory lens to understand circulation within
the textile industry

The implementation of textile circularity requires the holistic involvement of various actors from
businesses and society. The desired circular textile flow occurs in a complex industrial value
chain and a system of networked business-to-business (B2B) companies that produce and sup-
ply textile-based products. However, this flow within the textile industry involves many other
societal actors, such as nongovernmental (NGO) and nonprofit organisations, governmental in-
stitutions, consumers, and social activists (de Oliveira Neto et al., 2021; Fontell & Heikkila, 2017;
Rovanto & Bask, 2022; Staicu & Pop, 2018). Thus, it is relevant to consider all directly or indi-
rectly involved actors on a system level (Parida et al., 2019). In this chapter, the textile industry is
approached as an ecosystem of diverse actors who can contribute to textile circulation and whose
actions need to be catalysed. The ecosystem approach allows researchers to examine complex
industrial systems of interacting actors that are bound together through interdependencies and
coevolutionary patterns (Aarikka-Stenroos & Ritala, 2017; Parida et al., 2019).

The CEE implies multiple complementary actors pursuing system-level goals of reduction,
reuse, and recycling of materials (Aarikka-Stenroos et al., 2021). A CEE typically is composed
of very diverse actors, varying from industrial actors (companies) and public and governmental
actors, such as cities, municipalities, and ministries, to universities, nonprofit organisations, and
citizen consumers (Aarikka-Stenroos et al., 2021; Staicu & Pop, 2018; Uusikartano et al., 2020).
These very diverse CEE types differ regarding their actor setting and circularity goal (Aarikka-
Stenroos et al., 2021). For example, circular industrial ecosystems refer to a regional community
of hierarchically independent actors who sustainably produce industrial goods and services in
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symbiotic collaboration and resource use. Moreover, power is distributed differently in circular
industrial ecosystems than in circular business ecosystems, where a set of actors enable the core
company’s business model implementation by collectively delivering a sustainable value offering
by resource recycling, reuse, and/or reduction. Consequently, the structure and organisation of
CEE:s vary, as they can be either developed around a focal actor that orchestrates actions taken
by other actors (e.g., a company managing its circular value chain) or organised among horizon-
tally distributed actors (e.g., an alliance of textile producers seeking to manifest their circular
processes) (Aarikka-Stenroos et al., 2021).

Regarding the textile industry, the CEE “aims to keep most post-consumed textile materials
in the re-use cycles or recycle them instead of textile waste being incinerated or ending up in
landfill. The key objective should be to use recycled textile materials for purposes that regenerate
maximum value” (Fontell & Heikkild, 2017, p. 18). Thus, facilitation of CEE for textile repro-
cessing requires the development of a network of interacting actors that enables, for instance,
circularity of used textile products, information exchange, or facilitation of technological pro-
cesses, at both national and international levels. The joint actions and system-level goals of the
CEE in textile recycling may be focused on the following: (1) the flow of materials (cf. Joung &
Park-Poaps, 2013; Levénen et al., 2021; Sandin & Peters, 2018); (2) the flow of knowledge, for
example, how textiles can be technically remanufactured or how this process can be framed into
a business model (Fontell & Heikkild, 2017; Koszewska, 2018; Piribauer & Bartl, 2019); and
(3) the flow of economic value, for example, profit generation from circulating textiles (Chen
et al., 2021; Fischer & Pascucci, 2017; Rizos et al., 2016). Since we are interested in the actors and
related catalysts that cause textiles to circulate, the driving catalysts and conceptual approach to
their examination are discussed further.

Driving catalysts for the textile CEE

Most research regarding CE refers to the barriers and drivers that shape the boundaries of a
system in different industrial settings (e.g., Kirchherr et al., 2018; Ranta et al., 2018; Tura et al.,
2019). These studies indicate CE driving mechanisms for business model innovations, novel na-
tional and regional regulatory frameworks, consumer acceptance and awareness, and technologi-
cal infrastructures (Aloini et al., 2020; Kirchherr et al., 2018; Ranta et al., 2018). As regards the
CE in the textile industry specifically, drivers may include employees’ initiatives (Jia et al., 2020),
a favourable organisational culture (Rovanto & Finne, 2022), governmental incentives (Fischer
& Pascucci, 2017), growing trends towards conscious consumption (Han et al., 2017; Salmi &
Kaipia, 2022), consumer market demand for environmental solutions (Desore & Narula, 2018),
and the ethical commitment of business leaders to sustainability (Niiniméki, 2010). In contrast,
barriers to the CE in textile utilisation are more variable; there is a lack of clear corporate strat-
egy and sustainability vision on the part of the supply change actors (Paras et al., 2018), financial
challenges to making a change towards more sustainable production, especially for small-sized
companies (Rizos et al., 2016; Snoek, 2017), insufficient enforcing regulations for the circular-
ity of manufacturing processes (Perry et al., 2015), low technological capabilities or skills (e.g.,
Aloini et al., 2020; Rizos et al., 2016), limited availability of recycled materials and sustain-
able product design (Salmi & Kaipia, 2022), and consumer-driven barriers rooted in purchasing
decision-making (Desore & Narula, 2018).

This chapter refers to a catalyst approach, this being a concept that embraces the systemic, de-
velopmental, and transformative nature of the processes and variety of the process results or out-
comes (Cabell & Valsiner, 2013). Therefore, it is suitable to reflect complex and interdependent
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relations in the industrial ecosystem. A catalyst can conceptualize specific enablers and mecha-
nisms that support a background ecosystem to create the conditions necessary to facilitate new
processes within this system, its transformation, and other changes (Uriko, 2020). This chapter
explores the catalysts necessary to enable textile and value flow in the ecosystem of textile recy-
cling, reusing, and resale. The empirical case setting and research methods are discussed next.

Research design and data collection

This study is methodologically framed by case theory to address the complexity of the explored
phenomenon. Case theory, in contrast to case study research (e.g., Yin, 2011), embraces an ex-
panded version of the case study and explores a certain case to generalize to a broader scientific
area (Gummesson, 2017). Case theory allows for both particularisation (understanding of a par-
ticular case) and generalisation (knowledge innovation that can be compared to other cases or
create a background for theory generation) (Gummesson, 2017). We chose an extensive single
case, namely the Finnish textile industry ecosystem pursuing circularity, as this design enabled
us to map the relevant actors contributing to the circularity of the industry and identify catalysts
for their contributions. Finland is a fruitful European context for the study of textile circulation,
as it hosts several companies developing fibre innovations (e.g., cellulose-based fibres) and exam-
ining the commercial potential of recycled textiles (Pylkkénen, 2022). Additionally, Finland has
set ambitious goals to begin the separate collection of consumer textiles by 2023 (Gadda, 2021),
which can serve as a benchmark practice for other countries in Europe and globally.

Our research design allows us to address the complexity of the focal ecosystem of the Finn-
ish textile industry by studying numerous involved actors and their links and interactions in a
dynamic context to develop a theoretical understanding of circularity catalysts. A central aim
of the data collection was to capture the multiple perspectives of the ecosystem actors involved
(companies, research institutes, NGOs, etc.) and explore catalysts. Empirical data was collected
from multiple sources during the period from March 2019 to September 2021. Table 4.1 provides
a summary of the data set, ranging from workshops to interviews and media data.

Each interview lasted approximately 70 minutes. The interviews were recorded and tran-
scribed with the permission of the interviewees. The informants were also able to check and
validate their transcribed interviews afterwards. The interviews included questions concerning
the four following key themes: (1) company or organisation activities and technologies enabling
CE and their role in the national ecosystem, (2) partnering actors and their role and importance
for the facilitation of CE processes as well as actors missing from the system, (3) challenges to
and accelerators of CE implementation, and (4) specific enablers of and conditions aiding CE fa-
cilitation. The field notes included remarks made at workshops, webinars, and panel discussions,
concerning, for example, the ecological and social impacts of linear textile production, organis-
ing sustainable textile production and circulation (e.g., end-of-life textile collection and sorting),
and turning textile recycling and novel recycled or bio-based fibres into a business, as well as
remarks about the technical processes showcased at the tours of processing premises. The inter-
views and textual data of the field notes were analysed through content analysis during which the
key themes and expressions related to the research objectives were identified (Duriau et al., 2007,
Zhang & Wildemuth, 2009). The data from each interview was examined to find details about the
main actors, conditions, motivations, and enablers of CE implementation and compared across
interviews and field notes. After comparison, concurring themes and similarities were identified,
allowing for us to determine and categorize the key catalysts for textile circulation within the na-
tional ecosystem. For instance, interviewees’ observations about organisational management and
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Table 4.1 Empirical data sources and methods of data collection

Data types and Data sources Description
methods of data
collection
Interviews Interviews with Ecosystem actors and interviewees
ecosystem actors * Municipal waste management organisation (Circular economy specialist)
(N = 14; lasting + Technical research centre, governmental nonprofit organisation (Senior scientist, project manager)

approx. 70 minutes * Non-profit organisation, consumer textile management (Workplace counsellor)

each) « Textile collecting and reselling nonprofit organisation (Communication specialist and clothing collection manager)
 Textile, fashion, and apparel industry employers’ association organisation (CE specialist)
» University of Applied Science A (Textile CE expert)
+ University of Applied Science B (Development manager)
 University C (Project researcher, recycled textile fibre specialist)
* Medium-sized textile manufacturing company (Corporate responsibility manager)
* Small-sized textile manufacturing company (project and management representative)
* Small-sized textile recycling, technology provider company (Research professor, founding member)
* Small-sized textile recycling company (B2B) (Customer relationship manager)
* Small-sized clothing rental company (Chief executive officer)
» Small-sized CE textile solutions, closed-loop services (B2B) (Chief executive officer and marketing manager)
Field notes Workshop 03.2019 Growth from the Circular Economy — a workshop for textile industry actors (VTT Technical Research Centre of
Finland, Espoo, Finland).
Webinar 14.05.2019 Telaketju webinar (Finnish network of textile industry actors promoting textile recycling).
Panel discussions 09.2019 Oslo Innovation Week 2019.
Panel discussion: ‘Wood looks good on you’: how to build a profitable business around fashion and recycling of textiles.
Tour of the textile 08.2019 Textile material identification line, Lahti University of Applied Sciences, Finland.
sorting line and fibre
laboratory
Media data, Websites of companies Media and promotion materials of 14 organisations participating in the research.
marketing, and and organisations
promotion materials
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Figure 4.1 Industrial ecosystem for textile circulation: Actor types and relations.

Source: The authors.

culture were framed within the organisational catalysts category, and the technological capabilities
discussed were framed within the technological catalysts category. Media and marketing data were
used to gain additional insights into the ecosystem actors’ roles, operations, and agendas, whereas
reports and publications provided further understanding of the status quo of textile and fashion
industries and textile circulation both nationally and globally. Our analysis resulted not only in cata-
lyst categorisation, but also the map of the ecosystem actors (see Figure 4.1), depicted with the help
of the Kumu.io online mapping platform provided by Kumu Inc., presented in the following section.

Results

Based on the study results, Figure 4.1 maps the CE textile ecosystem in Finland, actor types, and
their roles and interconnections. The diamonds in Figure 4.1 depict the necessary processes for the
circulation of consumer textiles, from collection and sorting of end-of-life textiles through recy-
cling processes to manufacturing new textile products from recycled fibres. The circles in Figure 4.1
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represent diverse actor groups in the ecosystem and both their mutual interlinkages and relation to
the circulation processes, as described by the interviewees at the time of data gathering.

According to the empirical data analysis, six key driving catalyst types are perceived by the
actors of the Finnish textile CEE are the following: (1) technological catalysts, (2) business cata-
lysts, (3) organisational catalysts, (4) regulatory catalysts, (5) communicational catalysts (visual
and linguistic), and (6) ethical catalysts. These catalysts are discussed next.

Technological catalysts

Several of the studied companies already have experience in textile recycling. Thus, diverse mate-
rial processing as well as digital technologies were identified as technological catalysts enabling
recycling or reuse. Modern technologies allow the use of mechanical and chemical recycling or a
combination of these methods. For instance, one recycling company considered in this study was
created around CE mechanical recycling technological advancement. However, the used textile col-
lection phase remains challenging as it requires the presorting and collection of noncontaminated
pieces of textile (e.g., articles without strong odours or mould). Manual sorting is also needed to
select pieces that can be resold or have higher market value, such as vintage and branded garments.
Several collaboration projects between companies and universities in Finland are working on the
design of collection boxes, their strategic location (e.g., closer to consumers), and formulating clear
instructions for consumers on the boxes to prevent them leaving textiles that cannot be recycled.

In preparation for recycling, textiles should be sorted into different fractions based on their fibre
composition and transferred either to a warehouse or directly to a processing line. Mechanical recy-
cling can be applied to textiles whatever their fibre composition. During mechanical recycling, textile
waste is shredded into a processable fibre form that can be used to manufacture raw materials and for
further chemical or thermal recycling or for yarn spinning. Mechanically recycled fibre has market
potential even though the fibre length is shorter after each recycling process. Chemical recycling is ap-
plied when mechanical reprocessing alone does not result in high enough fibre quality, and it has even
higher market potential. This recycling type is suitable for cellulose-based fibres and usually applied
to cotton and viscose reprocessing. This method has already been tested as a pilot project but scaling
up would require further technological development of recycling lines and, consequently, more invest-
ment. Implementation of chemical recycling can increase volumes of recycled fibre supplied to the
market. This technology also provides significant logistic benefits: textile waste can be processed into
the liquid raw material in one location and recovered into textile fibre in another.

Since textile manufacturing and circulation activities involve a tremendous amount of data,
the handling of these data can improve the traceability of textile life cycles. The digital tools and
software supporting these processes are still being piloted through partnerships between com-
panies and universities. For instance, exploration is ongoing of the creation of a digital product
passport that can contain information about materials, chemicals, and processes included in a
product’s life cycle and instructions for further recycling. Product traceability can allow a holis-
tic approach to business model development whereby certain products circulate in small-scale
closed loops, for instance in a B2B sphere. As the interviewed customer relationship manager of
the textile recycling company has emphasized: “All kinds of digitalisation tools for identification
and quality check of materials are needed. Quality check of fibre length, technical specifica-
tion, laboratories, etc. This kind of digitalisation is needed in the future”. Close collaboration
with the software/hardware industry is also required to facilitate textile identification processes
during the sorting of used garments. However, many such projects are still in the piloting stage.
Digital catalysts are also needed for better online platform development for companies that rent
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out clothing for consumers and businesses (e.g., workwear). One example of a digital catalyst is
virtual fitting for online stores and clothing rentals to reduce the amount of returned clothing.

Business catalysts

Previous research and the results of this study indicate an increased demand in consumer markets
for sustainable solutions in the fashion and textile industries (Desore & Narula, 2018; Ozdamar
Ertekin & Atik, 2015; Vehmas et al., 2018). This demand is driven primarily by the influence of
the mass media, growing consumer consciousness, more responsible consumption, and trends
towards the use of secondhand clothing. Modern consumers expect to donate or discard textiles
for reuse and recycling. However, they also expect that organisations will collect used textiles at
convenient locations. Sorting and collection of used garments are becoming the key processes
that define future faith in textile waste. These activities need to be efficiently performed to dem-
onstrate economic viability, offering an opportunity for business organisations — especially
small-sized companies — to integrate sorting and collection into their value chains or develop
new business models to manage the logistics of used textiles.

According to evidence generated by the companies participating in this research, the current
textile production infrastructure can be modified to integrate textile recycling lines into existing
manufacturing processes if the companies realize economic value. Since textile recycling is a
relatively new business, companies can tackle the associated uncertainty through collaboration
and involvement in projects with NGOs and universities to obtain technological solutions and fi-
nancial support. Conventionally, such shared-purpose collaboration involves many business and
institutional partners that not only share financial risks but also benefit from innovations, solu-
tions, networking, and knowledge sharing (Ritzén & Sandstrdm, 2017). Thus, changes in the tex-
tile circulation ecosystem may be accomplished only when multiple actors collaborate with the
aim of redefining the value chain, as the corporate responsibility manager of the textile manufac-
turing company points out: “When you have four or five players, then it leads to an equal business
ecosystem, and one must be always the leader”. However, according to the current interviews,
finding investors in Finland may still be a challenge for circularity businesses, although many
projects find support from the government and international organisations. Thus, commercialisa-
tion of innovations and active promotion of recycled material usage across industries is required.

Organisational catalysts

Leadership and strategic management are among the drivers for sustainable innovations (e.g.,
Niinimiki, 2010). Business leaders and employees frequently take proactive roles in CE imple-
mentation, especially when their businesses are connected to the textile industry. According to the
interviews, sustainable initiatives may impact the whole network of business actors when a strate-
gically important company changes its business processes. A reactive response to market changes
towards circularity may be caused by opinion leaders and institutional actors, for instance, input
from universities. According to the interviews, Finnish universities attempt to disseminate knowl-
edge on CE principles to business and consumer markets and to promote multi-actor projects and
collaboration. Businesses benefit from this collaboration by retaining ownership of the innovation
developed in the projects. Another role of the universities is to integrate knowledge of the CE
into the curriculum of different subjects that are taught, thus leading to an increase awareness of
circularity-enabling technologies and the CE in business and consumption.

Organisational culture also serves as a catalyst for circularity if it promotes open-mindedness
and values environmental and social responsibility (Kwarteng et al., 2021), as many Finnish
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companies do (Koistinen et al., 2022; Rovanto & Finne, 2022). To promote innovations and ini-
tiatives in organisations, internal and external communications favourable to knowledge and the
exchange of ideas need to be established. However, different countries have different attitudes
toward circularity due to their culture, legislation, and business principles. Therefore, promotion
of CE at the international level may be significant for international business and institutions to
share best practices and knowledge.

Regulatory catalysts

Most of the interviewed research participants agreed that governmental regulations favouring cir-
cularity are a crucial catalyst, institutionalising and legitimising circularity. These may concern,
for instance, collection of end-of-life textiles that can make a larger raw material flow for recycling.
However, current textile CE legislation is based on waste management regulations, which is con-
troversial considering that the CE aims to recover raw materials. For instance, as mentioned by the
customer relationship manager of the textile recycling company, the reason that some recycling
companies cannot deal with household textiles in Finland is “the law of restrictions related to waste
management. Municipalities and the companies of regional waste management are responsible for
household materials.” Therefore, the waste status of end-of-life textiles should be changed to ad-
dress this issue. Concurrently, this challenge is on the agenda at the EU level as an interviewee of
the textile manufacturing company clarifies: “The EU is changing legislation for waste manage-
ment, meaning all textiles in the European community must be recycled or collected separately so
they will no longer be incinerated or used as landfill” (see also European Green Deal, 2022). Sus-
tainable choices can also be promoted with tax regulation in both industry and consumer markets,
for instance, by lowering the value-added tax of recycled textile and fibres.

Introduction of textile standardisation and labelling on the global level could enhance aware-
ness of recycled materials and create a market for raw material with predefined classifications
(e.g., origin of fibres, quality, etc.). Standardisation can tackle the challenge of material proper-
ties recognition across industries, where business actors can find various utilisations of recycled
textiles, such as in the construction industry (Christensen, 2021). However, textile-to-textile re-
cycling remains the key option, and this demands a specific approach to textile design that should
align with the standards for the future recycling.

Regulations can also regard the import and export of textiles, their quality, and the data avail-
ability of products entering the EU. This global challenge may also concern the traceability of
textile garments and brand protection. However, traceability raises the questions of what infor-
mation may be included in a product passport and who can access it. Despite the benefits of stand-
ardisation and product quality criteria development in respect to circularity, such development
may affect free trade and product movement across borders. Thus, these issues require deeper
consideration at the international level.

Communication: Linguistic and visual catalysts

Our case analysis also exposed the importance of communication through visual images and aes-
thetics, as well as linguistic means that could all catalyse textile circulation. Mass media actively
creates an awareness for consumers and B2B markets about CE in the textile industry by using
understandable language, terms, and visuals (e.g., Han et al., 2017). For instance, the Finnish
national news portal Yle has launched documentaries explaining and showcasing CE in different
industries. According to our interviews, the efficient promotion of circularity depends on these
media delivering a comprehensive message and using a common terminology. For instance, an
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interviewed representative of a clothing rental company suggested that terms such as sustain-
able or responsible garment can come across as vague and misleading, unless it is also clarified
exactly which aspects of sustainability or responsibility are actualized in each product. Further-
more, the interviewees from nonprofit organisations emphasized that consumers frequently find
it hard to understand the difference between donating and recycling textiles and may not be aware
of what happens after a garment is placed in a textile collection box. This issue is important to
address to ensure the efficient sorting and separation of clothing that is suitable for donation or
resale and that which can be sent for recycling.

Interviewees emphasized that a common understanding of CE among business partners may
serve as a catalyst for changes in the value chain. Communication is important in this case so
that proactive companies can inform partners of CE opportunities and strategies (Paras et al.,
2018). Companies such as the medium-sized textile manufacturing company that participated in
this study can set a benchmark for further strategic development of circular processes. Informa-
tion dissemination about CE in the business world can also be promoted through workshops and
seminars for industry representatives, such as those noted in this research. Additionally, universi-
ties play a key role in CE knowledge transfer to students — not only through theory, but through
research and projects with other institutional and business actors. Public speeches and lectures
also increase public interest in circularity.

Diverse visual means were found to be important catalysts. These visual means include images,
videos, and graphics that aim to explain technical processes, opportunities for business growth, or
sustainable consumption habits (Han et al., 2017). Visualisation, besides delivering a marketing mes-
sage, can make it easier to understand the number of resources used, processes behind recycling,
properties of new products made of recycled materials, and so forth. Visual messages may need to
be simplified for consumers that discard textiles. For instance, graphic instructions may be placed on
textile collection boxes intended for recycling. However, it is still necessary to develop standardized
symbols related to textile disposal across countries for consumers as well as for businesses.

Aesthetics also plays a role in perceptions of circularity (Jia et al., 2020). According to the in-
terviews, conventionally eco-fashion has a reputation for being less visually attractive. New eco-
brands aim to tackle this myth through unique design and quality products. The modern fashion
industry offers a variety of sustainable clothing that may be desirable for its aesthetics and not
only as a conscious consumption choice. Social media and image sharing are an effective means
of popularising CE visually. Aesthetics also concerns designing secondhand shops as a point of
sale in a way that shifts their reputation from ‘flea markets’ to ‘vintage clothing stores’. The sub-
jectivity of aesthetics may be challenging since the quality, look, and trendiness of donated, reus-
able garments can vary drastically due to differences in taste, perception, and sentimental value.
However, as indicated by studies of Finnish fashion brands, durable, long-lasting clothes with
a universal design can preserve their value on the secondhand market (Salmi & Kaipia, 2022).

Ethical catalysts

Catalysts in the circular textile industry may also originate from the ethical perspectives of con-
sumers and business managers. Increased awareness of ethical consumption and recycling has
created a market demand for sustainable solutions, where business organisations bear responsi-
bility to produce environmentally and socially viable business offers. For instance, society has
expectations that business and institutional actors will address the climate change issues that also
concern fashion industry and textile production (Niinimé&ki et al., 2020; Peters et al., 2015; Ve-
hmas et al., 2018). The ethical production of textiles and ethical fashion has become mainstream

78



Catalysing the textile industry toward a circular economy

rather than an added-value activity carried out by companies (e.g., Brydges, 2021; Mishra et al.,
2020; Perry et al., 2015). Pressure to find ethical solutions also originates from industrial ecosys-
tems, where actors strive to take the leadership in addressing environmental issues, and competi-
tors must follow business trends. Implementation of CE in the textile industry is becoming an
ethical choice since the business mindset is also changing from satisfying shareholders towards
achieving environmental, social, and economic sustainability. For some companies participating
in this research, sustainability and business ethics are at the core of their business strategy, pos-
sibly explaining their longevity on the market.

The interview data showed that an efficient CEE is based on trust and transparency among
its actors due to a need for collaboration and to follow common ethical goals. Trust development
is especially viable for B2B interaction as some CE value chains may require new actors to
enter the industrial ecosystems to facilitate infrastructure. Additionally, ensuring business
activities are transparent increases the popularisation of circularity among business partners
and manifests the trustworthiness of the company as well as strengthening its image. As was
emphasized in the interviews, ecosystem actors need to realize common business and societal
goals toward sustainability, otherwise the partnership cannot be fruitful.

The popularisation of conscious consumption influences changes in consumer behaviour and em-
phasizes the importance of individual choices, which make consumers a part of sustainable solutions
(Desore & Narula, 2018). According to the interviewed nonprofit organisations and apparel industry
employers’ association representatives, consumers in Finland are keener to choose ethically produced
textiles with sustainable features including the use of recycled materials. Although some misconcep-
tions still exist regarding the quality of recycled products, these preconceptions can be overcome
through the promotion of eco-fashion, design, and communication about fabric properties.

CE inhibitors

Although this research is focused on catalysts as positive drivers of circularity, our study also
uncovered a set of the key inhibitors slowing CE development. First, technologies performing
textile recycling have been introduced to the market only recently, and some have not yet reached
an advanced level of technological readiness; they are still in the testing or piloting phase. Novel
technologies cannot yet guarantee a high volume of recycling and flawless processes (De Jesus
& Mendonga, 2018). According to the empirical data, technologies for recycling complex com-
position textiles, such as multilayered textiles, textiles with highly varying fibre compositions,
or elastic knits are still in high demand for efficient recycling. Current technological imper-
fections require the manual sorting of textile waste, which further inhibits the CE as this is a
work-intensive activity. This type of labour does not require specific training but organising this
activity in developed industrial countries such as Finland is challenging due to high labour costs.
Automatisation and digital support of sorting (robotics, Al and machine vision, and tracking),
storing, and collecting information about textile articles would be a solution; no such solutions
have yet reached a high level of technological readiness.

Legal regulations help to promote the circularity in business and consumer markets that
forces companies to take proactive actions (Gddda, 2021). However, incentives are still lack-
ing in this process. Companies may pursue CE implementation as forced changes in the in-
dustries but receive little support of the government with knowledge and finances. In this case,
collaboration with universities and research institutions helps to tackle uncertainty and lack of
knowledge, but financial incentives could make businesses more motivated toward circularity
(Fischer & Pascucci, 2017). Lack of both knowledge and communication may also result in the
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misunderstanding of CE processes among value chain actors (Paras et al., 2018). As emphasized
in the interviews, partnering companies may underestimate the opportunities of CE if they do
not show immediate short-term economic results. Thus, the economic viability of CE should be
viewed from a long-term perspective and considered in the future strategies of business organi-
sations. Communication about circularity requires a stronger representation inside organisations
and should be incorporated into organisational culture, as well. Ethical and moral motives may
serve as enablers of change in the organisation towards more sustainability, but employees and
managerial staff need to understand the reasons, motivations for, and benefits of CE.

Inhibiting factors related to the consumer markets may include the predominant assumption
about the low quality of recycled or reused products. Additionally, a misunderstanding about the
sustainable qualities of products can prevent consumers from purchasing. Thus, there is clearly
a need for communication and information dissemination about sustainability in general, the
issues circularity aims to solve, and how and where the recycled products are produced (Singh
& Giacosa, 2018). Although conscious consumption is increasingly popular (Desore & Narula,
2018), companies should put more effort into emphasising the aesthetics and practicality of prod-
ucts with sustainable characteristics.

Summary and discussion

This study identified and conceptualized the ecosystem and driving catalysts needed for textile circu-
lation. Table 4.2 summarizes the identified catalysts and also provides a brief overview of how they
catalyse circulation. In addition to the catalysts, our findings showcase the interaction and comple-
mentarity of business, institutional, and public actors acting with the common purpose of reducing
textile waste and maintaining the routine of textile recycling or reuse (e.g., Aarikka-Stenroos & Ritala,
2017; Aarikka-Stenroos et al., 2021; Fontell & Heikkild, 2017; Uusikartano et al., 2020).

According to the findings, technological progress in the textile industry can be a driving
force for new business models and changes in manufacturing processes. Many modern textile
recycling technologies have been introduced in the EU to turn textile waste into raw materials
(Franco, 2017; Koszewska, 2018; Yousef et al., 2020). Mechanical, chemical, and thermal recy-
cling processes and combinations of these are among the most common technological activities
enabling production of yarn and fibres from used textiles (Piribauer & Bartl, 2019; Sandin &
Peters, 2018). Chemical recycling has more commercial potential as it can often produce yarns
with a higher quality than those achieved with mechanically recycled fibres alone. Locating the
recycling lines in the EU brings them closer to the consumer market and reduces distances for
logistics aiming to tackle environmental issues (Bostrom & Micheletti, 2016; Fontell & Heikkila,
2017). Location may affect textile waste and end-of-life textile collection as well as the sorting
and delivery of used articles for recycling. Sorting is a crucial process in the value chain since not
all textiles are recyclable (Karell & Niinimiki, 2019; Sandin & Peters, 2018). Digital tools could
be helpful in monitoring the quality and properties of textiles. Digital solutions for information
management about matters such as the usage (especially in the industrial sphere) and properties
for recycling of textiles are at a development stage. Some digital platforms can advance clothing
resale and renting services by placing points of sale online and introducing virtual fitting.

Although recycling technologies are a powerful catalyst, technology development cannot
fully fuel the needed change in the textile ecosystem, and a combination of diverse, interlinked
catalysts is needed. New technologies are associated with risks and unlikely to be implemented
and commercialized without sufficient investments, regulatory support, or strategic leadership.
Economic value can be a strong motivation for ecosystem actors to implement CE principles in
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Table 4.2 Catalysts for textile circulation in the CEE

Catalysts for textile circulation

Rationale: what catalysts do/how they catalyse

Technological
catalysts for
recycling and
reuse

Business catalysts

Organisational
catalysts

Regulatory
catalysts

Communication
catalysts
(linguistic and
visual catalysts)

Ethical catalysts

Textile waste and end-of-
life textile collection and
sorting

New textile recycling
technologies and updates
to existing production lines

Digital solutions

Developing and serving collection points can be framed as a business model. Automatisation of sorting
processes allows economies of scale to be achieved. The processes of sorting and identifying fibre
types can be integrated into a business model.

Technological development will help improve recycling manufacturing facilities and the
implementation of innovations in existing production lines. Different methods of textile recycling are
developing and becoming more available for commercialisation.

Technical support for the processes related to recycling, renting, and tracking textiles is actively
developing and requires more collaboration with the IT industry and new digital platforms.

The processes of resale, reuse, and recycling demand novel approaches to business model development.

Companies can change their existing infrastructure to implement recycling processes that can add
value to their business activities.

Since many business innovations in the textile industry are in the developing stage, more
commercialisation of technologies and collaboration with business and institutional actors are
required to develop sustainable solutions and share business risks.

CE principles may be implemented following managers’ initiatives for sustainability and/or as a
reaction to market demand or changes in the business networks.

An organisational culture that promotes innovations and idea sharing can create favourable conditions
for CE implementation in organisations.

Changes to local and international regulations towards CE in the textile industry support the
strategic orientation of businesses towards circularity and influence consumer behaviour. The legal
standardisation of textile characteristics labelling can simplify textile recognition for recycling but
requires the development of international standards and labels.

Linguistic: terms, words, and Active communication and a common terminology for and understanding of circularity may increase
verbal discourse; shared collaboration between business and institutional actors for CE development.
understanding of words

Visuals: figures, images,
colours, symbols, logos,
and other visual objects

Sustainability and ethics in
business processes

Conscious consumption

CE business models

Changes to existing
infrastructure

Cross-sector collaboration

Proactive and reactive
response to market demand
Organisational culture

International and national/
regional regulations on
textile reuse and recycling

A visual marketing message may be an efficient means to promote instructions about recycling and
reuse of textiles. Visualisation is important for the aesthetic perception of eco-fashion and to enhance
demand for recyclable products.

Changes towards the CE may be based on ethical business practices and strategies to develop
sustainable business solutions.

The popularisation of conscious consumption and ethical fashion have become triggers for ethically
produced textiles and increased consumer interest in recycling, reuse, and resale of garments.
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the business processes (e.g., Aloini et al., 2020). However, engagement in the recycling business
can be an answer to the consumer market demand for sustainable solutions (Desore & Narula,
2018; Ozdamar Ertekin & Atik, 2015). Companies can collaborate with nonprofit organisations
and other institutions to share the risks of establishing new value chains. Such cross-sector inter-
action can be facilitated through collaboration with universities and research groups.

Favourable governmental regulations are among the key catalysts for the textile CEE. For in-
stance, the European Parliament has introduced the European Green Deal (2022) aiming to address
environmental issues, while the European Commission is promoting a CE strategy (European Par-
liament, 2022). Eventually, strategic regulations on the CE will become legislation at the local level
(Géadda, 2021), forcing companies to start adopting new strategies to face future changes. Several
companies dealing with textiles in Finland are already engaged in piloting projects regarding textile
recycling to scrutinise business opportunities and correspond to regulatory changes.

The CE may be catalysed by a favourable organisational culture that allows the communica-
tion of shared values and understandings (Jia et al., 2020). However, changes such as the intro-
duction of circularity may affect not only one business organisation but the whole network of
involved actors, possibly causing a redefinition of the business network and the involvement of
nontraditional actors such as universities, nonprofit organisations, and other institutions (Ritzén
& Sandstrom, 2017). Failure to understand the strategic importance of circularity among the
value chain actors may create a barrier to CE implementation (e.g., Paras et al., 2018). Com-
munication becomes a necessary catalyst for these processes, since a common understanding
and terminology of CE principles, knowledge exchange, and setting common goals are vital for
managerial processes across the ecosystem. However, communication may involve not only B2B
information sharing, but also address the consumer market by popularising circularity through
marketing messages. The aesthetic approach to and visualisation of products made of recycled
materials may appeal to conscious consumers and tackle the dominant assumptions about these
products’ quality (e.g., Singh & Giacosa, 2018).

Since the consumer market is seeing a rise in conscious consumption (Desore & Narula, 2018;
Peters et al., 2015), companies are responding not only with sustainable solutions but by taking
a proactive stance to manifest their sustainability and ethical approach (Niinimiki et al., 2020).
Ethical (environmentally and socially sound) fashion is becoming a new normal and cannot be
ignored by the textile industry, which is conventionally among the most polluting and unethical
of sectors (Bick et al., 2018; Brydges, 2021; Koszewska, 2018; McFall-Johnsen, 2020; Mishra
et al., 2020). Thus, circularity is an ethical approach to the management of business activities. For
some companies, embedding business ethics in their management mindset may be a catalyst for
CE since they attempt to balance economic value with environmental and social concerns. Dis-
seminating CE principles across an ecosystem also demands actors’ close collaboration based on
ethical values such as transparency of business processes, trust, and shared ethical goals.

Conclusions

This extensive study explores diverse actors contributing to the circularity of the textile industry
as a CEE and the key catalysts that facilitate and create favourable conditions for textile circula-
tion. It uncovers a variety of perspectives and the voices of different ecosystem actors that allow
us to capture and conceptualize six major catalyst types (technology, business, organisation, com-
munication, regulation, and ethics) and explore how these catalysts act as mechanisms. Addition-
ally, the findings allow us to map a CEE with complementary actors whose actions need to be
catalysed to develop a more circular textile industry. Therefore, this study adds to the literature on
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CEEs (Aarikka-Stenroos et al., 2021; Parida et al., 2019). Utilisation of the concept of catalysts has
cross-disciplinary implications. The concept theoretically and metaphorically reflects enablers and
conditions that aid in facilitating ecosystems (Cabell & Valsiner, 2013; Valsiner, 2013). Specifically,
this study increases our understanding of the industry ecosystem and needed catalysts for textile
circulation (Fischer & Pascucci, 2017; Franco, 2017). Contributions are also made to the studies
focusing on drivers and barriers in CE (Kirchherr et al., 2018; Ranta et al., 2018; Tura et al., 2019).
This study also has pragmatic implications for business managers, industry developers, nonprofit
organisations, investors, governmental bodies, and regulators on how they can catalyse industry
transformation toward circularity (Table 4.2) and whom they should involve (Figure 4.1).

We acknowledge that our study has several limitations. First, we examined the Finnish-based
national textile-oriented actor ecosystem, although research on other industries and geographic
and institutional locations may provide different results. This study also relies on a limited num-
ber of interviews. However, analysis of multiple data sources adds to the trustworthiness of the
research findings. Finally, Figure 4.1 may lack some actors, but it represents the most prominent
actors in the studied ecosystem at the time of data collection.

Regarding future research avenues, more understanding of the multiple-actor systems ena-
bling circular or resource-efficient raw material flows is needed. Furthermore, research is needed
to identify diverse driving catalysts for circularity that may be hidden in the international busi-
ness and sociocultural settings.

Educational content

A textile circulation ecosystem can be driven by technological, organisational, regulatory,
communication, and ethical catalysts originating from business, institutional, and social
spheres.

* The conceptualisation of a catalyst extends our understanding of CE drivers. In this case,
catalysts embrace favourable conditions and enablers of the actors’ ecosystem targeting CE
implementation.

Discussion questions:

—_

In what ways can the life cycle of textile fibres and consumer textile products be extended?

2 What measures can different actor groups take within a business or collaboration setting to
promote circularity in the textile industry?

3 What are the major motivating factors influencing companies’ proactive actions toward CE in

the textile industry?
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A REVIEW OF THE CIRCULAR
ECONOMY IN NIGERIA

From rhetoric to enterprise development

Muhammed Akanji, Nathaniel Amoah, Oreva Theresa Akpoveso,
Oreva Atanya, and Chris Ogbechie

Introduction

The process of shifting to a circular economy (CE), which is commonly described as a combina-
tion of reducing, reusing, and recycling operations, differs for emerging economies. In the north-
ern hemisphere, notably in Europe, there is a broader knowledge of circular processes supported
by well-documented case studies of multinational corporations. Furthermore, CE discourse in
the Global North focuses mainly on waste reduction, cost savings, product reinvention, and new
business models (Desmond & Asamba, 2019). CE implementation in the Global North emerged
from a top-down strategy beginning with policies to shape sustainable development and safe-
guard the environment from further degradation (Ghisellini & Ulgiati, 2020). In Germany, the
concept of CE was adopted via a bottom-up strategy that began with a ban on waste dumping
intended to encourage eliminating landfills by 2020 (Geng et al., 2013). In Japan, the transition to
circularity began in 1991 with the enactment of the law for the efficient utilisation of recyclables.
Preston and Lehne (2017) found that most CE initiatives take place in Europe, North America,
and East Asia.

In contrast, in the Global South, many small-scale actors in the CE are driving the transition
towards a CE with the goal of realising the potential for job creation and income generation in
participating nations. With predicted population growth and the resulting increase in consump-
tion, waste management has become a severe challenge in many nations. However, a significant
portion of the waste generated in countries of the Global South is still sent to landfills. Also,
in the lack of strategic legislation and policies in countries of the Global South, the transi-
tion to CE is influenced by several minor actors, multinational corporations, businesses, social
enterprises, and informal waste pickers. In India, for instance, recycling and composting pro-
grammes cannot keep up with the growth of waste, even though small start-up companies and
nongovernmental organisations (NGOs) are introducing new solutions ranging from high-tech
waste processing to improved training and support for waste picker communities (Fiksel & Lal,
2018; Fiksel et al., 2021).

As with other countries in the Global South, in Africa the transition to CE is characterised by
many small players, a lack of policies fuelling implementation at the national level, and clarity
surrounding the concept of CE, which makes its implementation difficult. Although the practice
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of CE is still at a forming stage, micro-level actors, multinational businesses, and nonprofit groups
in Nigeria are driving the shift to a full CE. In contrast, countries in the Global North have im-
plemented CE through a top-down approach typified by rules that reduce the amount of garbage
sent to landfills. The growing popularity of the CE idea is primarily attributable to its influence
on the sustainable development concept in two major areas: economic prosperity and environ-
mental quality (Kirchherr et al., 2017). A CE may introduce novel methods of recycling products
and resources in the future (Karell & Niinimédki, 2019). The novel methods can aid in conserving
the environment in the fight against climate change (Esposito et al., 2017; Greyson, 2007). A CE
has the potential to provide a waste-to-wealth pathway for economic growth (Lacy & Rutqvist,
2015) and a sustainable approach to health (Nanda et al., 2021), safety (Lia et al., 2021), and the
environment moving the conversation of CE from mere rhetoric to action — leading to the forma-
tion of business entities whose major activities tend to close the loop presently evident in Nigeria.

Long before CE became an official word in Nigeria, waste pickers, scavengers, and other in-
formal actors practised the concept of CE as a means of subsistence. In recent years, however, CE
has gained popularity as an innovative approach to alleviating poverty and accomplishing SDGs
in the country. The majority of these approaches are designed to combat plastic proliferation and
to manage biodegradable waste (Ghosh, 2020).

There is the need to understand the specific catalysts of CE transition in the Global South. In
this chapter, we examine Nigeria’s CE transition because Nigeria, as a context, poses a rather
interesting picture of the transition to a CE. We state that countries such as Nigeria seem to be
implementing CE taking a bottom-up approach, which is unique and distinct from the top-down
approach of the advanced countries (Russell et al., 2020). This chapter examines the CE transi-
tion in Nigeria through the reported lived experiences of nine owners of CE-inclined enterprises.

Context comparisons and synthesis: Circular economy as the
tool for inclusive growth in Nigeria

Developing countries have strived to diversify to improve their national economic trajectories
(Hamed et al., 2014). Most developing countries have achieved this diversification drive mainly
in industrialisation, from primary production to industrial exportation (Gelb, 2010). Today, many
developing countries are diversifying based on the idea of sustainability (Lee, 2005). The Sus-
tainable Development Goals (SDGs) and the Africa Agenda 2064 have encouraged the creation
of businesses and social enterprises that seek to advance ecological, social, and human progress
rather than just for profit in some developing countries. It is essential to unearth why resource-
rich countries such as Nigeria, with many natural resources (petroleum, natural gas, tin, iron ore,
coal, limestone, niobium, lead, zinc, and fertile land) would contemplate circularity and sustain-
ability in their diversification and transformation agenda. With many natural resources, Nigeria
generally would prefer to diversify focusing on the exploitation of other resources, however, CE
implementation requires the diversification into renewable resources. Countries such as Nigeria
are learning from the environmental problems created by highly industrialised countries (Halog
& Anieke, 2021). Lately, there has been a depiction of the advantages associated with the estab-
lishment of circular enterprises within CE (de Kock et al., 2020). Another reason for this shift is
the promises of wealthier countries and other entities to set aside some funds to support environ-
mental causes in Africa (Desmond & Asamba, 2019). Empirical evidence suggests that over 90%
of Nigeria’s waste is indiscriminately dumped or burnt (Agunwamba, 1998). Thus, circularity
emphasises the creation of feeder loops that transform all the wastes into new inputs to be used
for further production within the value chain (Fakunle & Ajani, 2021).
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The goal of a CE is to eliminate waste while simultaneously encouraging the reuse of re-
sources, which may in turn provide economic value. For instance, the waste glass may be re-
cycled into new glass, and wastepaper can be recycled into new paper. This recycling process
ensures a sufficient supply of materials of reproduction for shelter, warmth, and other essentials
in the future; the consequence is that CE is the most viable option to achieve a situation where
the waste will be avoided by more effective manufacturing and recycling of items and resources
(Purchase et al., 2021).

Waste in Africa and its management

Africa is the second-highest populated continent and its people are growing at the fastest rate
(Adeyeye et al., 2023). Some African nations are still plagued by poverty and a lack of resources
like clean drinking water, food supplies, and electricity (Murshed & Ozturk, 2023). Socioeco-
nomic changes on the continent are supported by development in Africa, which includes electri-
cal energy production, agriculture, urbanisation, education, and infrastructure (Omwoma et al.,
2017). Changes such as these will necessitate a sizable workforce, extensive planning, and ef-
ficient waste management as a result.

The amount of waste produced by Sub-Saharan Africa (SSA) countries increased by
55 million tonnes between 2012 and 2019 (Ayeleru et al., 2020), with an estimated population
of 1.31 billion in 2019 and 244 billion tonnes of waste estimated by 2025 and an estimated
population of 1.5 billion (UNEP, 2022). According to a report by the Water and Sanitation
Program (WSP, 2012), annual costs of improper waste disposal for Nigeria and Ghana are
USDS$3 billion and USD$290 million respectively, equivalent to 1.3% and 1.6% of these coun-
tries’ respective gross domestic product (GDP). According to the same report, annual indis-
criminate waste disposal costs Zambia, Liberia, Madagascar, and Kenya USD$195 million,
USD$17.5 million, USD$103 million, and USD$324 million respectively, amounting to between
0.9% and 2% of each nation’s GDP. These figures suggest that waste disposal has a direct finan-
cial impact on the nations in SSA.

The massive amount of uncontrolled waste and the ineffectiveness of the current waste man-
agement system in most developing nations have unprecedentedly impacted environmental
quality and human health (Marshall & Farahbakhsh, 2013). The push for sustainable waste man-
agement in Africa has resulted in the adoption of several laws and policies intended to boost the
effectiveness of solid waste management strategies, particularly in South Africa. Nevertheless,
despite the advancements made in South Africa’s waste management systems over time, some
problems and shortfalls remain.

To achieve sustainable development through the switch from a linear to a circular economic
model, Africa’s waste management industry needs to be modernised. In developing nations,
landfills are still a common method of waste disposal. However, landfills produce methane gas, a
greenhouse gas 21 times more potent than carbon dioxide (Couth & Trois, 2012), which degrades
groundwater quality and poses a risk to both people and the environment. The lack of waste
collection and disposal has resulted in waste buildup in public areas, on the streets, and at other
unauthorised dump sites.

Ethiopia, Botswana, Nigeria, and Algeria are a few nations that lack national regulations
governing the proper disposal of such waste. Due to the quick reduction of waste — up to 90% —
as well as the generation of heat for boilers or other energy production, incinerating waste is
frequently the preferred method of disposal. If the proper technologies are not used, this kind of
method could possibly produce risky by-products like harmful emissions and residuals.
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Although waste is viewed as a valuable resource (Debrah et al., 2022) in the SSA region,
some nations, including Ghana, Nigeria, South Africa, Ethiopia, Kenya, Rwanda, Namibia, and
Ivory Coast, either partially or fully practise recycling (Mayer et al., 2019) and some form of CE.
In contrast, other nations, including Somalia, Congo, Sudan, and Zimbabwe, primarily practise
linear waste management, or take-make-dispose. The SSA countries cannot fully recover waste
materials and give them useful purposes due to the linear material flow economy and the partial
waste management recycling practise. As a result, these nations are unable to recover useful re-
sources from their waste and reintegrate them into the regional economy. Therefore, encouraging
the local economy’s growth becomes difficult.

According to Taherzadeh et al. (2019), the CE concept, which promotes sustainable waste
management by turning waste materials into new products, is more effective at helping reduce
the effect of waste on the continent. This is the ideal substitute. There are currently some firms,
programs, and initiatives in Nigeria that are geared towards the development of a viable CE. In
this chapter, we refer to these firms, programmes, and initiatives as micro actors.

Miro actors in the CE transition in Nigeria (some contemporary developments)

There seems to be a concentration of CE activities in 2 states out of the 33 states of Nigeria, La-
gos, and Ogun. There are emerging actors playing a very crucial role in the nation’s CE transition.
In this chapter, we describe these emerging actors (which include small firms and initiatives) as
micro actors.

‘Circular Lagos’, a project backed by the circular exchange innovation platform and the gov-
ernment of Lagos State, is an example of micro actors. This programme, meant to encourage the
growth of circular business and investment activities in Lagos State was introduced in November
2022. Within the Circular Lagos Project are two other micro actors, LOOP Lab innovators and
Circular Lagos Business Platforms. The LOOP Lab is an incubator designed to support long-
lasting commercial and technical partnerships between young ventures and more established
industry participants. The Circular Lagos Business Platform represents business interests and
facilitates business development and investment opportunities for local and international compa-
nies that offer circular products and services (Raphael, 2022).

Businesses serve as the foundation of the shift to CE, in the absence of comprehensive waste
management framework mechanisms, by developing innovations that address the unique difficul-
ties of the Nigerian economy. One of these issues is the general public’s lack of knowledge about
the value of CE and its lack of waste segregation culture. Initiatives run by social entrepreneurs
like Wecyclers support the culture of waste segregation in households by influencing them with
incentives. Wecyclers is a social venture that operates drop-off locations in residential areas of
big cities like Lagos State where people may dispose of their plastic waste in exchange for fi-
nancial incentives. While another organisation, the electronics importing company Slot Nigeria,
collaborates with the E-waste Producer Responsibility Organisation of Nigeria to promote waste
segregation culture and remove electronic waste from the environment, Wecyclers focuses on the
collection of plastic waste for recycling (Recyclepoints, 2022).

Education plays a significant role in fostering a culture of waste segregation and assisting
the transition to CE. Organisations such as the FABE International Foundation are crucial
in raising awareness among communities about the significance of switching from a linear
consumption model to a CE model. Fabe International Foundation works with communities to
recycle waste materials into useful goods that can be sold to make money through their Tidy
Nigeria programme. Another organisation, Susty Vibes, a youth-led community, promotes
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environmental protection and the need to switch from a linear to a circular economic model
(Fabe, 2022).

Aside from coalitions backed by the international community and the government, multina-
tional corporations are also key players in Nigeria’s transition to the CE through programmes
like the Coca-Cola Foundation’s initiative to empower collectors. The initiative attempts to en-
hance Nigeria’s informal plastic waste collecting and recycling system. The Coca-Cola Foun-
dation wants to improve aggregators’ capacity throughout six Nigeria states by empowering
3,000 female collectors and micro-aggregators with effective collection techniques. Two separate
categories of efforts in supporting the transition to CE in Nigeria — plastic waste management and
agricultural waste management, largely by small businesses — are shown in an overview of the
majority of multicultural corporations’ actions (Falaiye, 2022).

The growth of small firms with creative business models centred on CE has been fuelled by
education, incentives, and the backing of international organisations. Most of these companies
operate at the value chain’s collector end. In the nation, only few businesses recycle waste on a
significant scale into useful products. One of the few companies embracing CE is the multina-
tional Lafarge Geocycle, which turns waste into affordable building materials and electricity on
a large scale.

Methodology

Research design

The study focuses on developing a framework to explain Nigeria’s CE transition. This study
was conducted by applying the phenomenological case study research approach to capture
the experiences of nine entrepreneurs in the Nigerian CE space. The constructivist paradigm
posits that people socially construct and influence meanings to events (Allen, 1994). Com-
pared to a linear economy, CE is a global phenomenon involving actors building society in
a way that reduces waste and leads to ecological sustainability. The transition to CE that
we are witnessing on a global scale is a novel way of modelling waste management. Transi-
tions to CE are responses to the possible need for a more sustainable society influenced by
constructionist ideas of people. As Guba and Lincoln (1994) explain, all such phenomena are
human inventions.

The purpose of applying the phenomenological case study design lies in examining and
discussing phenomena from the viewpoint of individuals who “live” them (Van Wyk & Taole,
2015). Hence, the interpretive approach was adopted to understand the depths of the emotions
and thoughts of the actors. Participants in the study are primarily those who founded CE-based
businesses and are heavily involved in their management. We aimed at achieving a better under-
standing of the transitioning process by researching the concept of CE from the point of view
of Nigerian CE entrepreneurs, focusing on waste management and the reuse of waste as their
business models.

The study focuses on the representation of lived experiences of the object of study, in this case,
the entrepreneurs involved with CE, and how they construct meaning out of the world around
them (Husserl, 1981). The phenomenological perspective assumes that phenomena are always
phenomena for someone and can, therefore, never be studied independently of how they appear to
a particular consciousness. Husserl (1981) argues that phenomenology studies different structures
of experience, including perception, ideas, feelings, desire, memory, and thought. This also posits
that meaning emerges from human experience.
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Ontologically, the phenomenon studied must be understood as it appears through the human
experience. Like hermeneutics, phenomenology’s underlying truth theory is the coherence the-
ory. The phenomenologist’s approach to theory is inductive, that is, theories are formulated based
on iteratively assessing and reassessing the empirical data in a cyclical manner rather than the
testing of theories (Morse, 1994).

Data collection

This section presents real-world case studies from Nigerian firms that developed along the lines
of sustainability and circularity. Morse (1994) proposes that the phenomenological researcher
enters into dialogue with participants to provide good details of their experiences. Different text-
books recommend various sample sizes for phenomenological research, but a sample of six to
twenty individuals is acceptable (Dare, Ellis and Roehrig, 2018). In many qualitative studies, the
sample size is frequently constrained by practical factors such as financing, time, and access to
participants. That notwithstanding, the nine cases were specifically selected for this study be-
cause of their relevance to the study. The case organisations are start-ups that are making great
strides in CE in Nigeria. They are also representative of the geographic blocks of the country.
This provides the study with the diversity required.

The sampling method employed is criterion sampling. According to Korstjens and Moser
(2018), criterion sampling is used in phenomenological research during which participants must
satisfy predetermined criteria set in the research design. The participant’s familiarity with the
phenomenon under study is the most important criterion. The researchers seek out participants
who have had a similar experience but differ in terms of their personal histories and life experi-
ences. Therefore, it was appropriate for the current study to contact the founders of the selected
organisations, because they have lived through and experienced the phenomena of Nigeria’s state
of circularity and the nature of enterprise development in CE from both a personal as well as an
organisational frame. The data was collected through interviews with the firms’ founders. The
authors transcribed the interview recordings. Other research associates verified the transcription
for validity and reliability. The companies were: Environsafe Logistics, Pliris Waste Manage-
ment Ventures, Afrique Eco Solutions, Garbage in Value Out (GIVO), Redivivus, Jumoke Waste
Museum, Zimmacraft, Quadloop, and Scratop Nigerian Limited (Table 5.1 presents the details
of the interviews conducted). The analytical approach took the hermeneutic phenomenological
approach (Plager, 1994), which looked at the interpretation of the text (Laverty, 2003; Sloan &

Table 5.1 Schedule of interviews

Code  Role Organisation Time and date of interview

INT1 Founder Quadloop 5:00 p.m.—5:30 p.m.; September 5, 2022
INT2 Founder Scraptop Nigeria Itd 6:55 p.m.—7:55 p.m.; September 14, 2022
INT 3 Founder GIVO 4:00 p.m.—4:30 p.m.; August 29, 2022
INT 4 Founder Zimajcraft 3:00 p.m.—3:30 p.m.; September 5, 2022
INTS Founder Waste Museum 3:30 p.m.—4:15 p.m.; September 2, 2022
INT6 CEO/Founder Pliris Waste Management Ventures  7:00 a.m.—7:30 a.m.; September 5, 2022
INT 7 Founder Redivius 12:00 p.m.—1:00 p.m.; August 29, 2022
INT 8 Founder Ifrique Eco Solutions 12:00 p.m.—12:30 p.m.; March 17, 2022
INT9 Founder Environsafe Logistics 3:00 p.m.—3:30 p.m.; March 11, 2022
Note

INT means interviewee.
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Bowe, 2014). A thematic analysis of the data was conducted to find the principal and common
issues that touch on the transition process.

Results

This section presents the study’s findings. First, we provide a background of the case firms. Then,
as expected of interpretive studies, we present the findings along with discussion and analysis.

Envirosafe logistics

Afamefuna Asoegwu founded Envirosafe Logistics in 2014. The company began as a part-time
job and was inspired by an encounter he had while working in a recycling company in the United
Kingdom. Afamefuna acquired additional training from several of the institutions with which
he worked. In 2014, through a collaboration with the environmental consulting firm RSK, one of
Europe’s largest privately held environmental firms, Envirosafe Logistics became a reality.

In Nigeria, Envirosafe began as a church group collecting objects for recycling under a dif-
ferent company name before transforming into a consulting firm. The business began with a
small truck. During its first two years, the company collaborated with larger companies to pro-
vide waste management and evacuation services. The company’s other source of income was the
rental of its lone compactor, and its financial base was expanded through environmental consult-
ing, health and safety training, and additional equipment supply.

Envirosafe’s main operations have since evolved to include the recycling of chemical and
hazardous waste. According to Afamefuna, “the organisation was founded as a way for me to do
something kind that would also benefit the neighbourhood and environment. The majority of or-
ganisations involved in waste management dealt with regular waste, leaving hazardous material
unattended. Envirosafe began in an effort to assist in the management of such wastes” (interview
March 11, 2022).

Pliris waste management ventures

Pliris composts biodegradable waste for fertiliser and manure to be used for environmentally
friendly farming. According to Oluwayomi, the CEO, Pliris is on a quest to reduce the quantity
of biodegradable waste disposed of in landfills in Lagos through collaboration with households,
marketplaces, and organisations.

The organisation promotes compost manufacturing with the Bokashi Composting technique,
a simple do-it-yourself composting technique and kit introduced to families and businesses. Pil-
iris accomplishes this by collecting garbage from private businesses and decomposing it in com-
posting facilities. Composting as a service to farms and other organisations assists with on-site
composting. Pliris details several obstacles, including waste segregation culture, logistics, and
government support.

The primary objective of the production process is to reduce biodegradable waste. To aid in
food production, the production process reduces waste and sells the products to farmers. The or-
ganisation also manages these farmers’ biodegradable waste. Pliris collects biodegradable waste
from food markets and food processing companies throughout Lagos. Sawmills are the source
of the sawdust used in the production of compost. The production cycle relies solely on natural
processes. Diesel fuel is only used for crushing hard materials, such as coconut husks, which
are extremely durable. However, this equipment is utilised sparingly, which lowers their carbon
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emissions. The majority of the organisation’s raw materials are biodegradable waste that is fully
utilised in the production process; consequently, the organisation generates little to no waste.
Raw materials are the only waste product of the production process. However, plastic caps are
difficult to manipulate, and these recyclable wastes are outsourced to other businesses.

Ifrique Eco Solutions

Ifrique Eco Solutions is a start-up with a mission to solve the housing deficit in Nigeria with af-
fordable building materials recycled from plastic wastes. The company upcycles plastic waste
into interlocking tiles, eco-toilets tiles to curb open defecation in Nigeria. This organisation was
born out of a passion to curb the problem of indiscriminate disposal of plastic waste in Nigeria.
Plastic waste is not biodegradable and poses a serious health risk to Nigerians. The passion for
curbing this waste in Nigeria led to the establishment of Ifrique Eco Solutions, which raises
awareness of the dangers of disposing of plastic waste indiscriminately.

Since the rate of plastic use is continually growing and knowing that plastics can be sustained
for thousands of years before decaying, Ifrique Eco Solutions found the need to not only educate
people about the product but also to gather the plastic waste and make good out of them. Due
to its efforts, the company believes that the collection of waste plastic in its catchment area is
expanding at both a speedy and a very big scale; this indicates that the problem of waste plastic
can be eliminated for an extended period of time. It appears to be a more workable and effective
technique to find a solution to the problem of plastic waste.

Garbage in Value Out (GIVO)

The lack of data on the amount of plastic waste produced in Nigeria and the absence of a culture
of waste segregation represent a common barrier to Nigeria’s transition to CE. Victor, the founder
of GIVO (Garbage in Value Out), saw the need to collect data on plastic pollution in Nigeria and
founded a social enterprise to address the issue. Through plastic collection community hubs in
and around Lagos, GIVO disseminates the philosophy that waste is useful to other families and
communities. Through these plastic collection community hubs, the organisation collects data
on the amount of plastic waste produced and provides community members with incentives to
promote a culture of waste segregation. According to Victor, “In the absence of government enti-
ties dedicated to enforcing plastic pollution regulations, incentives and advocacy are crucial tools
for influencing changes in household behaviour” (interview August 29, 2022). The information
collected from the homes where the hubs operate is used to provide loans and insurance to the
communities surrounding the hub. Statistics can also be used to persuade Nigerian policymak-
ers of the need for effective legislation to combat plastic pollution. GIVO collects the necessary
information via a mobile application.

In addition to data collection, GIVO uses plastic waste to create toys, furniture, and personal
protective equipment (PPE). Utilising its manufacturing capabilities, the company overcame the
lack of PPE equipment for frontline staff during the COVID-19 pandemic. The production pro-
cess at GIVO is designed to generate minimal waste.

GIVO faces the same difficulty as other small businesses in Nigeria in securing sufficient
capital for its plastic recycling plants and manufacturing centres. Numerous Nigerian busi-
nesses face this problem due to a lack of research and manufacturing capabilities in the coun-
try. Due to the naira’s low value, machinery is expensive and admission fees are exorbitant.
Victor has emphasised the need for more financial institutions to fund initiatives in the waste
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management sector. In addition, legislation must be developed in Nigeria to ensure that local
businesses have access to carbon credits and to enhance the institutional capacity of waste
management agencies.

Redivivus

Redivivus, a recycling company headquartered in the eastern state of Anambra, began as an
expert consultancy in small business development in Anambra. Through interactions with
small businesses, Emeka, the business owner, observed a gap in the waste management system
of Anambra State and devised a business model in response to a gap he observed in the waste
management system of Anambra State. To go about solving the challenges he observed, he
established a facility for waste recycling. To further solve the waste management challenges in
the state, the company has transitioned from a typical recycling business to a manufacturing
company that produces affordable building materials from plastic waste and also provides a
solution to the housing deficit challenge in Anambra State. Utilising new waste management
solutions for low-density polymers and polyethylene, write-offs adhere to the CE’s waste re-
duction process. The prevalence of water sachets in Nigeria as a result of the state’s lack of
potable water makes the need for innovative solutions for low-density plastics in Nigeria all
the more important. The organisation acquires its supplies from aggregators in Anambra. To
preserve the integrity and quality of the output, approximately 28% of it is also composed of
virgin materials.

The CEO admits that his recycling factories are not entirely eco-friendly, as they must use
diesel generators to power the plants. The unreliable electricity supply in Nigeria necessitates
the use of diesel generators in the waste management industry. Redivius collaborated with the
energy distribution agency in Anambra to address this issue of an unreliable power supply. The
organisation employs a waste management strategy that generates minimal waste from the indus-
trial process. The organisation faces the fundamental obstacle of a lack of statistics on Nigeria’s
waste production.

Jumoke Waste Museum

Passionate about CE, Jumoke founded the Waste Museum as a summer camp that teaches chil-
dren how to transform waste into valuable materials. Jumoke, the organisation’s founder, initially
taught children to create art from waste. She began stockpiling art supplies from her summer
classes and personal projects before establishing the waste museum. After a number of years, Ju-
moke opened the Waste Museum to the public and transitioned to using the museum as a vehicle
for raising the awareness of CE.

The Waste Museum, one of the organisation’s core services, educates individuals on the vari-
ous uses of waste in an effort to change their behaviour from take-make and waste consumption
to circular consumption. The Waste Museum demonstrates the viability of the CE to encour-
age its use in visitors’ daily lives. “In the Waste Museum, humans, animals, and plants coexist
without producing waste” (interview September 2, 2022). The museum contains over 150 plants
and animal species. In addition, the museum teaches families how to use waste to cultivate their
own gardens using the CE model. Before 2025, the museum intends to teach 10,000 families
how to grow their own food. The primary products of the museum are household items created
from repurposed materials. In the museum, materials are sorted at the source (houses and busi-
nesses), and contaminated waste is not utilised. The museum utilises a combination of solar and
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regionally generated electricity for its production. The organisation intends to utilise biogas to
power its facility in the future thanks to a bio-digester developed in collaboration with the Inter-
national Institute of Tropical Agriculture (IITA).

The Waste Museum employs a system that does not generate waste. Animal waste is used to
nourish plants, and plants in turn nourish the animals. Waste is disposed of using the standard
procedure for waste disposal. A great deal of focus is given to the transition to a CE. According to
Jumoke, there is a need to alter the consumption patterns of influential industry leaders to realise
funding for entrepreneurs in the sector.

Zimmacraft

Zimmacraft manufactures and sells an alternative to charcoal made from rice processing by-
products in Nigeria. The founder of Zimmacraft desires to combat climate change and deforesta-
tion in Nigeria’s savannah region using her products. This idea was inspired by a desire to provide
widows with a sustainable source of income. Zimmacraft teaches widows how to produce this
alternative charcoal so that they can provide for their families.

Zimmacraft obtains its raw materials from western Nigerian rice farms and mills. Using a
machine that transforms rice husks into the final product, Zimmacraft manufactures smokeless
charcoal. The production process reduces carbon emissions and methane emissions. However,
due to a lack of electricity, Zimmacraft uses diesel-powered machines in the production process;
this form of power production contributes to environmental pollution. Despite this, most of the
raw materials used in the production process are eco-friendly, and the small amount of waste is
returned to the soil to enrich it.

Quadloop

The Nigerian e-waste management company Quadloop manufactures solar lamps and lanterns
from recycled electronic waste. The solar lamps produced by Quadloop provide a cost-effective
source of energy to households and hospitals in underdeveloped nations. Quadloop extracts valu-
able materials from electronic waste collected from Lagos’s major electronic markets. Quadloop
also assists large corporations in repairing and reusing solar batteries. Through this service,
Quadloop assists these businesses in reducing expenses.

Chidozie, the founder of Quadloop, describes his production process a waste-free process,
and the company depends on the power supply from the national grid. However, one of the key
challenges Quadloop faces is obtaining sufficient raw materials for production since Nigerians do
not readily dispose of their electronic waste. Another difficulty Quadloop faces is obtaining suf-
ficient funding for the e-waste stream, given that this waste stream consists of hardware and that
Nigeria lacks the skills necessary for the local production of hardware. Therefore, it is difficult to
convince investors of the business’s viability.

In Nigeria, it is also hard to find people with the technical expertise to design electronics
from scratch. Consequently, Quadloop faces the difficulty of recruiting enough personnel with
an understanding of electronic waste for the workshop. To address this issue, Quadloop trains
young graduates as interns in its workshop then employs them as employees in its workshop.
Since the level of environmental sensibility is low among consumers in Nigeria, people are not
willing to pay more for environmentally friendly products. To address this problem, Quadloop
collaborated with hospitals, which helped spread the word about the company’s products to Ni-
gerian households.
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Scraptop Nigeria Limited

Scraptop Nigeria Limited is a social enterprise that purchases biowaste, food waste, fruit waste,
and post-harvest losses, then converts them into Organic NPK fertiliser for crop production. The
concept was developed during a Hult Prize competition for audacious businesses for a better
planet. The CEO realised that biodegradable waste posed a challenge in Nigeria after speaking
with local farmers about the need for organic fertiliser.

Currently, there is a high demand for organic NPK fertiliser, but not enough quantity is pro-
duced to meet this demand. To source for raw materials, the founder of Scraptop Nigeria col-
laborates with cassava farmers and food vendors, poultry farms, rice mills, and waste shops in
the state’s major markets. Scraptop is an environmentally friendly company because it removes
waste from the environment.

In the Scraptop production process, very minimal waste is generated during the manufacture
of organic NPK fertiliser, and waste generated is used as fertiliser. As with the other entrepre-
neurs interviewed, energy supply poses a significant issue in the manufacturing process. Another
major challenge is the lack of a waste sorting culture that makes the production process somewhat
difficult. Other challenges Scraptop faces include multiple licenses, fertiliser regulations, and
multiple taxation, which make it difficult for businesses to expand. Nigeria’s lack of a waste sort-
ing culture makes the production process somewhat difficult. Nigeria requires additional educa-
tion to influence the culture of waste segregation.

Analysis: A framework for transitioning from rhetoric to
enterprise development

The interviews with the organisations led to development of a framework for explaining the
transition from rhetoric among government and other stakeholders such as waste management
organisations and the general public to active enterprise development in Nigeria. In the created
framework, we describe at the individual firm level how the discussions on CE could lead to the
establishment of enterprises (Figure 5.1).

| Macro Catalystsﬁ_ ‘ Government policies ~ Culture Infrastructure |

[
‘ Micro Catalysts+ | Passion Experience Attitude ‘

Potential collaboration
Business Model

Social Entrepreneurship

idea generation \

ENTERPRISE

RHETORIC DEVELOPMENT

Knowledge Transfer \A

Innovation
Awareness Creation

Figure 5.1 CE model.

Source: The authors.
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First, the importance of the rhetoric about CE, meaning conversations about CE at the na-
tional and individual levels, cannot be underrated. This rhetoric results in awareness creation,
knowledge transfer, social entrepreneurship ideas generation, and the potential for collabora-
tion. Understandably, the rhetoric does not automatically lead to enterprise development. There
is a need for some macro-level and micro-level catalysts, as identified from an analysis of the
interviews. The micro-level catalysts identified after the thematic analysis were the respondents’
passion, experience, and attitudinal change that led them to the establishment of their businesses.
At the macro-level, it was found from the respondents that there is a need for government poli-
cies, national strategies, and enabling infrastructure on CEs that would enhance the activities
of the CE players. The consequences of having enterprises developed along the lines of CE are
estimated to be large, based on the interviewee responses. Business models, innovations, and CE
collaborative enterprises are likely to be developed because of the catalysts’ impact. These future
developments were predicted to have national effects.

Key circularity catalysts in Nigeria

Macro-level catalysts

Macro-level catalysts refer to the national and institutional issues that enable CE development.
An analysis of the interview data showed that the move from rhetoric to enterprise development
requires macro-level catalysts, such as supportive government policies, culture, and infrastruc-
ture development. Although, thus far, most enterprises developed around the CE have been by
private people, the government’s role is felt to be imperative.

Government policies

According to the respondents, there are two things that must take place at the governmental
level in terms of policy to promote a CE. First, the government policies put in place to handle
the negative effects of production and consumption should be strategically developed. Pol-
lution taxes should be set at a level higher than the detrimental effect of the same to deter
polluters. While the respondents viewed the institution of taxes as a good thing, to ensure the
progress of CE enterprise development, governments may compensate institutions that adhere
to, for instance, segregation and proper gathering of waste, which will feed into CE enterprises
as raw materials.

Second, the respondents require that the government would create an enabling environment
for CE enterprises through the provision of funds. CE start-ups such as those interviewed for this
research are growing at a slower rate as compared to larger businesses not focused on a CE. To
allow for enough capacity to meet this escalating need, the government may support CE start-ups
in the form of capital provision. According to one of the interviewee firms, “As a start-up, funds
were limited for growing the business. Getting capital was a challenge as there are loans unavail-
able to support green manufacturing in Nigeria. Lack of capital has also hindered the expansion
of the business” (see INT3). With government support, there would be the creation of many CE
enterprises.

Since government agencies alone lack the capacity to handle the waste streams effectively,
the participants viewed a comprehensive private-public partnership as being imperative. The
government may provide an enabling environment for CE enterprises by partnering with them.
Government partnership would then in turn help expand the base of the private CE enterprises.
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Culture

The issue of culture was eminent in the responses received from the interview participants. One
key among these catalysts is a change in the culture of waste disposal and its segregation. The
respondents posit that there is a need for a change in the waste disposal and waste segregation
culture of Nigerians. They further felt that most Nigerians are currently unaware or do not prac-
tice waste segregation or formalised waste disposal.

Additionally, the expansive and time-consuming nature of waste segregation makes it unat-
tractive. Consequently, to promote a change in culture, respondents suggested that consumers
would need to derive utility from the practice of waste segregation. Hence, a change in culture
must first be promoted by focused education programmes to increase consumer awareness and
interest in CE. These mass education intervention programmes could highlight the benefits of
proper waste disposal and waste segregation at the grassroots level. This would require a broad
planning and cooperation with multiple levels of social infrastructure. One of the interviewees
lamented that “getting people to segregate their garbage voluntarily is quite difficult, as biode-
gradable waste stinks and pollutes the environment” (see INT4). Further suggesting that “more
awareness is required to ensure waste segregation culture in Nigeria” (see INT4).

Infrastructure: Logistics and power

Infrastructure provision in the form of logistics is also critical to the development of CE enter-
prises. The respondents seem to have a convergent opinion on the need for logistical support,
and this support would come from the government. Waste must be moved to various sites for
recycling activities to be conducted, and to ensure this, there is heavy reliance on compartmen-
talised trucks, road sweeper machines, bulk refuse carriers, dumper placers, etc. These logistics
are quite expensive for private CE entrepreneurs to acquire, so governmental support becomes
necessary with logistical issues.

One of the interviewees proposed an alternative to the provision of logistics by suggesting a
less expensive but viable alternative that would also reduce the pressure on dumpsites. He stated
that “because biodegradable waste generates a foul odour, transporting it might be a chore de-
pending on the situation. One possible answer to this problem is to build community composting
sites to eliminate the need to transport waste from one location to another” (see INT1). Commu-
nity compost sites could be a plausible alternative to logistical problems, yet again the develop-
ment of a community compost site was seen to often be a part of the government’s infrastructure
development agenda. Admittedly, community compost sites may solve local logistic issues, but
other aspects, such as environmental impact, should be considered.

Apart from logistics, electric power is pertinent in most CE businesses. The following state-
ment was echoed in many respondents’ interviews, “Access to energy is a major challenge to
manufacturing firms in Nigeria. The unreliable power supply and the soaring cost of diesel
needed for operating machines could lead to an increase in manufacturing costs and the price of
the products” (see INT2). This unreliability in the power grid was seen to discourage the estab-
lishment of CE enterprises.

Micro-level catalysts

The micro-level catalysts refer to the individual-level dynamics that promote CE enterprise devel-
opment. Individual passion, experiences, and attitudes were identified as the micro-level factors.
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Passion

Data collected from the respondents shows that CE entrepreneurs usually have passion that is
not only directed towards fellow humans, as in a close relationship, but also state they have a
passion to the environment, which is inanimate. These entrepreneurs move with consistency,
urgency, and a great desire to see their dream of waste management and circularity accom-
plished. This passion “represents the energy underlying such persistent involvement” (Val-
lerand et al., 2007, p. 506). Having a strong passion for something seems to motivate people to
fully commit to it, which may enable them to persevere in the face of challenges and eventually
achieve excellence.

According to Vallerand (2012, p. 1), “passion is defined as a strong inclination toward a self-
defining activity that people like (or even love), find important, and in which they invest time
and energy on a regular basis. Vallerand’s (2012) model proposes the existence of two types of
passion: harmonious and obsessive”. All the CE entrepreneurs interviewed allude to the fact that
they were driven by a passion “to see a change” (see INT 6), “to get the waste in Nigeria made
useful” (see INT4, INT3, and INT1).

Experience

It is important to acknowledge the role of past experience of the CE entrepreneurs interviewed
since most of them make reference to it. According to one respondent, “I worked with a company
in the United States before coming back to Nigeria and that is where I learned about converting
waste into something more useful” (note: Reference code restrained). The respondents talked
about their exposure to CE firms they have worked with. This has become a motivating factor for
them to establish their businesses. Apart from this kind of experience, the respondents revealed
that they had experienced failures. They admitted that they have had to learn the hard way. Expe-
rience, therefore, can be characterised as an important catalyst for CE transition.

Attitudes

Attitude refers to the “a relatively enduring organisation of beliefs, feelings, and behavioural ten-
dencies towards socially significant objects, groups, events, or symbols” (Vaugha & Hogg, 2005,
p- 150). According to Zhang et al. (2021), the attitudes of people in relation to sustainability are
usually formed based on economic (e.g., price, income), psychological (e.g., different hierarchies
of needs), anthropological (e.g., religion, culture), and marketing (e.g., perceptions) factors. For
instance, people will respond positively to the culture of waste segregation based on the cost
associated with it, the need that they assign to it, their religious leanings, and perceptions about
the act.

Data gathered in this study shows that positive attitude towards sustainability will lead to
more CE enterprises developed than a negative one (as we found in the interviews, people with
sustainability tendencies tend to promote the establishment of CE-focused businesses). The en-
terprises are developed as they reflect the innate attitudes of the founders towards sustainability.
Amoabh et al. (2022) posit that, like all Africans, Nigerians have natural sustainability tendencies.

Enterprise development

From the data, it is clear that the deployment of the right micro and macro catalysts identified
in this study will lead to the development of business enterprises that promote a CE in Nigeria.
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The shift to a value-creating CE will lead to new business models, value chains, and product-
service delivery mechanisms. The shift influences the design, production, usage, and disposal
processes, and the gathering of products and materials for reuse. A transition to a CE also in-
troduces new methods to facilitate, maintain, share, repair, upgrade, and remanufacture items
(Russell et al., 2020).

The literature presents five types of business models and enterprises in CE. These models
are named as follows: “(a) circular supplies, (b) resource recovery, (c) product life extension,
(d) sharing platforms, and (e) product as a service” (Chen, 2020). Businesses formed around the
circular supplies model reuse, reprocess, and renew inputs for productive use. Businesses formed
around the second model of resource recovery develop closed-loop recycling and cradle-to-cradle
designs with discarded products into new products (Li & Su, 2012). The third model, “product-
life extension”, focuses on extending the life cycles of products’ assets. The fourth model makes
products and assets accessible to most people by promoting a platform for collaboration among
product users, both individuals and organisations. The fifth business model promotes the product
as a service as an alternative to the buy and owns model.

Of the five business models, the businesses we examined in the Nigerian context have busi-
ness models around circular supplies, product life extension, and resource recovery models. Few
businesses have harnessed the opportunities that abound in the sharing platforms and product
as service models. A large percentage of the players in CE are the waste pickers in the informal
sector and formal recyclers (Morais et al., 2022).

Infrastructural challenges — especially around logistics — power availability, and machinery
continue to hinder the development of enterprises in the resource recovery model. As one of
our interviewees who produces tiles from plastic waste noted “production costs at my factory
are high due to the poor power supply in the country” (see INT 9). Respondents stated that if
they were to incorporate the cost of power and logistics into the product price, this would result
in high, noncompetitive pricing. The incorporation of power and logistics costs poses a major
challenge for the case firms. The respondents lamented how difficult it was to start and sustain
a business in Nigeria, as a majority of consumers are unaware of the importance of sustain-
ability; therefore, the respondents felt that the customers would only purchase products that are
affordable for them. This challenge highlights the urgent need to develop local machinery and
technological solutions that promote circular businesses in Nigeria. Innovation is especially
needed for machinery to incorporate the infrastructural challenges prevalent in the country
into the design of products.

Conclusions

This study examined the perspectives of nine Nigerian entrepreneurs involved in CE. Through
the analysis of interview data, it was determined that there is a need to transition from rhetoric
to enterprise development in the context of CE, which respondents believe has the potential to
boost Nigeria’s national prosperity. The transition to a CE required a collaborative and concerted
effort from all stakeholders, including entrepreneurs, government, social activists, researchers,
policymakers, end users, and international actors.

The study highlights the significance of macro- and micro-level catalysts. It is evident that
CE presents a promising opportunity for Nigeria to address environmental challenges while pro-
moting economic growth, and the successful implementation of this transition will require a
sustained and committed effort from all stakeholders.
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Moreover, the study emphasises the importance of innovation and creativity in promoting
CE practices in Nigeria. Entrepreneurs who successfully implemented circular business mod-
els demonstrated a high level of creativity and innovation in their approach. They were able to
identify untapped resources, develop new products and services, and engage in collaborative
partnerships to enhance their business models. These findings suggest that promoting innovation
and creativity in the CE space could unlock significant economic and environmental benefits for
Nigeria.

Additionally, findings from the study suggest the need for appropriate government policies that
would encourage the establishment of CE businesses. Policymakers and stakeholders should pri-
oritise creating an enabling environment for CE start-ups to thrive. This can be achieved through
the provision of necessary support and infrastructure, such as tax incentives, grants, and favourable
policies that encourage CE practices. The availability of waste management facilities, recycling
plants, and renewable energy sources will also enable CE start-ups to operate effectively.

Founders of CE start-ups should prioritise developing passion, experience, and a positive at-
titude towards enterprise development. This can be achieved through acquiring relevant skills,
seeking mentorship and guidance, and learning from successful entrepreneurs. A positive atti-
tude towards enterprise development enables founders to overcome setbacks and challenges that
come with enterprise development.

In conclusion, the transition from rhetoric to enterprise development in CE requires a col-
laborative effort from policymakers, stakeholders, and CE start-ups. By creating an enabling
environment; prioritising education and awareness; fostering collaborations and partnerships;
emphasising passion, experience, and attitude; and supporting research and development, CE
start-ups can thrive and contribute to a more sustainable future.

Educational content

1 There is value in discussing the CE proactively as part of national discourse.
2 Can a CE occur without government support or intervention?
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Appendix
INTERVIEW GUIDE

Introduction

Self-introduction of the interviewer
Explain the purpose of the meeting
Explain the general purpose of the study

a The study is basically to understand the reason for the move from rhetoric to the develop-
ment of enterprises in CE.

Seek interviewee consent on recording
Assurance of confidentiality

Interview questions

How did your business start (please provide a historic background and what motivated you to
start)?

What is your business into? (What role does your organisation play in the circular economy)?
How challenging has it been for you?

What challenges do you perceive as your business progresses?

How would you describe your ultimate goal as a business owner?

How do you think Nigeria can advance in its quest to enterprise development in CE (any work-
able recommendations)?
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CATALYSTS FOR TRANSITION
TO CIRCULAR ECONOMY
SOLUTIONS IN THE BIOWASTE
MANAGEMENT SECTOR IN INDIA

Bhavesh Sarna, Rahul Singh, and Pankaj Singh Rawat

Introduction

India is the fifth largest economy in the world and is growing fast to be in the top three global
economies. India’s economic growth is unprecedented, with about a 10% gross domestic product
(GDP) growth rate (Asian Development Outlook [ADO], 2021). While industrialisation is grow-
ing at an accelerated rate, India faces three distinct challenges: (1) to provide a continuous energy
supply to industries, (2) to reduce greenhouse gas (GHG) emissions to tackle climate change, and
(3) to manage waste generated with the industrial and population growth. In response to these
challenges and the diminishing and limited resources of traditional fuels such as natural gas,
petroleum, and coal, there has been a need to develop an economy around biofuels.

Post—Paris Agreement in 2015, biofuels have gained significant attention around the globe
since they are considered one of the most sustainable and environment-friendly forms of energy
(Joshi et al., 2017). Countries have created national policies to motivate biofuel production and its
usage in their countries. India also has its own National Policy on Biofuel (NPB), which was last
updated in 2018. The NBP of India states, “biofuels are fuels produced from renewable resources
and used in place of or in blend with diesel, petrol or other fossil fuels for transport, stationary,
portable and other applications” (NPB, 2018, p. 15). The policy categorises biofuels into three
generational categories:

1 First generation (1G): “Basic Biofuels” made of ethanol from molasses from non-edible
oilseeds;

2 Second generation (2G): “Advanced Biofuels” — ethanol manufactured from municipal solid
waste (MSW) to drop-in fuels; and

3 Third generation (3G): Bio-CNG, which is defined as a ”purified form of bio-gas whose
composition and potential energy is similar to that of fossil-based natural gas and is pro-
duced from agricultural residues, animal dung, food waste, MSW, and sewage water” (NBP,
2018, p. 15).

DOI: 10.4324/9781003267492-7 107
This chapter has been made available under a CC-BY-NC-ND 4.0 license.


https://doi.org/10.4324/9781003267492-7

Bhavesh Sarna, Rahul Singh, Pankaj Singh Rawat

In this chapter, we limit our focus to Bio-CNG production aspects in India, as it is a recent
development and requires more in-depth analysis. The total Bio-CNG production in India, even
though it has been an agrarian economy for a long time, is only 2.07 billion m*/year, despite the
massive potential of 29 to 48 billion m*/year (Mittal et al., 2018). There is a vast, untapped Bio-
CNG market in India, which needs proper utilisation of resources to generate higher levels of
Bio-CNG production in India. To address this issue, a Bio-CNG plant has been built in the city
of Indore in central India. As of 2022, this plant will be Asia’s largest Bio-CNG manufacturing
unit, producing 17,000 kg of Bio-CNG and 100 tonnes of organic compost from 550 tonnes of
organic solid municipal waste per day (Press Information Bureau, 2022b). Further, the Indian
government promises that 75 municipalities across India will receive similar Bio-CNG plants
within the next two years (Press Information Bureau, 2022b). This large-scale transition uses a
circular economy (CE) model to focus on using abundantly available waste, which is defined as
solid waste, sludge waste, agricultural waste, and biodegradable waste. Also, this CE transition is
creating a huge paradigm shift in multiple stakeholders that contribute to this circular economy.

Recent studies indicate that the use of biomass through using sustainable CE of waste for en-
ergy production can reduce GHG emissions (Kapoor et al., 2020). CE has emerged as a business
model that integrates economic activity with environmental well-being for sustainable develop-
ment (Murray et al., 2017). This emphasises redesigning processes and recycling waste materials
to promote more environmentally friendly business models (Pearce & Turner, 1990), shifting
away from the traditional waste management system in a linear economy. The traditional philos-
ophy of efficient industries and economies worldwide has revolved around produce-use-dispose
since the industrial revolution over the last century (McDonough & Braungart, 2010). Today, the
‘cradle-to-grave’ model (McDonough & Braungart, 2010) is still followed, creating a massive is-
sue regarding waste management. For a country like India, a CE provides an in-depth industrial
and economic development solution by managing waste and producing Bio-CNG.

As far as CE action areas are concerned, bioenergy and Bio-CNG are two fields that lack com-
prehensive analysis (Winans et al., 2017). Furthermore, in the Indian context, many articles and
scientific journals have been written on several production and environmental opportunities and
technical issues associated with biofuel generation (Dwivedi & Sharma, 2014; Joshi et al., 2016;
Luthra et al., 2015; Mittal et al., 2018), but a few have focused on the business model and espe-
cially catalysts for such business models that support an economic transition to the use of biofuels
through waste management for renewable energy generation (e.g., Goyal et al., 2018; Jonker et al.,
2017; Rogge & Reichardt, 2016). To have a successful business model transition, India needs to
understand which catalyst promotes CE to both manage large waste and manufacture Bio-CNG.

The primary aim of this study is to identify the catalysts of the transition to a CE for waste
management by utilising waste for Bio-CNG production in the Indian context. To achieve this
aim, we conducted 27 semi-structured interviews with the identified stakeholder group mem-
bers to understand why they want to contribute to CE for Bio-CNG production. Specifically, we
analysed how different factors serve as catalysts in the creation of an ecosystem that supports a
CE for waste management and Bio-CNG production in the Indian context. The results show that
there are six major catalysts that contribute to the development of CE in India that support ef-
ficient waste management for Bio-CNG production.

The contributions of this chapter are threefold. First, it introduces all the catalysts that are
active in CE initiatives so India can create a business model that revolves around waste manage-
ment for Bio-CNG production in the Indian context. Second, this chapter investigates the need
for different stakeholders to participate and impact on circularity within the Indian Bio-CNG
production process through waste management, offering yet another perspective on the literature
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with an emphasis on synergies based on different stakeholders’ needs. Third, the study’s focus on
India and its waste management and Bio-CNG manufacturing industry contributes to the grow-
ing body of research on this topic coming from emerging economies.

The study presented in this chapter is organised into five sections. The current section pre-
sents the motivation and need for this study. The next section reviews relevant literature to
understand the Indian context of waste management and the need for CE. After this, we de-
scribe the proposed methodology for this research with a description of data analysis. The results
are presented in the following section and the last section presents a discussion of this study’s
findings and concludes the chapter.

The Indian context for waste management

Globally, the emission from the waste sector ranks low, which can be further managed with
effective means (Koop & van Leeuwen, 2017). But in India, due to the population size and the
waste management sector, waste emissions contribute to about 4% of India’s total GHG emis-
sions (Kolsepatil et al., 2019). These emissions come from municipal solid waste, agriculture, do-
mestic, and industrial waste. As a result, waste generated has enormous potential as a large-scale
alternative energy source through biofuel production, such as Bio-CNG. The waste management
sector is divided into urban and rural segments. The urban sector is well organised and integrated
with the local municipal bodies. The biowaste generated in the urban sector comes from places
such as household, retail, and industrial wastes, which are collected by municipalities. The rural
sector is not yet organised and generates multiple forms of agricultural waste.

The national-level composition of India’s waste management profile is a concern both from
a CHG emissions perspective and an opportunity to contribute to green energy production in
the country (Table 6.1). A report by the Ministry of Environment, Forests and Climate Change

Table 6.1 Energy potential mapping from waste in India

SN Sectors Energy potential - MW
1 Urban solid waste 1,247
2 Urban liquid waste 375
3 Paper (liquid waste) 254
4 Processing and preserving of meat (liquid waste) 182
5 Processing and preserving of meat (solid waste) 13
6 Processing of fish, crustaceans (liquid waste) 17
7 Vegetable raw and processed (solid waste) 592
8 Fruit processing (solid waste) 21
9 Fruit raw (solid waste) 203

10 Milk processing/dairy products (liquid waste) 24

11 Maise starch (liquid waste) 47

12 Tapioca starch (solid and liquid waste) 53

13 Sugar (liquid waste) 49

14 Sugar press mud (solid waste) 200

15 Distillery (liquid waste) 781

16 Slaughterhouse (solid and liquid waste) 315

17 Cattle farm (solid waste) 862

18 Poultry (solid waste) 462

Total potential of energy (MW) 5,697
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in 2021)states that India generates about 65 million tonnes of waste annually, including organic
waste and recyclables such as paper and plastics (Ministry of Housing and Urban Affair, 2021).
As per the Standing Committee on Urban Development Report (SCUDR) among this waste,
45-50% is biodegradable, 20-25% is recyclable, and 30-35% are classified as inert or debris
(Ministry of Housing and Urban Affair, 2021). Out of this entirety, approximately 75% gets col-
lected, and about 30% of this collection gets processed. Thus, increasing waste adds an environ-
mental burden if it is not adequately treated, increasing the risk for major future climate concerns
as waste production increases by multifold in the near future.

These waste management challenges have placed pressure on the Indian government, but they
have also created a potential opportunity to drive energy production forward. It is expected that
the use of waste in energy production, such as Bio-CNG, will reduce the import of fossil fuels to
India and resulting from this, a reduction of carbon emissions into the atmosphere is expected,
thereby potentially reducing global warming. It is also expected to create new jobs (Raza et al.,
2011). India is committed to a “reduction in energy emissions intensity by 33%-35% by 2030 and
the share of non-fossil fuel-based capacity in the electricity mix is aimed at above 40% by 2030”
(NPB, 2018; p. 14). However, India already achieved this target in November 2021 and announced
this accomplishment at the COP 26 meeting in December 2021. Consequently, India revised its
targets to a 50% share of non-fuel-based capacity by 2030. In October 2021, to achieve this new
target, the government of India (GOI) launched the second phase of the Swachh Bharat Mission-
Urban 2.0 (SBM-U 2.0). This new initiative kicks off the implementation of the SBM-U 2.0 plan
to make all cities in India garbage-free, which directly supports the integration of the waste
management system with the cities’ energy needs through Bio-CNG production (Departmentally
Related Standing Committees, 2019). Along with this, GOI has initiated the second phase of the
Atal Mission for Rejuvenation and Urban Transformation (AMRUT 2.0) for capacity building to
reduce, reuse, and recycle in urban spaces. These types of initiatives open possibilities for tran-
sitioning from linear to circular economies. These proposed initiatives are directly linked to the
municipal waste collection system and cater directly to the waste management needs of the urban
sector in India. While waste management in urban India is being addressed to a large extent,
waste management issues in the rural sector are under-addressed.

Challenges in waste management for the rural sector

Rural areas remain neglected in waste management. In the past, GOI had heavily endorsed small-
scale biogas plants, promoting their use for biogas. Most of these projects were off-grid applica-
tions, and most gasifiers were limited to individual households. In the 1990s and early 2000s, four
million family-sized biogas installations were installed in India (Raza et al., 2011). The Ministry
of New and Renewable Energy (MNRE, 2022) estimated that the annual capacity to produce
biogas could reach 17,340 million m®, which is sufficient to install approximately 12 million
family-sized biogas plants (Raza et al., 2011). Since these initiatives were primarily off-grid, such
biogas production did not contribute much to the large economy or national energy production
or reduce the dependence on fossil fuels (Gotmare & Nair, 2019). However, this initiative was
not financially viable, and the output was insufficient for local consumption (Mittal et al., 2018).

Another issue with small-scale biogas plants was the need for a constant supply of raw mate-
rial for the biogas generation. Such family-owned biogas production units were heavily depend-
ent on agricultural waste. Agriculturally based raw materials are seasonal related to agricultural
harvest cycles (Kimothi et al., 2020). Harvest cycles are not a continuous process; hence, they are
not heavily dependable for the continuous production of biogas. Thus, this model is commercially
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unviable in a regional or local model that does not support an economy of scale or the larger na-
tional economy (Gotmare & Nair, 2019). The Indian government implemented many small-scale
projects to supply renewable energy to rural areas (TERI, 2010). However, such undertakings
were made with seemingly little effort to understand the needs of rural India. The rural popula-
tion’s perceptions and attitudes toward these bioenergy resources had not been thoroughly in-
vestigated in the agricultural sector, thus the so-called ‘felt needs’ were never assessed, but the
so-called ‘real needs’ were assigned (Raza et al., 2011).

Waste management in urban cities — Example from Indore

The rapid increase in population has made municipal solid waste management an increasingly
significant activity in the urban areas of India. Among the numerous responsibilities of municipal
corporations and local urban bodies are the reduction and efficient handling of solid waste. To
achieve a CE in urban cities in India, waste source separation plays a crucial role in sustainable
and integrated municipal solid waste management (MSWM). Even so, uncontrolled and open
waste dumping continues to be an unofficial practice in many cities, where mixed waste is re-
ceived without any preparation for disposal (Dickella Gamaralalage et al., 2022). However, this
practice is changing in many cities such as Indore, Pune, Surat, Bangalore, and other cities across
the country. Next, we briefly describe the change in Indore.

The city of Indore achieved 100% source separation and a door-to-door waste collection sys-
tem within a short, two-year time period (2015-2017) (Kanojia & Visvanathan, 2021). Under
the government’s Swachh Bharat Mission’s (SBM) Swachh Survekshan Competition, the city
received the national award for India’s Cleanest City in the over one million population category
for six consecutive years (2017-2022). The previous MSWM provision in Indore Municipal Cor-
poration (IMC) was inadequate, which resulted in the city being one of the dirtiest in the region
until 2015 (Indore Municipal Corporation [IMC], 2019). Residents discarded domestic waste at
will, community bins overflowed due to a lack of waste collection, and stray animals roamed the
streets freely; citizens had continued to demand improved waste collection services. Ultimately,
these individual citizens’ concerns led to the implementation of source separation; in response,
the IMC adopted the Solid Waste Management Bylaw 2018 (Ghosh, 2017, 2020). The source sepa-
ration of waste created an ecosystem for investors to invest in a large-scale Bio-CNG production
unit in Indore. Since February 2022, this Bio-CNG plant operates on 100% wet waste. This plant
is built on PPP mode, from which IMC will receive yearly revenue of one crore rupees (approxi-
mately USD$121,066). Additionally, the city will purchase 50% of the Bio-CNG produced daily;
this will support 400 buses that Indore can run on the gas generated from the Bio-CNG plant.

Potential of the circular economy as a solution

The modern Bio-CNG technology-led production are large-scale business units, which are driven
by innovation and profitability. Continuous production of Bio-CNG involves many actors and
entities in the value chain. If the rural sector is integrated in the value chain of the Bio-CNG
production, then the waste management in India goes one step further using a CE for efficient en-
ergy production throughout waste management. The introduction of CE as a business model for
energy production through waste management represents a significant paradigm shift in the busi-
ness model for all stakeholders. Businesses and entrepreneurs realise a market that both needs
to be addressed and has economic potential. This realisation is at the heart of the current under-
standing and valuation of Bio-CNG and resources that can be acquired for production through
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waste management. The potential benefits of Bio-CNG include efficient management of waste,
which serves as raw material, and the reduction of greenhouse gases, which replaces fossil fuels.
This business model has secondary benefits, such as the restoration of soil productivity and re-
claimed land by using manure generated after Bio-CNG production. Biomass from biowaste is an
abundant and underutilised resource, which still needs to be utilised more effectively as a com-
mercial and social resource. Thus, the paradigm shift calls for regime transition (Loorbach et al.,
2017) toward CE for Bio-CNG production scalability, which calls for decoding the catalysts char-
acterised by social forces, technological changes, and power relationships among stakeholders.

To achieve the aim of finding the catalysts, we use the concept of the catalyst with an interpre-
tation of an agent to sustainability transformation for the long-term development of society with
enhanced human well-being built on environmental accountability and protection (Smith et al,
2010). For this study, we observed catalysts as a form of ‘initiator’ or agent that increases the speed
and rate of change or transformation. However, the catalyst creates a reaction in the development
system that leads to economic activities reaching a self-sustaining threshold. Thus, this chapter
assumes a catalyst as an ‘enabler’ to execute the development in a disciplined manner. The capac-
ity of catalysts to influence the system depends on their ability to work as a ‘visible hand’ and an
‘invisible hand’ (K&hler et al., 2019). For example, government tax benefits have been a known
catalyst for economic activity development in the state, which acts as a visible hand in the initial
years but becomes an invisible hand or absent over time (Erlinghagen & Markard, 2012).

Methodology

This study used qualitative methodology to analyse the empirical data (Silverman, 2005) to iden-
tify the catalysts. The qualitative approach allowed an understanding of the catalysts that is mapped
through the responses of different stakeholders (Creswell et al., 2007). Semistructured interviews
were performed to collect data. This data was collected to understand the participants’ unique
perspective rather than a generalised understanding of the phenomenon (McGrath et al., 2019).
The responses to the interviews allowed us to understand the factors that function as catalysts
aligning with the CE approach. We were especially interested in providing our interviewees with
the opportunity to describe their motivations and perspectives (Eisenhardt, 1989; Patton, 2002)
as active participants in CE and in identifying the catalysts for the transformation of the industry.

Braun and Clarke (2006) suggest the use of thematic analysis (TA) for interpretive thematic
outcomes, a widely used method for interpreting and analysing patterns of meaning or “themes”
in qualitative data. By drawing on interviewees’ insights, we can identify broader themes and
connections among the actors involved in the transition, as outlined by Yin (2009). Although
some argue that TA should not be considered a research methodology as it focuses solely on ana-
lysing existing data, it is still a valuable tool to draw on a range of qualitative analysis techniques,
including qualitative content analysis, grounded theory, and narrative analysis (Waraas, 2022).

By leveraging the power of TA, we could identify and interpret patterns of meaning or ‘themes’
in qualitative data in a robust and effective manner. Waeraas (2022) highlights the value of TA as an
inductive-based analysis approach that is grounded in transparency and the data, rather than being
theory-driven or deductive. To avoid this criticism by Weeraas (2022) and with the intention to iden-
tify themes or catalysts and not construct a theory, we used a three-stage data analysis model (Gioia
et al., 2013) for TA to maintain data integrity and generate first-order terms directly from the data,
before moving on to identify second-order themes. Throughout this process, we assemble terms,
themes, and dimensions into a clear data structure that facilitates systematic coding and conceptu-
alisation of emerging themes as catalysts for CE, with complete transparency.
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Data collection

Industry experts nominated the interviewees or the segment of stakeholders. We contacted and
interviewed two industry experts, an academic researcher who studies the technical side of Bio-
CNG production, and the production head at one of the newly constructed Bio-CNG plants. Once
we connected with these two experts, we mapped the stakeholders who directly and indirectly
contributed to the Bio-CNG production through waste management. We carried out purposeful
sampling (Patton, 2002; Suri, 2011) to identify the interviewees representing various stakeholder
actors of the ecosystem. This process ensured that respondents are sufficiently aware about the
Bio-CNG production and the Bio-CNG market (Robinson, 2014), and they are also available
(Creswell et al., 2007) in the study.

We started the interview process with the first two mentioned experts to map the entire value
chain of Bio-CNG production and to understand their perspectives on the catalysts that promote
a CE in India. We started using the snowballing technique to identify our next interviewee in
the data collection procedure (Parker, 2019). We interviewed 27 individuals engaged as policy-
makers, entrepreneurs, operators, householders, farmers, and industry experts. The details of all
interviewees are shown in Table 6.2. The interviews ranged from 21 to 55 minutes in length. The

Table 6.2 Details of the interviewees

S. No. Title (Gender) Interview type  Interview length
1 Entrepreneur 1 (Male) Video Call 40 min
2 Entrepreneur 2 (Male) In Person 25 min
3 Entrepreneur 3 (Male) Video Call 47 min
4 Researcher 1 (Male) In Person 45 Min
5 Researcher 2 (Male) Video Call 42 Min
6 Operator 1 (Male) Video Call 34 min
7 Operator 2 (Male) Video Call 39 min
8 Operator 3 (Male) Video Call 29 min
9 Operator 4 (Male) Video Call 30 min

10 Farmer 1 (Male) In Person 38 min

11 Farmer 2 (Male) Video Call 55 min
12 Farmer 3 (Male) Video Call 44 min
13 Farmer 4 (Male) Video Call 49 min
14 Farmer 5 (Male) Video Call 23 min
15 Retail Juice Shop Owner 1 (Male)  In Person 26 min
16 Retail Juice Shop Owner 2 (Male)  In Person 25 min
17 Small Restaurant Owner 1 (Male)  In Person 21 min
18 Householder 1 (Female) In Person 28 min

19 Householder 2 (Female) In Person 24 min

20 Householder 3 (Female) In Person 26 min

21 Householder 4 (male) In Person 28 min

22 Householder 5 (male) In Person 25 min

23 Municipal Officer In Person 25 min

24 Policy Expert In Person 22 min

25 Business Manager 1 In Person 37 min

26 Business Manager 2 Video Call 41 min

27 Industry Expert Video Call 35 min
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interviews were conducted both in languages in English and Hindi to capture the technical and
contextual understanding. Out of 27 interviews, 11 interviews were conducted in Hindi capturing
stakeholders such as farmers, retail juice shop owners, a small restaurant owner, and a few house-
holders. All interviews were auto transcribed through artificial intelligence (AI) and manually
verified. For the transcriptions in Hindi, interview content was translated in English through an
electronic translator and then manually verified by a language expert. The complete transcription
of 27 interviews was 254 pages in length. We continued the data collection until it was observed
that there are repetitive responses in the interview indicating that we had been close to theoretical
saturation (Locke, 2001), although any specific number of interviews is not a decisive factor for a
theoretical interpretation of complete data saturation (Eisenhardt, 2021).

Data analysis

We used Atlas.ti (version 9) as the data analysis tool. We started the data analysis by reading
the interview transcripts and labelling the data with initial thoughts and concepts. Then, after
the initial analysis, we performed the final three-stage analysis as described next. Although the
description is linear and chronological, the analysis was iterative.

Based on Gioia et al. (2013), the first stage of analysis involves creating a deeper foundation
for developing detailed descriptions. First, we identified parts of the interviews related to the
interviewees’ understanding of their position in the value chain for creating a CE for Bio-CNG
production. We analysed the data with an awareness of the perceptions of various stakeholders in
the value chain. We compared and compiled different data segments for developing the first-order
concepts, and identified differences in stakeholder perceptions as shown in Figure 6.1.

In the second stage, we compared the first-order concepts and started to group them based on
common themes. During this stage, we identified practical issues that support the creation of a
CE in India related to waste management through Bio-CNG production. We observed how differ-
ent stakeholders from their position in the value chain have different perceptions and topics that
help them to be part of the CE or push them further away from the CE value chain.

In the third stage, we integrated the categories for the previous two stages to identify the cata-
lysts for developing a CE in Bio-CNG production. During this analytical process, we identified
six catalysts that support and initiate the development of a CE for Bio-CNG transition in India
through waste management. Figure 6.1 shows the complete data structure of the data analysis.

Identified catalyst in the Indian context

Six main catalysts emerged that influence the formation of CE for developing and producing
Bio-CNG production for waste management in India. The identified catalysts are: societal trans-
formation, policy change, business demands, technology and innovation, profitable production,
climate change, and sustainable farming. We present the findings in a linear sequence. These
catalysts can be interrelated, and their synergy makes it possible to create an ecosystem based on
a CE for biowaste management.

Transforming society

Stakeholders such as residents, professionals, academics, and policy experts have experienced
social sensitivity and a systems thinking approach towards waste management transformation
in society. For example, the city of Indore in central India is located in an industrial belt and is a
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densely populated city; its waste management systems were implemented with significant efforts
in design, planning, and execution. A municipal officer had observed the need to empower the
field workers and protect them from undue pressure of households with higher social status. The
policy modification helped municipality workers to not accept the unsegregated waste from any
household, irrespective of social status. Over time, the community started accepting the change.

We now have stricter guidelines for waste managers, and our employees are trained to
segregate the waste. We have also seen good response from the households [...]. This was a
challenge initially but the new policy on protecting municipality workforce helped us [...],
not every householder supports us, but many of them segregate their waste, and this is a
good start. This is only an example of transition of society, but this is possible everywhere
in India with sincere efforts by officials.

(Municipal Officer, respondent 23)

While society stakeholders are well informed about the environmental impact, perceived ben-
efits, lifestyle changes, and other direct or indirect benefits and need to change to a better waste
management system was felt, but the path to the transition of society was unidentified. The waste
management offered the opportunity to create economic value and Bio-CNG became a clean and
locally produced commodity and the city Indore was branded as a clean city.

It is a matter of pride for Indore to win the Cleanest City of India for consecutively six years
due to the behavioural change of society. Citizens are aware now. They are educated or not,
it does not matter but they appreciate the change and concerned to follow rules.

(Retail Juice Shop Owner 1, respondent 15)

In another city in north India, Kanpur, which is an industrial city and one of most dense cit-
ies in terms of population, one of the respondents (Household 2) indicated his concerns about
increasing dirt in the city, as well as the health and hygiene issues due to piles of waste.

I would be happy if municipality could reuse the pile of waste being dumped in the periph-
eries of the city. It is not hygienic, and it is not good for health. [...]. I am aware how things
are developing in Indore. We should learn from them and create social pressure to influence
the administration for change.

(Household 2, respondent 19)

The social awareness and sensitivity that we define as ‘transformed society’ is observed as
a catalyst because it creates peer pressure and force of change in social groups towards sustain-
ability, in response converting the unsustainable into a CE model.

Policy change

Policy and regulations can push transformative institutional change (Kivimaa & Rogge, 2022) to-
wards a sustainable transition. India has transitioned from protesting global environmental poli-
cies to actively shaping these policies at political leadership levels. Such an approach has led to
a sustainable business model and transitioned into a stable CE model that had not been validated
clearly in past research in India. However, one respondent reflected on how recent policy updates
have made a contribution towards the market transition.
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We have not seen much policy and regulatory change with institutional mechanism to de-
liver in past. But now it’s different. To honor its international commitments at the Paris
Agreement, the government of India had to make several policy adjustments, institutional
structuring, and supportive environment for business. The government created specific
programs such as Swachh Bharat (Clean India) and Atma Nirbhar Bharat (Self Reliant
India) which includes waste management and set specific targets to achieve.

(Policy expert, Ministry of Petroleum and Natural Gas, respondent 24)

A respondent in the helm of policy cycle in the ministry of petroleum and natural gas ob-
served how a national program is designed and delivered in a strategic way. The ministry
develops national programs, which are rolled out as plans, while the responsible institutions
take the responsibility of both the delivery and the continued performance of the program. This
approach is well defined in terms of responsibility of each institution involved for effective
policy-driven changes.

Major focus has been on generating energy from waste like municipal solid waste (MSW),
municipal liquid waste (MLW), farming waste, and farm produce targeted to produce bio-
fuel under Swachh Bharat Mission.

(Industry Expert, Chamber of Commerce, respondent 27)

In the year 2015 at COP 21 meeting, India committed to reduction in energy emissions in-
tensity to 35% by 2030 and increase the share of non-fossil fuel-based capacity above 40%
by 2030. Political will and policy change makes a transformative change.

(Policy expert, Ministry of Petroleum and Natural Gas, respondent 24)

In response to these international commitments, the government revisited national missions,
revised its internal energy policy, and analysed alternative renewable sources. Modifications in
the biofuel policy in 2018 focused on generating biofuel not only from the waste but also from
the farming produce or any other source, helping to create a CE model. Thus, policy change is
considered a key driver for CE business of Bio-CNG production not only contributing to the pro-
duction of alternative energy but also achieving the national green India mission.

Demand from business

With the national agenda of the government and a change in national policy on biofuels (2018),
fossil fuel suppliers have to mix biofuel with fossil fuel, and there are increasing targets of the
mixture percentage (Press Information Bureau, 2022a). These changes are creating pressure on
the market actors in the petroleum industry to produce more biofuel to achieve decarbonisation,
this in turn is increasing demands for Bio-CNG production not only in the transportation indus-
try but also in the industrial units.

The environment impact is forcing drivers to change which is modifying the business de-
mand, business models and entry of new players in the market to produce higher capacity.
This is also driven by the availability of the waste raw material in both rural and urban
settings [...] We look forward to more Bio-CNG availability in the future.

(Business Manager 1, Automobile firm, respondent 25)
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The sustainability rating pressure on direct and indirect players in ecosystems such as indus-
trial units, transport manufacturers, farming sectors, and others and combined with the develop-
ment of relevant infrastructure and the introduction of policy has positively affected the demand
of the clean fuel, including Bio-CNG. Additionally, carbon trading has changed the industry
landscape from only production to trading of sustainability scores. Companies are not only col-
lecting carbon credits from their clean and sustainable practices initiatives, but are also trading
the carbon credits to earn money.

The carbon trading has been strong push to companies and there is a trend of green invest-
ments. [f we can reduce our carbon emissions, then we can definitely attract more investors
towards our business.

(Business Manager 1, Automobile firm, respondent 26)

There are possibilities to construct Bio-CNG plants next to heavy industries that are en-
ergy intensive units. This way, we can save a lot on transportation. [...] Also, Bio-CNG is
a clean fuel compared to fossil fuels and has a high calorific value, which in turn improves
the performance. [...] This reduces environmental emissions and also provides access to
low-cost fuel, which adds to profits.

(Industry Expert, Chamber of Commerce, respondent 27)

The business side of sustainability, thus, is increasing demand in the industry, creating new
business models, and increasing Bio-CNG production units to deal with the demand. Therefore,
business demand is becoming an influential catalyst in dealing with waste management and de-
veloping CE business models.

Technology and innovation

A senior fellow (respondent 4) of the Council of Scientific and Industrial Research (CSIR) who
has been dealing with the waste management research and development in the country, recog-
nises the tectonic shift in the approach to deal with waste and create economic benefit. In the
past, he dealt with many state governments that aimed at fulfilling the compliance of the GOI
on environment compromising the quality of waste management units. The approach is different
now, and same state governments have modified their working approach and model. Now, gov-
ernments are promoting PPP models in collaboration with technology and innovation-led private
companies to bring in state-of-the-art technology and a sustainable business model.

The government is not only inviting the technologically advanced global companies
to establish in India but also offering many partnership benefits under public private
partnership model (PPP) including raw material supply, buy back of output, and opera-
tional support to keep the unit operational. This is new from the bureaucratic approach
of government.

(Entrepreneur 2, industrial unit, respondent 2)

Because of innovation and technological development, technology is available that is capable
of handling large quantities of waste and producing large amounts of biofuel. The technologi-
cal advancement and PPP approach has transformed the only compliance-based industry into
a responsible solution-oriented business model industry, and entrepreneurs are attracted to the
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market to invest. This environment has motivated innovators developing locally aligned technol-
ogy, which is also financially affordable in the Indian context.

In the past, we had many small-scale biogas plants [...] Such plants needed a certain mix of
waste to produce biogas. Not all kinds of bio-waste could have been used in the past. Also,
such bio gas plants were operated on a small scale and could not support the ambition to
replace fossil fuels even in miniscule way, [...]. We needed better technological capabilities
and designs, and now we have them.

(Operator 1, respondent 6)

We sort and provide a mix of all kinds of biowaste to the CNG plant [...] now we do not
struggle to dispose of large quantities of bio-waste and we can also deal with huge legacy
waste with present technology and big size units.

(Municipal Officer, respondent 23)

The new technology has automated and eased the operations increasing efficiency, improving
on the environmental factors, and creating smooth technology that requires less training from
technology providers. Thus, technology and innovation are observed as catalysts that are not only
changing the landscape of production but also addressing the environment challenges.

Profitable business model

The increase in profitable business models is playing out as a catalyst for the growth of CE in
India. In the past, the waste management sector had practiced minimal compliance models to
meet the government’s environmental checklists. The approach did not deliver desired results
such as managing environment issues or waste and hazards, or in engaging entrepreneurs to
continue sustained efforts in the domain. This came from the international framework of mil-
lennium development goals (MDGs), which demanded the compliance reporting. Presently, the
commitments are sustainable development in SDGs, which requires sustained business models
and engagement of private sector market actors such as entrepreneurs (Rendtorff, 2019). These
professionals develop stability in economic activity by their continuous effort and further con-
tribute to achieve efficiency and better margins (Kothari et al., 2020). Innovation and technology
development, financial support by government, and the initial demand creation by both state and
central government invited professionals to establish business in Bio-CNG production, and it
became a profitable business.

There is sufficient financial support by government in form of debt and subsidiaries, there
is good offer to the big players to invest in Bio-CNG production, and there is continuous
growing demand both from the industry and individuals making it a lucrative business.
Actually, return on investment (ROI) of this sector is now better than many manufacturing
sectors after easing of the domain.

(Entrepreneur 3, industrial unit, respondent 3)

Respondents resonate about the business models developed in partnership with municipal-

ity or agencies like fruit market, vegetable market, and farmers’ communities are profitable,
which was not so before policy modifications were instituted. Businesses invest money based on
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a business model and the continuity of the business for profit. The size of the profit is not the big-
gest concern, as long as it is financially stable to continue in a commoditised market.

I do see high profit because of growing demand as the true catalyst for rapid growth in the
industry. Now, we have the right balance between imported technology and equipment and
locally produced equipment that makes the production a large-scale Bio-CNG production.
I invested in two units as of now but plan to increase my business.

(Entrepreneur 2, industrial unit, respondent 2)

With the current level of production, our production unit will cross the break-even point in
about four to five years [...] We have started our production three months back. We have
plans to scale up the production soon, which means we can be profitable before four years.

(Entrepreneur 2, industrial unit, respondent 2)

Sustainable farming

Sustainable farming, acts as a good catalyst contributing in waste management and increasing
biofuel production. Farming is an important source of raw material to the natural gas production,
which is less costly due to its organic nature. In the past, India did not develop the system of farm-
ing produce or farming waste collection process that can be used for Bio-CNG production. With
newer technology and business models, farming is becoming a significant source of continuous
raw material supply. One respondent, who claims that this problem is echoed by many farmers,
said that farmers were facing seasonal farming cycle issues, which becomes the reason of burn-
ing waste. If they did not burn waste by a time limit, then they did not get a water and fertiliser
subsidy. Earlier there were no alternatives, but now farmers have other ways to manage the farm
waste and to mitigate their financial burden:

We usually reuse most of the waste generated in farming as manure or to feed the animals
on the farm. [...] but we do have seasonal waste from certain crops, such as paddy, cotton,
and soy. This waste cannot be reused. We often burn this waste [...] From the last few years,
there has been a big problem, as the government has banned burning such waste. We do
not have alternatives.

(Farmer 1, respondent 10)

If a Bio-CNG production plant is interested in buying our crop waste, we are happy to
supply them with the waste in exchange for the right value for our efforts to transport the
waste to the production site.

(Farmer 3, respondent, 12)

Farm waste suddenly has a price that otherwise used to be dumped with a cost. This change
has unified farmers into cooperatives and unions to negotiate the bulk deals with the businessmen
and government for a long-term stable business partnership. Some seasonal waste such as straw
after paddy cultivation, waste of sugarcane, and so forth cannot be used on the farms, so farmers
were burning such waste post-harvest. Bio-CNG production is a solution to manage such waste.
In addition, business started looking towards farming to supply continuous raw material that is
not waste but organised farming for biofuel production that makes a good business model for both
businesses and farmers.
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The demand for farming produce and the waste as raw material for Bio-CNG production is
a positive change and contributes to another national goal by, for instance, potentially doubling
the farmers’ income by 2025. Stakeholders of the farming and waste management or alterna-
tive fuel industry are exploring ways to increase production. Farming has become sustainable,
with continued demand and in the process is profitable for farmers. The waste generated from
Bio-CNG production is an excellent manure, and this supports farmers towards organic and
sustainable farming.

Discussion and conclusions

This study aimed at identifying the catalysts that can facilitate the transition towards a CE for
waste management in India, by utilising waste for Bio-CNG production. Qualitative thematic
analysis was conducted based on data from 27 semistructured interviews. The study identified
six catalysts that support the development of a CE ecosystem for waste management through
Bio-CNG production. These identified catalysts are: transforming society, policy change, busi-
ness demand, technology and innovation, profitable business models, and sustainable farming.
This study provides valuable insights into the development of sustainable waste management
practices through Bio-CNG production in India, highlighting the importance of a holistic ap-
proach to achieving a CE.

According to the findings, society is undergoing a transformation. The study highlights the
importance of social sensitivity and a system-thinking approach to waste management transfor-
mation in society. The example of Indore demonstrates the significance of design, planning, and
execution efforts in waste management systems, as well as the need to empower field workers.
Over time, community acceptance of the changes resulted in a transition towards a CE model for
waste management. The findings also bring forward how policy and regulations can lead to in-
stitutional change towards a sustainable transition to implementing CE, showcasing India’s shift
from protesting global environmental policies to actively shaping them.

Further, the pressure of achieving sustainability goals and carbon reduction is positively af-
fecting the demand for clean fuels, including Bio-CNG. This change has resulted in an increase
in demand for Bio-CNG in various industrial sectors. This is leading to the development of
more innovative business models and the increase in more Bio-CNG production units to meet
demand, thus making business demand an influential catalyst in developing CE business models.
Additionally, CE in India is growing due to the increase in profitable business models, which
are facilitated by government initiatives and support for entrepreneurs. The shift from minimal
compliance with MDGs to SDGs has led to sustained business models and engagement of private
sector market actors. Business models developed in partnership with municipalities or agencies
like fruit markets and farmers’ communities are now profitable. The development of efficient
business operating models for medium- and large-scale waste units for Bio-CNG production is
one catalyst for the growth of the CE in India.

Farming waste can be used for Bio-CNG production, which can help in waste management
and increase biofuel production. Using newer technology and business models, farming waste
has become a significant source of raw material supply. The waste generated from Bio-CNG
production is also an excellent manure that supports farmers towards organic and sustainable
farming. As a result, a two-way supply stream is creating a CE in India that meets the needs of
both Bio-CNG production units and farmers. Entrepreneurs have attracted investors to the in-
dustry due to improved access to the latest and most efficient technology. In addition to automat-
ing and simplifying operations, new technology has also increased efficiency and improved the
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environment. This in turn enables large quantities of waste to be handled and for biofuels to be
produced from that waste. Also, the findings suggests that the shift in government policies from
compliance-based to solution-oriented promotes PPP models in collaboration with technology
and innovation-led private players.

Past research in the CE domain notes that CE remains a concept and principle that is theoreti-
cally and practically evolving (Centobelli et al., 2020), with discussions about catalysts for CE in
the recent literature. In their recent literature review, Sarja et al. (2021) identified different types
of catalysts for an organisation to transit into a CE. These catalysts are very business-centric
and keeps organisational-level transition to the CE in the focus. But we still do not know how
these catalysts evolve under various context and which catalysts govern or motivate different
stakeholders to get involved in the CE of a product or a production unit. Hence, the CE can be am-
biguous in many contexts and stages of its implementation (Geissdoerfer et al., 2017; Kalmykova
et al., 2018). Also, except for a few studies, it is difficult to find any literature that discusses the
basic ‘need’ of the context as a catalyst for adoption of CE (e.g., Korhonen et al., 2018; Niinimaki,
2017). Based on the findings, we argue that stakeholders’ fundamental needs serve as catalysts
and their alignment to engage for implementing a CE.

In our study, the government’s needs for economic growth, self-reliance, and achieving global
targets for the mitigation of climate change can be achieved through policy change that promotes
CE. For example, the government could incentivise businesses to adopt circular practices, such as
reducing waste and reusing resources, which could lead to increased economic growth and self-
reliance while also reducing greenhouse gas emissions, thus promoting CE. The municipality’s
need for efficient and clean waste management can also be met through a CE approach. By im-
plementing a closed-loop system where waste is used as a resource for producing Bio-CNG, the
municipality can reduce the amount of waste that goes to landfills and use it instead to produce
a renewable energy source. This implementation could also create opportunities for municipali-
ties to become important suppliers for Bio-CNG production, thus creating additional economic
benefits for both the production unit for Bio-CNG and the municipality authority.

Similarly, the business sector’s needs for cleaner and cheaper fuel and reduction in emis-
sions can also be addressed through a CE approach. By buying Bio-CNG as a fuel, businesses
can reduce their carbon footprint while also benefitting from a more affordable and sustainable
energy source. Further, individual members in the society needs for a clean environment, afford-
able fuel, and maintaining and enhancing life choices can be met through their participation in a
CE. By becoming responsible partners for waste management by partnering with municipalities,
individuals can contribute to reducing waste and minimising the impact of their activities on the
environment. In addition, Bio-CNG is a cheaper and cleaner fuel and could help to enhance the
individuals in a society’s life choices. Finally, the farmers’ requirements of better seasonal waste
management, extra income, and organic manure can also be met through participation in the CE.
It is the combined needs of the stakeholders that is catalysing the creation of a healthy ecosystem
for Bio-CNG production through waste management. Table 6.3 summarises the identified stake-
holders’ needs.

In India, the government and its policies continuously support the ecosystem of the stakehold-
ers to adopt the CE practices; this is seen as a central enabler to CE. Other stakeholders will
participate in the ecosystem to produce Bio-CNG through waste management, thus fulfilling and
supporting a CE. The findings of our research show that the primary catalyst for any ecosystem
to transition to a CE is the basic need for stakeholder transformation; when the needs of different
stakeholders are synchronised, the CE transition is possible. If the essential requirements of the
stakeholders are not aligned, then the actions of each stakeholder are also not aligned and even
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Table 6.3 The need analysis of the key stakeholders

Stakeholders Needs Actions

Government 1 Economic growth Policy change
2 Self-reliance
3 Achieving global targets for the
mitigation of climate change

Municipality 1 Efficient and clean management of Willingness to become an important
large-scale waste supplier for Bio-CNG production
Business 1 Cleaner and cheaper fuel Willingness to buy Bio-CNG as a fuel
2 Reduction in emissions
Individuals 1 Clean environment Willingness be a responsible partner
2 Cheap fuel for waste management with the
3 Maintain and enhance life choices municipalities
Farmers 1 Better management of seasonal waste ~ Willingness to become an essential
2 Extra income supplier for Bio-CNG production

3 Organic manure

in the case of identified incremental improvements, finding an easy path to CE transition through
continuous development may not be easy. Overall, the needs listed in Table 6.3 highlight the
importance of reducing waste, increasing resource efficiency, and creating sustainable economic
opportunities, all of which are key elements of a CE. By addressing these needs and promoting
circular practices, stakeholders can contribute to creating a more sustainable and resilient future
for all.

Future research and limitations

The purpose of this study was to identify the catalysts of transition of the biowaste industry to a
CE in India. Since the segment is in a nascent stage, we employed qualitative methods and ap-
plied thematic content analysis to research the current field. There are limitations in the process
such as it is based on open-ended inquiry about a phenomenon of interest, the CE.

In the context of India, there are several potential areas for future research to encourage the
transition to a CE. First, research could focus on the role of policy updates in promoting circular
practices among businesses, individuals, and other stakeholders. This could involve exploring the
potential for new policies and regulatory frameworks that could facilitate the transition to a CE
especially in the supply chain context. Second, there is a need to explore the social, technical, and
economic feasibility of regime transition waste-to-energy technologies on a larger scale, espe-
cially in different regions of India, which are diverse both geographically and culturally. Finally,
future studies could focus on the potential development of supply chains for the easy mobility
of waste to production units and the easy mobility of Bio-CNG to potential users. This could
involve examining the logistics of transporting waste and Bio-CNG across different regions of
India, as well as identifying potential solutions to overcome barriers in the supply chain. By ad-
dressing these research gaps, policymakers and practitioners can gain a better understanding of
the potential benefits and challenges of CE in India and identify strategies for promoting a more
sustainable and resilient future.

The formation of CE in the biowaste context is in the nascent stage (Chhimwal et al., 2022). As
the domain evolves, dynamics of the drivers and catalysts will change, which will be of interest
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to researchers, as this subject and research outcomes will modify many fundamental questions of
interplay of groups and systems (Ghisellini et al., 2016). The interaction of the stakeholders plays
a key role in guiding firms to adopt CE practices (Lahane & Kant, 2022). Through the passage
of the industry life cycle, stakeholders’ needs and catalysts will introduce new business models
and cluster effects to enhance the effectiveness of CE in the long run (Wielopolski & Bulthuis,
2022). The development of the ecosystem and the scalability of market will depend on stake-
holder acceptance (Esa et al., 2017). In literature, it has been found that a variety of stakeholder
groups influence the adoption of CE practices in the development of ecosystems (Jakhar et al.,
2018), however researchers still need to identify the strategic fit of the selected stakeholders in
development of the CE’s ecosystem. The shift towards manufacturing of Bio-CNG through waste
management is a substantial paradigm shift in India, and involves many stakeholders that directly
or indirectly contribute to the formation of CE. With the maturity of this industry in the future,
we will have to understand how stakeholder needs evolve based on this and how catalysts change
with the evolution.

Educational content

* The chapter introduces how India is leading the conversation about sustainability through pro-
viding a glimpse of achievements in waste management initiatives. Further, it introduces the
Indian conversation about sustainability to a global audience. This chapter addresses catalysts
in developing CE ecosystems and how Indore, a city in central India, has managed to shift to
a CE model and win an award for the cleanest city.

* This chapter promotes understanding the performance of the government in dealing with
complex sustainability issues in the given context of population, societal setting, institutional
support, entrepreneurial spirit, and growth.
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Introduction

As an important synthetic organic polymer material, plastic has played an important role in in-
dustrial production and people’s lives since its invention in the 19th century (Bhatnagar, 2020).
Approximately 8% of the world’s crude oil is used to make plastic (Xue et al., 2022). In 2015, the
world production of plastic and plastic waste was estimated at 407 Mt and 302 Mt, respectively.
14% of the plastic waste was collected for recycling, 40% was directed to landfills, 32% leaked
into the environment, and 14% was directed for combustion (Coates & Getzler, 2020). Because
most containers and packages made of plastic are chemically stable, lightweight, easy to shape,
and convenient for transportation and storage, the annual output of plastic products is in a state of
continuous growth. At the current growth rate, global annual plastic production could increase
to 33 billion tonnes by 2050 (Xue et al., 2022). The use of plastic products has brought great con-
venience to our lives. However, the recycling and recovery of plastic that is currently performed
is not enough. Almost 40% of plastics are discarded as plastic waste shortly after use, particularly
in the form of plastic food packages and bags (Xue & Wang, 2022).

The degradability of plastic waste is very poor. If the post-use collection and treatment sys-
tems of plastic waste are not in place, it will not only cause a loss of energy and material, but it
will also intensify ecological and environmental pollution. Pollution risk related to plastic waste
has attracted wide concern in the international community. As a result, many countries have
issued policies to limit the consumption of disposable plastics and are actively promoting the re-
cycling of plastic waste; China has created these types of policies as well. The development of the
circular economy (CE) has become a major strategy for economic and social development. Some
large plastic consumer enterprises have also carried out green design and green procurement
plans, which will further promote the green and sustainable development of the plastic industry
(Chen & Chen, 2021).

In China, the rapid economic growth in recent decades has led to a significant increase in
waste amounts (Havukainen et al., 2017). Formerly, China was the place where several countries
exported their plastic waste; this practice changed in 2018 when China’s National Sword and
Green Fence programs limited the import of low-quality plastic waste, which also resulted in the
steep decline of imports (Vedantam et al., 2022). This led to the diverting of waste plastic flows to
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other countries and to its stockpiling to await treatment. The policies in China have been develop-
ing to deal with the ever-increasing domestic waste, and more emphasis is given to the reduction
of plastics production and to the efficient recycling and treatment of plastic waste.

The aim of this chapter is to review the transition of plastic waste management towards plastic
recycling in the context of China from technological, regulatory, and environmental perspec-
tives. The applied methodology for technology screening was based on a literature review fo-
cused on the main proven technologies and their future development. Regulatory information
about plastic production and related polices about plastic reduction and treatment were collected
from published journal articles, government reports, and news articles. The information can be
directly found or indirectly calculated from the sources, for example, scientific articles, China
National Knowledge Infrastructure database (CNKI), and government web pages (including the
Ministry of Ecology and Environment of the People’s Republic of China, National Development
and Reform). The data about environmental perspectives was gathered from journal articles,
European Environment Agency (EEA) reports, and European Recycling Industries Confedera-
tion (EuRIC) factsheets. These sources were specifically targeted to provide an insight into the
environmental perspectives and challenges related to plastic waste and recycling.

This chapter presents plastic production and plastic waste challenges in China starting with
a section on the current knowledge of the environmental performance of plastic management
practices, which can provide insights to requirements for future sustainability related to plastics
and their recycling. The following section summarises the technical possibilities in tackling chal-
lenges posed by plastic waste and provides ways to increase waste recycling. The section after
that presents plastic production and plastic waste challenges in China including generation, treat-
ment, and established policies. We conclude and synthesise the work in the last section.

Environmental perspectives

Recycling is considered more environmentally beneficial, while landfilling the least beneficial,
although waste prevention will be most preferable (Fogh Mortensen et al., 2021). In the produc-
tion stage of plastics, environmental challenges include impacts on resource consumption due to
extraction of oil and gas. And if not well managed, in 2050, the plastics industry will account for
an estimated 20% global oil use, which is 13% more than at the time of this printing (Bruyninckx,
2021). During the process of plastic production, multiple pollutants (nitrous oxides, particulate
matter, sulphur oxides, heavy metals, volatile organic compounds, toxic organic chemicals, etc.)
are emitted into the air. Oil and chemical spills and the potential leakage of wastewater con-
taining hazardous substances and chemicals are part of the negative environmental impacts of
plastic production. In the use stage of plastics, humans are exposed to toxic substances through
migration of additives, impurities, particles, and degraded chemicals. At the end-of-life stage of
plastics, the emission of pollutants from incineration, landfills, and leakages to the environment
occur (Fogh Mortensen et al., 2021). Plastic waste is littered to the environment after use, and this
affects nature and the environment, and especially the marine environment. All these pollution
modes from plastic not only have detrimental effects on human health, but also on the health of
wildlife and marine biota.

China only recently started paying attention to environmental issues, and we can see this
when comparing the amount of plastic waste generated (Figure 7.1) and recycled (Figure 7.2) in
China. Also, due to insufficient mechanical recycling technologies for plastics as mentioned in
the ‘Treatment’ section of plastic and plastic waste in China, China’s plastic recycling requires
more effort and growth. From the European perspective, insufficient recycling capacities in the
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Figure 7.1 Annual production of plastic in China.
Source: Adapted from the China Business Intelligence Network, 2022.

European Union (EU) led to exportation of plastic waste to Asia. However, the restrictions China
made on importation of waste as well as including certain plastic waste types to the United Na-
tions Basel Convention, has led to increasing difficulty in the exportation of plastic waste from
the EU (European Environment Agency, 2019). This has led to a reduction in plastic waste ex-
portation from EU countries and if need be, exporting to destinations other than China and Hong
Kong (European Environment Agency, 2019). Furthermore, insufficient capacity of recycling and
reusing options for plastic waste in the EU and China has led to more incineration and landfilling
of plastic waste (European Environment Agency, 2019).

Regarding plastic recycling, although chemical recycling has been gaining traction in recent
years, there is still insufficient knowledge on the total life-cycle impact of chemical recycling,
but indications show that the energy, water, and chemical resources consumed during chemical
recycling contribute to water, air, and land pollution (Fogh Mortensen et al., 2021). However,
plastic recycling reduces extraction of raw materials during virgin plastic production, and it is
estimated that recycling of plastic waste can reduce CO,eq emissions by 1.1-3.0 tonnes per each
tonne of recycled plastics, when compared to producing plastic from fossil fuels (EuRIC AISBL,
2020; Fogh Mortensen et al., 2021).
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Figure 7.2 Plastic recycling in China from 2010 to 2021.
Source: Modified from Jin, 2021.
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Some studies have been carried out to determine the more environmentally recycling option.
Davidson et al. (2021) critically analysed the environmental impacts of chemical recycling of
plastic waste using the life-cycle assessment (LCA). In their review, nine pieces of LCA litera-
ture were examined that contained one or more chemical recycling processes such as pyrolysis,
gasification, depolymerisation, and hydrocracking, with pyrolysis being the most popular chemi-
cal recycling method assessed. The plastic waste in the literature was polylactic acid (PLA),
pure polyethylene terephthalate (PET), and mixed plastic waste. All the reviewed LCA stud-
ies followed the ISO 14040 principle, which specifies requirements and provides guidelines for
LCA (Davidson et al., 2021; EN ISO 14040, 2006). The LCA results from the reviewed studies
cannot be directly compared due to the differences in the plastic waste combinations. However,
the papers were examined for some commonality. When chemical recycling was compared to
mechanical recycling, the latter was shown to have better environmental performance compared
to the former. But then, when compared to incineration, mechanical and chemical recycling have
better environmental performance, making chemical recycling a good complementary support
for mechanical recycling for plastic waste, which cannot be mechanically recycled in addition
to the fact that chemical recycling produces higher quality products and has a wider application
range (Davidson et al., 2021).

In a consequential LCA study by Cornago et al. (2021), a PET chemical recycling technol-
ogy was examined. This was done to assess the potential of this recycling technology at a Eu-
ropean scale and evaluate the variation of marginal LCA impacts. In the study, comparison was
done between a chemical recycling pathway, mechanical recycling pathway, and virgin PET
pathway to produce bottle-grade PET. In the chemical recycling pathway, sorted waste PET
was transformed to PET monomers and then to bottle-grade PET. In the mechanical recycling
pathway, 30% of mechanically recycled bottle-grade PET was integrated with 70% fossil PET
to produce a high-quality bottle-grade PET. Last, the virgin PET pathway is the conventional
production of bottle-grade PET. In all the pathways, avoidance of the production of virgin PET
was excluded from the study. The study further explored competition between European and
extra-European manufacturers in the integration of fossil PET during mechanical recycling.
The results showed that the chemical recycling technology presented higher environmental
impacts than mechanical recycling in ozone layer depletion, ionisation radiation, and land use
categories, and this is because of higher electricity consumption. However, the impacts can be
reduced when biomass, nuclear, and natural gas sources of electricity are integrated more ex-
tensively in the European marginal mix. An advantage to the chemical recycling pathway over
the mechanical recycling pathway in this study is that the former can also result in substitution
of the current PET waste treatment processes (landfill and incineration) due to its multifunc-
tionality. Additionally, the chemical recycling pathway does not need 70% fossil PET as in the
mechanical recycling pathway to produce a high-quality bottle-grade PET, leading to a reduc-
tion in the use of virgin PET. Last, when comparing the virgin PET pathway to the mechanical
recycling pathway, the former has a higher unitary impact in all the assessed impact categories
(Cornago et al., 2021). To further this claim, another study considered chemical recycling a
better recycling pathway in a circular economy approach. This is because chemical recycling
produces lower greenhouse gas (GHG) emissions and retains the value of plastic residue for a
prolonged period of time (Khan et al., 2021).

In another LCA study by Civancik-Uslu et al. (2021), mechanical recycling and thermo-
chemical recycling pathways in a Belgian context were assessed for PP, PS, mixed polyole-
fins, and PE films and compared to energy recovery from incineration. The results show that
mechanical recycling and thermochemical recycling had better environmental performance
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than incineration in resource consumption, global warming, and terrestrial acidification en-
vironmental impacts. When mechanical recycling is compared to thermochemical recycling
where the products can substitute virgin materials on a 1:1 ratio, mechanical recycling had
better environmental performance in the analysed environmental impacts. This is because of
the mechanical recycling pathway having a higher avoided burden due to a shorter loop in the
production of flakes and granulates, while the thermochemical recycling loop had a larger loop
due to cracking process and associated burdens. Electricity consumption was a major contrib-
uting factor to the assessed environmental impacts for both mechanical and thermochemical
recycling (Civancik-Uslu et al., 2021).

Technical possibilities for plastic waste utilisation

Promoting plastic recycling is an important aspect in enhancing the sustainability of plastic use
besides the promotion on waste prevention and development of alternative materials. The initial
step in the recycling chain is the efficient collection of waste. Separate collection of plastic waste
fraction enables getting plastic-rich feedstock with a low share of impurities for the subsequent
recycling processes. Comingled collection of plastic with other recyclables and centralised me-
chanical separation is also one option, such as the yellow bin in Germany (Schmidt & Laner,
2021) or recyclables (paper, plastics, glass, metal) collection in China. Plastic waste and other
recyclables can even be separated from source-separated mixed municipal solid waste (MSW),
which ideally would not contain too much biowaste. The success of different and separate col-
lection schemes depends on the aspirations of the population to participate in waste separation.

Plastic waste utilisation options can be divided into four types: primary recycling, secondary
recycling, tertiary recycling, and energy recovery (Hahladakis & Iacovidou, 2019). In this respect,
disposal of plastic waste into landfills is not considered as utilisation because the value of plastic
waste is lost. Primary recycling means that the plastic waste is derived directly from the plastic
industry and can be recycled directly in similar processes (for example, by regranulation) while
secondary recycling (mechanical recycling) and tertiary recycling (chemical recycling) concern
end-of-life plastic packages and products, and usually require at least separation of impurities and
can include detection and separation of plastic types (Jin et al., 2021). In addition to recycling, en-
ergy recovery is an option for plastic waste. Typically, in waste to energy plants at least electricity
is generated if there is no need for the heat, which is produced from energy recovery.

Mechanical recycling

For secondary and tertiary recycling, the source-separated plastic waste requires initial treat-
ment before the plastic waste can be further utilised. The removal of impurities consisting of
other waste fractions and grit is an important step including particle size reduction (shredding,
cutting), removal of fines (screening, washing), and sorting, which can include removal of met-
als (magnetic separation and eddy current separation) and separation of heavy fraction out of the
stream (Gu et al., 2017; Havukainen et al., 2021). After this step, the low contaminant-level plastic
waste stream can be directed for further processing.

After the initial treatment phase, the mixed plastic waste can be directed to recycling pro-
cesses where recycled materials are produced or some of the plastic waste types can be separated
from the mixed waste stream. Mechanical recycling of mixed plastic waste can be conducted
without the separation of plastic types for example by producing composite material with the ad-
dition of fibres such as waste wood fibres to produce wood polymer composite (WPC) (Liikanen
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et al., 2019). The produced WPC can then be used to produce different products for use in fields
such as construction or logistics, in construction panels, or pallets (Khan et al., 2021). The ben-
efit of composite production is that a large share of the plastic waste can be utilised to the final
products (Martinez Lopez et al., 2020). The drawback is that the quality of the products is less
comparable to original plastic types and utilisation to different applications is more restricted
(Khan, Deviatkin, et al., 2021).

Mono-plastic recycling of mixed plastic waste requires the detection and sorting of different
plastic types from each other. Due to the development of analysis instruments, infrared spectros-
copy, and other identification technologies, they are characterised by high sensitivity, a strong
degree of automation, and high specificity. The sorting units include technology that probes the
incoming material properties. This probing is often conducted by using sensors to detect the re-
sponse of the tested material to electromagnetic radiation, which depends on the composition of
material. The obtained response is then analysed and utilised for sorting the material. The most
used identification technology utilising sensors is near infrared spectroscopy (NIR), while other
technologies such as ultraviolet (UV) and visible spectroscopy red-blue-green (RBG) cameras
also exist (Sormunen & Jarvinen, 2021). The actual sorting process takes place in four steps:
presentation, detection of the material, processing of the retrieved data, and separation by actua-
tion (Yuan et al., 2015). The sorting unit can be, for example, a belt-type unit where a sensor
is placed on top of the conveyer belt and the actuation is conducted by air nozzles blasting the
identified material to a separate conveyer belt than the residual material. Several sorting units are
needed to separate the desired plastic types and to increase the purity of the separated plastics.

The separated plastic types can then be converted into plastic granulates by melting and by a
plastic extrusion process where pigments and required additives such as UV stabilisers are added
(Guetal., 2017; Ragaert et al., 2017). The plastic industry can then use these granulates in making
new plastic products. Even if the separation of different plastic types is carried out, their proper-
ties are generally affected, which means that they are not comparable to virgin plastic granulates.
The appearance of recycled materials is generally grey to black, which affects the use of the
recycled granulates. Beside the separated plastic types, which can include, for example, LDPE,
HDPE, and PP (Sormunen & Jarvinen, 2021), there is a residual mixed plastic waste fraction
coming out from the sorting that can be directed for making plastic or wood-plastic composite
profiles. Low-quality residues of separation are commonly used for energy recovery purposes
(Sormunen & Jarvinen, 2021).

Chemical recycling

Besides the mechanical recycling of plastic, there is also an option to chemically recycle plastic
waste by utilising various techniques such as pyrolysis, fluid catalytic cracking, hydrogen tech-
niques, or gasification to degrade the polymer into monomers or polymers (Ragaert et al., 2017).
The difference between chemical recycling and mechanical recycling is that the end products can
be comparable to the virgin materials, and they can be used for recycling multilayer plastic waste
treatment (Soares et al., 2022); this is difficult via mechanical recycling. The pyrolysis process
breaks down the polymer into smaller molecules in the absence of oxygen and at moderate or
high temperatures (above 450°C). The end products include gas, liquid, and solid residues. The
produced pyrolysis gas can be used for production of required heat for the pyrolysis process,
while the liquid fraction can be directed to further treatment by distillation to purify the mono-
mers and produced liquids. The solid fraction can be also used in the production of heat, while
other possibilities exist such as replacing lignite (Jeswani et al., 2021).
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The difference between pyrolysis and catalytic cracking is that with the help of a catalyst, the
temperature for the process can be lower, reducing the energy cost. The contact with the catalyst
can be done either in a liquid or vapour phase. The advantage compared to pyrolysis is that more
liquid products are obtained while major challenges are related to the bulky nature of polymers
and finding suitable reactor technology. Hydrocracking differs from catalytic cracking by the
addition of hydrogen into the process, which improves the end-product quality but requires the
availability of hydrogen, which can be expensive (Ragaert et al., 2017). Gasification, on the other
hand, produces a syngas from the plastic waste with the help of an oxidation agent (air or mixture
of steam and oxygen), and the main product is syngas (Shah et al., 2023). The produced syngas
can then be, for example, catalytically converted to methanol and used as methanol or further
valorised to olefins by methanol-to-olefins (MTO) (Wang et al., 2020) or gasoline by methanol-
to-gasoline (MTG) route (Liu et al., 2023).

The benefits of chemical recycling are the possibility to utilise mixed plastics and the qual-
ity of the end products, which is comparable to virgin plastics. The main challenge, on the other
hand, is the rather limited yield of the plastic products ranging often between 10% and 20% of
the input plastics.

Plastic and plastic waste in China

The annual output of plastic products in China is shown in Figure 7.1 and presents an upward
trend, except for a slight decline in 2018 correlated to the plastic reduction policy of 2018. Even
then, the production of plastic products reached a maximum of 82 million tonnes in 2019, which
in turn correlates with both the very large demand for plastics in 2019 and the large-scale devel-
opment of China in 2019.

The generation of plastics

Plastic waste in China can be divided into four categories: industrial, agricultural, medical, and
household (Wang, 2021). Industrial plastic waste mainly refers to the plastic waste materials
generated during production. Most of these are from specific sources, with good-quality raw ma-
terials and a high-potential recycling value. Agricultural plastic waste mainly includes discarded
agricultural mulch film, shed film, agricultural pipe, pesticide packaging, etc., of which the waste
agricultural film composes the largest volume and is the most difficult to collect and dispose. This
type of plastic waste is not easily degradable, it contaminates farmland and harms the ecologi-
cal environment. Medical plastic waste mainly comes from disposable plastic products used in
medical treatment and epidemic prevention, such as protective clothing, surgical masks, protec-
tive goggles, etc., which are directly or indirectly infectious, toxic, or hazardous. Medical waste
is defined as hazardous waste, so most of medical plastic waste is treated in a treatment centre
where it is incinerated or placed in special landfills. The treatment of medical waste is gaining at-
tention, as more disposal facilities were built in China during the COVID-19 pandemic (Hantoko
et al., 2021). Household plastic waste is primarily composed of discarded plastic products during
diverse daily life activities, such as plastic bottles, plastic bags, paper-plastic composite materi-
als. Most household plastic waste is mixed in with municipal solid waste, except for the collected
drinking bottles.

According to the analysis of municipal solid waste composition, plastic waste accounted for
more than 24% of the total waste count. Plastic waste is primarily composed of 66% polyeth-
ylene (PE): 27% low-density polyethylene (LDPE), 21% high-density polyethylene (HDPE),
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polypropylene (PP, 18%), followed by 16% polystyrene (PS), 7% polyvinyl chloride (PVC) and
11% are categorised as others. Most household plastic waste is PE and PP, which are present as
waste in higher volumes than PS and PVC. Approximately 44% of plastic waste is a mixture of
different types of polymers, and roughly 10% are black in colour. These black polymers are re-
quired to be sorted before recycling (Jin, 2021).

In 2003, the production of plastic products from formal companies reached 16.51 million
tonnes in China, while the real amount was estimated to be more than 25 million tonnes, if cal-
culating the products made by small enterprises and family workshops (Tang et al., 2013). Until
2005, the domestic recycling of plastic was planned to be 5 to 6 million tonnes (Song et al., 2011).

China is short of plastic raw materials, so a large amount is imported (Huang et al., 2020).
Plastic waste recycling and treatment could be helpful to solve the shortage of raw materials
and environmental pollution in China (Yi et al., 2013). In 2008, China’s total plastic consump-
tion reached 52 million tonnes, ranking second in the world (Tang et al., 2013). In the same
year, the domestic plastic waste recycling amount was approximately 9 million tonnes (Tang
et al., 2013). This means that the recovery ratio of plastic waste was about 22%. In addition,
7.07 million tonnes of plastic waste were imported in 2008, meaning that over 16 million
tonnes of plastic waste were recycled in China (Tang et al., 2013). To protect the local environ-
ment, China banned the import of plastic waste since 2018. The policy required that the import
of harmful environmental solid wastes would be completely banned by the end of 2017; the
import of solid wastes that can be replaced by domestic resources would gradually be stopped
by the end of 2019, and a complete ban on the import of solid waste would be imposed starting
1 January 2021.

According to the 2011 statistics of the Chinese Ministry of Environmental Protection, pro-
duction of China’s disposable plastic lunch boxes and all kinds of foam packaging was as high
as 95 million tonnes, scrap home appliances and car plastic waste was up to 65 million tonnes.
The total plastic waste was nearly 200 million tonnes of which total recycling accounted for only
15 million tonnes; the recovery ratio is thus less than 10% (Tang et al., 2013). Comparing these
figures to those in Figure 7.1, we note discrepancies.

Treatment

The easiest way to dispose of large quantities of plastic waste is to place it into a landfill. About
10% of plastic waste is handled in this manner (Mrowiec, 2018), which poses a risk to the envi-
ronment. The disadvantages of landfills are obvious; the release of landfill gas and additives to
the plastics pollutes the air, soil, and water resources. Plastic waste is difficult to degrade, and this
will hinder the landfill area use (Canopoli et al., 2018). Recently, landfill mining has attracted the
attention of government and scientific communities, but the research related to landfill mining
shows very limited economic possibilities for implementation (Laner et al., 2019).

Plastic usually has high heating value, up to 50 MJ/kg, basically comparable to fuel oil (Cud-
joe & Wang, 2022). Plastic waste can be converted into oil by pyrolysis, heat, or electricity by a
combustion process (Xayachak et al., 2022). Besides recycling, incineration is widely used for
energy recovery from plastic waste in municipal solid waste incinerator-installed steam turbines
and generators (Xiao et al., 2022). Of course, pollutant emission from incinerators is a public
concern, especially dioxin emissions and exposure risks (Wei et al., 2022).

Recently, plastic waste recycling has attracted more attention in China, but more research in
plastic recycling and recovery technology is necessary (Tang et al., 2013). The recycling and re-
use of plastic waste is a way to establish a CE and sustainable development. Figure 7.2 shows the
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development of recycling of plastic in China. The Chinese government has spent much effort to
establish the waste sorting system, which has significantly influenced the municipal solid waste
generation and treatment (Wu et al., 2021).

With sorting regulations, more plastic waste recycling sites are set to be built in China.
However, there is a smaller amount of recycling sites for plastic waste than for paper and metal
recycling. The number of enterprises and personnel engaged in the recycling, utilisation, and
processing of recycled plastic is large and growing steadily (Liu, 2006), including mainly self-
employed persons and farmers and a small number of investors. The plastic waste processing
capacity varies between the different regions in China and the largest share of the capacity is in
the Yangtze River Delta with 40% of the processing capacity being located in this area (Plastic
Recycling Association of CRRA, 2020).

Policies and future trends

The production and use of plastic in China is huge; this in turn directly contributes to large
amounts of plastic waste. One example is plastic fast-food boxes, which have been used since
1986 during train travel to store food. Many plastic fast-food boxes were subsequently discarded
along the railway, which caused serious ecological risk (Deng et al., 2018). Since May 1995,
China banned the use of nonbiodegradable fast-food boxes in train services, but plastic fast-food
boxes continue to be used in daily life (Hu et al., 2001). The wide use of plastic bags began in the
1990s, as plastic bags were cheap and convenient to use for shopping and packaging. Most of the
plastic bags are discarded in the environment without any treatment (Zhou & Wang, 1999). Yet
another important source of plastic waste is agricultural plastic film. In the early 1950s, plastic
film was used in agriculture around the world. In 1978, plastic film technology was introduced
in China from Japan, making an important contribution to improving China’s agricultural output
(Zhang et al., 2019). However, most plastic film is discarded in farmland areas, and the productiv-
ity of the land is gradually affected (Zhou, 2016); this eventually led to the government realising
the problems of plastic film usage in agriculture (Zhang et al., 2019).

Before the 2010s, problems and challenges of plastic waste control in China included inef-
fective plastic waste regulation, incomplete plastic waste recycling systems, and inadequate
management systems for biodegradable plastic (Deng et al., 2018). China has issued relevant
regulations on the management of plastic waste. There remains, however, a big gap between the
actual implementation efficiency and expectations due to the vast number of plastic production
enterprises and the scattered use of plastic in all aspects of daily life (Deng et al., 2018).

Regarding an incomplete plastic waste recycling system (Deng et al., 2018), China currently
has a large and fragmented number of plastic manufacturers who have largely failed to take
responsibility for recycling plastic waste. Due to the large number of enterprises engaged in
plastic production, it is difficult to effectively supervise the implementation of their plastic
waste recycling task in actual operations. At present, there are three main challenges in China’s
plastic waste recycling (Deng et al., 2018): first, the cost of plastic recycling is high and the
income from it is very low. It is impossible for the recycling companies to make a profit in ad-
dition to the insufficient relevant policy incentives. Second, even if a large amount of plastic
waste is collected, it will be mostly disposed through landfills or incineration because of the
low value of the recycled material (Ma et al., 2023). Third, after the release of the ban on plas-
tic bags, the income from charging for plastic bags provides income to supermarkets. This is
not converted into the cost of recycling and treatment of plastic bags and does not reflect the
purpose of polluter pays.
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Discussion on the challenges and catalysis possibilities
for plastics recycling in China

From the review of the current situation in plastic waste treatment and development of recycling
and regulations, we can conclude that the main challenges in China are the following: 1) the sepa-
rate collection system of plastics and other recyclables does not work properly, 2) the regulations
have not been implemented sufficiently in practice, and 3) there is not enough capacity in the
whole country to treat and recycle the plastic waste materials. In China, a large share of collection
and recycling is executed by private companies or entrepreneurs. Private recycling is competing
with the public attempts to get material flows in control. The regulations are developing; plastics
separation is not yet economically feasible. Plastic waste collection is the most expensive part of
recycling light and very distributed materials such as plastic waste. When there is no guarantee
that proposed treatment plants will get sufficient mass flow of plastics with a feasible cost, it is
not attractive to make investments.

It is possible to catalyse and thus speed up the development towards plastics circularity us-
ing previous experiences both from China and other parts of the world. The extended producer
responsibility (EPR) regulation and system has been used in many European countries for im-
proving the collection and recycling efficiency of several waste fractions, and packaging waste
is one of them (European Commission, 2008). EPR is based on the responsibility of the product
manufacturers and importers to arrange the collection and treatment of their products after their
use. An example from Finland for implementing the EPR system is that the manufacturers and
importers of certain products (e.g., metal packages or waste electronic and electric equipment
[WEEE]) establish a common enterprise to organise and implement the collection and treatment
of the products they have sold to the product’s end of life. The EPR company’s shareholders then
pay fees for the company according to their share of the product market. This way the waste
management and recycling costs will be included in the prices of the original products. EPR
can be used to fund the collection and pretreatment of plastic waste from diverse sources, which
will help to make plastics recycling a profitable business. A challenge for implementing an EPR
system in China for such products as plastic packages as the largest source of plastic waste, is the
fact that there is a huge number of plastic package producers in the country, and it is difficult to
get all of them involved and contributing to the costs of the system. Similar problems exist even
in smaller countries (Finland’s Environmental Administration, 2023), and for China it could be a
very big administrative task to get all the relevant stakeholders involved.

Previously, China has good experiences catalysing investments in waste management. For
example, landfilling of MSW has decreased between 2003 and 2019 from about 85% to about
45%, mainly by building incineration capacities for mixed MSW. This has meant construction of
a more than 115 Mt incineration capacity in 16 years. The same kind of tested methods could be
used for building up plastics separation and recycling capacity in different parts of China, but the
precondition for the capacity building is that there will be a guarantee to get the material flows
into the treatment plants.

Improvement of recycling has been done successfully in such countries where the source
separation system of recyclables works well, like in Germany and Austria (Statista, 2023). Source
separation needs the active involvement of citizens. The economic incentives for citizens in waste
management are rarely very effective, which means that the people need to be motivated in other
ways. Awareness campaigns of the environmental and societal impacts of waste and possibilities
to improve the sustainability and welfare of the future generations are needed also in China to
activate people in source separation at the same time when investments in the separate collection
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systems are implemented. Another possibility to direct the recyclables to the effective treatment
plants is getting the private and self-employed waste collectors involved in the public or other
official collection systems.

Conclusions

The reduction, treatment, and management of plastic waste has recently attracted more attention
in China. With the promotion of waste sorting and circular economy establishment, more policy,
regulation, and efforts related to plastic waste are being implemented, especially since 2020. The
current treatment of plastic waste is relying heavily on incineration and landfill disposal, and
mixed methods are used with municipal solid waste. Plastic waste recycling is developing, but
more work is needed to realise the set targets. Much plastic waste is generated from agricultural
plastic (farmland film), shopping plastic bags, express and logistic plastic packages, and indus-
trial waste.

The technical possibilities to recycle plastic waste include mechanical recycling and chemi-
cal recycling out of which mechanical recycling is the more commonly used technology. Both
technologies require pretreatment of collected plastic waste, and the quality of the input waste
depends on the waste collection practices, which would ideally include source separation, while
mechanical separation can be utilised to separate plastic from other waste fractions and even
different polymers from each other. Compared to mechanical recycling, chemical recycling has
the advantage that the quality of decomposed chemical raw materials can be comparable with
that of virgin materials, while mechanical recycled polymers have lower quality. However, me-
chanical recycling and chemical recycling can complement each other. For example, multilayer
plastic packaging is challenging for current mechanical recycling processes, and there, chemical
recycling can be more suitable. In addition, interesting waste materials for chemical recycling via
pyrolysis include multilayer plastic packaging materials, also fibre-reinforced composites and
polyurethane derived from construction and demolition waste.

Municipal solid waste management has developed quickly in China during the last 15 years
from almost total landfilling to less than 50% of landfilling. Recycling has, however, increased
very slowly, due to the balancing between profits and cost on plastic waste treatment. Recycling
is leaning too much on very small private operators and market prices of the materials like recy-
cled plastics. Thus, recycling systems need an active push from regulative steering mechanisms.
Recycling can be supported with such regulations like EPR or taxes for optional, less sustainable
treatment methods (such as landfills and incineration). Furthermore, the public infrastructure
for a recycling system is important to support recycling development; this includes separation,
collection, utilisation, and disposal facilities. To have a successful implementation of this kind
of steering mechanisms can confirm the control of the material flows of the recyclables for the
separation and recycling plants, and in such a way catalyse the investments in the recycling sec-
tor. High yields of recycling can be additionally increased with long-term awareness campaigns
among citizens.

So far, the challenges of plastic waste management have brought to light the unsustainable
practices in our production and consumption systems. To reduce the environmental impact of
plastic waste and accomplish a circular and sustainable plastic system, increased circularity,
smarter use of plastic, and use of renewable materials will be the pathways needed in the future.
Integrating circularity in plastic will reduce the need for virgin materials and natural resources
consumed in plastic production. This will ultimately minimise the environmental pressures as-
sociated with resource extraction, production, consumption, and waste generation. Furthermore,
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promoting and facilitating plastic reuse, repair, remanufacture, recycling, design improvement,
and adopting higher quality plastic will aid in longer-lasting plastic products and waste reduction
within the economy.

Educational content

Consider and discuss the following:

*  What type of measures could you take to increase the environmental sustainability of produc-
tion, consumption, and end-of-life of plastics?

*  What regulations and policies do you know, or can find, from your country that deal with
plastic waste?

*  What can you as a consumer do to increase recycling?
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THE ROLE OF INSTITUTIONAL
ENVIRONMENT IN CATALYSING
CIRCULAR ENTREPRENEURSHIP

A cross-country comparison of Finland and Italy

Beatrice Re, Kaisa Henttonen, Ville-Veikko Piispanen,
and Hanna Lehtimdki

Introduction

Circular economy (CE) entrepreneurs seek to address sustainability challenges by reducing the
use of materials extracted from nature, keeping the materials in use as long as possible, and
minimising the amount of waste so that resources can be kept in the economy as long as possible.
Circular start-ups are newly established ventures that have been founded to follow circularity
principles (Henry et al., 2020). CE start-ups have a central role in accelerating CE, and to do
so they need an enabling institutional framework that supports the transition in the market and
society (Ranta et al., 2018; Uusikartano et al., 2020; Zucchella & Urban, 2019). The institutional
environment plays a key role in catalysing the development of circular start-ups by providing a
support system that advances and shapes entrepreneurial activities (Korhonen, 2001; Zeng et al.,
2017; Zucchella & Urban, 2019), and thus sustainability changes in society. In this chapter, we
present a cross-regional comparison of institutional environments of circular start-ups in both
Finland and Italy.

The comparison of two European Union (EU) countries allows for exploring differences in
the institutional environment of CE start-ups. To do this, we first identify the key actors and their
functions in the Finnish and Italian institutional environments. We compare and contrast the
national innovation systems in Finland and Italy in relation to CE initiatives. Second, to increase
our understanding about catalysing mechanisms in the institutional environment, we present
an analysis of six case ventures, three from each country. The selected cases were chosen to
represent the three areas of the CE model: reuse, reduce, and recycle. We interviewed the entre-
preneurs and public actors that had collaborated with the venture to understand both the business
and institutional environment views on the CE and its implementation. By rooting our work in in-
stitutional theory (DiMaggio, 1997; North, 1990; Scott, 1987, 2008), we examine the three pillars
of institutional environment, namely the regulative, normative, and cultural-cognitive frames,
and elaborate on the similarities and differences in both countries. Institutional theory offers im-
portant insights to circular entrepreneurship research in understanding how rules, norms, activi-
ties, beliefs, and attitudes support and constrain entrepreneurship. The results of our study show
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that a holistic integration of all institutional pillars is needed for catalysing CE start-up activity.
One challenge for circular start-ups is that the solutions they provide are not necessarily aligned
with prevalent social, economic, or political institutional structures. For example, regarding the
regulative pillar, the timing of laws and regulations either support or constrain the CE start-up
innovations. The normative pillar directs attention to the terms and availability of public and
private funding for CE start-ups. With the cultural-cognitive pillar, the awareness of citizens
to act sustainably becomes highlighted. In both countries, the CE start-ups are active in taking
a role in building the sustainable culture, for example by educating their citizens and fostering
behavioural change towards sustainability.

This chapter is structured as follows. The first part is devoted to introducing institutional the-
ory and describing institutional environments in Finland and Italy. The second part is dedicated
to illustrating the six case studies and analysing them according to the three institutional pillars:
regulative, normative, and cultural-cognitive. The third and final part of this chapter will present
a discussion and the practical implications of our findings.

Theoretical background: institutional theory

Institutional theory concerns the way groups and organisations conform to the rules and norms
of the institutional environment (Scott, 2007). It analyses those long-established and resilient so-
cial structures that guarantee societal stability (Scott, 1987). This theory deals with all the regu-
latory, social, and cultural influences that allow organisations to survive and find legitimation
(Roy, 1997). Institutional theory has long been employed in entrepreneurship research to study
environmental influences on entrepreneurship (Bruton et al., 2010; Eijdenberg et al., 2019; Sine
& David, 2010; Tolbert et al., 2011). Bruton et al. (2010) identified three streams of research re-
lated to institutional theory as applied to entrepreneurship: institutional setting, legitimacy, and
institutional entrepreneurs. The institutional setting regards entrepreneurs as both constrained
and supported by the institutional environment they are embedded in at macro, meso, and micro
levels. The institutional setting plays a key role in enabling or restricting entrepreneurial op-
portunities (Aldrich & Waldinger, 1990), and affecting, for example, the rate of new venture
creation (Hwang & Powell, 2005). Legitimacy addresses the way entrepreneurs seek legitimacy
for their new ventures by gaining the right to perform in a particular way through conforming
to the environment, selecting between environments, or seeking to manipulate the environment
(Ahlstrom & Bruton, 2001; Suchman, 1995). The institutional environment affects entrepre-
neurial organisations in their processes of gaining legitimacy and overcoming the liability of
newness (Stinchcombe, 1965). Institutional entrepreneurship concerns entrepreneurs as they en-
ter an under-organised domain (Trist, 1983) and examines the ways in which they improve the
business environment and grow their business operations while gradually assuming the role of
institutional entrepreneur.

In this study, we embrace the first stream of research, the institutional setting, and follow
Scott’s (1995, 2008) conceptualisation of an institutional environment as composed of regulative,
normative, and cognitive pillars; these pillars can be distinguished individually, but interdepend-
ently contribute to the resilience of the social structure (Ranta et al., 2018). These pillars are
summarised in Table 8.1.

The regulative pillar posits that institutions guide behaviour through the rules of gaming,
monitoring, and enforcement that stem from governmental legislation, industrial agreements,
and standards. This means that institutions provide guidelines to entrepreneurial organisations,
mandating them to comply with laws and regulations and react if these are not met. The normative
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Table 8.1 The three pillars of institutions

Regulative

Normative

Cultural-cognitive

Basis of compliance Expedience

Basis of order Regulative rules

Social obligation

Binding expectations

Taken-for-grantedness
Shared understanding
Constitutive schema

Mechanisms Coercive Normative Mimetic

Logic Instrumentality Appropriateness Orthodoxy

Indicators Rules Certification Common beliefs
Laws Accreditation Shared logics of action

Isomorphism

Affect Sanctions Shame/honour Certainty/confusion
Fear,
guilt/innocence

Basis of legitimacy Legally sanctioned Morally governed Comprehensible

Recognisable
Culturally supported

Source: Scott (2008, p. 51) and Ranta et al. (2018).

pillar refers to institutions that guide behaviour by stating what is deemed as appropriate in di-
verse social and commercial contexts, and they include social obligations to comply with (March
& Olsen, 1998). Finally, the cognitive pillar refers to models of individual behaviour, which tend
to be based on a set of learned rules that operate at individual levels and are embedded in culture
language (Carroll, 1964) and other taken-for-grantedness features that people barely think about
(Meyer & Rowan, 1991). The cognitive pillar is important to entrepreneurship research, as it
addresses the ways societies see entrepreneurs and may create a cultural mindset whereby entre-
preneurship is encouraged and fostered (Li, 2013).

Since CE facilitates the harmonisation of economic development (efficiency) and environmen-
tal protection (legitimacy) (Ghisellini et al., 2016; Murray et al., 2017), the extended institutional
theory is well suited as a theoretical lens in studying how the institutional environment catalyses
circular start-ups. Recent studies (Do et al., 2022; Ranta et al., 2018) highlight the lack of em-
pirical investigations on extended institutional theory within CE literature. Ranta et al. (2018)
underline the importance of understanding the institutional pillars and apply them within the CE
discourse as interdependently and mutually setting the legitimacy of the CE in the institutional
environment (Ranta et al., 2018, p. 72). Despite this, the theory has been rarely applied to study
and investigate circular start-ups. Our study offers a contribution in this direction by comparing
two EU countries’ institutional pillars as catalysers of circular start-ups.

Institutional environment of the circular economy

Institutional environment for circular ventures in Europe

The overall impact of EU innovation policy is to strengthen the EU’s economy, competitiveness,
and to boost the sustainable and digital transition of the whole continent (European Commission,
2020). Moreover, innovation policy targets to transform the EU as the leading global area in sci-
ence and technology; the EU targets to increase R&D expenditures to 3% of EU GDP (European
Parliament, 2021). The most important funding instrument has been the Horizon 2020 fund,
which offered nearly 80 billion EUR of funding in 2014-2020. To continue with the success of
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the first round of Horizon 2020 funding, the EU designed a new Horizon Europe funding, which
will offer 95.5 billion EUR to five areas it determined were the most important to study: climate
change; cancer; healthy oceans, seas, and waters; climate-neutral and smart cities; and healthy
soil and food (European Commission, 2021).

Institutional environments for circular ventures in Finland and Italy

Finland and Italy are both members of the EU and, hence, part of the EU’s innovation policies
and strategies (European Commission, 2020). EU has promoted CE since 2014 with some early
regulations dating back to the 1970s. Some key examples of EU-level CE actions are the Euro-
pean Green Deal, which aims to accelerate the sustainability transition and Next Generation EU,
a recovery plan for 2021-2027 of over 800 billion EUR to foster climate and digital transitions,
fighting climate change and biodiversity loss, and financing research and development (R&D)
(European Commission, 2021).

Finland

For decades, the innovation policy of Finland has been based on new knowledge, innovativeness,
and R&D investments (TEM, 2019). The main two purposes of the national innovation policy
are the following. First, it is a critical instrument to increase employment and productivity of the
whole economy leading to a better competitive position for international markets and reacting to
societal challenges like an aging population. Second, to increase knowledge and know-how, to
increase R&D quality and impact and thus have a potential to produce competitive ventures and
support growth (TEM, 2019).

Overall, in Finland, R&D expenditures increased by 3.2% to 6.9 billion EUR in 2020, private
sector expenditures were 4.644 billion EUR (67% of all expenditures), universities expenditures
were 1.7 billion EUR (25% of all expenditures), and government expenditures (all governmental
agencies, municipalities, social security funds and departments, and all other government-based
nonprofit activity) were 585 million EUR (8% of all expenditures) (Statistics Finland, 2021).
These expenditures are 2.94% of Finland’s GDP and this is above the OECD and EU average
(OECD, 2019). The overall R&D funding is channelled through many public actors and agencies.
Here we present the most important ones, which are responsible for EU funding for ventures,
universities, universities of applied sciences, vocational schools, and additional actors for R&D
and for other projects. Next, we describe the institutional actors and innovation policy systems
in Finland and Italy. We will depict the political decision-making that supports sustainability and
growth related to the CE, describe the long-term regional and national innovation policies related
to CE, and review funding and advice opportunities available for CE ventures in both countries.

a Political decision-making supporting sustainability and growth related to CE

Finland aims to become carbon neutral by the year 2035. This objective includes energy
strategy, land use programmes, fossil-free transportation and mobility, low-carbon buildings
and construction, and carbon-free food strategy, among other aspects. According to this goal,
all the ministries in Finland implement a CE strategy. The agreement is an important guide
for policy and funding actors who work with ventures and organisations (YM, 2021). In paral-
lel, Finland aims to increase national R&D expenditures from 2,7% to 4% of GDP in 2030.
The R&D roadmap strategy aims at radically increasing investments in both public and pri-
vate sectors. For the national growth portfolio, the most promising business opportunities to
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support employment and innovativeness include digitalisation, new technologies, transporta-
tion and logistics, resource efficiency, new industry, health and well-being, new consumerism,
and diverse communities (TEM, 2019). Moreover, the plan is to increase government R&D
expenditures and target them in an optimal manner and aim at ventures with the highest in-
novation capability (Eini0 et al., 2022).
b Long-term regional and national innovation policies related to CE

There are 19 regions in Finland (18 regions in Mainland Finland and the Province of Aland).
The regional council’s main tasks are regional planning and the implementation of the regional
strategy. The development plans are mainly crafted for 20 to 30 years, and they include plans
for land use from the perspective of commercial development, transportation projections, and
investment plans. Councils are responsible for applying regional project funding through the
European Regional Development Fund and the Regional Development Funds. The funds are
channelled to universities, research institutes, and ventures for project development on, for
instance, sustainable business opportunities or CE business development (TEM, 2022b).

¢ Funding and advice for ventures related to CE

Business Finland is a public organisation under the Finnish Ministry of Employment and
the Economy; Business Finland aims to promote the growth of Finnish businesses through
innovation and internationalisation. It also supports collaboration between ventures and re-
search institutions. They provide services for start-ups, small- and medium-sized enterprises
(SMEs), large ventures, R&D organisations, and the public sector (Business Finland, 2022).
For CE firms, they provide a variety of services and funding. Circular start-ups can have their
business ideas evaluated and supported for developing products and services for international
markets and scaling up their existing business (Business Finland, 2022). One example of the
programmes Business Finland is financing is the Sustainable Growth Program for Finland.
It channels 530 million EUR for Finnish ventures to accelerate competitiveness, investment,
expertise, and research, development, and innovation (RDI). This entails structural renewal in
business and industry with a purpose of supporting the creation of a competitive edge based
on Finnish ventures’ sustainable solutions (Business Finland, 2022).

There are 15 regional Centres for Economic Development, Transport and the Environment in
Finland that provide business and venture funding, guidance and development services, employ-
ment funding, and infrastructure development. They provide support to increase transportation
safety, advance learning and focused educational activities, implement environmental tasks, and
execute the EU’s structural fund projects in universities, ventures, and other organisations. The
Centres report to the Ministry of Economic Affairs and Employment of Finland (TEM, 2022a).
For CE ventures, the Centres provide funding for investments targeted for growth, technology,
internationalisation, productivity, and building business competence (ELY, 2022).

The Finnish Innovation Fund (SITRA) is an independent public fund, which, under the super-
vision of the Finnish Parliament, promotes the transition towards a sustainable future in Finnish
society. It published the first CE roadmap for Finland for 2016—2025 to envision concrete ac-
tions that would be needed for implementing CE (SITRA, 2016). The roadmap 2.0 promoting
SDGs through Finnish investment was published in 2019 with strategic targets for all sectors in
society. The main objectives were built on a notion that the future competitiveness will focus on
circular solutions and a sustainability transition to low-carbon energy. The goal was that every
actor in the public sector, cities and municipalities, ventures, and citizens would be involved,
thus gaining a maximum effect of the transition towards CE. In addition, to advance sustainable
well-being and business, SITR A funds projects that involve sustainable solutions, digitalisation,
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capability renewal, and experimentations. In 2019, SITRA published a list of 41 of the most
interesting and pioneering ventures in CE in Finland. Ventures were categorised based on their
circular business models into product-as-a-service, renewability, sharing platforms, product-life
extension and resource efficiency, and recycling (SITRA, 2019).

Italy

Italy’s National Strategy for Sustainable Development (SNSvS/NSDS) was approved by a gov-
ernmental decision in December 2017. The NSDS was intended to be the framework for imple-
menting the 2030 Agenda in Italy and abroad. The development of the CE paradigm was a part
of the provisions of the new Action Plan for the CE (COM/2020/98), as one of the pillars of the
European Green Deal, approved on 11 March 2020. This Action Plan presented a strategic frame-
work and measures to ensure the design of sustainable products, the accountability of producers
and consumers towards more sustainable choices, and the increase of circularity in production
processes and referenced sectors that use more resources such as electronics and ICT, batteries
and vehicles, packaging, plastics, textiles, construction, and food. In September 2020, Italy im-
plemented the directives of the Circular Economy Package, with the recycling targets and reduc-
tion of urban waste by at least 55% by 2025, at least 60% by 2030, at least 65% by 2035, and a
restriction on their disposal in landfills of no more than 10% by 2035. In line with this reference
framework, Italy’s project proposals about CE aim to fill the structural gaps that hinder the devel-
opment of the sector. Moreover, the Italian government earmarked 250 million EUR for a fund to
support start-ups and active venture capital in the ecological transition.

a Political decision-making supporting sustainability and growth related to CE

In Italy, regional authorities play a relevant role in implementing policies to support CE.
According to Compagnoni (2020), there are three policy instruments to implement circular-
ity: Research and Innovation Strategies for Smart Specialisation (RIS3 or S3), single Regional
Laws (RL), and Regional Waste Management Plans. To benefit from the EU Cohesion Policy,
regions are required to elaborate research and innovation strategies for a ‘smart specialisa-
tion’. The S3 identifies regional innovation and industrial transformation trajectories starting
from a medium-long run development vision. The visions and implementations vary accord-
ing to each region’s specific competitive advantages, socioeconomic structures, and resources.
The region that has completely integrated the CE concept in the S3 is the Emilia-Romagna
region. In addition, several regions have introduced circular principles through specific laws
providing eco-innovation incentives, and targets and policies for waste management. These
regions are Friuli-Venezia Giulia, Umbria, Marche, Basilicata, and Emilia-Romagna.

The CE is a priority also for Italian municipalities. In 2021, the National Association of
Italian Municipalities (ANCI), and the National Packaging Consortium (CONAI) engaged
in a process of regeneration and further implementation of the waste industry throughout the
country. The previously mentioned NRRP dedicated resources to further implement the CE
within municipalities.

b Long-term regional and national innovation policies related to CE

In 2021, the intervention of the Fund for Sustainable Growth (FCS) defined by the Minister
of Economic Development in agreement with the Minister of Economy and Finance granted
financial concessions to support research, development, and innovation for the ecological and
circular transition to support the goals of the Italian Green New Deal. The Ministry of Ecolog-
ical Transition (MISE) launched the National Recovery and Resilience Plan (NRRP), which
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envisaged investments and a consistent reform package. The Green Revolution and Ecologi-
cal Transition allocated a total of 68.6 billion EUR (31.05% of the total value of the NRRP)
to improving the sustainability and resilience of the economic system and ensuring a fair and
inclusive environmental transition.
¢ Funding and advice for circular start-ups related to the CE

Public start-up incubators devoted to financing innovative start-ups have been established
in Italy. They are managed by public institutions having goals of both economic growth and
promotion of entrepreneurial activities and the decrease of the failure rate at the venture level.
The first two incubators in Italy were university incubators: Polihub of Milan Politecnico
and I3P of Turin Politecnico. The latter has been recognised as the best public university
incubator in the world (UBI Global World Rankings of Business Incubators and Accelera-
tors 2019-2020). In addition to these, in 2018, the public research institute ENEA launched
the Italian platform for the CE actors (ICEPS — Istituto per la Cooperazione Economica con i
Paesi in via di Sviluppo) to promote collaboration and networking to transition towards the CE
both in supply chains and within towns.

Comparison of institutional environments in Finland and Italy

To summarise, Table 8.2 presents the key actors and their functions in both countries. As illus-
trated in the table, the institutional environments are somewhat similar in both countries (e.g.,
ministries and regional policies). The key difference we found is that incubators, regional, and
occasionally municipal-level initiatives seem to play a much higher role to support circular en-
trepreneurial ideas in Italy than in Finland; while Finnish regional councils have a much more
prominent role in funding entrepreneurship, business growth, and internationalisation when
compared to Italy.

Methods

We performed a qualitative, exploratory study (Stake, 1995) with six case studies. Each case
study included an interview with a circular entrepreneur — or alternatively a knowledgeable in-
formant within the venture — and a public servant who had worked in collaboration with the
venture. We conducted a total of 12 interviews, two for each venture. To identify the ventures, we
used two databases: the Italian Atlante Storie di Economia Circolare, an official Italian database
of circular ventures that reports 249 cases of Italian circular ventures, and SITRA, a Finnish data-
base reporting 50 ventures with 100% circular business. We selected these two countries because
Italy is the EU country showing the best performance index in terms of CE (Circular Economy
Network & ENEA, 2020), while Finland is a forerunner in CE, expected to add about 3 billion
EUR to Finland’s national economy by 2030 (SITRA, 2022).

In refining the selection of ventures, we proceeded with the purposeful selection (Patton,
2015) of the ventures with the following criteria: they had to: 1) be founded in recent years
(typically from four to six years ago) by pursuing a circular business model from inception,
the so called circular start-ups, 2) adhere to one of the three practices of the 3R framework of
waste management (reuse, reduce, and recycle) (Neves & Marques, 2022), and 3) have the either
founders or the most knowledgeable informants within the organisation (Eisenhardt & Graebner,
2007) available for repeated, in-depth, semistructured interviews during the research time. The
interviews rotated around two main topics:1) key steps of the entrepreneurial process, and 2) the
public institutions that played a role in each venture’s development.
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Table 8.2 Institutional actors and their functions in the Italian and Finnish innovation systems catalysing
CE

a Political decision-making supporting sustainability and growth

Institutional actor Function

Regional Councils, Finland Regional planning, the implementation of the regional strategy and
funding through the European Regional Development Fund and
through the Regional Development Funds.

Regions, Italy Implementing policies to support CE. Main three policies: Research
and Innovation Strategies for Smart Specialisation (RIS3 or S3),
single regional laws (RL), Regional Waste Management Plans.

Municipalities, Italy Implementing the CE within municipalities through concrete
actions (e.g., related to packaging waste). Circular City Index
(tool developed by Enel energy company) to calculate the
circularity of Italian municipalities.

b Long-term local and national innovation policy

Ministries of Finland, Finland Ministry of Economic Affairs and Employment of Finland is
mainly in charge of innovation in CE including budgeting
and policymaking. The Ministry of Education and Culture is
responsible for science and CE-related innovation policy.

Ministry for Ecological Transition  Supports the ecological and circular transition and the goals of the

(MISE), Italy Italian Green New Deal. In June 2022 the Minister of MISE signed
the decree adopting the National Strategy for the Circular Economy
EU, Finland & Italy The EU supports and accelerates CE with, for example, Green Deal

and Next Generation Europe Recovery plans including budgeting
policymaking and financial concessions to ventures, universities,
research institutes, etc.

¢ Funding and advice for CE ventures

Business Finland, Finland Services and funding for CE ventures.
Finnish Innovation Fund (SITRA), Enables funding for research projects and technology transfer;
Finland recent focus includes CE, SMEs, and ventures.

Centre for Economic Development, Funding, guidance, and development services for CE ventures.
Transport and the Environment,

Finland
Italian government Support for start-ups and active venture capital in the ecological
transition (250 million EUR).
Start-up incubators, Italy Incubator services for CE ventures.

Public research institute ENEA, Italy Platform promoting collaboration and networking in CE transition.

Source: The authors.

Table 8.3 summarises the six cases included in this study. We selected two ventures, one in
each country, that were involved in CE innovation related to reuse, two that were involved in
reduce, and two in reuse. We then interviewed the public servants as named by the entrepre-
neurs as the most important public actor in connection with the development of their venture.
Table 8.3 shows the business markets the venture operated in, either business-to-business (B2B)
or business-to-consumer (B2C) markets. Also, Table 8.3 includes the CE issue focus and the type
of innovation the venture has made. The interviews were conducted between October 2019 and
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Table 8.3 Description of the cases

Case  Finland/Italy =~ B2B/B2C CE issue focus Interview details
CE innovation related to reuse
1 Finland B2C Waste Venture: 4/2020 (91 min)
Public actor: 1/2022 (83 min)
2 Italy B2B, B2C Textile Venture: 1/2022 (52 min)

Public actor: 1/2022 (49 min)
CE innovation related to reduce

3 Finland B2B Waste Venture: 4/2020 (43 min)
Public actor: 5/2021 (20 min)
4 Italy B2B, B2C Changing habits, behaviour Venture: 12/2020 (28 min)

Public actor: 12/2020 (29 min)
CE innovation related to recycle

5 Finland B2B Decreasing use production Venture: 10/2019 (54 min)
process Public actor: 6/2021 (52 min)
6 Italy B2B Waste Venture: 1/2022 (49 & 40 mins)

Public actor: 1/2022 (47 min)

Source: The authors.

January 2022. The interviews lasted between 20 to 91 minutes. All interviews were conducted in
either Finnish or Italian and transcribed in English by the researchers.

First, we performed a single-case analysis focused on the venture’s operations. We analysed
the type and purpose of support provided to the circular venture by a public actor and created a
description of the collaborative activities between the venture and the public actor. Thereafter,
we used secondary data composed of our reviews on the CE initiatives in both countries and
other secondary data, such as academic articles, ventures’ websites, news articles, and reports
from established sources to identify the institutional pillars in each case. Through investigator
triangulation, we shared and discussed the outcome of the data analysis within the research team
to increase the reliability of the findings.

Findings
Circular economy innovation related to reuse

Case I: Finland

The venture in Case 1 provided services for customers to effortlessly sell used good-quality
clothes. The venture provided branded boxes for customers to send their used clothes for resale
(they could mail the clothes directly to the venture or drop them off in shopping malls throughout
several cities in Finland). The venture set the price of clothes, photographed the items, and sold
them through an online store. The services provided by the venture relied on a cost-effective
and easy process of selling used clothes. The entrepreneur had experienced that people are in-
creasingly more receptive towards environmental issues and proudly adopt circular practices; as
expressed in the excerpt: “I found this awesome cardigan for just a few EUR” (Venture repre-
sentative, Case 1).
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Public actors involved

The representative from the venture considered that the public organisations that give funding
and advice to them as the most important public actors for their venture. Additionally, political
decision-makers who supported sustainability and growth, especially on behalf of the EU, were
mentioned as important enabling stakeholders.

Public sector support

The venture had received funding from the Ministry of Economic Affairs and Employment of
Finland. Additionally, it had applied for funding from Business Finland. The representative of the
venture described that getting funding did not go without challenges:

The funding we received from the Ministry of Economic Affairs and Employment of Finland
is now a bit of a baggage for us, because in granting new funding they looked two years back
and even if you have rationale for new funding, you may not receive it in full, because of the
de minimis rule.... And I have found out that the de minimis rule is based on EU regulations.
At least there could be some exceptions to this in crisis situations such as corona.

(Venture representative, Case 1)

De minimis rule applies to all ventures, but the interviewee expressed frustration when facing
that funding was out of reach to the CE ventures:

... when you offer loan to ventures, but there are certain economic conditions, economic
key ratios, and it is a larger problem that you have to fill certain economic conditions you
actually cannot fill at that point of time. Nice that they offer funds, but if you have no chance
of getting the fund to start with, then it is just nothing but words to the entrepreneurs.
(Venture representative, Case 1)

Public organisations provide advice to start-ups. The following excerpts elaborate on the va-
riety of support that was provided, including sparring sessions, matchmaking, webinars, and
pitching opportunities.

There has been sparring sessions on certain markets and business opportunities and also
matchmaking sessions. Also, there were webinars where one could do pitching for a large
crowd. Also, private matchmaking sessions have been organized.

(Venture representative, Case 1)

You get to talk directly to the large ventures’ representatives and tell about their offering
and how it could fit to the brand of the larger venture.
(Public actor, Case 1)

Institutional pillars

The public sector in Finland had increasingly implemented initiatives and support mechanisms
for CE to make it a mainstream economic system. However, also private investors were needed
to support CE ventures. In summary, from the regulative perspective, a key catalyst in promot-
ing a CE is represented by recovery and resilience funding from the EU, while a key constraint
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is de minimis of 200,000 EUR per EU regulations. Regarding the normative pillar in Finland,
key catalysts are angel investors who have made circularity a priority in their impact investing
agenda, and people who are generally receptive towards environmental issues and the transition
towards a circular paradigm. Conversely, a key restraint is that CE is still a new and unproven
concept, and consequently, public funding organisations and banks find it too risky. Finally, with
respect to the cultural-cognitive pillar, the catalysts are represented by the progressive cultural
change, for instance something secondhand was in the past considered as something for the poor
(identity), while nowadays it is progressively seen as ‘cool’ and environmentally friendly.

Case 2: Italy

The venture recycled and reused textiles. It was founded in 2019 based on an idea by the founder,
an entrepreneur who had the desire to find concrete solutions to the disposal of fabric waste.
Through a recycling process, the circular venture transformed industrial textile waste and used
clothes into new products, such as hangers for clothing and wine boxes that can be reused as trays
or suspension lamp holders.

Public actors involved

A key role in the development of the business idea was played by two public actors (Veneto
Region Green Cluster and Trentino Sviluppo) and a private actor (Vicenza Elevator Innovation
Hub). The private actor had been a key mentor in supporting the venture in its initial stages
and in establishing the stakeholders’ network. Regarding public actors, Veneto Region Green
Cluster played an important role in the venture’s development. Veneto Region Green Cluster
is a Regional Innovative Network that brings together the best excellences in the field of waste
enhancement, involving industrial sectors oriented to the supply of environmental goods and
services (green business) and ventures committed to reducing the environmental impact of their
production processes and of its products (green production). The Veneto Green Cluster Regional
Innovative Network had been recognised by the Veneto Region with DGR n. 54 of 27/01/2017
and it was represented by Green Tech Italy — business network. It helped the venture to find the
most interesting calls to apply for funding according to the topic of interest, and to find partners
willing to collaborate on that topic. Trentino Sviluppo had been a central actor in promoting a call
for entrepreneurial projects at the initial stage of development (Startup Trentino).

Public sector support

In 2019, the venture got the second position in the competition of Startup Trentino, winning a
grant of 10,000 EUR and 12 months of settlement at the Progetto Manifattura spaces in Rovereto.
As stated by the venture’s founder: “This was the most important award, the one that allowed us
to open the laboratory”. In 2021, the venture was selected for the Global Startup Program, an in-
ternational acceleration programme organised by the Italian Agenzia per la promozione all’estero
e I'internazionalizzazione delle imprese italiane (ICE) on the recommendation of the Ministry of
Foreign Affairs and International Cooperation.

Institutional pillars
A key regulative catalyst in supporting the venture’s development was the end of waste law

(Article 177, Decree Law 152/2006), which mandates the cessation of waste status at the end of
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a recovery process; the law became effective on 29 April 2006. Moreover, the implementation
of circular business was favoured by Veneto Green cluster, a Regional Innovative Network that
brings together organisations aimed to give value to waste. This is enacted by involving industrial
sectors oriented towards the supply of goods and services (green business) and ventures com-
mitted to reducing the environmental impact of their production processes and of their products
(green production). This cluster also represented a catalyst from the cultural-cognitive perspec-
tive as it contributed to connect those actors engaged in CE, and to stimulate an entrepreneurial
mindset prone to embrace sustainable innovations. The inhibitory factors were mainly related to
a lack of regulations concerning different aspects despite the advancement in the ‘end of waste’
law. As stated by our interviewee:

“We have tested our innovative product (packaging) made out of waste garments, but we
could not get the certification of biodegradability since it has never been regulated as a
product category. Moreover, since we could not get the waste management authorisation,
we had to make research to find possible solutions, for instance we found a cooperative that
manages garments’ waste and transform them into a secondary raw material”.

(Ventures representative, Case 2)

Two other key constraints were mentioned by the venture’s founder. The first constraint con-
cerns the phase of funding and grant applications, with the assumption that ventures applying for
funding and grants were already well-structured, thus making starting from scratch a challenge.
The second constraint regards the complexity in creating a network of diverse and committed
actors sharing know-how, apart from the previously mentioned Veneto Green Cluster. The mu-
nicipality did not contribute to the venture’s development.

In summary, from the regulative perspective, a key catalyst in promoting a CE is represented
by a step forward to the end of waste, while a key constraint is the lack of regulation regarding new
circular product categories. Regarding the normative pillar, a key catalyst is represented by the
Veneto Green cluster of circular innovation, and related new-born industrial symbiosis, while a key
constraint is the assumption that ventures applying for public grants are already well-structured in-
ternally. With respect to the cultural-cognitive pillar, key catalysts are represented by local clusters
of proactive ventures that are prone to adopt circularity principles and are gradually fostering the
establishment of a consortium. There are still barriers represented by the complexity in network
creation of actors who are committed to developing circular practices (e.g., municipalities).

Circular economy innovation related to reduction

Case 3: Finland

The venture manufactured food packaging that uses up to 85% less plastic than similar, standard
plastic packaging. The venture’s packaging consisted of a container made of cardboard or cor-
rugated cardboard made from virgin raw materials and a plastic film that keeps the packaging gas
tight. The packaging is easy to recycle, as the container and plastic film can be easily separated
and recycled as waste.

Public actors involved

Key public actors in this case were decision-makers whose role was to support sustainability and
growth, such as the Parliament, ministries, and the EU (see Table 8.2).
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Public sector support

EU directives influence ventures operations. The following excerpt elaborates on the challenges
a CE venture faces due to differences in regulation in different countries.

EU will set new directives, for instance establishing 25-30 recycling goals for variety of
materials. For us it is very important how the hybrid solutions are dealt with, especially
from the producer responsibility perspective. And, how the circulation systems develop.
And we are also eager to know how the monomaterial solutions are approached and if they
are wanted. And can we steer customer behaviour with payments. At the EU-level there are
no monomaterial definitions especially from the circulation perspective. For example, in
Thailand you can have 5% plastics in your cardboard solutions and in some countries, you
can have up to 49% plastics. The scale varies a lot, and it would help a lot if there were some
EU-level categorizations. Because the selling arguments vary from country to country,
that is, in which country you can say that you can recycle this with cardboard and in which
country you cannot. It would help our product development a lot, that is, do we need to go
below a certain percentage of plastics [in our solution].

(Venture representative, Case 3)

Institutional pillars

In summary, from the regulative perspective, a key catalyst in promoting a CE is represented by
EU directives on the CE concerning material-related recycling goals. However, the regulation
itself emerged as the most important constraint, for instance in the lack of clear descriptions re-
garding what monomaterials are, especially from the recycling point of view. Uncertainty about
the development of the circular systems, as well as payments related to producer reliability are
also constraints. The issue is a system-level one.

Regarding the normative pillar, there are more ambitious norms concerning the circularity of
materials, while constraints are evident as different norms concerning circularity and its impact
on product development in the long run. With respect to the cultural-cognitive pillar, key catalysts
are represented by the fact that customers and consumers lean towards sustainable consumption.

Case 4: Italy

The venture had a CE innovation related to a digital platform providing benefits and rewards to
citizens adopting sustainable lifestyles, such as commuting by bike instead of using a car. The
rewards are spendable in local shops so that the venture supports also local businesses.

Public actors involved

One key public actor contributing to the circular venture’s development was the municipality of
Parma. In May 2021, this municipality launched a project that addressed the local citizens to act
sustainably by offering them rewards, such as discounts to be spent in local shops. As stated by
our interviewee from the municipality of Parma:

With the venture we have signed a contract so that we can address all citizens that behave
sustainably, for instance commuting by bike instead of by car. We have made agreements
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with local businesses to offer discounts to those citizens tracking their actions on the app,
to reward them for their virtuous behaviours.
(Public actor, Case 4)

Public sector support

The venture and the Municipality of Parma had the common goal of making the city more sus-
tainable. The municipality of Parma contributed to promoting the app in town to citizens as
well as to local ventures, such as Barilla, the Italian brand of pasta, and to establishing partner-
ships with local businesses to provide rewards to the most involved citizens. Parma represents
an exception in the Italian mid-sized towns, since it is a symbol of the car-free environments in
Italy (Tozzi et al., 2014), therefore the citizens’ mindset is particularly prone to adopt sustainable
alternatives to safeguard the environment and fight against urban pollution. Moreover, Parma
is in the Emilia-Romagna region, the most advanced Italian region in terms of the development
of sustainable practices (Tozzi et al., 2014). As an example, it is the region that shows a regional
cycling system with a percentage of trips that double the national one (10% against the 5% of the
Italian scenario) (Tozzi et al., 2014).

Institutional pillars

In summary, from the regulative perspective, a key catalyst in promoting a CE is represented by
the Emilia-Romagna region laws to promote sustainable mobility, especially in terms of urban
and suburban cycling. This, in turn, reinforced the pride of local municipalities in promoting
sustainable practices and local citizens’ proactiveness to sustainably move around the city. No
specific constraints have been identified with respect to the regulative pillar. Regarding the nor-
mative pillar, key catalysts can be the willingness of the local municipality, ventures, and citizens
to promote sustainable practices. However, some constraints may relate to finding appealing
incentives and rewards to promote sustainable behaviours.

Regarding the cultural-cognitive pillar, key catalysts may be the local citizens’ mindsets and
shops’ proactiveness in adhering to the developed sustainable initiatives, yet constraints can be
indicated by the fact that changing employees’ mobility patterns takes a lot of time and effort.

Circular economy innovation related to recycle

Case 5: Finland

The venture recycled nutrients. The hybrid biofilter consists of biochar and wood chips. The
mechanism is simple: the biofilter is placed in a waterway, such as a ditch, where it collects excess
nutrients and other contaminants dissolved in the water that passes through the biofilter. Using a
biofilter is an inexpensive and easy solution for reducing the environmental impact of agriculture,
for example. The nutrients filtered by the biofilter can be recycled back into the soil, thus reducing
the need for chemical fertilisers.

Public actors involved

The key public actors were those providing funding and advice for CE ventures, including the
Ministry of Economic Affairs and Employment of Finland; the Centre for Economic Develop-
ment, Transport and the Environment; and Business Finland.
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Public sector support

The interviewee explained that there were many good concrete actions that can be imple-
mented towards sustainability. The excerpts that follow show appreciation for public sector
support, but also show that some actions on the political level appear as distant from the entre-
preneur’s reality.

Good that government has invested in experimentations of nutrient-related projects and
money for water quality projects. Also, previous government did good job in encouraging
entrepreneurship, startups, and experimentation culture.

(Venture representative, Case 5)

But political documents such as roadmaps are sometimes too far away from practice. If you
can create business out of something, there will be someone who will do it.
(Venture representative, Case 5)

New laws and reforms in the agricultural subsidy system change the institutional environ-
ment. The excerpt that follows elaborates on the attitude of the entrepreneur regarding these
changes. The interviewee highlights the importance of a positive outlook on the changes, while
indicating that not all CE entrepreneurs have such a positive mindset towards changes in law and
regulation:

Politics changes and now we have agricultural subsidy system coming up as well as new
law reform concerning fertilizers. But I think these reforms create new possibilities. I like
to look at the positive side of things.

(Venture representative, Case 5)

The excerpt that follows emphasises the importance of networks and engagement in projects
with public actors in product development. The collaborators include both research institutions
and public sector actors.

We have had two Business Finland projects and one project financed by the Ministry of
Economic Affairs and Employment of Finland and one other experimental project on nu-
trients. We have intentionally built networks and conducted research. Our idea has been
all the time that our solutions, products, that we produce are scientifically valid. We have
searched for scientific competence from variety of scientific institutions [research insti-
tutes, universities, universities of applied sciences]. Centre for Economic Development,
Transport and the Environment provided information and helped to network.

(Venture representative, Case 5)

Institutional pillars

In summary, from the regulative perspective, a key catalyst in promoting a CE is represented by
opportunities related to new agricultural reforms and new reforms concerning fertilisers, while a
key constraint is also represented by new agricultural reform. Regarding the normative pillar, key
catalysers may be represented by funding for experimental projects on nutrients and water qual-
ity. Interviewees report that the Finnish society should be encouraged to be bolder risk-takers.
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The esteem for entrepreneurship and a fear of failure run deep in Finnish society, and this may
hold back circular innovation. This trait may be seen in the non-optimal rates of circular innova-
tion commercialisation. Regarding the cultural-cognitive pillar, key catalysts may be an aware-
ness building on issues related to food production such as fertilisers and the quality of water,
while no specific cultural-cognitive inhibitors have been identified by the venture.

Case 6: Italy

The venture upcycled cigarette stubs. The entrepreneur was inspired by an ashtray full of ciga-
rettes and thought: “Why don’t we do something with this waste?”. Starting from his initial query
and intuition, he spent three years studying a system to recycle cigarette stubs. In 2019, he pat-
ented a system to transform the cigarettes stubs into plastic materials that are now widely used in
the eyewear industry and in the production of small objects.

Public actors involved

Before setting up the venture, the entrepreneur participated in competitions for ventures. In par-
ticular, he reached the third position in the 120 secondi — Business Idea Competition organised
in Trento by Trentino Sviluppo, the Agency of the Autonomous Province of Trento dedicated to
promoting the sustainable development of the region Trentino Alto Adige. This geographic area
is particularly concerned about sustainability issues, and Trento has been named by EY as the
most sustainable and virtuous town in Italy (Smart City Index, 2020). The start-up faced regula-
tive barriers because the municipalities considered the cigarette stubs as urban waste, which is
the property of municipalities and is typically collected by local waste management ventures.
The founder had to deal with the municipality and the waste management venture in implement-
ing the business idea. As stated by our interviewee:

To implement our business in the municipal area, you need several permissions, and you
need to establish a dialogue with two parties, such as the municipality and the municipal
waste management venture. [ can state that the institutional environment does not favour
the development of circular ideas like ours.

(Venture representative, Case 6)

Public sector support

The green incubator Progetto Manifattura from Trentino Sviluppo has supported the initial phase
of the venture project through its incubation process, which has played an important role in terms
of training. As highlighted by our interviewee from Trentino Sviluppo:

Trentino Sviluppo has developed an initiative called 120 secondi — Business Idea Competi-
tion, which was a competition for entrepreneurs, providing final prises. [The entrepreneur
and the team] from [the venture] reached the final, and he has been supported by the in-
cubator for around a year (initial phase). As they became more mature, they began to fin