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Foreword

Across our interconnected globe, we face very real and urgent human challenges,
such as eradicating hunger and poverty, and providing access to essential services
such as high quality education and healthcare. The paramount challenge of our time
is balancing efforts to address these challenges with the equally urgent need to pro-
tect the climate and natural ecosystems, and to do so in a way that is fair for every-
one. This is why in 2015, at the United Nations, 193 countries adopted the
Sustainable Development Goals (SDGs) as a shared blueprint for peace and pros-
perity, both for people and the planet, now and into the future.

The transformations that are needed to make the SDG vision a reality are enor-
mous in scale, and will require deep structural changes across all sectors in society.
The SDGs are profoundly interconnected, requiring understanding of the complex
links between natural, human, and technological systems. In order to avoid negative
spillover effects across different systems, the necessary transformations cannot be
improvised as we go. We need to develop sophisticated, scientifically rigorous and
long-term pathways for action that take into account relationships between whole
systems in order to identify and address potential trade-offs. These pathways for
action will also need to be co-designed among different stakeholders. The participa-
tion of a broad range of communities and sectors can generate the necessary public
support to ensure effective implementation.

Unfortunately, a growing number of people today are unable to lead a decent life.
The 2024 Sustainable Development Report' offers sobering insights. None of the 17
SDGs are on track for being achieved by 2030. Globally, only 16% of SDG targets
will be achieved on time, while efforts to achieve many more have stagnated since
2020. SDG 2 (Zero Hunger), SDG 11 (Sustainable Cities and Communities), SDG
14 (Life Below Water), SDG 15 (Life on Land), and SDG 16 (Peace, Justice, and
Strong Institutions) are particularly off-track. This reversal of previously positive
trends has been driven by multiple factors, most notably the COVID-19 pandemic,
which has exacerbated existing inequalities while upending global health and the

! Sustainable Development Report 2024 https://dashboards.sdgindex.org/
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vi Foreword

economy, and by the escalating climate crisis. The climate emergency has shown its
severity in the last 3 years. The year 2023 was the hottest on record, and all conti-
nents had drastic episodes of droughts, floods, or catastrophic forest fires. At this
writing, 2024 is on track to be hotter, and the coming years hotter still.

Compounding these challenges are a range of growing geopolitical tensions and
armed conflicts, some of which involve countries with nuclear capabilities, which
increase the risk of a nuclear escalation. These tensions and conflicts have driven
inflation, undermined food security, and complicated efforts to work together on
common goals. In short, the world faces an extraordinarily difficult scenario, and
this is contributing to hopelessness and apathy in many places where the population
deserves instead to look forward with expectations of a better future.

Fortunately, an increasing number of people and governments are being alerted
to these challenges and are developing pathways to help effect the transformations
needed to overcome them. Often, they are doing so by placing sustainable develop-
ment at the center of focus. To a large extent, this seems to be the case of the prov-
ince of Quebec, where different actors are piloting ambitious initiatives that can
drive change, and provide examples for action in other regions of the world. This is
why this book is a very important read. It presents sophisticated analyses of key
socio-ecological transitions needed to avoid the worst scenarios. The diverse contri-
butions within highlight the importance of accelerating action and moving from
theory to implementation through comprehensive strategies that take all dimensions
of sustainable development into account. The different chapters recognize the inter-
connectedness of these challenges and propose holistic perspectives that address
existing barriers to action.

This important book reminds us that in the face of deep challenges, researchers
and universities are well-positioned to support the necessary transitions. They
develop new technologies, business models, and governance frameworks; train
future leaders to be globally conscious and innovative; and have a proven track
record of working with diverse stakeholders, including governments, the private
sector, civil society, and international organizations. In summary, this book serves
as a testament to the critical role that informed research and strategic planning play
in navigating the complexities of our global sustainability challenges.

New York, NY, USA Maria Cortés Puch



Preface

Climate change, environmental degradation, and the overconsumption of natural
resources pose real and growing threats to societies around the globe. Events related
to climate change are becoming more frequent and severe, such as forest fires that
ravage entire regions, extreme weather events like hurricanes and heatwaves, and
devastating floods that displace communities. In response to these escalating dan-
gers, the call for a socio-ecological transition has become urgent, recognized over
recent decades as essential for ensuring the well-being of both current and future
generations. This transition requires not only a shift in thinking but also the produc-
tion of new knowledge and tools to transform economic, social, cultural, and envi-
ronmental paradigms.

Academia plays a critical role in this transformation. Universities, research cen-
ters, and interdisciplinary research groups are uniquely positioned to lead the way
in this transition by generating innovative solutions and guiding public policy.

In the province of Quebec, one prominent player in this movement is CIRODD
(the Interdisciplinary Research Centre on Operationalization of Sustainable
Development). As the first strategic organization in sustainable development in
Quebec, CIRODD has been at the forefront of fostering collaboration between
researchers from diverse fields since its inception in 2013. By bridging gaps between
disciplines such as environmental science, economics, engineering, and social sci-
ences, CIRODD has set ambitious objectives that push the boundaries of interdisci-
plinary work. For example, CIRODD projects have brought together engineers,
urban planners, and sociologists to tackle complex issues like sustainable urbaniza-
tion and renewable energy adoption.

After more than a decade of accumulating knowledge and experience, this book
emerges as a culmination of CIRODD’s efforts and reflects the progress Quebec
society has made in adopting sustainable practices.

The book delves into the fundamental principles and key issues involved in
implementing a socio-ecological transition, with a particular focus on the province
of Quebec. It tackles this vast subject from the perspectives of both research and
education, offering strategies to accelerate this transition across various economic
sectors. For example, it discusses how renewable energy projects in Quebec’s rural

vii
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communities are revolutionizing local economies while reducing environmen-
tal impact.

Each chapter addresses critical research questions that prompt readers to reflect
on the socio-ecological transition from different angles and sectors. For instance,
one chapter focuses on the role of academia, asking: What role can universities and
research institutes play in advancing social and ecological transitions? and How can
research initiatives drive progress while maintaining rigorous academic standards?

Additionally, readers will find discussions on operationalizing the socio-
ecological transition through concrete examples. For instance, the book explores
successful policies and practices implemented in Quebec, such as its zero-emission
vehicle policy and the integration of sustainable construction methods in urban
planning.

Key topics also include: What methodologies can effectively accelerate the
socio-ecological transformation of Quebec’s economic sectors, from manufacturing
to transportation? and What innovative approaches have been tested and proven to
work in Quebec’s quest for sustainability?

The primary goal of this book is to equip college and university educators with
the concepts, methodologies, and references they need to integrate sustainable
development into their curricula and research. Furthermore, it aims to provide pro-
fessionals and decision-makers with real-world examples of practices designed to
fast-track socio-ecological transformation. Finally, the book offers the general pub-
lic accessible insights into how they can contribute to the socio-ecological transi-
tion, empowering them to be active participants in the fight against climate change.

As co-editors, we are proud to present a unique collection of contributions from
some of CIRODD’s most prominent members. This volume offers deep insights
into newly developed approaches for operationalizing socio-ecological transitions
at both the local and global levels, across sectors like industry, mobility, and
education.

Chicoutimi, QC, Canada Jean-Francois Boucher
Natal, Brazil Luciana Gondim de Almeida Guimaraes
Montréal, QC, Canada Jean-Marc Frayret
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Chapter 1 )
Introduction Check or

Mohamed Cheriet

CIRODD is a strategic cluster funded by the Quebec Research Funds (FRQNT-SC:
Nature and Technology, and Human Sciences). It brings together around 100 pro-
fessors from 15 universities and 3 technical high schools across Quebec. CIRODD’s
core mission is to accelerate societal transformation toward a sustainable future by
fostering innovation and transdisciplinarity.

With ambitious interdisciplinary goals, CIRODD aims to create unprecedented
synergies among researchers and stakeholders from diverse fields. This collabora-
tion is essential for driving the socio-ecological transition that our society urgently
needs. By leveraging technological advances, CIRODD ensures that the solutions
developed align with the needs and aspirations of key stakeholders. Our role is to
catalyze, inform, advise, mobilize, and support decision-makers, ensuring that their
actions are rooted in the best scientific knowledge and practices.

CIRODD’s research program is structured around three interconnected axes:
Evaluation, Design, Integration (Axe 1), Systemic Approaches and Accelerators
(Axe 2), and Collaboration with Field Actors (Axe 3). Through these axes, along
with various financial support programs such as Levier, Exploration, and Synergie,
CIRODD supports and values the interdisciplinary work of its members. In 2023,
we launched a new program aimed at fostering transformational projects—those
that embrace a transdisciplinary approach, align with sustainable innovation prin-
ciples, and contribute to achieving at least one of the United Nations’ Sustainable
Development Goals (SDGs). These projects, like others supported by CIRODD,
share a common focus: accelerating the operationalization of sustainable
development.

Recognizing the importance of sharing our experiences and insights, we have
compiled this book to serve as a reference for other societies. Although we have not
yet reached our ultimate goal, we have made significant progress and learned

M. Cheriet
CIRODD, Ecole de Technologie Supérieure, Montreal, QC, Canada
e-mail: mohamed.cheriet@etsmtl.ca
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valuable lessons. This book is the product of a collective effort to disseminate the
knowledge and results we have acquired over time.

10.

11.

The book is structured into two main parts:

. Engaging Society: Co-Creation and Mobilization Strategies for Socio-

Ecological: This section explores practical interventions and citizen mobiliza-
tion strategies. It delves into transition projects, urban planning, and models for
knowledge co-construction, drawing on theoretical, practical, and experiential
knowledge. The role of research and the arts in facilitating this transition is also
examined.
Chapters:

Operationalizing Urban Ecology and Circular Economy in Montreal’s South-
West Neighborhoods Using an Interdisciplinary Approach

Co-construction as Implementation: The Experience of Circular Economy
in Quebec

. Intervention-Research as a Social-Ecological Transition Belt, Steering Wheel,

and Engine

Chemins de Transition: An Innovative Method of Knowledge Mobilization to
Accelerate the Socio-Ecological Transition in Quebec

Methodological Proposal for Graphic Design Education Aimed at Fostering
Social and Environmental Responsibility

. Exploring Emerging NPL and Machine Learning Methods in Climate Change

Discourse Analysis on Social Media: A Systematic Literature Review
Transformative Tools: Methods for Navigating the Socio-Ecological
Transition: This section focuses on the tools necessary for facilitating the
socio-ecological transition. It presents models and methods for characterizing
complex systems and showcases digital practices for designing circular and
sustainable business models.

Chapters:
Performance Indicators for Sustainable Remanufacturing Closed-Loop
Supply Chains
Advancing Sustainability Through Digital Maturity: An Open Approach for
Evaluating Quebec Organizations’ Environmental Responsibility
Navigating the Shift: Strategies Beyond “Build It and They Will Come” for
Sustainable Mobility in Quebec
Fostering Sustainability Through Digital Evolution: Evaluating Industry 5.0
Preparedness in Quebec’s Regional SMEs

Through these contributions, this book offers valuable insights and practical

tools for advancing the socio-ecological transition, aiming to contribute to a more
sustainable future. We hope that readers will find both inspiration and actionable
knowledge within these pages, empowering them to contribute meaningfully to the
ongoing efforts toward sustainability. Whether you are a researcher, practitioner, or
decision-maker, may this book serve as a guide and a catalyst in your journey toward
fostering a more resilient and equitable world.
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Mohamed Cheriet, in the Department of Systems Engineering at ETS (Université du Québec,
Montreal). He is the former Tier 1 Canada Research Chair in Sustainable and Smart Echo-Cloud
Computing, Founder and Director of the Synchromedia Laboratory, and General Director of
CIRODD, a strategic research cluster focused on socio-ecological transition through innovation,
funded by the provincial funding organism, Fonds de Recherche de Québec (FRQ).

Dr. Cheriet is an expert in artificial intelligence, pattern recognition, and machine learning,
with applications in intelligent and sustainable networks, cloud computing, and image processing.
His work bridges advanced research and practical impact in digital sustainability. He has authored
over 550 peer-reviewed publications and delivered more than 70 invited talks. He is Fellow of the
International Association of Pattern Recognition -IAPR (2016), the Canadian Academy of
Engineering - CAE (2017), the Engineering Institute of Canada - EIC (2018), and Engineers
Canada - EC (2019)
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Chapter 2 )
Operationalizing Urban Ecology S
and Circular Economy in Montreal’s
South-West Neighborhoods Using

an Interdisciplinary Approach

Daniel Pearl, Amy Oliver, Cécile Bulle, Titouan Greffe,
and Claudiane Ouellet-Plamondon

Abstract As a result of deindustrialization and insufficient proactive investments
by governments, industrial wastelands on the edges of towns and cities are multiply-
ing. These sites illustrate the instability of mono-functional zoning and inadequate
city regulations to ensure long-term resilience, particularly evident along once-
industrialized waterfronts like Montreal’s Lachine Canal. Since its closure to com-
mercial navigation in 1974, the Lachine Canal’s programming has focused on
recreational activities, largely neglecting infrastructure and adjacent industrial
areas. However, these post-industrial areas present significant opportunities to
rethink the city and create sustainable, resilient neighborhoods. In the context of
climate change and resource depletion, rehabilitating both the under-used building
stock and the largely vacant sites with mixed programming, appropriate density, and
green infrastructure, can regenerate urban fabrics and the earth’s productive capac-
ity. The post-industrial landscapes along the Lachine Canal possess several assets
that the City of Montreal could leverage in its quest for resilience in the face of
climate change, which it can achieve by leveraging industrial heritage, promoting
urban biodiversity, and incorporating principles of circular economy, urban ecology
and urban metabolism. This chapter documents an Action Research process focused
on the sustainable redevelopment of neighborhoods along the Lachine Canal. It
draws on interdisciplinary and inter-university research involving architecture, life
cycle assessment, and construction engineering from three Montreal universities

D. Pearl (0<) - A. Oliver
Université de Montréal, Montréal, QC, Canada
e-mail: daniel.pearl @umontreal.ca; amy.oliver @umontreal.ca

C. Bulle - T. Greffe
Université du Québec a Montréal, Montréal, QC, Canada
e-mail: bulle.cecile @uqam.ca; greffe.titouan @courrier.ugam.ca

C. Ouellet-Plamondon

Ecole technologie supérieure, member of the Université du Québec network,
Montréal, QC, Canada

e-mail: claudiane.ouellet-plamondon @etsmtl.ca

© The Author(s) 2025 5
M. Cheriet et al. (eds.), Accelerating the Socio-Ecological Transition,
https://doi.org/10.1007/978-3-031-82896-6_2


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-82896-6_2&domain=pdf
https://doi.org/10.1007/978-3-031-82896-6_2#DOI
mailto:daniel.pearl@umontreal.ca
mailto:amy.oliver@umontreal.ca
mailto:bulle.cecile@uqam.ca
mailto:greffe.titouan@courrier.uqam.ca
mailto:claudiane.ouellet-plamondon@etsmtl.ca

6 D. Pearl et al.

and builds upon previous inter-university endeavors going back to 2019. The
approach highlights the importance of interdisciplinary collaboration and the role of
universities in promoting urban ecology and circular economy through collaborative
research and demonstration projects. This interdisciplinary approach aims to bridge
gaps in architectural and engineering education and fosters co-learning, contribut-
ing to the creation of resilient and sustainable urban environments.

Keywords Circular economy - Urban ecology - Interdisciplinary - Ecosystemic
urbanism - Life cycle analysis - Territorial development - Action research - Urban
diagnosis - Adaptive reuse - Magic threshold - Carbon footprint

1 The Problem: Current Issues Preventing Proactive
and Inclusive Post-industrial Revitalization of Montreal’s
Southwest Neighborhoods

As a result of deindustrialization and the lack of proactive investments on the part
of governments, industrial wastelands on the edges of towns and cities are multiply-
ing. These large tracts of land and neglected buildings are no longer home to their
original activities and have been slowly weakened by a build-up of soil contamina-
tion and airborne pollution caused by their past functions (Merle & Perrin, 2018).
They bear witness to the instability of monofunctional zoning and the lack of city
regulations ensuring sufficient environmental standards to equip municipalities with
longer-term resilience. Along once industrialized waterfronts, the lack of resilience
and biodiversity protection is more glaring than ever. In Montreal, the Lachine
Canal and its adjacent neighborhoods are no exception. Since its closure to com-
mercial navigation in 1974, the Lachine Canal’s programming has focused on rec-
reational activities, while the riverbanks, beyond repairs to its concrete retaining
walls, have been neglected, and the adjoining industrial areas have mostly been
ignored. The lack of forward-looking investment in renewing infrastructure can be
easily seen along the length of the canal.

Yet, paradoxically, these urban voids and dilapidated infrastructure represent real
opportunities, known as “magic thresholds,” to rethink the city and create sustain-
able, resilient neighborhoods. In a context of climate change and natural resource
depletion, the rehabilitation of these brownfield sites with green infrastructure rep-
resents an opportunity to create complex living environments in response to our
planetary limits (Sarni, 2010). Through their renewal and transformation, they can
become real catalysts for regenerating the urban fabric and the earth’s productive
capacity (Vigier et al., 2023).

With its vast post-industrial expanses, Montreal’s South-West borough possesses
several assets that the metropolitan region could leverage in its quest for resilience
in the face of climate change. To do so, we need to harness the full potential of the
area’s industrial heritage, starting, of course, with the Lachine Canal. The canal
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could become a focal point for urban biodiversity, while also facilitating the trans-
port of goods, this time by promoting eco-friendly mobility. In areas that are virtu-
ally being rebuilt, we need to think about circularity at the scale of major
infrastructure and implement urban metabolism principles. Why not harness the
free heat waste from industry to power new developments? Why not rethink our
water management, for example, finding a more local source to supply industries,
rather than using drinking water from the city’s overused network? Why not imme-
diately add long-term resilience to major infrastructure, which can yield $5-6$ in
value for every dollar invested, as opposed to waiting for very costly disasters
(C2ES, 2019)? Finally, we need to rethink what to do with all post-industrial build-
ings and rehabilitate or transform them based on a circular economy model and
preserve embodied energy, while encouraging the creation of post-industrial jobs in
this sector.

While it is essential to rethink the future for the South-West of Montreal and see
brownfield sites as opportunities for creating affordable and mixed neighborhoods
supporting more sustainable lifestyles, it is also vital to do so from a lifecycle per-
spective. Indeed, if we confine ourselves to a municipality’s emissions at the city
scale, we run the risk of missing out on the greatest opportunities to reduce our
environmental footprint, and of identifying strategies that would have only dis-
placed the problem elsewhere. For example, it would theoretically be possible to
drastically reduce a city’s carbon footprint by moving all emitting industries out of
the city, but in reality, the resulting impact would be unchanged. It is essential for
land-use planning scenarios to consider the way in which such planning will pro-
mote lifestyles that are genuinely preferable for the environment (Vigier et al.,
2023), which is what life-cycle analysis makes possible, as displacing impacts is not
real progress.

A recent CIRAIG study presented an inventory of greenhouse gas (GHG) emis-
sions resulting from Greater Montreal’s consumption (Agez & Patouillard, 2022).
This study highlights that while some major contributors to emissions do indeed
take place in the Greater Montreal area (daily car journeys, domestic combustion),
a significant proportion of emissions occur elsewhere (food, etc.). Total GHG emis-
sions were estimated at an average of 12.8 t CO,-eq per capita, dominated by house-
hold consumption and more specifically the use of personal vehicles, food (mainly
meat, restaurants, and dairy products) and the use of fossil fuels at home for heating
and cooking. According to IPCC figures, our individual 1.5 °C-compatible carbon
footprint budget is 2 t CO,-eq per capita. Since industrial decarbonization is insuf-
ficient to reach 1.5 °C-compatible level of individual carbon footprint (Cap et al.,
2024), a drastic change in lifestyles and consumption patterns in Montreal is there-
fore necessary. We can keep these orders of magnitude in mind when regenerating
post-industrial neighborhoods and plans for more sustainable and local lifestyles.

An unavoidable question is: who will catalyze a sustainable transformation of
the post-industrial neighborhoods along the Lachine Canal while promoting local
employment, a circular economy, and local environmental, economic, and cultural
resilience? A second unavoidable question: what programs and what financial aids
are needed to transform these post-industrial zones, which, before the
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decontamination and infrastructure revitalization, are sometimes the only afford-
able land in our cities? It is important to have a strategy at all levels of government
to ensure long-term affordability, as these areas offer rare opportunities to develop
post-industrial mixed-use neighborhoods with affordability, circular economy, and
the cohabitation of light industrial, commercial, and residential uses.

This chapter describes an Action Research process conducted between 2019 and
the present (and towards 2025) focusing on the sustainable and resilient redevelop-
ment of neighborhoods along the Lachine Canal. Based on several years of teaching
and research in the master’s program in architecture at Université de Montréal, in
life cycle assessment at UQAM, and in environmental and construction engineering
at Ecole de technologie supérieure (ETS), this chapter explains an approach based
on the creation of a network of actors and scientists around interdisciplinary and
inter-university research projects. The projects in question illustrate the importance
of integrated design thinking when creating more sustainable projects, such as the
redevelopment of urban brownfield sites or the revitalization of monofunctional,
suburban-type neighborhoods. There are gaps in the training of architects in this
area, and the projects described in this chapter aimed to offer an interdisciplinary
approach to Master of Architecture students at the Université de Montréal, enabling
co-learning with students and researchers from other universities and disciplines.
This chapter demonstrates that universities can play an important role in operation-
alizing urban ecology and the circular economy through Action Research and dem-
onstration projects.

1.1 Towards Solutions: Urban Ecology, Life Cycle Analysis,
Circular Economy, and “Magic Thresholds”

While several approaches exist for creating sustainable, regenerative, or resilient
neighborhoods, this chapter focuses on a few key concepts that are at the heart of the
Action Research projects described in this chapter. These concepts represent core
research areas for the professors involved and are posited to be some of the most
profound tools for transformative change at a neighborhood scale.

1.1.1 Ecological Urbanism

There are many lessons to be learned from the ecosystemic experiments in
Barcelona, Spain, carried out over the past couple of decades thanks to the Urban
Ecology Agency of Barcelona (UEAB) and its former director, Salvador Rueda.
This multidisciplinary agency has gained notoriety for its “superblock™ proposal.
Their idea, simply put, is to take space away from cars and give it to pedestrians by
concentrating vehicular traffic on main arteries in a 3 x 3 block grid. The agency’s
strength lies in its urban sustainability diagnosis methodology, which addresses the
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physical, social, economic, cultural, and natural dimensions of the city in equal
measure, using some 50 quantitative indicators, the majority of which can be
mapped using Geographic Information System (GIS) software. The agency seeks to
reveal the inherent synergies that link each of these dimensions together in order to
develop urban density, social mix and cohesion and to create resilient, synergistic
urban plans. The agency’s mission is to profoundly understand the context in ques-
tion: the environment, but also its neighborhoods, its networks and the region of
which it is a part, and all of this in an interdisciplinary, transcalar approach.

1.1.2 Life Cycle Assessment

Life cycle assessment (LCA) is a systemic approach that enables the standardized
evaluation (ISO 14044) of the environmental balance of the life cycle of a product,
service, company, or process, i.e., from the acquisition of raw materials to produc-
tion, use, and end-of-life (cradle-to-grave) (Jolliet et al., 2010). It is endorsed by the
United Nations Environment Programme and the European Union. LCA can there-
fore help to understand the environmental performance of development strategies in
the sector under study, to assess the environmental relevance of the circular econ-
omy strategies envisaged, and to avoid certain unexpected shifts in impacts when
implementing certain innovations (Chabas et al., 2023).

Life cycle assessment is traditionally applied at the scale of a product or service,
but more and more approaches exist for using it at a larger scale, or for analyzing
lifestyles. For example, Lesage et al. (2007) compared different options for rehabili-
tating urban brownfield sites in Montreal (Shop Angus), taking into account the
contamination of the site, the impact of decontaminating it, and the environmental
benefits of redeveloping a central Montreal district rather than continuing with
urban sprawl—demonstrating that the latter benefits far outweighed the impacts
associated with rehabilitating the site. Loiseau et al. (2013) adapted the LCA meth-
odological framework to make it suitable for territorial development analysis and
applied it to the case of the Thau Basin in southern France (Loiseau et al., 2014). To
do so, they adopted an eco-efficiency approach based on quantifying the multiple
functions rendered by the region (job creation, food production, etc.) and the envi-
ronmental impacts associated with each regional development scenario, the idea
being to maximize the services while minimizing its environmental impact. More
recently, a study looked at the carbon footprint of consumption in Canada and its
provinces and territories from a life-cycle perspective (Patouillard et al., n.d., sub-
mitted for publication), highlighting, for example, that the annual carbon footprint
of an average Quebecer is of the order of 14.5 tons of CO,-eq according to this
“consumption” perspective. However, according to Quebec’s carbon balance sheet,
which only takes into account emissions that take place on a provincial scale, with-
out taking into account imports linked to our consumption, it would only be 9.5 tons
of CO,-eq. These differences highlight the importance of better understanding life-
cycle boundaries, so as to promote genuinely sustainable lifestyles without simply
shifting the problem elsewhere.
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1.1.3 The Circular Economy

The circular economy is among the approaches that have the most promising poten-
tial to reduce the pressure our society puts on resources, which is often accompa-
nied by a reduction in overall environmental impacts, but not always (André, 2024;
Geissdoerfer et al., 2017; Harris et al., 2021). The environmental consequences
associated with different circular economy strategies are often highly contextual
and depend on numerous parameters (energy required, recycled content, distance
from the recovery site, etc.) (Chabas et al., 2023). For example, in Quebec, although
operational energy remains important (especially when it is related to minimizing
peak loads), our carbon footprint is sometimes largely related to the embodied
energy of materials, since around 98% of energy in Quebec is renewable, thanks to
hydroelectricity (Tirado-Seco et al., 2014). We cannot understand energy in Quebec
without also looking at ecosystem-based urban planning and life cycle assessment
(LCA), and the importance of the long-term resilience of our systems (Chabas
et al., 2023).

The operationalization of circular economy strategies depends on several factors:
zoning changes, health improvements (in connection with noise, pollution, air qual-
ity, water quality, etc.), the availability of significant subsidies to assist private and
third-sector revitalization projects (pilot projects), high functional transportation
linked to public transport and highly efficient (yet unobtrusive) local delivery strate-
gies, encouraging the local green economy, and comprehensive carbon calculations
that go beyond simple operational carbon assessment.

While the reuse of residual materials can be beneficial for the environment, it
sometimes has unintended undesirable consequences (impact shifts). The life-cycle
perspective is therefore inseparable from circular economy, and life-cycle impact
quantification tools must be put to good use with the aim of reducing environmental
impacts in an optimized way (Lonca et al., 2018; Wiprichtiger & Hellweg, 2024).
As such, LCA is a relevant approach for sustainable urban planning (Chabas
et al., 2023).

1.1.4 Magic Thresholds

Underused, contaminated, and landlocked sites, especially if they are located some-
what close to residential areas or high-quality green spaces, for our pedagogical pur-
poses, are defined as “magic thresholds,” as they have the latent potential to profoundly
elicit “transformative change.” To draw a parallel with biological environments, eco-
tones represent thresholds that are rich and conducive to increased biodiversity. In
other words, these ecotones between built-up areas are also “magic thresholds” where
conditions can emerge whose possibilities are multiplied in relation to the individual
context of each zone. These thresholds can then offer greater resilience and withstand
more arduous conditions. They are places where dynamic public spaces can be cre-
ated, whose richness comes from the appearance of a certain incoherence. These areas
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offer surprising possibilities for encounters/junctions, on a human scale, between
established contexts and those in the making, as well as being part of a logic of eco-
logical connectivity, and on a city-wide scale through their landscaped and living
character (fertile ground of the possible). By way of example, railroad corridors,
which are often also true green corridors, enable the development of nectar-rich (mel-
liferous) plants, attracting and encouraging insect populations and a whole range of
fauna adapted to urban conditions, which can offer the development of significant
biodiversity. Thanks to these “magic/urban thresholds”, where the right intervention
can catalyze the profound changes needed to build urban resilience (Pearl & Beauvais-
Sauro, 2020), it is possible to witness the rebirth of a neighborhood by increasing its
social diversity and enhancing its resilience, without destroying its existing fabric.
The aim is to create places where it is possible to live, whether for a young aspiring
urban farmer, an artist, or a young family, each within walking distance of a business
incubator or local services, as well as to understand the different ecological systems in
place in order to enhance and integrate them into urban structures as genuine vectors
of social and ecological cohesion.

1.2 From Design Research f0 Action Research in Montreal’s
South-West Neighborhoods

Urban ecosystemic synergies between existing and future industries, green infra-
structure, industrial heritage, and community needs for a series of neighborhoods
bordering the Lachine Canal and the Aqueduct Canal, in Montreal, were explored
collaboratively by various teams of Master of Architecture students under the super-
vision of different professors from several disciplines. Some of these Montreal sites
are the subject of a design studio theme offered to Master of Architecture students
at the Université de Montréal, entitled “Co-constructing our collective future”. This
Design Research Studio focuses on how the revitalization of post-industrial neigh-
borhoods can one day lead to promising sustainable living environments. This
theme consists of three courses taken over a calendar year: a research studio and a
theoretical seminar in the winter term, followed by the Final Thesis Studio Project
in the fall term. The courses cover a wide range of topics, at several scales, so that
students can develop a broad ecosystemic perspective: urban ecology, heritage,
landscape architecture and the natural environment, green infrastructure, social mix
and cohesion, urban metabolism, etc. The two studios, taught by an interdisciplin-
ary team of architects, landscape architects and structural engineers, lead students
to explore different urban strategies in a holistic Urban Metabolic Approach and at
multiple simultaneous scales. This enables them to open their horizons to the real
benefits of living in stimulating, sustainable and more equitable urban environ-
ments. Over the years, the approach has covered several neighborhoods along the
Lachine Canal in succession.
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The research studio is of particular importance, as it teaches students how to
diagnose neighborhoods using the ecosystemic and holistic methodology of the
Urban Ecology Agency of Barcelona (UEAB). Students work in teams of 5 or 6
students over a period of 5-7 weeks to map the current state of the site/neighbor-
hood in question, at varying scales, using a series of quantitative and intersubjective
indicators. Lectures by experts from various disciplines, ranging from water man-
agement to urban agriculture and the reuse of building materials, are invited to feed
the students’ reflections during this diagnostic exercise. After this preliminary diag-
nostic analysis, students work on a short exercise in order to identify which “magic
threshold” sites are most critical to transforming the neighborhood. The magic
thresholds, which are more at the scale of the building or a group of buildings with
their associated public spaces and infrastructure, must necessarily connect to the
major urban-scale strategies identified in the diagnosis. While many students are
interested in exploring circular economy and the reuse of building carcasses and
their building materials, and transcalar synergies, the master’s program does not
currently offer in-depth opportunities to hone in on any specific theme (as in pro-
grams offered at UQAM and ETS). Finally, students propose sustainable and resil-
ient master plans by applying the sustainable strategies that emerge from the urban
diagnosis.

This pedagogical approach attempts to fill several gaps in architectural educa-
tion. The link between academic and practical fields has historically been a point of
frustration for those moving from one to the other, with the result that graduates too
often feel that they have not been adequately prepared for professional practice
(Cole & Pearl, 2007). With specific regard to sustainable design education, it is
recognized that high-performance buildings depend on an integrated design process
(IDP) (Azari & Kim, 2016; Busby, Perkins & Will, 2007; Ibrahim, 2015; Leoto &
Lizarralde, 2019; Van der Ryn & Cowan, 2010), which is difficult to recreate in the
classroom. In a pan-Canadian initiative called “Greening the Curriculum” between
2002 and 2010, a committee at the Université de Montréal developed four strategies
to transform architecture education to be more transdisciplinary. With regard to the
classic design studio format, this committee proposed hiring professors from differ-
ent disciplines, grouping students from different disciplines in the same studio, and
regularly inviting expert speakers from different disciplines to contribute to the stu-
dio (Cucuzzella et al., 2010). The committee also stressed the need to incorporate
activities outside the program and to promote transdisciplinary research activi-
ties (ibid).

While incorporating Action Research' strategies within the school year curriculum
proved to be difficult, they were more successfully implemented during the summer
sessions in the form of workshops with various stakeholders (local community groups,
NPOs, private companies, professionals and specialist consultants, citizens, issue

'Action Research is a collaborative research method used for informing or improving practice
(Reason & Bradbury, 2008) that involves action, evaluation, and critical reflection. One of its
strengths lies in its focus on developing solutions to practical problems and its ability to empower
practitioners by getting them involved in research and implementation activities (Meyer, 2000).
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tables, municipal officials, activists, artisans) and collaborative action research proj-
ects with UQAM and ETS .2 In particular, the 2019 cohorts (UdeM, McGill, and EPM)
and 2022 cohorts (UdeM, ETS, and UQAM), were able to benefit from interdisciplin-
ary and inter-university Action Research projects during the summer to work with
local stakeholders, post-professional masters’ students and PhD candidates, in explor-
ing circular economy and life-cycle analysis issues.

The next section describes the approach used in the architectural research studio,
moving from research (and diagnosis), to design, then to action and operationaliza-
tion. The students focused on post-industrial areas in the southwest of Montreal,
along the Lachine Canal and the Aqueduct Canal. Initially, they carried out a graphic
diagnosis in the form of maps and statistics, inspired by the Urban Ecology Agency
of Barcelona’s methodology and zooming in on smaller areas with more uniform
characteristics. The focus was on a few emblematic buildings, leftover ambient
spaces, and broken urban infrastructure along the borders of the historic Lachine
Canal. The sites were also analyzed in terms of potential to become true, green
infrastructure with increased biodiversity and incorporating phytotechnology. In the
second phase, students reflected on the redevelopment of these post-industrial areas
using a multi-scale approach. Then, during the summer sessions, some students
used their studio explorations to feed into Action Research projects with local stake-
holders and LCA engineering students from UQAM and ETS to validate and further
develop their working hypotheses in terms of ecological footprint.

2 How Can we Radically Transform the South-West’s
Post-industrial Neighborhoods? Urban Diagnosis
and Preliminary Proposals

Over the past 6 years, the courses from the “Co-constructing Our Collective Future”
Master’s in Architecture stream have used different areas in the South-West bor-
ough of Montreal to test the applicability opportunities of urban greening, urban
ecology, magic thresholds, and circular economy. Figure 2.1 shows these different
zones, which include three parallel waterways in close proximity to each other, each
with a significant history and rich industrial heritage. Two of these zones are high-
lighted as being part of interdisciplinary and inter-university research projects in

2This collective teaching has been funded by three inter-university and interdisciplinary applied
research grants since 2019: (1) funding by the Trottier Energy Institute in 2019-2021 led by Ecole
Polytechnique de Montréal, Université de Montréal and McGill University, entitled “4th genera-
tion heat networks for sustainable neighbourhoods”; (2) a grant in 2022-2023 with CERIEC led
by ETS, Université de Montréal and UQAM entitled “Analysis of circular economy strategies at
the scale of the Lasalle/Ville Saint-Pierre/Lachine Est neighbourhoods”; (3) and a LEVIER grant
with CIRODD (2024-2025), which has just begun, entitled “Un levier pour opérationnaliser
I’écologie urbaine et I’économie circulaire a 1’échelle du territoire dans le Sud-Ouest de Montréal
selon une approche inter et transdisciplinaire”.
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Fig. 2.1 Map of study areas over the past 6 years. One of the two areas that have been the subject
of research projects outside the classroom, described in Sect. 2.1, is highlighted in yellow. The CIL
industrial building rehabilitation project analyzed in Sect. 3 is shown with the black dot inside the
2022 study area. (Source: Oliver, 2024)

2019 and 2022: the first is the Bridge-Bonaventure sector (2019) and the second, top
left and in yellow, the Lasalle-Ouest/Ville Saint-Pierre/Lachine Est sector (2022).
The latter sector posed several urban challenges but offered a fertile ground for
thinking about how to recycle industrial buildings while heavily encouraging circu-
lar economy and building rehabilitation and transformation.

2.1 Lasalle/Ville Saint-Pierre/Lachine Est (2022)

In 2022, in its fourth edition, the “Co-constructing Our Collective Future” studio
explored the regenerative potential for a site along the Lachine Canal and the
St-Pierre interchange, between the boroughs of Lachine and LaSalle, on the verge
of becoming an industrial wasteland. The area is currently a commercial and indus-
trial zone and is a prime example of the failures related to monofunctional zoning.
Still, it represents a real opportunity to build a greener, more resilient neighborhood
that can incorporate natural resources. What’s more, this zone represents an oppor-
tunity to demonstrate the benefits of the circular economy in every respect (Figs. 2.2
and 2.3).

The students went through a comprehensive diagnostic exercise of the area (and
four sub-areas illustrated in Fig. 2.2), again inspired by the UAEB’s Ecological
Urbanism methodology. As shown in Fig. 2.5, in LaSalle and Ville-Saint-Pierre, the
exclusively industrial zones bordering the canal have created a physical barrier that
disconnects the two neighborhoods’ residents to both the Lachine Canal and each
other. Students were able to point to several weaknesses of the area:



2 Operationalizing Urban Ecology and Circular Economy in Montreal’s South-West... 15

Présentation du secteus

résentation des sous-secteurs |

Fig. 2.2 Presentation of the study area (whole class) and sub-areas or zones (teams of 3—4 stu-
dents) in the Architecture 2022 research studio. The site runs along the Lachine Canal and the St
Pierre interchange, between the boroughs of Lachine and LaSalle. (Source: Masters’ class

ARC6802-F, School of Architecture, University of Montreal, 2022)

Fig. 2.3 Mapping of buildings in the selected industrial zone (left without GPS, right with GPS)
(Source: Masters’ class ARC6802-F, School of Architecture, University of Montreal, 2022)

* Physical isolation: Marked by the intensive urbanization of the second half of the
twentieth century and the construction of the St-Pierre interchange, the area is
now landlocked by transport infrastructure, dominated by cars, large delivery
trucks, and cargo trains, and devoid of any significant plant coverage.

e Monofunctional zoning: The surrounding suburban-type neighborhoods are
characterized by a plethora of shopping malls and big-box stores, recalling the
original car dependency planning of a half-century ago.

* Linear economy: The industries on the site support a linear economy that neglects
the impacts of their GHG emissions as well as their waste. In other words, the
study area is in need of a major transformation (Chabas et al., 2023).

e Poor air quality caused by the overwhelming presence of industry (including
trucks and cars), and the lack of greenery to help reduce airborne particulates.
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Significant heat islands and low biodiversity: the low percentage of the tree can-
opy (see Fig. 2.2): 8.15% on the site studied (Ville de Montréal, 2020), compared
with around 20% in 2015 for the city of Montreal as a whole (Lapierre & Pellerin,
2018) speaks to the dire need for more green infrastructure such as tree planta-
tions and water access points.

Inadequate rainwater management: The entire site has a minor to moderate vul-
nerability to heavy rainfall, which will become even more vulnerable over time.
At present, during snowmelt or heavy rainfall events, the network is regularly
inundated. This leads to overflows and discharges of wastewater directly into the
St. Lawrence River, the Lachine Canal and/or other waterways, without any
treatment (Fondation Rivieres, 2020). Thus, due to the high impermeability of
the site, paved with concrete, asphalt, and large industrial buildings, as well as
the proximity of the Lachine Canal, the risk of flooding is constantly present.

On the other hand, a number of opportunities for transforming the area into a

more vibrant, human-scale living environment were also identified by the Master’s
students:

The Lachine Canal, and the landscapes that border it, occupy an important place
in Montreal’s collective memory. It is home to a rich industrial and landscape
heritage that is an important part of Montreal’s industrial history, such as the
LaSalle-Coke crane, the Dominion Car & Foundry, and the Gauron-Lafleur
bridge (ibid). Revitalizing the area’s industrial and landscape heritage, which
have now been abandoned, is essential to reviving the site, which currently leaves
little room for human activity. The re-use of derelict land for a variety of trans-
formative projects would enhance the quality of life in the surrounding area,
while recalling the canal’s industrial past. Moreover, these industrial sites each
have their own dormant inherent potential that can be taken advantage of when
adaptively reused, whether related to structural modifications to accommodate
the addition of mezzanines or vertical extensions or, structural grid flexibility,
which could allow for easier changes of use in the future.

Thermal mass and/or cross-sectional design openings in these industrial sites can
be modified to enable cross-ventilation (including chimney stack effect), or more
natural daylight in.

Beyond the more obvious historical value, there is also the energy value, particu-
larly embodied energy, which refers to the amount of energy consumed by a
building itself, but also by its components, throughout its life cycle over time
(Office québécois de la langue frangaise, 2022). In the face of depleting natural
resources, what is already present on a site must become the first resource to be
analyzed and mobilized at every scale of the project.

There is an opportunity to create new, high-quality public spaces and improved
access to a wide range of services in underdeveloped sectors.

Following this ecosystemic diagnostic work (see an example in Fig. 2.4), the

architecture students proposed sustainable master plans (at the scale of the overall
studio sector, about 200-250 ha), while simultaneously developing a smaller (but
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Fig. 2.4 Urban Diagnosis based on the Urban Ecology Agency of Barcelona’s Ecological
Urbanism framework for the Dominion/North Lasalle North zone, with indicators for access to
green spaces, impact of industries on air quality, thermal waste, and rehabilitation potential.
(Source: Janie Ouellette, Olivier Pesant and Jordane Castonguay, 2022)

more detailed) site plan, by group (ranging from 30 to 60 ha) and then, individual
thesis project masterplans (from about 2 to 6 ha) were proposed. Some of these
projects went beyond the studio boundaries and were the subject of an additional
collaborative research project with UQAM and ETS (see Sect. 3). The further devel-
oped proposals were based on a collective reflection, connecting different projects
and time scales. The idea was to plan a gradual transformation, over several decades,
using a phased approach, starting with rethinking the place of heavy industry and
truck transport through the city. Several fundamental themes fed into this vision for
a renewed district, such as the integration of industrial and landscape heritage, the
role of a circular economy and green infrastructure (including the introduction of
resilient measures to combat future flooding and prolonged droughts), the provision
of affordable spaces for artists and artisans, the strengthening of the social fabric,
and the creation of sustainable and flexible spaces (Fig. 2.5).

The revitalization of the area under investigation was accompanied not only by
densification, but also by significantly increasing complexity, with a variety of
housing and daily services within walking distance. By offering a variety of housing
typologies and tenure types, the needs of various groups would be addressed. The
aim was to strengthen social cohesion by bringing together a mixed population, then
adding inclusive and safe public spaces that encourage citizen engagement and
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Fig. 2.5 Master plan. The revitalization project for the North Lasalle area, south of the Lachine
Canal, proposed by a team of 5 students. On the left, the proposed new densification (black build-
ings) and building renovation strategy (dark gray buildings). On the right, the proposed biodiver-
sity and greening strategy. Note the green corridor strategy that runs along an existing embankment
parallel to the Lachine Canal. The Montreal CIL complex is identified in black on the right-side
map (the site analyzed in Sect. 3). (Source: Marylou Filiatrault, Janie Ouellette, Charlie Proteau,
Alexandra Thibodeau-Gagnon, Godefroy Vallette)

interaction, including the development of a green corridor along an existing natural
slope. These urban proposals were made in tandem with drastic improvements in
public transport (e.g., adding shuttles, streetcars, bus lines, and/or increasing the
frequency of existing lines). This is crucial to reducing the number of cars in the
area and encouraging daily life activity. In fact, these pivotal projects, strategically
located in “magic thresholds,” are discussed immediately below.

3 An Example of Life Cycle Assessment Applied to a “Magic
Threshold”’: The CIL Industrial Complex Rehabilitation
Project in Montreal

As explained in this chapter, it is important for built environment professionals,
including architects, to have a basic understanding of LCA and carbon footprint
issues at multiple scales, from the city scale (which includes citizens’ daily activi-
ties in terms of good consumption, transportation choices, energy consumption,
etc.) to the building scale, and all the way down to specific material components and
assemblies. At this smaller scale, built environment professionals should be using
both quantitative (ecological footprint) tools and qualitative measures to best under-
stand the myriad of issues while evaluating the usefulness of rehabilitating nonde-
script® industrial buildings. This is where questions involving embodied energy

3Buildings with no exceptional architectural or heritage quality.



2 Operationalizing Urban Ecology and Circular Economy in Montreal’s South-West... 19

Fig. 2.6 Aerial image of the Cité industrielle Lasalle (CIL) complex. Note the heavy presence of
impermeable surfaces (asphalt and concrete). (Source: MaryLou Filiatrault, 2022. Published with
permission)

become substantive. The exercise of evaluating building materials and their various
assembly options, with respect to LCA was explored in partnership, between stu-
dents from three different universities.

As atest case, a group of buildings on the Cité Industrielle de Montréal (CIL) site
was selected for LCA analyses with respect to various rehabilitation scenarios
within the context of a 2022 UdeM Masters’ studio Action Research project. The
CIL complex in Montreal acts as a divide between the residential area to the south
and the Lachine Canal to the north. This building complex was selected for a num-
ber of reasons: there was sufficient access to technical drawings, which enabled a
more precise analysis; there was knowledge of its past use as a factory that stored
ammunition, and thus the building carcass already contained a large amount of
poured-in-place concrete (and embodied energy), including an extensive under-
ground infrastructure network; the buildings, in general, have a very wide and flex-
ible structural grid; and the building’s lack of natural light presented an interesting
challenge with respect to future use and how to most effectively alter this condition
(Figs. 2.6 and 2.7).

The student’s project centered around transforming the site into one based on the
circular economy, and more specifically, in relation to food and urban agriculture.
She also strove to better connect the site to the neighborhood, with a rainwater-
focused axis to the south-west of the site on Dollard Street (in blue in the diagram
below), an educational and green axis to the north-east of the site (in green) and a
central connection that also deals with water and public space (in orange), giving
access to the renovated hangar buildings, which would house the programming
related to the circular economy (Fig. 2.8).
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Fig. 2.7 Structure of industrial hangars (left). Photo of inside of buildings (right). (Source:
MaryLou Filiatrault, 2022. Published with permission)

The LCA analyses included a professor and a doctoral student at UQAM evaluat-
ing how to best make use of the existing concrete already present in the project,
while a second professor and her student at ETS assessed the carbon footprint of
different building material choice scenarios with respect to renovating the build-
ings’ cross-sections.

3.1 Conceptual Analysis of the Reuse of Material
in the Industrial Building Rehabilitation of the CIL
Industrial Site

As the students’ projects focused on circular economy and proposed incorporating
reused materials, a conceptual study of residual materials management processes in
the construction sector was carried out by a project group comprising architecture
students, engineering students from ETS, and professors from both universities. The
study explored the various techniques for renovating and rehabilitating old indus-
trial buildings and integrating them into the current climate and specifically looked
at the potential for reusing construction, renovation, and demolition (CRD) materi-
als. This section presents a preliminary study of resource management for the CIL
industrial site (Auffan, 2022).

The CIL Lasalle industrial site is covered with large horizontal industrial build-
ings (Figs. 2.9 and 2.10). The main idea explored for rehabilitation and renovation
would be to retain and redevelop the industrial space into a space welcoming eco-
logical activities, and to build a brand-new market and community center, with the
aim of integrating the neighborhood into this now highly industrial space. The aim
of the community hub is to transform one of the main heat islands into a green space
to reduce the ecological impact of the heat generated by these areas. Indeed, the
entire area of the Lasalle industrial estate is a gigantic parking lot.

To develop structures for agricultural production, the Master of architecture stu-
dent proposed roof-mounted or ground-mounted hoop houses (a portable green-
house-type structure with an arched frame). The project also aimed to reuse materials
along with another Master of architecture student’s project located on the Fleichmann
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Fig. 2.8 Diagram of different connective axes with the surrounding neighborhoods (top) and cir-
cular economy synergies (bottom). (Source: MaryLou Filiatrault, 2022. Published with permission)

Yeast factory site. Among other things, sourcing the same materials facilitates the
process of recovering and transporting them from the sorting centers to the work-
sites. This reduces the carbon impact of transporting both materials and residual
materials. One proposal would be to create growing plots directly on the ground,
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Fig. 2.10 Project to convert an existing parking lot into an urban park with community gardens,
community orchard, permaculture, and greenhouses. (Source: Marylou Filiatrault. Published with
permission)



2 Operationalizing Urban Ecology and Circular Economy in Montreal’s South-West... 23

Table 2.1 Identification of materials required for three urban agricultural scenarios at the LaSalle
industrial estate scenarios

Scenario Title Materials Functions

A Greenhouse: Hoop houses Metal (steel) or PVC Roof
Wood Framing
PVC—UV-stabilized Pipes

B Planters and ground plantation alley Wood Planters

C Planters and ground plantation alley Ribbed sheet metal Planters

and, on the other hand, to install wooden or ribbed and folded sheet metal trays.
Table 2.1 summarizes the various possible scenarios.

In the process of transforming the site, the research team from ETS and Université
de Montréal planned to remove all bitumen and recycle the bituminous aggregates,
in order to reuse them to renovate road axes in other areas of this project, such as the
public square in the commercial zone, or to make paths and cycle tracks in the park
(Fig. 2.10). Asphalt aggregates (bituminous aggregate in Québec), according to SN
EN 13108-8, “come from the milling of asphalt layers, the crushing of slabs
extracted from asphalt pavements, pieces of asphalt slabs, asphalt waste or surplus
from asphalt production”. In this way, the materials cycle within the worksite could
be optimized from both an economic and environmental point of view (KIES, 2021).

3.1.1 Community Pavilion

In the case of the community pavilion (building number 3 in Fig. 2.10), the proposal
is to use an existing building on the site and redevelop it. The only modification to
be considered for this building would be a reinforcement of the load-bearing struc-
tures. Indeed, to install a greenhouse on the roof, structural calculations must be
made to determine whether the existing structure and foundations in concrete can
accept the additional loading of the greenhouses, or whether an independent mez-
zanine strategy should be employed, avoiding extra loading on the foundations. If
we assume that reinforcement work is necessary, the most likely scenario would be
the latter (a new independent mezzanine structure). Adding steel reinforcement to
the concrete beams is one of the cheapest and most environmentally friendly solu-
tions, even in the long term (assuming the steel reinforcement does not need to be
fireproofed).

3.1.2 Public Square

The space chosen for the public square is already open and ready to be developed.
The main aim would be to create more space and fit it out with benches and other
elements of a public square. It will also involve the removal of tar from certain areas
to eliminate other heat islands present on the site, and the development of green,
welcoming spaces for local residents.
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3.1.3 Public Market

As far as the public market is concerned (see Figs. 2.11 and 2.12), there were two
options. The first idea was to demolish the floors of the existing building chosen to
house the market and create a space with substantial ceiling height. This would
make it possible to accommodate and build a green space sheltered from the harsh
weather conditions of the Quebec winter, while retaining the idea of a local market.
A second idea was to keep the two storeys and create a space like New York’s
Chelsea Market, with its many local shops and restaurants. This idea would work
well with having local shops.

3.1.4 Commercial Hub

The aim of this area is to create a link between the community, the project, and
existing local businesses. The aim is to involve local residents in the use of these
specially created spaces to create a sense of community. The architecture student
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Fig. 2.11 Exploded axonometric highlighting the new structural additions in red, versus the exist-
ing, in gray (top left). Exploded axonometric showing programmatic elements, including the pub-
lic market on the ground floor (top right). Section drawing showing the rooftop greenhouses
supported by the new secondary structure, so that the existing foundations do not take on addi-
tional loading (bottom). Source: Marylou Filiatrault. Published with permission
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Fig. 2.12 Commercial hub. Project to transform the commercial hub on Dollard Street on the
south-west part of the site (right figure: 7-Public square; 8-Public market; 9-Local shops) (Source:
Marylou Filiatrault. Published with permission.)

proposed creating a public square, a public market for locally grown and produced
products, and local shops.

This study enabled the ETS students and professors to contribute to research into
processes for managing residual materials from CRD worksites at two specifically
chosen sites within the Montreal South-West district rehabilitation project. In the
case of the CIL industrial complex, the repetitive nature of the buildings made
deconstruction more interesting and viable than demolition.

3.2 Comparative Study of Fiber-Reinforced Polymer Concrete
Structure as Part of an Industrial Rehabilitation Project at
Montreal’s CIL Complex

The CIL industrial complex’s large industrial buildings offer untapped large-scale
programming flexibility potential for effective adaptive reuse while also providing
an opportunity to integrate new green infrastructure and some basic urban design
strategies. Instead of first demolishing the complex and then rebuilding something
new to meet future programmatic requirements, rehabilitation was fully favored,
and explored, for its multiple benefits (Lentier, 2012). The rehabilitation included
substantial changes to the building section and roof plane in order to introduce
hybrid natural ventilation opportunities, direct sunlight, and indirect daylighting
(see Fig. 2.14). The student project proposed to take advantage of the vast network
of roofscapes to design a vegetated roof, including greenhouses and planters, and
potential changes to the existing structure were analyzed by a master’s student at
ETS (Legru, 2024). The existing reinforced concrete structure would require signifi-
cant reinforcement to support the increased structural loading. Numerous reinforce-
ment techniques for reinforced concrete exist, but this study focuses solely on the
use of fiber-reinforced polymers (FRP). This technique is becoming increasingly
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widespread thanks to its effectiveness in reinforcing existing structures. The various
mechanical characteristics of FRP reinforcements are widely discussed in the litera-
ture. The aim of this study is to make an environmental comparison of three differ-
ent types of FRP.*

A life-cycle analysis of 3 reinforcement systems was carried out by students and
professors at UQAM and ETS. The study compares a carbon-fiber-reinforced poly-
mer system, a glass-fiber-reinforced system, and a flax-fiber-reinforced system.
Life-cycle inventory modeling of the 3 systems was carried out using SimaPro soft-
ware. Background data were mainly taken from the ecoinvent version 3.8 cut-off
database. For flax fiber technical textiles, life cycle inventory data from Gomez-
Campos et al. (2021) was used. The amount of flax fiber required for the reinforced
polymer was calculated using the equivalence factor from Deng and Tian (2015)
(Fig. 2.13).

Once the 3 systems were modeled, it was possible to carry out the life cycle
inventory calculation, which takes stock of the substances extracted from and emit-
ted to the environment over the life cycle of the 3 systems. However, the result is a
list of thousands of substances that do not have the same environmental impact. For
example, carbon dioxide (CO,-eq) has an impact on climate change, but not on
water toxicity. On the other hand, glyphosate, a well-known pesticide, has an impact
on water toxicity, but not on climate change. To determine the contribution of
CO,-eq to climate change and the contribution of glyphosate to water toxicity, we
need what are known as characterization factors. We used the characterization fac-
tors of Impact World+ (IW+) version 2.0 (Bulle et al., 2019) in this study. This
method provides several levels of analysis with its “footprint” and “expert” ver-
sions. The “footprint” version provides 5 indicators: carbon footprint, water foot-
print, fossil resource footprint, other impacts on human health (including impact
pathways on human health apart from climate change and water footprint), and
other impacts on ecosystem quality (including impact pathways on ecosystem qual-
ity apart from climate change and water footprint). The “expert” version presents 2
indicators: human health and ecosystem quality (including climate change and
water footprint impacts) (Figs. 2.14 and 2.15).

In light of the results obtained using the IW+ expert method, the best solution for
limiting impacts on human health and ecosystem quality is between glass-fiber-
reinforced and flax-fiber-reinforced polymers. However, given the uncertainties in
both inventory and impact modeling, it is not possible to recommend one system
over another.

In light of these results, the LCA and engineering students were able to make the
following recommendations to the architecture students: carbon-fiber-reinforced
polymer still seems to be the worst choice and should therefore be avoided. The
other two alternatives (glass fiber or flax fiber-reinforced polymer) are very similar
in terms of environmental impact if the flax fiber is manufactured in China (which

4The structural analysis is covered in a forthcoming Canadian Society for Civil Engineering con-
ference paper.
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is currently the case). If a supplier of flax fiber-reinforced polymer beams is able to
source flax in Quebec, this would become the best-performing option in terms of
environmental impact. The Master of Architecture student was therefore able to
incorporate these findings into her final design.

3.2.1 Brownfield Redevelopment Project with Bioretention Basins

In addition to the LCA study described above on concrete reinforcement, a second
LCA study was conducted by an ETS doctoral student on the proposed bio-retention
basins on the CIL complex site. The analysis work involved studying breaking up
the asphalt mix and transporting it off-site. The basins are formed by first removing
the asphalt, and then excavating sufficient soil. The soil would then be transported
off-site (normally about 60 km away). The next step would include installing stor-
age tanks and the restoration of the site with planting, and hard surface landscaping
(bitumen asphalt and gravel).

For this analysis, the SimaPro calculation software was used (with the ecoinvent
v3.8 inventory database and the Impact World+2.0 method). The main conclusion
was that the transportation off-site of materials like bitumen or concrete to amelio-
rate the area was the main contributor (95%) to the total eco-footprinting (for both
carbon footprint, ecosystem quality, and human health). A lower-impact solution
would involve finding parallel projects in Montreal as close as possible to the site,
which would reuse the excavated materials, to reduce transport distances, and as a
result, reduce the impact of the rehabilitation project.

4 Conclusion: The Community at the Heart
of Developing Solutions

Post-industrial areas, like those around the Lachine Canal, represent incredible
opportunities to experiment and test sustainable and resilient redevelopment con-
cepts that can draw upon the concepts of industrial ecology, the circular economy,
and “magic thresholds.” Current owners of underutilized post-industrial buildings
have no incentive to act now, since increased value will not occur until zoning is
upgraded, new infrastructure is built, and land is decontaminated. As we asked at
the start of this chapter, who will finance and lead this transformation? In the case
of the areas around the Lachine Canal, the various levels of government have yet to
invest significantly in major infrastructure. Therefore, this is a pivotal moment for
reinventing ways of doing things before any siloed major investments are made.
Opportunities and solutions do exist, however. Mixed-use zoning that allows for
more urban complexity could be one avenue to explore. The implementation of a
city-led ecological distribution/delivery system would be another. Third-party
affordable developments led by NPOs or innovative funding support from the
Federation of Canadian Municipalities could be a third. Other avenues would need
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to be developed with stakeholders (businesses, employees, citizens, artists, activ-
ists, etc.).

This chapter has described an Action Research process to operationalize the con-
cepts of urban ecology and circular economy in an inter-university and interdisci-
plinary context, but including, where possible, the participation of several
stakeholders involved in the areas under study. It also described a pedagogical
approach designed to fill certain gaps in the teaching of green/ecological architec-
ture in Canadian universities, notably: (1) the difficulty of recreating the integrated
design process (IDP) that is recognized as a necessary process for the creation of
high-performance buildings and built environments; (2) the lack of inter- or trans-
disciplinarity in architecture programs (both professors and the mix of students in
courses and design studios). As a result, the pedagogical approach favors the cre-
ation of collaborative Action Research projects, such as those with Université de
Montréal, UQAM and ETS, to enable the exchange of knowledge in sustainable
architecture and planning, circular economy, and life cycle assessment. The next
step will be to operationalize this work in the field (and explore the question of
phasing) in close collaboration with a wide range of stakeholders, notably through
an interactive exhibition in the study areas and participatory co-creation workshops
with the communities concerned. Secondly, the aim will be to co-create innovative
and realistic pilot and demonstration projects to support sustainable post-industrial
development in the study areas, which guarantee sufficient ecological resilience,
drawing on deliverables from previous research. This will be documented in a
booklet.

The next phase of the Action Research project will therefore highlight commu-
nity involvement and citizen participation, which are central to the co-construction
of tomorrow’s cities. Urban redevelopment projects can be seen as opportunities to
include local populations in the creative and decision-making processes, by involv-
ing them in the co-creation of solutions adapted to their needs. The bottom-up/top-
down approach combines the perspectives of communities and experts to build
projects that meet the expectations of all stakeholders in a co-learning process.
Experimentation makes it possible to test proposed solutions and identify the poten-
tial of certain green infrastructure during the development of a project. This can
increase the impact of urban projects tenfold, as it allows communities to become
more involved and stakeholders in the future of their territory, which has a far
greater impact than the projects themselves.
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Abstract The chapter explores Quebec’s circular economy experience, document-
ing the roles of academia, government, organizations, and businesses between 2021
and 2024. Its four main messages are the following. First, Quebec has established
several key research infrastructures which encompass numerous sectors and inter-
disciplinary collaborations, positioning Québec as a leader in North America’s cir-
cular economy research landscape. Those research networks are interconnected and
Quebec’s focus on circularity also intersects with climate change and biodiversity
conservation efforts. Second, Quebec’s research endeavors have impacted policies
related to the circular economy by influencing legislation, fostering industry part-
nerships, and supporting regional strategies. Third, Québec has successfully devel-
oped a common language around circular economy concepts, aided by a structured
definition, visual aids, and an official lexicon. Fourth, Québec views the circular
economy not merely as an operational model but as a societal transition project,
aligning with broader sustainability goals beyond production and consumption effi-
ciencies. Despite these achievements, Québec’s circularity rate remains at 3.5%,
indicating a substantial gap between theory and practice. While the circular econ-
omy offers pathways to sustainability, it may not sufficiently challenge broader eco-
nomic growth and consumption-based models. Quebec’s research community
should critically explore alternative perspectives like degrowth and sobriety to
address these systemic challenges more comprehensively.
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As of 2024, the Québec research ecosystem in the circular economy is arguably one
of the most advanced in North America in terms of research capacity and the mobi-
lization of sectors (government, industry, and civil society). Québec research on
circularity is overarchingly interdisciplinary and transdisciplinary. Meanwhile, the
2021 circularity index is 3.5%, meaning that 96.5% of the materials in the Québec
economy and society are used only once. How can this apparent paradox be
explained?

The purpose of this chapter is to discuss this contradiction. It does so by mapping
and discussing the experience of the circular economy in the Province of Quebec
(Canada), over the 2021-2024 period. This period can be termed a stage of consoli-
dation, building on the stage of emergence (2014-2020), which consisted of five
interrelated processes. Those were, namely, the building of an inter- and multi-
disciplinary community of researchers, the establishment of knowledge networks,
working on the benefits related to a circular transition, and educating and commu-
nicating to a variety of audiences. The detailed evolution of the role played by aca-
demia, governments, organizations, and businesses in sparking the transition to a
circular economy is documented in Transitioning to a circular economy—learning
from Quebec experience (2021).!

This chapter is divided into five sections. The first section presents the research
methods, scope, and limitations of this chapter. The second section maps the roles
and missions of circularity-related research infrastructures in engaging with society
and other sustainability-related research networks. The third section highlights the
processes of engaging with government policies. The fourth section illustrates that
the concept of circularity is now reaching a greater variety of publics, with many
examples from several key sectors and with the growing offerings in education and
communication channels. The last section provides a discussion of this paradox and
identifies the risks related to the advancement of circularity in Québec’s economy
and society.

1 Research Methods, Scope, and Limitations

Data for this chapter were collected from both primary and secondary sources. As
for primary sources, the main author organized a focus group? in April 2024 with 9
research and government stakeholders who discussed the accomplishments and
limitations of the transition to a circular economy in Québec. In addition, some
individual interviews were conducted to gather various perspectives and feedback
on the diversity of experiences and perceptions of the circular movement in Québec
(see Appendix 1: List of persons consulted and interviewed). These interviews were

Uhttps://www.quebeccirculaire.org/library/h/transitioning-to-a-circular-economy-learning-from-
the-quebec-experience-2014-2020.html
2Details are provided at the end of the chapter.
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complemented by several communications with a number of stakeholders.
Secondary sources included over 20 reports, documents, and web-based sources
(see Appendix 2: References).

This chapter presents three main limitations. First, it focuses on the 2021-2024
period. For more specific reference to the previous stage, see Transitioning to a
circular economy—Ilearning from Québec experience (2021). Second, this chapter
focuses strictly on the research—society interface, on how research organizations
may have contributed to “operationalizing sustainable development” through the
mobilization of diverse sectors of society (government, civil society, and the econ-
omy) around an umbrella concept (the circular economy). Third, it aims to illustrate
the diversity and abundance of circularity-related initiatives to provide an account
of the research—society interface in Québec. As such, it does not intend to provide
an exhaustive account of all the initiatives, projects, and policies related to the cir-
cular economy; a more systematic report could play this role.

2 Circular Research Infrastructures: Strategies
of Engagement

Mobilization around the umbrella concept of the “circular economy” builds on the
co-construction of diverse scientific, managerial, technical, and social forms of
knowledge convened and facilitated by a group of promoters between 2014 and
2020. The year 2021 has seen the acceleration of research initiatives in and around
circularity, largely related to the establishment of a research infrastructure in the
form of key research networks and centers.

This section introduces the deployment of this infrastructure and illustrates some
important achievements, as well as the collaboration with other sustainability-
related research networks.

2.1 Establishing a Research Infrastructure

2.1.1 The CTTEI: A Pioneer in the Ecosystem of CEGEP-Based
Technology Transfer Centres

Based at CEGEP? Sorel-Tracy, the Centre de transfert technologique en écologie
industrielle (CTTEI) has aimed, for over 25 years, to increase the performance of
companies and communities through research and development in industrial
ecology. It has actively partnered with other academic entities for several initiatives.

3CEGEP is a French acronym that stands for Collége d’enseignement général et professionnel, that
is, a general and vocational college. They are public institutions and represent the first level of
higher education, dubbed post-secondary education, in Québec.
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In addition, the CTTEI also convenes the community of practice Synergie Québec,
which represents, as of 2024, over 3300 organizations in Québec for 23 symbioses
and 850 completed synergies.

With a consortium of six locally based organizations, in 2021, the CTTEI also
spearheaded the EFC Québec (Economy of Functionality and Cooperation Québec)
initiative with the objective of experimenting with these two circular strategies.
Pilot projects were led over 3 years with 20 organizations to address climate change
and increase businesses’ competitiveness. Celebrating its 25 years of existence in
2024, Claude Maheux Picard, CTTEI’s general manager, stated that the organiza-
tion’s “efforts to raise awareness among businesses, organizations, and government
bodies have paid off, and today we can say without hesitation that we have helped
position Québec as a leader in the circular economy in Canada.”

As of 2023, other CEGEPs and CEGEP-based Technology Transfer Centres
(Centre de transfert technologique—CTT) have added circularity as a research
theme. Several collaborate in the province with the Québec Circular Economy
Research Network (Réseau de recherche en économie circulaire du Québec—
RRECQ), which will be presented later in the chapter. For example, the CEGEP of
Victoriaville, with its new Technology Access Center (TAC), promotes research in
organic agriculture as well as the woodworking and furniture industries. Gaspésie-
based CIRADD* has also developed projects with RRECQ. The 2022 creation of
the Cité de I’innovation circulaire® in Victoriaville (Centre-du Québec) illustrates
yet again how the concepts and strategies have found ground in the region and how
scientific research can also be pursued in local CEGEPs and cities, away from the
City of Montréal, which concentrates both its population and a significant part of its
research capacity on a circular economy.

2.1.2 CERIEC: Taking on the Circularity Transition Challenge

The Centre for Intersectoral Studies and Research on the Circular Economy (Centre
d’études et de recherches intersectorielles en économie circulaire—CERIEC) was
established in 2020 at ETS Montréal (Ecole de Technologie Supérieure) and relies
on an approach of action-research partnerships and interdisciplinarity. It built the
ELEC—the Circular Economy Labs Ecosystem (Ecosystéeme de laboratoires en
économie circulaire)—in 2021 with the financial support of Groupe Desjardins and
following the idea of a sector-specific lab proposed by the EDDEC Institute$
in 2019.

*The Centre d’initiation a la recherche et d’aide au développement durable (CIRADD) is a spe-
cialized research center for sustainable development affiliated with the Cégep de la Gaspésie et des
[les. It is part of the Synchronex network—https://www.ciradd.ca/?lang=en
Shttps://www.regionvictoriaville.com/page/1538/cite-de-linnovation-circulaire.aspx

®The IEDDEC was created on Campus Montréal in 2014, and its mandate ended in 2019. The
CERIEC then accepted the challenge to pursue the transition to a circular economy in Québec.
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The aim of the living lab approach is to increase the circularity of key industries
by providing an open-ended experimentation area. This network has the ambition to
ultimately comprise eight or nine interconnected laboratories focusing on key circu-
larity sectors, such as construction, agri-food, mines, plastics, or specific strategies,
such as the product—service system or the social/solidarity-based economy. The
ensuing projects aim to develop and test solutions so they can ultimately become
mainstream. With the support of the ELEC steering committee, the creation of labo-
ratories is prioritized according to the importance of the issues at stake in the
Province of Québec, the circularity potential, as well as government priorities and
potential financial support. Because industries may be mature in their respective
transitions, each lab is designed as a catalyzer with a limited lifespan of 2-3 years.

Participants recognized that university leadership and convening provide reas-
suring and neutral guidance for the sharing of benefits and spin-offs to all. The lab’s
managers’ constant support of the project teams is an essential element of success
in keeping the community motivated and active. The aim of the labs is to help reduce
and optimize the use of resources by demonstrating that certain circular economy
strategies are relevant, workable, and profitable. Their detailed documentation facil-
itates their replication and scaling up.

The ELEC holistic approach is guided by co-creation and field experimentation,
and it unfolds in three stages. First, a variety of sector players and researchers
develop a vision of a desirable circular future, as well as identify obstacles to achiev-
ing this vision of circularity. Second, they co-define solutions to be tested with
experimentation projects. Third, these tested solutions are discussed together either
in the lab per se (between solutions) or with an inferlab approach (across sectors).

The ELEC intends to mesh the scientific approaches and field results of all its
labs to cross-pollinate knowledge and emulate the necessary systemic approach that
characterizes the transition to circularity. A first interlab event was held in 2023. It
underlined that, to face complex societal challenges—in which we do not know
which sectors, disciplines, or professions will bring effective, efficient, and appro-
priate solutions—an intersectoral approach is necessary.

As of April 2024, three laboratories have been deployed: the Construction Lab
(labCo) in the construction sector, launched in 2021, and the Food Systems Lab
(Systemes Alimentaires), launched in the summer of 2023. The textile lab will be
launched in the spring of 2024.

The Construction Lab aims to increase circularity in the construction industry,
which accounts for 25% to 40% of global greenhouse gas emissions. In its first
phase (2021-2024), it has convened 40 co-creation workshops that have contributed
to building a shared vision, a set of priorities, and identifying key obstacles for a
more circular construction industry. In addition, 19 pilot projects were devised to
overcome these obstacles (see Fig. 3.1). A second phase, furthering knowledge
transfer and education, is deemed to start in 2024.

The solutions come from the stakeholders, are driven by them, and respond to their chal-
lenges—this is the relevance of a co-creation, industry-based approach. When we started
the lab, we didn’t know in advance what we were going to work on. It was defined by the
collective. (Hortense Montoux, Project Coordinator, CERIEC)
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2.1.3 RRECQ: More Integrated Research

The RRECQ was established in 2021 as a research network between HEC Montréal,
Ecole de technologie supérieure, Université Laval, and Polytechnique Montréal.
Supported by the ETS-based CERIEC, the RRECQ is a network of researchers that
aims to strengthen the capacity to deploy circularity strategies at the industrial and
territorial levels, supported by coherent government policies, to further a sustain-
able societal transition. Unique to Canada and arguably the first of its kind in the
world,” the RRECQ convenes over 270 researchers from 26 Québec universities and
colleges, as well as 23 Canadian and international universities,® from over 50

research areas (see Fig. 3.2).

7 According to the Ellen McArthur Foundation.

8 As of spring 2024.
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Funded by FRQSC (Fonds de recherche du Québec—Société et Culture; five mil-
lion CAD$/2021-2026), RRECQ convenes and supports interdisciplinary projects
on circularity-related areas. It is organized around four axes: (1) Change and
Transition Management, (2) Planning Optimization, (3) Resource and Product
Maximization, and (4) Policy Levers. Each research axis is chaired and co-led by
diverse Québec universities.

In 2023, an internal consultation led to the identification of 13 flagship transver-
sal projects and themes (TPS). Organized into five poles, those TPSs focus on
implementation approaches in industrial sectors, territories, and organizations; tools
and methods to develop circularity, monitor, and measure it; resources and support,
which addresses impacts on work, employment, and knowledge transfer; and the
observation and evaluation of circularity, itself, and its potential rebound effects.
These TPSs aim to remove the boundaries between the four research axes of the
RRECQ by approaching projects in a coordinated way from different disciplinary
angles, ultimately offering a holistic vision of the issues at stake.

Interdisciplinarity and transdisciplinarity are central to the RRECQ. The net-
work crystalizes the rising need for more integrated research and better-meshed
initiatives and networks. Of the 19 Construction Lab field experimentation projects,
15 were led or supported by RRECQ members (Fig. 3.3).

Who: Researchers, Université Laval, Ministére de I'Environnement et de la Lutte contre les
Changements Climatiques, de la Faune et des Parcs (MELCCFP), and the Ministére de la Santé et
des Services sociaux (MSSS).

Challenge: How can the flow of materials consumed and discarded in a hospital be mapped?
This research project aims to identify issues related to the supply, logistics, consumption, and
management of hospital residual materials and their causes. The results of this project will
form the knowledge base for possible solutions to help make healthcare more sustainable and
circular.

What makes this project singular? First, a systemic and comprehensive assessment of the
consumption and management of materials has led to (i) a complete characterization of inputs,
specifically identifying the composition and weight of purchased items and their various
packaging layers, (ii) observation and interviews with health professionals (nurses, doctors,
orderlies, logistics, hygiene, sanitation, procurement, managers, etc.), and (iii) a rigorous and
detailed characterization of outputs. Second, the multi- and interdisciplinary approach
mobilized different disciplines in a collaborative manner (e.g., accounting, healthcare
management, clinical staff, healthcare facility managers, ministry employees, sustainable
development, circular economy consultants, etc.).

Next stages (as of 2024): These new data will enable the team and hospital management to
identify promising and structure-related actions that prioritize the reduction and reuse of

materials and, ultimately, their recycling.

Fig. 3.3 A holistic approach to research: A material flow analysis of a hospital context
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2.2 Interlinking Networks

Other academic research initiatives are blooming, aiming to bridge the gap between
science and its application in the field and targeting themes such as the socioeco-
logical transition, sustainable development, or a green economy, all closely linked
to the implementation of circularity. This will contribute over time to the develop-
ment of a more holistic approach to the socioecological transition in Québec.

Moreover, circularity is a narrative related to the economic transition to sustain-
ability. Connecting with other research networks and centers focused on sustain-
ability contributes to generating knowledge relevant to achieving a just transition
toward life and respecting planetary boundaries. In line with this, partnering
locally with other Québec-established scientific networks such as the CIRODD,
IEDS (Institut en environnement, développement et société [Institut EDS],
Université Laval), the GERAD,’ and the CSBQ,'° as well as internationally with
Circulades—AIFREC,"" the RRECQ aims to instigate a systematic scientific
approach that fosters actionable knowledge to accelerate the transition to a more
circular economy.

The mission of the Interdisciplinary Research Centre for the Operationalization
of Sustainable Development (CIRODD) is to accelerate the transformation of
society to support the socioecological transition through sustainable innovation and
transdisciplinarity. This academic network, which represents 18 post-secondary
institutions in Québec, has funded eight applied circularity-related research projects
in the 2021-2024 period.

The links between the green economy and circularity are highlighted with the
recently created Mouvement Entreprises Vertes Québec (MEVQ), coordinated by
the Institut EDS. This mobilization and action project is based on the realities and
needs of business companies based in Québec City’s industrial parks, using innova-
tion to integrate and accelerate the transition in business in models and practices in
the face of the energy transition and the shift to a green economy.!?

Chemins de Transition, a knowledge mobilization and transfer project launched
in 2020 by the Université de Montréal and Espace pour la Vie, has developed a
participatory foresight method to meet the major challenges of the socioecological
transition in Québec. The circular economy emerged as an early key element com-
mon to all the trajectories drawn up by Chemins de transition in their three chal-
lenges. Digital, food, and territorial challenges have benefited from a four-stage

GERAD, Groupe d’études et de recherche en analyse des décisions, https://www.gerad.ca/fr
YCSBQ, Centre de la science de la biodiversité du Québec, https://qcbs.ca/fr/

AIFREC, Association Interdisciplinaire Francaise pour la Recherche en Economie Circulaire,
https://aifrec.fr/

12 Centre interdisciplinaire de recherche en opérationnalisation du développement durable
(CIRODD).

13 As per its Cadre conceptuel et indicateurs pour la mesure de I’économie verte (2020), the Institut
de la statistique du Québec clearly identified the implementation of circular strategies to develop
a green economy.
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methodology, including (1) a desk review and expert panels who document likely
futures (including trends and weak signals), (2) stakeholder discussions of one-page
simplified narratives of these likely futures, leading to a collective vision, (3) panels
of experts who plot a course to achieve this vision, and (4) activities to share the
content of the trajectories and the foresight method used to develop them.

While the focus of the first three challenges was not circularity, circular dimen-
sions popped up in the analysis and discussion. For instance, if digital and ecological
transitions converge, it is critical to extend the useful life of equipment and encour-
age its sharing. The trajectory of the food transition challenge emphasizes the fight
against food waste through structuring circular economy projects. Circularity is also
one of the major economic transformations identified in the vision and path devel-
oped to meet the challenge of living in the Province of Québec’s territories in a more
sober and resilient way. Since 2023, Chemins de Transition has also supported the
crafting of a roadmap for a circular society in Québec in 2050 (see Fig. 3.4).

2.2.1 Connecting Circularity and Climate Change

International instances and organizations, such as UN Climate Change, WRI (World
Resources Institute), or the Ellen MacArthur Foundation, argue for the potential of
circularity to address climate change. According to Circle Economy’s Circularity
Gap Report 2021, “Circular economy strategies have the potential to slash global
greenhouse gas emissions by 39%.” Increasingly, decarbonation has become one of
the foci of the Province of Québec.

As early as 2019, Québec ZEN'* was releasing the first Québec roadmap to car-
bon neutrality that reflected the work of over 190 individuals from 85 organizations,

Chemins de transition has been collaborating since 2023 with the RRECQ to assume the
challenge of developing the RRECQ-supported roadmap to circularity. Close to 90 experts from
a wide range of backgrounds and 250 diverse stakeholders were first mobilized to lay the
foundations for a collective vision of Québec society's circular future and contribute to the
drawing up of a prospective diagnosis. Starting in the fall of 2024, the actors involved in the first
stages of this project (governments, businesses, investors, etc.) will reconvene with the
objective of guiding and stimulating actions in terms of circularity to establish links between
the current situation and the desired future by proposing trajectories with milestones to
achieve this transition. To facilitate this transfer phase, the team has taken care to involve key
networks from the outset of the process and to ensure a good fit with local or ministerial
roadmap initiatives linked to the circular economy. The results should be unveiled in the fall of
2024. The three-year process was accelerated thanks to the lessons from other Chemin de
transition challenges, and the project is planned to last only 18 months. The fact that, thanks to
an accelerated process, the diagnosis was available early may have informed the government’s
initiative, which started years ago, to elaborate its own Québec roadmap, which was launched
in April 2024.

Fig. 3.4 Roadmap for the transition to a circular economy in Québec by 2050

14<“Québec ZEN” (zéro net émissions) is a civil society initiative aimed at transitioning Québec to
carbon neutrality, initiated by the Front commun pour la transition énergétique.
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including a dozen universities. According to their vision, circularity had become the
industry norm, and the report advocated the implementation of circularity indicators
to advance this transition.

In addition, science is increasingly establishing links between climate change
mitigation and adaptation as well as the implementation of the strategies of the cir-
cular economy. This slowly permeates provincial policies, as some governmental
institutions are contributing research of their own to inform decision-making. This
is particularly illustrated, for example, in RECYC-QUEBEC'’s Study on materials
for the energy transition: Current situation and possible solutions,” whereby the
analysis of best practices and proposed recommendations have been detailed accord-
ing to the 12 circular economy strategies.

Another example is the report released in 2023 by Québec’ Climate Change
Advisory Committee (Comité consultatif sur les changements climatiques).
“Decarbonizing Heavy Goods Transport: Building a Sustainable Path'®” takes a
strong position on circularity: “The Committee proposes to adopt a roadmap for the
development of the circular economy and to promote sobriety in consumption and
production choices.”

2.2.2 Linking the Circular Economy and Biodiversity

The 2022 UN Biodiversity Conference COP15 in Montréal highlighted the links
between biodiversity conservation and the expected progress of the circular econ-
omy. For instance, a session entitled “The Circular Economy as a Crucial Tool for
Biodiversity & Climate”!” organized by European Circular Economy Stakeholder
Platform (ECESP) members showcased how circularity should contribute to pre-
venting biodiversity loss and fostering its restoration, as more than 90% of
biodiversity loss is due to resource extraction and processing. In Québec, initiatives
are only just emerging. As of early 2024, the RRECQ is elaborating on a partnership
with the McGill-based Québec Centre for Biodiversity Science to develop both a
conceptual and operational framework to strengthen the understanding and integra-
tion of the links between biodiversity conservation and CE to support decision-
making. Additional research initiatives and financial means will probably be geared
toward such research in the coming years.

15 Etude sur les matériaux de la transition énergétique: Etat de la situation et pistes de solu-
tions, 2022.

$“Décarbonation du transport lourd de marchandises: construire une voie durable”, Commission
sur les changements climatiques.

17Organized by the IUCN European Regional Office, Ellen MacArthur Foundation, and partners.
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2.2.3 New Connections: Circularity, Life Cycle Assessments,
and the Built Infrastructure

Life cycle assessments and measuring tools are at the core of the transition to a more
circular economy. The International Research Consortium on Life Cycle Assessment
and Sustainable Transition, established in 2023, aims to guide the transition to a
carbon-neutral economy. It was initiated by CIRAIG'" and four universities
(Polytechnique Montréal, UQAM,'® Ecole polytechnique fédérale de Lausanne, and
HES-SO Valais—Wallis of Switzerland). In all, it convenes 10 industrial partners to
build operational and strategic research to accelerate the sustainable transition.

Finally, ETS Montréal launched the AdapT Institute in 2022 with the mission to
develop innovative solutions for the design, construction, and operation of circular,
climate-resilient infrastructures. It draws on a multidisciplinary team of hundreds of
researchers from engineering, management, and health, humanities, and social sci-
ences fields from universities across Canada as well as collaborations with several
private, public, and non-profit organizations. It also collaborates with the CIRODD
and will partner with the CERIEC to establish the second stage of the LabCo,
namely, the Laboratoire Construction+.

In all, 2021-2024 has been a stage to consolidate the research infrastructure in
and around circularity in Québec on two levels. While, for example, the historically
industrial ecology-centered CTTEI has thematically expanded toward the func-
tional economy, a circularity strategy, new research infrastructures have been estab-
lished with a sector-wide or circularity tools focus. Furthermore, these new
infrastructures have collaborated with existing sustainability-centered ones on com-
mon themes.

3 Engaging in Circular Local and National Policies

Throughout this phase of consolidation, several research-based briefs have been
presented in parliamentary commissions, and some seem to have positively
impacted provincial legislation and regulations. Among them, the brief submitted
in early 2023 by CERIEC to the Transport and Environment Commission
(Commission des transports et de I’environnement) has in part informed the new
2023-2028 version of the Government Sustainable Development Strategy
(GSDS).? The first orientation of the GSDS, “Make Québec a center of innovation
and excellence in the green and responsible economy,” strongly relies on the imple-
mentation of a circular economy. The Circular Economy Roadmap (FREC) was

8 International Reference Centre for the Life Cycle of Products, Services, and Systems (Centre
international de référence sur le cycle de vie des produits, procédés et services).
YUQAM | Université du Québec a Montréal.

20 https://www.quebec.ca/en/government/policies-orientations/sustainable-development/
government-strategy


https://www.linkedin.com/company/ciraig/
https://www.linkedin.com/company/polytechnique-montreal/
https://www.linkedin.com/company/epfl/
https://www.linkedin.com/company/hes-so-valais-wallis/
https://www.linkedin.com/company/uqam/
https://www.linkedin.com/company/uqam/
https://www.quebec.ca/en/government/policies-orientations/sustainable-development/government-strategy
https://www.quebec.ca/en/government/policies-orientations/sustainable-development/government-strategy
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drawn-up by the Ministere de I’Environnement, de la Lutte contre les changements
climatiques, de la Faune et des Parcs (MELCCFP) in collaboration with RECYC-
QUEBEC. This long-awaited roadmap was the subject of consultations with repre-
sentatives of 40 ministries and agencies, as well as 63 external organizations
(Nonprofit organizations, educational institutions, the research community, the
private sector, and citizens). This Québec provincial government’s roadmap,
launched in the spring of 2024, responds to Objective 1.1.2 of the GSDS:
“Accelerate the development of the circular economy.” The government sees its
implementation as “a way of preserving the ecosystems that generate resources
and preserve biodiversity, and a means of combating and adapting to climate
change.”*' This reflects the concept of circularity as a meta-concept, bridging bor-
ders with key environmental and societal issues. Three of the economic sectors
prioritized—the construction and textile industries and biofood—are already sub-
jects of ELEC acceleration labs. Heightened governmental collaboration and fund-
ing may derive from the implementation of the FREC, as the principle of
collaboration underscores this roadmap.

Another illustration concerns the concerted effort between academics and the
civil society organization Equiterre, which has contributed to the inclusion of many
key principles in Québec’s Bill 29, which aims “to protect consumers against pro-
grammed obsolescence and to promote the durability, repairability, and mainte-
nance of goods.”?

The brief submitted in September 2023 by Equiterre was based on the findings
of a study published earlier in 2022. This pan-Canadian study was the fruit of col-
laboration with several partners and was coauthored with the Responsible
Consumption Observatory? from ESG UQAM. Université de Montréal was also a
member of the monitoring committee. A joint CERIEC-RRECQ brief was also
submitted on this occasion. As of the spring of 2024, following the signature of a
partnership with the Ministry of Justice, the RRECQ is sitting on an expert commit-
tee to assist the Consumer Protection Office (Office de la protection du consom-
mateur) in the development of regulations following the adoption of Bill 29.2* Marc
Journeault, professor at Université Laval and co-lead of the RRECQ, states: “This
collaborative, transdisciplinary approach aims to make Québec legislation an up-
to-date reference in terms of scientific and technical data and to strengthen

2 Mot du ministre—*...C’est une facon de préserver les écosystémes qui (les) générent et la bio-
diversité, et un moyen de lutter contre les changements climatiques et de s’y adapter”—Traduction
libre—nhttps://cdn-contenu.quebec.ca/cdn-contenu/adm/min/environnement/publications-adm/
developpement-durable/strategie-gouvernementale/feuille-route-economie-circulaire.pdf

22 At the occasion of consultations before the Economic and Labor Committee, in the fall of 2023,
in an effort by the Ministry of Justice to update the Consumer Protection Act.

2 Observatoire de la consommation responsable—https://ocresponsable.com/

2 https://www.quebec.ca/nouvelles/actualites/details/projets-de-reglements-faisant-suite-a-
ladoption-du-projet-de-loi-no-29-un-comite-dexperts-fera-des-recommandations-a-loffice-de-la-
protection-du-consommateur-55049


https://cdn-contenu.quebec.ca/cdn-contenu/adm/min/environnement/publications-adm/developpement-durable/strategie-gouvernementale/feuille-route-economie-circulaire.pdf
https://cdn-contenu.quebec.ca/cdn-contenu/adm/min/environnement/publications-adm/developpement-durable/strategie-gouvernementale/feuille-route-economie-circulaire.pdf
https://ocresponsable.com/
https://www.quebec.ca/nouvelles/actualites/details/projets-de-reglements-faisant-suite-a-ladoption-du-projet-de-loi-no-29-un-comite-dexperts-fera-des-recommandations-a-loffice-de-la-protection-du-consommateur-55049
https://www.quebec.ca/nouvelles/actualites/details/projets-de-reglements-faisant-suite-a-ladoption-du-projet-de-loi-no-29-un-comite-dexperts-fera-des-recommandations-a-loffice-de-la-protection-du-consommateur-55049
https://www.quebec.ca/nouvelles/actualites/details/projets-de-reglements-faisant-suite-a-ladoption-du-projet-de-loi-no-29-un-comite-dexperts-fera-des-recommandations-a-loffice-de-la-protection-du-consommateur-55049
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Québec’s position as a North American leader in the circular economy and legisla-
tion associated with extending the life of goods.”

At the industry level, the material flow analysis conducted by the MUTREC
team in 2019 is still cited as a reference in 2024. Of the various recommendations,
several have been acted upon, for example, the Act respecting upholstered and
stuffed articles was repealed in 2021. Now, there are several defibration facilities
available. In addition, several applied research projects have been financed by the
private sector and by research organizations, such as the industrial symbiosis project
between Niedner and Alkegen—Texel, coordinated by the CTTEI

Academic influence has also been applied at the local government level. The
Regional Circular Economy Roadmap Toolkit prepared by the CTTEI and its col-
laborators for RECYC-QUEBEC was released in 2022. It supported the realization
of several regional and local circular roadmaps.? Finally, researchers and profes-
sionals serve on several government-created committees. Among those, a CERIEC
professional sits on the Expert Committee on the Management of Construction,
Renovation, and Demolition Residues® in the continuation of the work of the
Construction Lab of ELEC (labCo).

4 Engaging with Civil Society

For researchers and practitioners, “speaking the same language” was identified very
early on as a necessary stepping stone to co-construct a path to circularity. Over
time, this has been translated several ways, moving away from the traditional pub-
lishing of scientific work, and now ranging from webinars to conferences and the
development of sector- or subject-specific education.

Not only did the COVID-19 pandemic contribute to an evolution in public per-
ceptions of the need for a transition to a circular economy, but it also helped to
develop ways to reach wider publics more easily and in a more cost-effective fash-
ion. This has translated into the blossoming of offerings in webinars and online
conferences about circularity—too many to list. The 2021-2024 period witnessed
the intensification of communication on and around circularity to wider audiences
in several forms and formats.

> Many roadmaps have been or are being created (Chapais, Sherbrooke, Montérégie, Outaouais,
Ville de Montréal, Ville de Québec). https://www.recyc-quebec.gouv.qc.ca/sites/default/files/docu-
ments/guide-methodologique-fdr-ec-english.pdf

26 https://www.quebechabitation.ca/actualites/le-comite-dexperts-sur-la-gestion-des-
residus-de-construction-renovation-et-demolition-reprend-ses-travaux-en-vue-de-deposer-une-
feuille-de-route-au-gouvernement-du-quebec/


https://www.recyc-quebec.gouv.qc.ca/sites/default/files/documents/guide-methodologique-fdr-ec-english.pdf
https://www.recyc-quebec.gouv.qc.ca/sites/default/files/documents/guide-methodologique-fdr-ec-english.pdf
https://www.quebechabitation.ca/actualites/le-comite-dexperts-sur-la-gestion-des-residus-de-construction-renovation-et-demolition-reprend-ses-travaux-en-vue-de-deposer-une-feuille-de-route-au-gouvernement-du-quebec/
https://www.quebechabitation.ca/actualites/le-comite-dexperts-sur-la-gestion-des-residus-de-construction-renovation-et-demolition-reprend-ses-travaux-en-vue-de-deposer-une-feuille-de-route-au-gouvernement-du-quebec/
https://www.quebechabitation.ca/actualites/le-comite-dexperts-sur-la-gestion-des-residus-de-construction-renovation-et-demolition-reprend-ses-travaux-en-vue-de-deposer-une-feuille-de-route-au-gouvernement-du-quebec/
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4.1 Webinars and Events Galore

Academia has played a key role in harnessing the power of online seminars and
webinars for knowledge transfer to more varied audiences. In 2023 alone, the
RRECQ hosted 24 circular economy webinars, reaching over 900 participants. A
series of webinars?’ was presented, up to twice per month. The RRECQ also actively
collaborates with ACFAS? to reach out to a wider community of researchers. Along
the same lines, the labCo is organizing a series of webinars in the spring of 2024 to
transfer the results and knowledge from its 19 projects.

Several outreach activities have aimed to reach general audiences in more cre-
ative ways. In a resolutely innovative outreach approach to educate a wider public,
the results of the Equiterre 2022 pan-Canadian study on zero waste, conducted with
Polytechnique Montréal and partially financed by the RRECQ, were presented with
the exhibition Zéro, de I’art a I’action, aimed to raise public awareness about the
need for eco-responsible behavior. In the iconic location of the Montréal Biosphere,
10 artists and collectives from a variety of disciplines came together in 2023 to
bring research to life. Additionally, inspired by the now quite well-known Fresque
du Climar® (Climate Fresk) and proposed in Québec since 2023, the Fresque de
I’économie circulaire® is yet another type of outreach initiative that provides an
opportunity to understand the challenges of transforming our linear production—
consumption system into a more sustainable model. It is presented to a variety of
publics, from private to civil society audiences.

4.2 Consolidating a Common Lexicon Centered on Circularity

The initial Québec definition and chart of a circular economy were co-constructed
as early as 2016 by several key stakeholders from diverse sectors in the Pdle de
concertation en économie circulaire du Québec. In 2022-2023, the RRECQ and
HEC Montréal’s Chaire de gestion du secteur de 1’énergie contributed to defining
120 circularity-related concepts as part of the lexicon (see Fig. 3.5) led by the Office
québécois de la langue frangaise.*’ From April 2023 to April 2024, this lexicon
ranked as the fifth most consulted lexicon of the linguistic office (out of 60). This

¥ Série Entretiens, Série Ici, Hors-Série, Série qui fait quoi, Série en compagnie de.

8 Association francophone pour le savoir: https://www.acfas.ca/

®The Climate Fresk NGO has been working to bring people and organizations on board with the
climate transition since the end of 2018. Its goal is to enable the rapid growth of climate education
and shared understanding of the challenge that climate change represents. It began this mission in
France and is now active in over 40 countries around the world.

¥Welcome/The Circular Economy Collage (lafresquedeleconomiecirculaire.com)

31 Alongside specialists from RECYC-QUEBEC, Eco Entreprises Québec, and the Ministére de
I’Environnement, de la Lutte contre les changements climatiques, de la Faune et des Parcs—https://
www.oqlf.gouv.qc.ca/ressources/bibliotheque/dictionnaires/vocabulaire-economie-circulaire.aspx


https://fresqueduclimat.org/
https://fresqueduclimat.org/
https://www.acfas.ca/
https://www.lafresquedeleconomiecirculaire.com/international
https://www.oqlf.gouv.qc.ca/ressources/bibliotheque/dictionnaires/vocabulaire-economie-circulaire.aspx
https://www.oqlf.gouv.qc.ca/ressources/bibliotheque/dictionnaires/vocabulaire-economie-circulaire.aspx
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ENTRER DANS LA RONDE : [ "SS o Ll ~ Yo
VOCABULAIRE DE UECONOMIE CIRCULAIRE [l | % &

Fig. 3.5 Setting a common language around circular economy. Source: Lancement d’un vocabu-
laire de 1’économie circulaire par I’Office québécois de la langue francaise (gouv.qc.ca)

lexicon has two main goals: to set a solid scientific foundation for key circularity-
related concepts as well as to democratize the circular economy and to foster its
diffusion and use by stakeholders and the public alike.

4.3 Reaching Out to Professionals

The Assises québécoises de I’économie circulaire organized by RECYC-QUEBEC
resumed in both 2021 and 2023. Academic players were once again consulted on
the content selection for the program and were present on-site. Some 600 partici-
pants from all sectors of activity attended in 2023, demonstrating Québec’s enthusi-
asm for the transition to this economic model. Along the same vein, new regional
events initiated by some regions of the province spearheaded this transition for their
territories. For example, in 2022, the Lanaudiere region launched its Regional
Circular Economy Summit (Sommet régional en économie circulaire Lanaudiére),*
which was especially geared toward biofood stakeholders. Moreover, in 2023,
Victoriaville hosted its first symposium, “Circularity, a Competitive Advantage for
Manufacturers” (La circularité, un avantage compétitif pour les industriels).

Implementation tools have been published, including several guides. Among
those, a toolbox comprising nine tools for socioeconomic organizations to imple-
ment circularity was created by the TIESS? and released in 2023. These tools result
from exchanges with dozens of socioeconomic enterprises whose business models
are based on the circular economy throughout Québec.

4.4 In Canada and Abroad

At the Canadian level, interest in circularity is slowly growing. The inaugural
Canadian Circular Economy Summit (CCES), co-hosted by Circular Economy
Leadership Canada (CELC) and the Circular Innovation Council (CIC; June 2023 in
Toronto), gathered 465 delegates from 262 organizations, including more than half
from the private sector. Faculty members were consulted by the Planning Committee.

3 https://lanaudiere-economique.org/evenement/sommet-regional-en-economie-circulaire/

B Territoires  innovants en  économie sociale et solidaire (TIESS). https://tiess.
ca/9-outils-economie-sociale-et-circulaire/


https://oqlf.gouv.qc.ca/office/communiques/2023/20230421_vocabulaire_economie_circulaire.aspx
https://oqlf.gouv.qc.ca/office/communiques/2023/20230421_vocabulaire_economie_circulaire.aspx
https://lanaudiere-economique.org/evenement/sommet-regional-en-economie-circulaire/
https://tiess.ca/9-outils-economie-sociale-et-circulaire/
https://tiess.ca/9-outils-economie-sociale-et-circulaire/
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The academic sector represented 10% of those in attendance. The objective was to
collaborate on efforts and activities, advance projects, and investments, inform
attendees about policies, and develop an action plan to accelerate the implementa-
tion of the circular economy in support of Canada’s climate change, biodiversity,
and innovation agendas.* The final Action Plan Framework was released in the fall
of 2023.% It is intended to chart an implementation framework to accelerate Canada
toward circularity. The second edition is scheduled for Montréal in 2025. Last, the
CERIEC and other academic actors are also actively participating in international
conferences, such as the World Circular Economy Forum (WCEF), organizing or
moderating sessions.

4.5 Gaining Traction with the Media

Two approaches to the media have been promoted. The first is the continuation of
the gathering and building of a community of interest around circularity in Québec
through participation in the Québec Circulaire web-based platform. RECYC-
QUEBEC is a major partner of the QuébecCirculaire.org hub’s yearly Circular
Initiatives Contest, which helps promote the concept of circularity to businesses and
NFP organizations alike by showcasing illustrations of the successful implementa-
tion of circular strategies. The second constitutes the creation of momentum around
the launch in 2021 of the first Circularity Gap Report Québec, which found that the
circularity index economy is 3.5%. In other words, most resources used by Québec’s
society and economy to meet their needs are not recycled.*® Building on several
published studies, this RECYC-QUEBEC-led research was conducted by Circle
Economy with the support of several local partners and academics. This report
established a baseline and identified key levers and systemic obstacles for a circular
transition in Québec. The media coverage, combined with numerous presentations
of the report, gave traction to circularity with various audiences.

Third, the Canada-wide public awareness campaign led by the Circular Innovation
Council, establishing the Circular Economy Month in October every year, invites
Canadians to learn about the circular economy, celebrate individual and collective
efforts, embrace circular solutions, and encourage others to act. With themed weeks
and resources made available to the public, it contributes to showcasing local initia-
tives at the provincial level.

Other awareness-raising online or TV campaigns have been designed, targeting
specific circular strategies, such as recycling (Eco Entreprises Québec) or repair

3 https://www.circulareconomysummit.ca/_files/ugd/10592_9951459863e5465e¢97f1dc2f43e0e
cdc.pdf-p4
35 https://www.circulareconomysummit.ca/action-plan

36« .. ahigh rate of consumption, a hefty material footprint and a low Circularity Metric are typical
for an industrialised economy engaged in trade...”, The Circularity Gap Report | Quebec 2021, p. 6.


http://québeccirculaire.org
https://www.circulareconomysummit.ca/_files/ugd/1e0592_9951459863e5465e97f1dc2f43e0ecdc.pdf-p4
https://www.circulareconomysummit.ca/_files/ugd/1e0592_9951459863e5465e97f1dc2f43e0ecdc.pdf-p4
https://www.circulareconomysummit.ca/action-plan
https://www.recyc-quebec.gouv.qc.ca/sites/default/files/documents/rapport-indice-circularite-en.pdf
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(RECYC-QUEBEC). Trade or association publications also started creating or
structuring content related to circularity.

4.6 Disseminating Research

Documentaries have been published, whether on the internet (Savoir.media®’) or on
the radio (Radio Canada). However, awareness-raising efforts probably climaxed
with Télé-Québec’s acclaimed show “Y’a du monde a la messe!” in 2023, with
Daniel Normandin, general director of CERIEC. Therefore, the concept is gaining
traction with the wider public thanks to the multiplication of outreach and activities
geared toward civil society.

Since 2020, more diverse publics have also had access to a greater variety of
education and training components. Indeed, education, professional training, and
continuing education are in demand.

4.7 Reaching Out to Professional and Academic Audiences

The Circular Economy summer school, initiated in 2017 by the EDDEC Institute
and CERIUM (Université de Montréal), has been hosted at ETS with CERIEC since
2023. This highlights the constant interest in this theme. A new international sum-
mer school was held in 2023 in Victoriaville. Vertech city sur ’innovation circu-
laire® was organized with the Réseau Vertech.** Over 10 days, students from various
countries were asked to propose a circular innovation entrepreneurship project
(takeover) linked to the host city or region. The free Massive Open Online Course
(MOOC) Economie circulaire: Une transition incontournable, initially offered by
the EDDEC Institute, was updated in 2022 by CERIEC and RRECQ and has reached
7000 participants since its launch in 2018. Both the summer school and the MOOC
bridge the gap between the academic world and the field, as professionals from all
horizons can register and participate. Other online training has been offered in
English by universities in Canada.

An increasing number of options, whether courses or full programs, are now
being offered in diverse post-secondary education institutions. A new CEGEP certi-
fication program was proposed in 2024, including an online training program

La société du travail. Repenser le modéle économique en pensant aux limites de la planéte
(2023) with the participation of HEC Montréal. https://www.youtube.com/watch?v=8sqFIxIx0Vo

B https://www.facebook.com/yadumondeamesse/videos/ya-du-monde-%C3%A0-messe-
7-juillet-daniel-normandin/288060327123452/

¥ https://www.vertechcity.com/wp-content/uploads/2023/08/EIE2023_ Article-resume.pdf

A network of cities in France, Belgium, and Québec recognized for their original sustainable
development initiatives (Lafayette, Namur, Poitiers, and Victoriaville).


https://www.vertechcity.com/wp-content/uploads/2023/08/EIE2023_Article-resume.pdf
https://www.vertechcity.com/wp-content/uploads/2023/08/EIE2023_Article-resume.pdf
https://www.youtube.com/watch?v=8sqFIxIx0Vo
https://www.facebook.com/yadumondeamesse/videos/ya-du-monde-%C3%A0-messe-7-juillet-daniel-normandin/288060327123452/
https://www.facebook.com/yadumondeamesse/videos/ya-du-monde-%C3%A0-messe-7-juillet-daniel-normandin/288060327123452/
https://www.vertechcity.com/wp-content/uploads/2023/08/EIE2023_Article-resume.pdf
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developed by the CEGEP of Victoriaville. Professional training is also under devel-
opment, and academics have been consulted on the continuing education course
developed by the CTTEI and offered by EnviroCompétences.*!

4.8 Training Decision-Makers

The Québec Chamber of Commerce Federation (FCCQ), the CERIEC, and the
CTTEI co-organized Accélérer le passage du Québec a l’économie circulaire,
Tournée des 17 régions** in 2021-2022. The FCCQ’s objective for this tour of all 17
regions of the province was to upgrade the skills of the members of its network of
130 chambers of commerce. Designed primarily to meet the needs of businesses,
the program was also open to local economic organizations acting as program and
service relays or as circular economy coaches. The program included an introduc-
tion to the circular economy model, strategies, and decision-making tools as well as
a free coaching clinic. In addition, an electronic toolkit was made available. Out of
the approximately 700 participants, 80% of those surveyed confirmed they had been
inspired to act by implementing one or more initiatives within their organization.
Over the 2021 and 2022 cohorts, 400 organizations and 300 economic players were
represented. A total of 43 coaching clinics were organized through the FCCQ.

Geared toward the governmental representation staff, the CERIEC convened in
2022-2023 at the request of the Ministére des relations internationales et de la
francophonie training, which was dedicated to the staff of Québec’s 11 general del-
egations abroad. Several tools were developed to help them present the concepts and
initiatives per key economic sectors of the province and were later made freely
available on the Quebeccirculaire.org online platform.*

5 Discussion: Beyond 3.5%?

The first decade of circular economy research in Québec has the following four
features: (1) a common language, (2) co-construction of knowledge, (3) the wide
scope of research, and (4) the view of circular economy as a project for societal
transition.

The first feature concerns a common language. The process of structuring around
a common language (around a co-constructed Québec-based definition, a visual
chart, and, more recently, an official lexicon of the key concepts), a web-based
depository of expertise and information (Québec circulaire), several communities

4 https://www.envirocompetences.org/formations/economie-circulaire-des-outils-pour-
transformer-votre-modele-d-affaires/

“https://tournee-economiecirculaire.fccq.ca/

“https://www.quebeccirculaire.org/articles/h/le-quebec-leader-de-1-economie-circulaire-a-1-
echelle-canadienne.html


http://quebeccirculaire.org
https://www.envirocompetences.org/formations/economie-circulaire-des-outils-pour-transformer-votre-modele-d-affaires/
https://www.envirocompetences.org/formations/economie-circulaire-des-outils-pour-transformer-votre-modele-d-affaires/
https://tournee-economiecirculaire.fccq.ca/
https://www.quebeccirculaire.org/articles/h/le-quebec-leader-de-l-economie-circulaire-a-l-echelle-canadienne.html
https://www.quebeccirculaire.org/articles/h/le-quebec-leader-de-l-economie-circulaire-a-l-echelle-canadienne.html
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of practice, and the biannual Assises de [’économie circulaire organized by RECYC-
QUEBEC have definitely contributed to establishing a “circular economy move-
ment” complementing other sustainability/transition movements in Québec. This
movement’s key players are well known. New players and newcomers can easily
find who and where to go for guidance and scientific support; hence, communica-
tion flows easier between actors.* The second feature concerns the applied nature
of most research conducted. Circular research in Québec has overarchingly relied
on processes of co-construction between researchers and organizations in all stages
of research; research is conducted with and for organizations around circularity
challenges. The research infrastructure, such as CTTEI, ELEC, RRECQ, and, more
recently, AdapT for the built infrastructure, has promoted research designs and
funding mechanisms to advance partnerships between actors and researchers. The
third feature concerns the scope of researcher—practitioner applications of circular
economy research. In all, this “movement” encompasses diverse sectors of society,
from municipalities to the provincial government, from small and medium-sized
enterprises to large industries, and from social and solidarity enterprises to coopera-
tives. The fourth feature concerns the presence of the relationship between the cir-
cular economy—as a quest for efficiency in the production and consumption
processes—and the aspiration to shift to what would be a circular society—which
would include other flows and concerns for care and justice. In all, these four fea-
tures are arguably specific markers of the Québec experience in circular economy
research, compared to other parts of North America, where a circular economy is
promoted in a more restricted, operations-driven fashion.

More recently, the 2021-2024 consolidation period has seen a sharp increase in
action—research partnerships and projects developed with practitioners. The simul-
taneous, joint efforts to build research capacity and outreach have led the circular
economy to gain visibility with several audiences interested in addressing sustain-
ability in their organizations, sectors, regions, and value chains. Several researchers
who participated in the focus group for the writing of this chapter in early April
2024 emphasized that they are being called by organizations and professionals to
engage in new projects. According to them, while in 2020 they needed to explain
and engage with practitioners, by 2024, practitioners and decision-makers from
diverse organizations and diverse sectors asked them to explore and document
circularity-related issues or to support decision-making processes. In all, the circu-
larity movement has definitely contributed to making circularity visible as a way to
address sustainability challenges. Overall, these achievements are impressive.

Simultaneously, the rise of circularity in Québec as a research topic and concerns
among organizations have not yet translated into tangible results. Quebeckers’ con-
sumption of resources per capita is still among the highest in the world, and they
have not reduced GHG emissions per capita. This echoes the RRECQ 2023
annual report:

#“More details about the creation of a common language can be found in the first chapter of the
report Transitioning to a Circular economy. Learning from the Québec experience,
2014-2020, (2021).
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There is still a significant gap between theory and practice before the circular economy can
not only become the dominant economic model, but also bear fruit in terms of sustainabil-
ity. Much research remains to be done to perfect the circular economy. As a result, it has
become a research theme in its own right, with its own research communities, conferences,
symposia, and scientific journals. Publications have grown exponentially in recent years.

The 3.5% circularity rate makes Québec lag far behind leading countries, such as
the Netherlands. “The needs’ material footprints originate, to a large extent, from
outside of the province through its imports—typical for a developed trade region.
Quebec ... still relies heavily on imported fossil fuels for transport. The agricultural
sector produces unusually large amounts of waste, but little is currently reused or
recycled. Also, the goods and services the government invests in... are highly
resource-intensive”.*> As we have seen, the applied nature of research in Québec is
a determining factor of an accelerated progression towards a more circular econ-
omy. However, funding of schemes such as the ELEC are very lengthy processes.
The projects of the Construction Lab were run over 3 years, and have come to frui-
tion only in 2024, while the Food Systems lab started in 2023. The recently launched
FRECQ helps provide a framework for governmental bodies to invest increased
funds and resources in research and projects in the coming years.

In the words of the Comité consultatif sur les changements climatiques in 2023,
“When it comes to the circular economy, the potential is real, but not yet fully
realized.”*

Three risks related to “the circular movement in Quebec” need to be highlighted.
The first concerns circular washing. The circular economy, coined as an umbrella
concept that connects circular strategies, such as industrial ecology, recycling,
energy recovery, etc., has enabled conversations and actions among practitioners
and researchers concerning the circularization of material flows. These conversa-
tions have been fruitful in generating novel ways of contemplating sustainability
conundrums. Meanwhile, the boundaries of what is and what is not circular are
becoming blurry, and circularity may become somewhat of a buzzword.
Correspondingly, the risk of circular washing could seriously challenge this
movement.

The second issue concerns incrementalism. The circularity movement—in which
the model of the co-construction of applied research prevails—is contributing to
deploying circularity in material-intensive industries, such as agri-food, energy,
construction, manufacturing, and metal products, concerning specific issues. This
incremental, quick, gains-focused approach engages the onboarding of many play-
ers. Unfortunately, this approach may “be dead on the road” if no deeper reflection
nor action is invested into the larger questioning of the models. Circularizing a
fundamentally linear model may generate increased efficiency; it may not address
more efficacy issues if the overall system relies on waste. Focusing only on

#The Circularity Gap Report | Quebec 2021, p. 6.

4“En matiere d’économie circulaire, le potentiel est réel, mais encore peu concrétisé”.
Décarbonation du transport lourd de marchandises : construire une voie durable Report, Comité
consultatif sur les changements climatiques, 2023, p. 22. Traduction libre.
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incremental implementations may prevent radical transformation. As the Council of
Canadian Academies stated in their report Turning Point (2021): “There is a risk
that incremental actions and a watered-down conception of the circular economy
fail to deliver on its promise.”*’

The third risk concerns the depth of change needed. Circularity is one of several
perspectives proposed to address the current non-sustainability crises faced by our
society. Circularity is reformist and rarely questions broader economic growth, an
overconsumption-based model on which the economic system relies. A recent arti-
cle and research file in Journal Les Affaires, one of Québec’s most read business
newspapers, focused on “The D word”,*® D standing for degrowth. It illustrates how
such concepts and perspectives are part of the public and business decision-makers’
debates. While decision-makers seem reluctant to promote strategies that would
question the premises of the economic system in a more systematic and holistic
approach, the research community could reflect on and discuss circularity as
opposed to other transition perspectives, such as degrowth, sobriety, and other, to
critically reflect on the accomplishments, the limitations, and the road ahead for
what a sustainable Québec would be like. This is an intellectual endeavor—and a
responsibility for researchers.

Appendix 1: Individuals Consulted and Interviewed

The list of the members of the focus group is as follows:

» Cathy Baptista, Ing., M.Ing, MBA, Scientific Coordinator at RRECQ.

* Sophie Bernard, PhD., Full Professor, Environmental Economics at Polytechnique
Montréal, Principal Investigator of CIRANO’s Sustainable Development theme,
Chair for Axis 4 at RRECQ.

e Hélene Gervais, M. Env., Environmental Advisor, RECYC—QUEBEC.

* Mathias Glaus, Ing, Ph.D., Full Professor, Construction Engineering Department
at ETS Montréal, Founding Member of CERIEC, Chair for Axis 3 at RRECQ.

e Marc Journeault Ph.D., CPA, CMA, Full Professor, School of Accounting,
Université Laval, and Head of the Centre de recherche en Comptabilité et
Développement Durable (CerCeDD), Member of CERIEC, Chair for Axis 2
at RRECQ.

e Hortense Montoux, Project Coordinator, Construction Lab (labCo),
ELEC, CERIEC.

e Daniel Normandin, M.Sc., MBA, Director, CERIEC and Executive
Director, RRECQ.

#TCouncil of Canadian Academies, 2021. Turning Point, Ottawa (ON). The Expert Panel on the
Circular Economy in Canada, Council of Canadian Academies, https://cca-reports.ca/wp-content/
uploads/2022/01/Turning-Point_digital.pdf

“https://www.lesaffaires.com/blogues/marine-thomas/le-mot-en-d/648811
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e Chantal Rossignol, M.Sc.A., Coordinator at the Circular Economy Labs
Ecosystem (Ecosysteme de laboratoires en économie circulaire—ELEC).

The leading questions prompted to the members of this focus group aimed at
establishing a broad vision of what essential elements should be covered in the con-
text of a book chapter. The objective was therefore to constrain the scope of content
to the limits, obstacles, and opportunities those experts believed needed to be put
forward. This included but was not limited to—as far as research in the field of circu-
lar economy was concerned—milestones, notable policy, regulation or legislative
advances, and training developments that have proven to be essential to the actual
implementation of the transition to a circular economy over the past 5 years. In this,
participants followed the structure of the report Transitioning to a Circular Economy—
Learning from Québec experience (2021) while acknowledging that the objective
was not the creation of a comprehensive follow-up report of similar scope and reach.

Individual interviews and communications were undertaken with

e Marc Journeault Ph.D., CPA, CMA, Full Professor, School of Accounting,
Université Laval, and Head of the Centre de recherche en Comptabilité et
Développement Durable (CerCeDD), Member of CERIEC, Chair for Axis 2
at RRECQ.

* Annie Levasseur, Full Professor, Canada Research Chair on Measuring the
Impact of Human Activities on Climate Change Scientific, Director, CERIEC,
and Scientific Director of the AdapT Institute at ETS Montréal.

e Claude Maheux-Picard, Ing., M. Sc. A., General Manager, Centre de transfert
technologique en écologie industrielle (CTTEI).

¢ Meélanie McDonald, Executive Director, Chemins de Transition, Université de
Montréal.

e Hortense Montoux, Project Coordinator, Construction Lab (labCo),
ELEC, CERIEC.

* Marlybell Ochoa Miranda, Project Manager, Roadmap for the transition to a
circular economy of the Quebec society, RRECQ.

e Valentina Poch, Operations Manager, Centre interdisciplinaire de recherche en
opérationnalisation du développement durable (CIRODD), ETS Montréal.
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Chapter 4 )
Intervention-Research ki
as a Social-Ecological Transition Belt,

Steering Wheel, and Engine
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Abstract Social-ecological transition refers to a social movement and a field of
research. As a research field, social-ecological transition proposes tools for steering
and inciting large-scale transformations toward sustainability. These transforma-
tions must take root in, and impact, the social-technical regimes (healthcare infra-
structure, transportation system, food regime) that structure our everyday life.
Academic research in itself can be seen as a social-technical regime in which
changes may occur, so that science contributes to addressing current challenges.
This chapter aims to describe and justify a specific research approach rooted in the
spirit of transition: intervention-research, an innovative, transdisciplinary, and prax-
eological approach. Similar to action research, intervention-research implies active
and prior involvement of research teams in transition initiatives, with the explicit
intention of social transformation. This approach entails the diversification of roles
for researchers toward facilitation, management, and mobilization. The proposed
chapter examines three intervention-research projects conducted by LAGORA
(Laboratoire de Gouvernances Alternatives) in the Saguenay-Lac-Saint-Jean region,
Quebec. It illustrates the various stages of intervention-research, the new roles of
research actors, as well as the challenges and limitations of such an approach.
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1 Introduction

Social-ecological transition refers to both an array of social movements and a
research field. As a research field, social-ecological transition offers pathways and
tools to operate collective and cross-sectoral transformations. These cross-sectoral
transformations take root in, and impact, social-technical regimes (healthcare infra-
structures, food regimes, transportation systems) that are the foundations of our
everyday existence (Geels, 2011). Academic research is in itself a social-technical
regime in which transformations can originate and develop, to facilitate and drive
social-ecological transitions (Delplancke et al., 2021).

The following chapter describes a specific academic research approach rooted in
the spirit of transition. This approach is known as intervention-research, an innova-
tive, transdisciplinary, and praxeological approach. Stemming from action research,
intervention-research implies the active involvement of researchers in transition ini-
tiatives (Abson et al., 2017), driven by an explicit intention of social transformation.
Research involvement beyond the walls of the academic institution enables relevant
scientific knowledge to be transferred to social transformation initiatives. In the
opposite direction, the production and acquisition of knowledge is enabled through
live insights and analysis taking place during these interventions. Moreover, because
boundaries between intervention and research become blurred, this particular
approach also calls for a diversification of roles. Facilitation, management, and
mobilization are the cornerstones of this intervention-research diversification
(Wittmayer & Schipke, 2014).

This chapter is built upon the analysis of three intervention-research projects
conducted by LAGORA (Laboratoire de Gouvernances Alternatives) at the
University of Quebec in Chicoutimi (UQAC), in the Saguenay-Lac-Saint-Jean
region, Quebec. It highlights the various steps of this particular type of research and
the different roles expected of research actors. Challenges and limitations of such an
approach are also discussed.

2 Context

As the Anthropocene becomes a salient feature of our collective lives, humankind is
experiencing a time of uncertainty and social-ecological instability (Bonneuil &
Fressoz, 2013; Haché, 2014). An expanding body of scientific literature is inform-
ing decision-makers that the rapid acceleration of development has had major
impacts on the Earth System (Steffen et al., 2011). Some social and ecological
issues have gained recognition in recent years: climate change, increasing socio-
economic inequalities, and ecosystem pollution.

In this context, humanity is aware of its responsibilities in shaping the world’s
ecological decline and the rise of social inequities Huybens, 2011). Historically, this
awareness has driven ecodevelopment (Sachs, 1993) and sustainable development.
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These two concepts have been prompting humankind to mitigate the detrimental
impacts of development on the environment and on communities, by any means.
Despite the fact that since the late 1980s, the acknowledgment of humanity’s burden
has instilled a sense of urgency throughout public institutions and in individual citi-
zens, the pace of economic development is still greater than what is considered to be
our planet’s capacity (Steffen et al., 2011). This paradox raises questions about sys-
temic locks that hinder necessary social and ecological transitions. While some
mechanisms for steering social-ecological transitions have already been docu-
mented (Grin et al., 2011), questions remain unanswered about the most effective
steering tools that could allow transformative breakthroughs toward transition.

Social-ecological transitions propose a radical, democratic, and peaceful trans-
formation of our relationship to the world, oriented toward new, more resilient, and
responsible ways of life. The concept of social-ecological transition was born in the
1970s (Meadows & Delaunay, 1972) and is currently a focal point of research in
fundamental, social, and applied sciences. Social-ecological transition studies are
driving a shift in the sustainable development framework by integrating several
original concepts: Edgar Morin’s complexity (Morin, 1999), praxeology (Schon,
1994), collaborative research (Portelance & Giroux, 2009; Anadon, 2007; Callon
et al., 2001), transdisciplinarity (Létourneau, 2008; Turcotte & Caron, 2018), ethics
of the nature/culture relationship (Descola, 2005; Huybens, 2011), and post-
capitalist ecology and economy (Arnsperger, 2009).

Even though transition initiatives are being generated worldwide at various ter-
ritorial scales (Waridel, 2019), political, economic, and cultural systems are slow to
adapt in light of the challenges they face. It seems as though systemic barriers, simi-
lar to those faced by sustainable development, are limiting the impact of these ter-
ritorial initiatives.

Some researchers have proposed to coordinate and unite transition initiatives in
what could be termed a transition arena (Grin et al., 2011). Within a given territory,
a transition arena is guided by processes of communication and dialogue. Actors
discuss transition issues by drawing a map which allows them to pinpoint systemic
locks. Actors can then experiment with transition initiatives using relevant mecha-
nisms to address these systemic barriers.

In this spirit, we propose to study the implementation of three transition arenas.
The latest are innovative governance structures that mobilize and coordinate the
actions of the Saguenay-Lac-Saint-Jean (SLSJ) region to accelerate a social-
ecological transition. First is Borée for a sustainable food system. Second is the
Grand Regional Dialogue for Transition. Third is Forum Mobilité for a sustainable
transportation system. In these projects, actors are engaged in a cross-sectoral man-
ner to coordinate a collective transformation at the regional level, exploring new
forms of non-institutional governance.

The proposed chapter aims to analyze these three initiatives through a praxeolog-
ical approach of research-intervention. In this particular approach, iteration between
practice and theory simultaneously improves practice (1) and extracts knowledge
(2) (Schon, 1994). Without a doubt, the state of the world has justified deliberate
involvement of researchers in transition movements (Wittmayer et al., 2014). The
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ethical purpose of research on transition underlies this choice (Wittmayer &
Schipke, 2014). Researchers are believed to have a role to play in steering transition
initiatives (Grin et al., 2011). The coordination mechanisms with which territorial
actors are experimenting are documented. Their potential to overcome system-
related barriers is discussed (Grin et al., 2011).

3 Questions and Objectives Addressed by This Study

The current paper is underpinned by two research questions. First, what are the roles
of the research sector in social and ecological transitions? And second: how can a
research posture that is both rigorous and designed to accelerate transition be imple-
mented through various initiatives?

The objective of this study is to propose responses to these two questions based
on three intersectoral initiatives, each working toward social and ecological transi-
tion in Saguenay-Lac-Saint-Jean. More specifically, we will describe the evolution,
goals, and areas of activity of the three initiatives. We will then analyze and com-
pare the roles played by the research sector in the three approaches, paying particu-
lar attention to dimensions such as leadership, action, ownership, and power. We
conclude by documenting the limitations and challenges of intersectoral approaches
where researcher-practitioners have intervened.

4 Intervention Method

The social-ecological transition concept frames an approach where social-technical
regimes progress toward a sustainable state through structural changes. A set of
technological, economic, ecological, sociocultural, and institutional innovations
reinforce each other in this structural process (Tremblay, 2011). Social-ecological
transitions target a general configuration of practices, policies, actors, and/or insti-
tutions, but they can also target specific spheres of human activity. Thus, social-
ecological transitions propose a large-scale transformation and drive new
arrangements and governance modalities, based on increased collaboration among
actors at different scales. Transition intervention-researchers seek methods to man-
age these processes of profound change (Bergman et al., 2008; Loorbach, 2007).

A multi-level perspective allows the study of these multiple forms of transition.
Grin et al. (2011) depict transition trajectories using a three-level model: transition
niches (1), social-technical regimes (2), and landscapes (3). According to this
model, the ethical rationale for transition occurs at the landscape level (climate
change, the rise of inequalities, the decline of biodiversity). Over time, these changes
put pressure on social-technical regimes (policies, technologies, culture, market,
industries). When these regimes are threatened, it is often within them that the
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greatest resistance is observed. Factors hindering transition are often political, leg-
islative, economic, or cultural.

However, social movements create windows of opportunities for the reconfigura-
tion of social-technical regimes. At a local scale, it is indeed possible to observe a
multitude of transition niches. In these niches, alternatives are put into practice
while adapting to, or in anticipation of, landscape changes. Pulling together niches
is a way to increase coherence and effectiveness of individual transition actions. The
interconnection of niches in a transition arena, where interventions are linked and
coordinated with specific arrangements, amplifies their effects. Processes of dia-
logue, learning, and co-construction among transition niches, as well as with actors
who are active within regimes, appear to be a key condition for steering transitions.

The regional scale is known to be relevant for the application of sustainable
development principles (Gagnon, 2006; Theys, 2002). The same is believed to be
true for the coordination of social-ecological transition. Territorial governance as a
research field studies the capacities of local actors to mobilize and take charge of
regional decision-making processes (Leloup et al., 2005). Territorial governance
historically calls for a decision-making process characterized by horizontal decision-
making and decentralized power. This is in line with the transition studies approach,
in which actors are meant to be enabled through mechanisms that facilitate their
collaboration and communication (Riffon, 2016).

Supporting social-ecological transitions with the historically rich perspective of
territorial governance allows for an awareness of the multiple natures and statuses
of actors associated with transition niches (Riffon, 2016). This perspective also rec-
ognizes that societal transformation relies on processes of collaboration and nego-
tiation among networks of actors (Bodin et al., 2006; Leloup et al., 2005). Providing
a territorial community access to structures of knowledge and information is thus
necessary to overthrow systemic barriers (Granovetter, 1973).

Network studies have also been a field of study since the 1980s, based on two
approaches. First, graph theory examines the properties of network structure through
several characteristics (connectivity, centrality, density) and the nature of connec-
tions (Keeling, 2005). Second, social network analysis focuses on relationships
between actors in a given context. By addressing reasons for connections, it serves
as an explanatory tool for the evolution and diffusion of ideas, knowledge, and inno-
vations (Leinhardt, 1977). In both frameworks, some actors act as knowledge bro-
kers to close gaps between other actors and enable their latent potential (Bodin
et al., 2006).

The facilitation of actor networks can generate social capital, a potential social-
ecological catalyst for change. The extent of change depends in part on the ability
of local actors to mobilize this social capital. Farinds Dasi (2009) framed it as “ter-
ritorial intelligence”. Mobilizing social capital requires knowledge of both the ter-
ritorial social system and socio-economic processes. “Territorial intelligence”
comes into play when pivotal local actors are able to understand the influence of
socio-economic processes on territorial development and institutional functioning.
In such conditions, pivotal local actors act as knowledge brokers.
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Collaborative and cross-sectoral approaches make good use of territorial intelli-
gence. These approaches are one among many tools to overcome systemic locks and
redirect existing territorial governance networks toward social-ecological goals
(Beuret & Cadoret, 2010).

Lastly, steering social-ecological transitions involves tools that facilitate mutual
understanding, collaboration, and collective action among actors. This will make
them feel involved in a common endeavor. Tools for systemic analysis (Villeneuve
et al., 2017), analysis of social representations (Riffon, 2016), and tools for ethical
dialogue (Segers, 2014) outline the structure of our analysis and discussion.

This chapter explores the role of researchers in social-ecological transition initia-
tives (Wittmayer et al., 2014). It aims to put into practice and depict three initiatives
with an innovative methodological stance that combines explicit ethical engage-
ment and a transdisciplinary praxeological research approach. This ethical engage-
ment is coherent with challenges brought upon the academic social-technical regime
by the Anthropocene.

This stance allows, first, the analysis of transition issues without compromising
their inherent complexity. Second, it allows for the implementation of concerted
action mechanisms tailored to local contexts and informed by scientific knowledge.
Understanding the complexity and specificities of territorial dynamics requires con-
sidering the interdependence of issues managed by different actors, despite the chal-
lenge posed by cross-sectoral endeavors (Morin, 1999). The steering and study of
transition processes at the territorial level should, therefore, be transdisciplinary,
with transdisciplinarity invoked as both a practice and a research paradigm (Turcotte
& Caron, 2018).

Transdisciplinarity involves a respective contribution of a diversity of analytical
frameworks to interpret reality (Nicolescu, 1996). This paradigm also enables mobi-
lization of different types of knowledge (Max-Neef, 2005), including non-academic
knowledge, which distinguishes transdisciplinarity from interdisciplinarity. In the
end, it promotes mutual learning between theorists, practitioners, and researchers-
practitioners (Scholz, 2001). An applied transdisciplinary research-intervention
approach requires the involvement of different scientific disciplines (social, funda-
mental, applied, political, economic). Likewise, an array of sectors (mobility, health,
urban planning, education) are involved in this undertaking. Over and above, the
entire spectrum of actors, from laypeople to experts and from citizens to decision-
makers, are called to arms.

The pragmatic nature of transition processes encourages the grounding of
research in experience, because researchers are involved in the processes and out-
comes they aim to study. LAGORA’s approach is rooted in a praxeological method-
ology of research-intervention. This approach acknowledges that experiential
knowledge plays a pivotal role in knowledge production (Schon, 1994).

In the three case studies, practitioner-researchers (Albarello, 2004) are grounded
in the practice of a transition arena. Nevertheless, they do engage in analytical
thinking in order to extract knowledge and theories (Huybens, 2011). This approach
responds to a need for increased involvement of scientific actors in the transition
(Wittmayer & Schipke, 2014). Scientific actors contribute to empowering
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social-ecological movements toward social-ecological ideals (Lhotellier &
St-Arnaud, 1994).

5 Method Employed for the Case Studies

This study was conducted in two parts. In the first part, an exhaustive literature
review on transdisciplinary collaboration processes for social-ecological transitions
was conducted. Special attention was given to transition arenas involving scientific
actors, with the aim of analyzing case studies through a lens of connections, arrange-
ments, and governance modalities for transition. This has been integrated into the
analytical framework.

The second part involved a comparative study of three transition arenas that took
form in the SLSJ territory over the past 5 years: Borée for a sustainable food system
(1), the Grand Regional Dialogue for Transition (2), and Forum Mobilité for a sus-
tainable transportation system (3). Our research-intervention team has been partici-
pating in these initiatives since 2018; their respective governance modes are
described from an insider viewpoint. Furthermore, governance modes are explained
and compared on three bases: participatory mechanisms, dialogic processes, and
tools used. The nature of connections and actor dynamics are also underlined. The
discussion sheds light on the practice of transdisciplinarity and cross-sectoral dia-
logue. Positive results obtained to date and the pitfalls that were encountered are
presented. In addition, the dynamics between actors and transition niches within
social-technical regimes are analyzed. This latest aspect has been underrepresented
in the literature.

This comparison of three case studies has been enriched in two ways. An obser-
vation journal was kept by the research team during the last 4 years, to document
research implications. Observations contained in this research journal were cross-
referenced with a dialogue between the two authors of this article, who participated
in various roles in each of the three case studies.

6 Theoretical Framework

In this theoretical framework, we will discuss the works of four academics. Barnaud
et al. (2016) have highlighted power dynamics in participatory mechanisms. Marcel
(2018) theorizes the socio-scientific “third space”, a framework to analyze expert
and public engagement toward sustainability. Wittmayer and Schépke (2014) call
for a diversification of researchers’ roles.

Barnaud et al. (2016) show the existence of power imbalances among stakehold-
ers participating in decision-making processes. These imbalances may arise due to
factors such as unequal access to resources, knowledge, or social status. Barnaud
et al. (2016) also discuss how actors with greater social, economic, or political
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power tend to exert more influence over decision-making processes within partici-
patory mechanisms. This influence can shape the outcomes of these processes and
may perpetuate existing inequalities. In fact, participation does not always guaran-
tee equal representation or meaningful involvement. Factors such as language bar-
riers, cultural differences, and power dynamics can influence the extent to which
diverse voices are heard and integrated into decision-making. To address this,
Barnaud et al. (2016) underscore the importance of reflexivity among participants
and facilitators of participatory mechanisms. This involves critically examining
power dynamics, acknowledging biases, and promoting transparency and account-
ability to ensure more inclusive and equitable decision-making processes.

According to Cenzano Vilchez et al. (2022), research on social and ecological
transition must serve a dual purpose: generating academic knowledge and trans-
forming society. In this vein, Marcel (2010) establishes a typology that goes as fol-
lows for practitioner-researchers working within the transition: for, on, with, and by.
In other words, Marcel proposes to clearly take a position for the transformation of
society, with the participation of a diversity of actors, by the emancipation of mobi-
lized stakeholders, and by producing knowledge on this process.

A socio-scientific third space is an interdisciplinary and collaborative environ-
ment where scientists, policymakers, stakeholders, and members of the public come
together to engage in dialogue, deliberation, and decision-making on socio-scientific
issues (Marcel, 2018). This concept emerged from the recognition that complex
societal challenges, such as climate change, biodiversity loss, and public health cri-
ses, cannot be effectively addressed through traditional disciplinary approaches
alone. Instead, they require the integration of scientific knowledge with social, cul-
tural, ethical, and political considerations (Marcel, 2020).

In a socio-scientific third space, diverse perspectives and expertise are valued,
and participants work collaboratively to co-produce knowledge, develop solutions,
and make informed decisions. This space serves as a bridge between the scientific
community and broader society, facilitating mutual learning, understanding, and
trust-building. Thus, socio-scientific third spaces are characterized by cross-sectoral
endeavors, dialogue, broad public engagement, and reflexive practice (Wittmayer
etal., 2014).

Wittmayer and Schipke (2014) advocate for a more diversified and engaged role
for academics in sustainability transitions, emphasizing the importance of engaging
directly with stakeholders, communities, and policymakers in collaborative research
processes. This can involve co-creation of knowledge, participatory action research,
and partnership-building with non-academic actors. Wittmayer and Schipke (2014)
also emphasize capacity building, which involves providing training, resources, and
tools to empower stakeholders to participate effectively in various decision-making
processes. They also encourage researchers to actively engage with policy processes
and contribute evidence-based insights to inform policy development and imple-
mentation. Finally, they also call for reflexivity, which is essential to critically reflect
on researchers’ roles, biases, and assumptions. Diversifying researchers’ roles can
help bridge the gap between knowledge production and societal action, and contrib-
ute to more effective and equitable sustainability transitions. These diverse
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researchers’ roles are: knowledge broker, change agent, facilitator, observer, and
knowledge generator.

7 Case Studies

7.1 Borée for a Sustainable Food System

The first project in which researchers were involved was Borée for a sustainable
food system. Borée was initiated in 2017 by 5 economic and socio-community
actors within the food system in order to address prevailing issues. These issues,
identified by initiators, include the declining psychological health of agricultural
producers, national food insecurity, and the long-lasting problem of food waste.
Concerning this last issue, parallels were made with the donut economics model
(Raworth, 2017). As a starting point, even though the environmental footprint of
food production was estimated to be greater than what is considered to be sustain-
able, some actors gave evidence demonstrating that many people suffer from hunger
in the region.

In 2018, researchers were called upon to facilitate meetings between the five
actors. Initially, Borée had not been truly structured, which allowed for quick orga-
nizational changes. When the researchers got involved, the group expanded from 5
to 8 organizations, comprising some that were environmentally oriented. The group
held broad 3-h meetings every month. There were between 10 and 12 participants,
with some organizations represented by two actors. Two research actors were pres-
ent to facilitate the meetings.

In 2021, a $200,000 grant was received from the Ministry of Economy and
Innovation (MEI). Borée’s governance structure was then re-examined in view of its
expansion. In 2022, the group grew from 8 to 20 organizations. The group continued
to hold monthly meetings, with more participants involved. Since then, governance
has become more complex with the creation of a management committee and a
Human Resources (HR) committee. Researchers no longer have a role in facilita-
tion, as there is a coordinator hired by the group.

7.1.1 Research For, On, With, and By

In Borée, the notion of social-ecological transition came indirectly, with the estab-
lishment of a sustainable food system as a focal point. Bringing together the envi-
ronmental, socio-community, and economic sectors made it possible to introduce a
sustainable development framework, akin to the three dimensions (social, eco-
nomic, environmental). Territorial development also quickly emerged as a theoreti-
cal framework in the quest for a territorial food system. The distinctiveness of the
Saguenay food system was determined to be the Boreal identity. The aim, or “For”,
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became to transform the food system to be both boreal and sustainable. Through the
concept of system transformation, the idea of ecological transition comes into play.

The “For” aspect is expressed explicitly from the outset with a willingness to
transform the food system. This unambiguity is reflected in the Borée’s charter and
the tools it employs. The “On” aspect involves generating knowledge about the
process by which intersectoral work contributes to the transformation of the food
regime. Once a coordinator was hired, researchers could then focus on knowledge
generation. The “With” aspect is also given prominence by the involvement of
actors from three sectors. In Borée, the “By” aspect was made evident, as the Borée
group now moderates itself using facilitation and management tools. In fact, from
its inception to its expansion to 20 actors, the role of researchers has progressed
toward observation, analysis, and knowledge production.

7.1.2 Socio-Scientific Third Space

The third space is Borée’s committee of partners itself, comprised of 20 organiza-
tions, including four researchers. These researchers represent LAGORA and
Agrinova, a food production research institute. The researchers are also involved in
a new third space within the management committee. This committee can be con-
sidered a subset of the larger third space.

7.1.3 Roles

All practitioner-researchers’ roles were involved in Borée. As aforementioned, ini-
tially, a need for moderation and facilitation came from a self-formed and autono-
mous group. Researchers’ roles were to facilitate meetings and to mobilize actors in
order to build the monthly agenda.

The mediation role came soon after, as actors were involved in an intersectoral
context. This context made for tensions and misunderstandings among actors.
Researchers were regularly called upon to translate sectoral realities, vocabularies,
and perceptions. For instance, an economic actor may not understand a communi-
ty’s culture of consultation. In the private sector, innovations are often kept secret
until the launching phase. The translator’s role was licensed to researchers due to
their impartiality and their ability to defuse and/or attenuate many conflicts before
they burst out.

Researchers’ roles quickly evolved in 2020 toward being knowledge brokers.
Borée had questions and challenges about its governance. Researchers delved into
the literature to document existing governance modalities, along with initiatives,
strengths, and weaknesses related to each modality. This study was provided to
Borée. Researchers were also active in supporting some municipalities aiming to
apply the by-products of Borée’s work at a local scale, with initiatives and funding.

In parallel, Borée was analyzed for its intersectoral and interdimensional fea-
tures. These research findings were then integrated into academic courses,
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presentations, and scientific articles (Villeneuve & Riffon, 2022). This generation of
knowledge has overseen much self-reflection. This was especially true because
Borée was the first of three intervention-research initiatives.

7.1.4 Challenges and Tools

There were numerous challenges in the intersectoral approach to a food system
transformation toward sustainability. Vocabulary issues arose, because of the inter-
sectoral approach. Also, it took 3 years for intersectionality to be established,
because some actors were not used to sharing knowledge, resources, and meetings.

The expansion of Borée, in particular, posed a significant challenge. There had to
be a pause between the initial phase, with 8 actors, and the current functioning with
20 actors. Financing was also a concern at some moment in time because at first,
Borée relied on research funds, whereas now it relies on institutional funding.
Ministries participating in financing have requirements, which is to be expected, but
this also leads to a loss of freedom, flexibility, and autonomy within Borée. Potential
social innovations may therefore have been lost.

Sometimes there were also misunderstandings with ministries, regarding the
ways in which different societal sectors work together toward a shared vision of a
sustainable food system. Although these differences have been disruptive for minis-
tries, they are now willing to go ahead with this social innovation.

Regarding tools, the mutualization of funds and resources was pivotal in pro-
gressing toward a systemic approach to food system transformation. There was very
little turnover of personnel, which has proved to be a strength in the making of
Borée. Trust took a long time to be established. In the end however, once trust was
established, it allowed for the pooling of funds and resources.

7.1.5 Outcomes

We called institutionalization the process by which Borée transitioned from research
funding to government funding. Although this positive evolution to the more reli-
able government funding has had some negative aspects, it has allowed for more
recognition and funding. Thus, it serves both as a barrier and as leverage.

Furthermore, with the benefit of hindsight, we can learn from the Borée experi-
ence that aligning many niches has gradually led to changes in policies, thanks to
the commitment of government ministries. As of today, some ministries involved
are exploring how to enhance their sectoral programs to support a sustainable food
system, which tries to limit food waste and hunger through structural measures.

To conclude, the grouping of niches has brought interest from ministries. The
subsequent institutionalization of Borée has led to emerging change in food poli-
cies, most notably in respect to health promotion and prevention. Quebec’s Public
Health Agency and the Ministry of Municipal Affairs and Housing have contributed
to change by their leadership.
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7.2 Grand Regional Dialogue for Transition

The Grand Dialogue narrative diverges significantly from that of Borée, as it stems
from academic inquiry. Conversely, Borée originated as a grassroots endeavor. As a
starting point, Eco-Advisory researchers had long contemplated the mobilization of
transition stakeholders in the region to coalesce transition niches within the SLSJ
region. The propitious moment to do so became evident when the region experi-
enced a period of social unrest and heightened political polarization surrounding a
mega-project for the exportation of liquefied natural gas. Assessment of the political
landscape surrounding this issue revealed an absence of platforms and spaces for
societal debate.

The concept underlying the Grand Dialogue aimed at instigating a social move-
ment geared toward envisioning the future of the region through innovative and
inclusive consultations. These consultations were predicated upon the principles of
aspiration, enjoyment, and inclusiveness. Consequently, the overarching objective
was to formulate a collective vision involving a broad spectrum of participants, with
the explicit aspiration that this vision would align with the spirit of social and eco-
logical transition.

From 2020 to 2023, the Grand Dialogue engaged approximately 9000 individu-
als, constituting 3% of the regional population, in workshops spanning 1-3 h each.
This endeavor culminated in the synthesis of 21 vision statements spanning diverse
domains, encompassing the food system, mobility, education, and the arts. These
statements were conceived as catalysts for transition processes. Notably, the
Mobility Forum and Borée converged around these vision statements. The ultimate
aim was to establish dedicated working groups for each of the 21 statements.

An early observation during this process highlighted the fact that the act of
inspiring the population through vision workshops served to mitigate disparities in
perspectives. This, in turn, facilitated the emergence of aligned visions across eco-
nomic, social, and environmental sectors, driven by a shared long-term aspiration
for territorial development focused on enhancing human well-being qualitatively,
while respecting ecological boundaries. The utilization of visionary elements thus
engendered a cohesive vision, fostering unity rather than discord. Researchers have
played a continuous role in this endeavor.

7.2.1 Research For, On, With, and By

Within the framework of the Grand Dialogue, the affirmation of the “For” position
is most pronounced. The impetus for transformative action is the most potent among
the three initiatives under consideration. The instigators of the Grand Dialogue were
driven by a fervent ambition to catalyze social-ecological transition on a
regional scale.

This ambition to enact change does not compromise the methodological impar-
tiality of the consultation process. Indeed, rigorous social science methodologies
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were employed to ensure data saturation and representativeness during the data-
gathering phase. The research team maintained methodological neutrality by engag-
ing with a diverse array of stakeholders, notwithstanding potential divergences or
conflicts in their perspectives. The overarching objective was to solicit input from
the broadest possible spectrum of actors. It is important to note that methodological
impartiality does not connote epistemic neutrality, as the ultimate aim remains to
facilitate and enact social and ecological transition.

Regarding the “On” dimension of the Grand Dialogue, it is pertinent to highlight
the proliferation of research endeavors. While both social science methodologies
and fundamental scientific approaches have significantly informed and grounded
the development of this initiative, the role of research assumes even greater salience
in analyzing the dynamics of the movement. Presently, seven distinct research axes
are being pursued. These encompass investigations into the psychosocial impacts of
facilitation on youth amidst a backdrop of eco-anxiety, experiments in citizen sci-
ence methodologies, the regionalization of the planetary boundaries framework,
horizontal governance structures within the movement, the ethical design of partici-
patory mechanisms, and the catalytic role of the arts in driving transition processes.
These research axes embody a diverse array of scholarly pursuits, which have been
disseminated through numerous conferences and scientific publications from 2020
to 2023. It is noteworthy that the delineation of scientific and/or civic roles among
participants within the movement is subject to deliberate ambiguity; this facet
underscores its innovative nature.

The “With” dimension of the Grand Dialogue assumes considerable significance.
A network of 150 regional and national collaborations is actively engaged within
this initiative, while socio-scientific third spaces abound. Furthermore, an increas-
ing number of entities are gravitating toward the Grand Dialogue, not only to forge
collaborative partnerships in data collection endeavors, but also to gain access to the
profusion of accumulated data.

A recent example of this collaborative spirit is embodied by the partnership
forged with the provincial (Quebec) Ministry of Municipal Affairs and Housing,
tasked with formulating a comprehensive strategy for territorial occupation and
vitality. Although the ministry has identified ten priority areas within this strategic
framework, it has solicited the assistance of the Grand Dialogue to integrate citizen-
centric perspectives into the formulation of actionable strategies addressing these
prioritized concerns. Leveraging insights extracted from a meticulous analysis of
approximately 27,000 statements relevant to the ministry’s identified focal areas, a
comprehensive report was produced to guide strategy development.

On the “By” front, both the grassroots social movement embodied by the Grand
Dialogue and the broader regional environment share aspirations of empowerment
through this research-driven initiative. Firstly, efforts to empower the grassroots
field team are still underway. The expansion of the team from two to eight members
following the influx of funding in 2022 necessitated a period of organizational tran-
sition characterized by staff turnover before reaching stability. Consequently,
empowering the field team has been a multifaceted endeavor, involving the trans-
mission of mobilization methodologies and tools to newly recruited personnel.
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Secondly, the most recent funding allocation is directed toward empowering the
region at large, through the establishment of structured sectoral committees aligned
with the 21 thematic visions.

7.2.2 Socio-Scientific Third Space

In this case study, the Grand Dialogue itself serves as the third space. It is a grass-
roots movement that is not legally constituted and that operates on sociocratic prin-
ciples, without any hierarchy, in which scientists contribute through attendance at
work circles.

In contrast to Borée, which features a single socio-scientific space, the Grand
Dialogue consists of multiple subspaces. Each work circle serves as a third space.
Thus, there are numerous third spaces operating through semi-formal exchanges,
where a significant degree of mobility can be observed between actors. Some circles
are permanent, notably those addressing the movement’s ethics, research compo-
nent, and mobilization of political actors. Other circles are associated with specific
projects and are dissolved once those projects are completed.

7.2.3 Roles

All the stated roles of transition researchers have been mobilized in the Grand
Dialogue initiative. Facilitation has been at the forefront, as 27,000 statements were
collected over a period of 3 years. Knowledge brokerage is being carried out, as the
movement relies on science for its ideas. The three-level model (Geels, 2011), the
planetary boundaries model (Steffen et al., 2011), sociocracy and actor dynamics
(Bodin et al., 2006) have been mobilized in this initiative.

While in Borée, the boundaries between roles are very clear, in the Grand
Dialogue, the boundaries are excessively blurred. Researchers wear various roles
simultaneously: broker, generator, mediator, and facilitator. Moreover, a diversity of
actors are involved through these diverse roles: citizens have become research actors
by participating in synthesis activities. Some researchers have become practitioners
who now prefer to facilitate activities between organizations rather than engage in
research.

7.2.4 Challenges, Tools, and Outcomes

Working in a sociocracy poses a significant challenge, as decision-making processes
are time-consuming. This reality was even more pronounced in the case of the
Grand Dialogue because, at the inception of the initiative, the Why, What, and How
of the movement were intended to be defined through sociocratic means. Even in
2023, one-third of employees’ work time is dedicated to organizing fieldwork.
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This relative organizational slowness makes it more difficult to be responsive and
proactive to arising opportunities that need to be seized spontaneously when social
movements occur within the regional community. Resources have also been lost
over time because not everyone is comfortable with a non-hierarchical organization.
Many individuals require more direction rather than less, leading to resource turn-
over. Additionally, there was a need for willingness to participate in the construction
of an innovative initiative, outside the bounds of conventional paradigms.

The approach of Barnaud et al. (2016) to reflexivity is highly evident in the
Grand Dialogue. The aspect of social transformation and transition structuring is
less prominent. In other words, the team’s focus is also on reflecting on work orga-
nization and not exclusively on the transition process. Team members sometimes
have the impression of taking three steps back to take four steps forward. This is
because new ways of doing and acting are explored within this new organization.
The “How” is just as important and valued as the “What.”

This reality inevitably creates tensions within the team (employees, researchers,
and citizens). Tensions arise between transformative aspirations, which demand a
certain level of efficiency, and sociocratic functioning, which is more aligned with
an ethical approach rather than an outcome-based approach. The multiplicity of
roles and the presence of numerous third spaces, as mentioned earlier, also create
challenges in terms of clarity and understanding for many individuals and partners.
However, this diversity of roles and spaces becomes an asset when it comes to
engaging with various societal spheres.

In terms of outcomes, the regional vision articulated across 21 themes is a sig-
nificant result in itself. The interest of collaborators such as the Ministry of
Municipal Affairs and Housing underscores the relevance of this outcome.
Furthermore, the establishment of the Mobility Forum based on the vision for sus-
tainable mobility is another substantial outcome. This is just the beginning, as tran-
sition committees are expected to take form within each individual transition theme.

It is worth mentioning that, like Borée, the Grand Dialogue has undergone pro-
fessionalization. As of 2023, 30 individuals are paid at some point to work on dif-
ferent third spaces. However, the movement has not been institutionalized. Thus, the
mission is not influenced by the fact that ministries or “regime”-level organizations
solicit the team.

This institutionalization is unlikely to occur because the movement’s goal is to
empower regional actors and to federate transition niches for approximately
10 years, and dissolve itself thereafter. The social transformation aspirations stem-
ming from the Grand Dialogue will hopefully have materialized in the daily routine
of the actors and niches.
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7.3 “Forum Mobilité” for a Sustainable Transportation System

The Mobility Forum stems from the Grand Dialogue’s consultations on sustainable
mobility. Early on in the workshops aimed at eliciting a common vision for mobil-
ity, a significant number of individuals mentioned the importance of reducing
dependence on automobiles. Improving access to public transportation and the need
for safer infrastructure for active transportation (walking, cycling) were also raised.
This came as a surprise in a region predominantly reliant on car transportation.

Many individuals also expressed the need for a forum to address sustainable
mobility issues, which was non-existent at the time. The Regional Council for
Environmental and Sustainable Development (CREDD) was pleased to learn about
the citizens’ interest in such a forum on mobility. Thus, once the vision was synthe-
sized by the research team, CREDD used it to establish a new entity, the Mobility
Forum for a sustainable transportation system and sustainable regional mobility in
general.

The Forum started with 13 organizations, including ministries, transportation
companies, research institutions, and socio-community organizations. Unlike
Borée, which chose to work solely based on the actors already present, the Mobility
Forum decided to hold annual or biannual events to build networks and gather fur-
ther input from various stakeholders. This is noteworthy, since the actors would
have had ample legitimacy to move on to decision-making. Rather than acting as an
autonomous collective, as Borée did, the actors of the Mobility Forum wanted to
push further with consultations and networking with stakeholders.

This networking aimed to unite transition niches around sustainable mobility.
During the first and second annual events, the actors aimed to reflect and progress
with a larger collective of stakeholders. This reflection was based on the synthesis
of the population’s hopes regarding mobility, as conducted by the Grand Dialogue.
During the third event, the Grand Dialogue’s vision, refined and enhanced during
the first event, became a guiding principle that collectively directed attendees toward
accelerating projects and connecting individuals interested in similar initiatives.

The annual events are just the tip of the iceberg for the Mobility Forum. This
initiative aims to perpetuate an ecosystem of stakeholders working on mobility.
Three key institutional stakeholders, the Table régionale de I’action climatique (1),
the Table des saines habitudes de vie (2) and the Conférence administrative régio-
nale en transport et mobilité durable (3) are part of this ecosystem. Regional trans-
portation’s governance has become more cross-sectoral since the inception of the
Mobility Forum. Furthermore, the network has densified and become better
informed through annual events.
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7.3.1 Research For, On, With, and By

The “For” aspect of the Mobility Forum is ambiguous. Indeed, the mission of the
Forum has never been explicitly formulated. Starting from the premise of sustain-
able mobility, we can still affirm that this concept is compatible with social and
ecological transition. However, the Forum is known for its openness and flexibility
rather than for an outcome approach. The same applies to the “On” aspect, as
research has not yet been deployed on the functioning of the Forum. Researchers
have been more actively involved in providing their practical knowledge contribu-
tion to the organization of annual events.

On the other hand, the “With” component involving partners is explicit and well-
developed. Intersectoral mobilization has become a reflex and was a goal for the
initiators from the outset of the process. The same applies to the “By” aspect, as
collaboration aims to empower a large number of stakeholders in the community
who are tasked with working on regional mobility.

7.3.2 Roles

During this initiative researchers have played various roles, much like in the other
two initiatives. Initially, researchers did not inherit the facilitation role, as it was
taken on by CREDD from the outset. However, CREDD employees regularly turn
to LAGORA for a certain facilitation expertise during the annual events. Additionally,
the LAGORA team facilitates the annual events. Fifteen to 20 members of the
research team are present at these events to manage approximately 100 participants
during an entire day.

Furthermore, the research team’s expertise does not reside specifically in mobil-
ity itself, so knowledge brokerage does not occur at this level. Researchers special-
ize in managing the “container” (structural aspects of facilitation) rather than the
content (sustainable mobility). In terms of outcomes, we will see that a strategic
entity and an operational entity are part of the Forum’s legacy. Considering this, the
research team plays a highly relevant role in envisioning and deliberating on gover-
nance within and between these two new entities and the previously existing ones.
These entities will serve as scientific third spaces with dual links inspired by
sociocracy.

The role of change agent is evident, as the leadership for social transformation
primarily emanates from the researchers. For example, the idea of implementing
dual links inspired by sociocracy within the third spaces originated from the
researchers, aiming to enhance the potential for social transformation.

Regarding the roles of observation and analysis, these will eventually enable the
generation of knowledge concerning the Mobility Forum process. These roles are
too recent for any studies to have been concluded. Two scientific communications
have been made public during forums. This knowledge generation will focus on the
decision-making process and governance rather than the content of actions. Within
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the research collective, many lessons have been learned to better support initiatives
in the future.

7.3.3 Challenges, Tools, and Outcomes

The positive outcomes of the Forum primarily manifest themselves at the level of
governance structure. Two distinct entities will soon be established to facilitate the
integration of sustainable mobility in the region. The third annual event has served
as a platform to introduce and validate these entities with various stakeholders.
Additionally, the networking among stakeholders (1) and the acceleration of proj-
ects (2) represent tangible outcomes that transcend the governance framework. The
collective intelligence fostered by the Forum facilitates project implementation
across the region.

A significant challenge lies in the difficult recruitment of academic expertise in
sustainable mobility within the region. This underscores the need to cultivate such
expertise in the coming years. Sustainable mobility poses a multifaceted challenge,
and the experiential knowledge of researchers in this domain will be essential.

The most significant leverage undoubtedly lies in the overwhelmingly positive
response from the stakeholder ecosystem. Over 100 stakeholders participate in the
annual events. Organizations have embraced intersectoral collaboration, notwith-
standing the inherent challenges associated with this non-traditional approach. The
level of engagement among participating stakeholders is remarkably high.

Within the Forum, there is a clear inclination toward collective decision-making.
Consequently, there is no undue pressure placed on citizens to abandon their auto-
mobile usage, for instance, as the primary focus is systemic change. Structural
changes within the mobility system, or the transportation regime, are perceived as
pivotal in facilitating the adoption of sustainable mobility practices among
individuals.

However, obstacles loom large. These impediments are not exclusive to the
Forum but are inherent to sustainable mobility endeavors themselves. The region’s
extremely low population density (2.9 inhabitants per square kilometer) over vast
territories and a deeply ingrained car-centric culture pose significant barriers. Urban
sprawl and peri-urbanization are prevalent across the region’s few urban centers.
Despite the Forum’s success, mobility patterns remain largely unchanged. The pre-
vailing cultural norms and reliance on past infrastructure configurations are
entrenched features of regimes that are notoriously resistant to change.

Moreover, while the Forum represents a relevant governance innovation, it oper-
ates within a broader context characterized by a decline, if not an absence, of con-
certation possibilities over the past two decades. The demise of Regional Conferences
of Elected Officials (CRE) in 2015 marked the end of an era where consultation
with civil society was common practice.

Presently, there is palpable intent among stakeholders to establish consultation
mechanisms. A disparity exists between elected officials and civil society decision-
making processes, with communication occurring only sporadically. This
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dichotomy represents both a challenge and an opportunity to reimagine actor
dynamics within the region through innovative means.

8 Discussion

This section discusses potential issues arising from the new roles endorsed by
practitioners-researchers. Wittmayer and Schipke (2014) have played a particular
role in showing four potential pitfalls in this particular type of research: leadership,
ownership, power, and action.

8.1 Leadership

There was an expectation within the socio-scientific third spaces for the research
team to play the role of leader. For instance, in Borée, before the hiring of a coordi-
nation resource, if meetings were not planned and structured by the research team,
no other actor would undertake this responsibility. In fact, the expressed need within
the community was for a neutral actor to assume the coordination of stakeholders,
to avoid any one of the stakeholders seizing a larger share of power. A neutral coor-
dination resource was subsequently put in place to take over the leadership role
previously held by the research team.

In the Grand Dialogue, the same leadership gap occurred, but at the level of field
action; at the time that the grassroots movement grew from 2 to 8 employees, it was
the research team who held the major part of experience in the field.

At the Mobility Forum, from the outset, particular attention was paid to the defi-
nition of leadership and roles. It was the Regional Environmental Council, a neutral
partner organization, that took the lead in mobilizing stakeholders. The Council also
had more financial resources to do so. The task of designing activities was attributed
to the research team. The design of a mobility governance structure also fell within
the realm of research. Leadership was thus planned and clarified from the begin-
ning. This was a lesson learned from the first two case studies.

Through these three case studies, we can see that the main issue at play is not an
absence of leadership, but rather that roles and fields of action need to be clarified
from the outset. Traditionally, organizations choose someone to delegate to an ini-
tiative. Instead, we have observed that it could be useful to identify, within organiza-
tions participating in the three initiatives, those individuals already committed to
social and ecological transition (Lessard, 2021). These individuals can then initiate
a process within their organization to promote the transition. The approach we have
observed allows for more leadership expression because the individual’s motivation
is intrinsic and already established.
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8.2 Ownership

Regarding ownership, the main issue is to determine to whom belong the tools and
knowledge that are produced. Open data allows for a quick solution to this problem.
The clause negotiated with the University allows all parties to disseminate the data.
Researchers are currently exploring Creative Commons as a platform.

Furthermore, many activities in the three case studies are not framed within
Research Agreements. Activities are collaborative and meant to produce knowledge
under the concept of “commons.” Indeed, the tools, activity plans, and vision state-
ments within the three initiatives are produced in the form of commons. In turn, this
empowers more actors to embark upon a trajectory of social and ecological transi-
tion. Producing open knowledge is an alternative to the current model of private
ownership and is thus a transition action in itself.

8.3 Power

Some actors will inevitably hold more power in cross-sectoral approaches. We can
distinguish two types of power. The first is “real” power or the ability to take action
through financial, legal, or organizational means. The second is “soft” power or the
ability to influence, often manifested by confidence in speaking and abilities of
persuasion. Researchers in the role of facilitators can play a role in rebalancing
power dynamics.

Barnaud et al. (2016) distinguish two approaches in this rebalancing of power
relations. The dialogical approach emphasizes non-intervention and trusts in dialog
to smooth power relations. The critical approach argues that power relations are
structural and cannot be smoothed out by rules of dialogue. The dialogical approach
seems to work in the Grand Dialogue, but not in the other two case studies.

The critical approach is relevant in helping facilitators to gain awareness of
power dynamics. In response to these realities, the facilitation team can create sub-
groups or distribute speaking opportunities more equitably. In Borée and the
Mobility Forum, it is necessary to distribute speaking opportunities so that each
actor can express their position. This critical approach is applied intuitively rather
than in a structured manner.

The limitation of these interventions by the research-intervention team is that
facilitators are not present at all times. Power relations continue when researchers
withdraw, for example, when they are not members of the boards of directors of the
new governance instances that are created.
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8.4 Action

There is an ambient discourse according to which researchers do not act—and that
wishes are not compatible with action. However, our approach to research interven-
tion aims to defend the position that reflection is compatible and synonymous with
action. In fact, while many stakeholders are reflecting, other actors within these
organizations are very active on a day-to-day basis. Of course, there is a difference
in timing between action and reflection. The latter occurs much more slowly but still
provides a general frame of action over a lasting period.

Nevertheless, actors must keep in mind that the alignment of transition niches
comes from reflexivity. Reflection does not hinder action; it optimizes the potential
for alignment. Alignment ensures that stakeholders bring together different models
that do not initially work as one. Within Borée, organic farming, permaculture, and
local agriculture came under the same banner to transform the food system. When
they do not participate in the development of a common vision, actors tend to per-
ceive their differences instead. Reflection allows actors to accelerate the transforma-
tion of systems by uniting different ideas toward a common vision. Reflective
insight does not prevent action.

8.5 Further Challenges

Among the further issues and challenges that have been identified, at least four are
noteworthy. First, conflicts can arise. They are transversal to ownership, leadership,
action, and power. Practitioners-researchers need to mediate those conflicts or find
a way around them before they arise.

Secondly, in the three case studies, we have observed a weak level of involve-
ment by political and private actors. These initiatives involved actors who are ready
to move toward a sustainable transition rather than trying to convince those who are
not. Civil society is ready to extensively engage in consultation mechanisms, but
has somewhat moved forward in the process while elected officials have not been
mobilized. The idea of being elected to govern without consulting is cultural. The
private sector operates within a slightly different reality. Its absence in these initia-
tives is related more to the habitual practice of respecting a legal framework rather
than contributing to its co-construction in third spaces. Researchers focus on the
process, openness, and inclusivity in order to someday mobilize elected officials
and private parties.

Thirdly, a huge challenge is overcoming the inertia of systems. Culture itself is a
form of inertia. Attempting to plan for social and ecological transition must be a
bottoms-up endeavor, because for the transition to succeed, it must be desired by
those who will experience it and benefit from it. However, this requires a cultural
change. The strategy of the three initiatives we described is original in this respect,
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because it involves back-casting. The initiators of these initiatives first created a
vision, and then mobilized people and actors to find ways to achieve this ideal.

Likewise, urban planning suffers from inertia because urban infrastructures are
difficult to change. However, what is possible in that sphere is to avoid repeating the
urbanistic pitfalls of the past decades. To this end, a long-term vision will serve as a
compass.

Fourthly, aligning innovative social and ecological transition initiatives with
existing institutions represents a significant challenge. We can view this issue as a
“transition-institution gap.” Social-ecological movements must find their niche in
the existing space by aligning with institutions. Finding one’s niche within existing
institutions creates the possibility of not constantly remaining in an opposi-
tional stance.

The Mobility Forum first identified gaps in the ecosystem, in collaboration with
the actors. New governance structures were then designed. Conversely, the GD and
Borée have no legal existence, which gives them the freedom to find their way
through and within existing institutions.

9 Conclusion

In conclusion, as humanity grapples with the realities of the Anthropocene, charac-
terized by uncertainty and social-ecological instability, it is imperative to acknowl-
edge our collective responsibility in shaping the trajectory of our planet and of
society. Despite decades of awareness and efforts toward ecodevelopment and sus-
tainable development, the pace of societal development continues to surpass plane-
tary boundaries, resulting in escalating environmental degradation and deepening
socio-economic inequalities.

The concept of social-ecological transition offers a radical paradigm shift toward
more resilient and responsible ways of life. Drawing from interdisciplinary perspec-
tives and innovative governance structures, transition initiatives aim to catalyze
transformative breakthroughs at various territorial scales. However, systemic barri-
ers persist, hindering the full realization of these initiatives.

By studying and implementing transition arenas, such as Borée for a sustainable
food system, the Grand Regional Dialogue for Transition, and Forum Mobilité for
sustainable transportation, actors in the Saguenay-Lac-Saint-Jean region are pio-
neering cross-sectoral coordination toward a social-ecological transition. Through a
deliberate approach of research-intervention aimed toward social-ecological trans-
formation, these initiatives not only improve practices, but also extract valuable
knowledge, contributing to the global discourse on effective transition mechanisms.
Clarifying roles, producing common and shared knowledge, redistributing power
relations, and aligning niches were observed to be essential tools in the making of
sustainability transitions. The weak level of participation by private and political
actors, the inertia of systems, and the coexistence of transition initiatives with exist-
ing institutions are among the challenges targeted for further investigation.
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Chapter 5 )
Chemins de Transition: An Innovative e
Method of Knowledge Mobilization
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Transition in Quebec
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Abstract This chapter explores “Chemins de transition,” an initiative that lever-
ages its position within a knowledge institution to expedite socio-ecological transi-
tions. Recognizing the potential of universities to contribute beyond their traditional
roles, the project addresses pressing ecological challenges such as biodiversity loss,
resource scarcity, and climate change. The chapter details the initiative’s origins,
theoretical foundations, and a foresight-based methodology designed to mobilize
over a thousand experts and stakeholders. This approach aims to develop new stra-
tegic planning tools for anticipatory governance and adapt them to societal needs.
The project’s unique method combines academic, professional, and experiential
knowledge to create a concrete narrative for transformation. Key aspects include the
development of a “transition arena,” scenario planning, and participatory workshops
that collectively envision desirable futures and outline trajectories to achieve them.
The chapter also discusses the project’s learning outcomes, challenges, and success
factors, emphasizing the critical role of participatory foresight in driving systemic
societal change. This innovative approach has informed, trained, and engaged thou-
sands of individuals and organizations across Quebec, demonstrating the impor-
tance of interdisciplinary collaboration and long-term strategic planning in achieving
sustainable socio-ecological transitions.
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1 Introduction

The Chemins de transition initiative was born from the compelling feeling that
knowledge institutions, such as universities or museums, could play a direct role in
accelerating the socio-ecological transition, beyond their traditional mission of edu-
cation and research. As with many other projects mentioned in this book, the initial
observation is the same: ecological disruptions such as the massive loss of biodiver-
sity, the scarcity of natural resources, and climate change are evolving at an unprec-
edented pace in the history of humanity. If we do not want to fully endure the impact
of these disruptions and bring the development of our societies back within planet
boundaries (Steffen et al., 2015), it requires rapid, profound, and systemic societal
transformations.

However, these major changes in the ways of eating, housing, producing, con-
suming, moving, etc., are of such magnitude that they will take at least a generation
to unfold. The problem posed to collective action is at once disorienting, unprece-
dented, and paradoxical: Disorienting because the dizzying nature of the trajectories
to follow now, whether to achieve decarbonization targets or slow down the erosion
of biodiversity risks to discourage our ability to act; unprecedented, although this is
not the first transition that our societies have experienced, it is the first time that the
state of our knowledge, particularly scientific, allows us to grasp in advance its full
systemic scope; paradoxical because the urgency to act collides with the very uncer-
tain nature of the future to be achieved.

Mobilizing knowledge to create a concrete and intelligible narrative of these
forthcoming deep transformations in Quebec society (Bai et al., 2016); developing
new strategic planning tools for anticipatory governance of collective action
(Muiderman et al., 2020); adapting them to meet the needs of the key forces of
society ready to engage in the transition (Gonzalez-Porras et al., 2021): these are the
three missions that Chemins de transition has set in response to these challenges. To
achieve this, Chemins de transition developed a unique social innovation of its kind
in Canada, which made it possible to mobilize the knowledge of more than a thou-
sand academic experts, professionals, citizen activists, gathered to tackle three
major challenges of the transition, using a new foresight method adapted for large-
scale changes. Since this first phase, developed between 2020 and 2022, several
thousand individuals and public and private organizations throughout Quebec have
been informed, trained, or have adopted the tools of Chemins de transition.

We will first present the context of emergence, the inspirations, and the theoreti-
cal framework in which this social innovation was designed. We will then present
the nature of the collective needs and expected impacts that guided the implementa-
tion of the Chemins de transition approach. This approach will then be presented in
its main stages, focusing on methodological and organizational aspects. Finally, we
will conclude with the main learnings, challenges encountered, and the conditions
for success which made it possible to successfully complete the first phase of this
unique project.
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2 The Context of Emergence and Ideation

Chemins de transition project emerged at the end of the 2010s within a dual context:
the collective awareness of the systemic nature of ecological upheavals as well as
the importance of trajectories of change to bring human activities within planetary
limits was accelerating at the World level. The clearest testimony to this is provided
by the grouped publication over a few years of several [IPCC reports, such as the
one; on land use in 2019 (IPCC, 2019) or on adaptation to climate change in the
sixth Report which more or less closely link the climate question to that of biodiver-
sity (IPCC, 2023a); but also a new generation of climate scenarios which model
more than before the societal transformations necessary in the long term, such as the
common trajectories of socio-economic evolution of the IPCC’s sixth report
(IPCC, 2023Db).

Quebec is part of this global movement recognizing the systemic, long-term,
societal, and technological scope of actions to be taken in the face of ecological
issues. However, this recognition is still uneven across different actors and layers of
society (Romdhani & Audet, 2022). While the term “socio-ecological transition”
can serve as a marker of this awareness, its use is then limited to citizen and activist
movements, following more or less directly in the footsteps of the Rob Hopkins
Transition Network (Hopkins, 2008). It also appears in the titles of certain pioneer-
ing research chairs or programs, which are isolated within their academic communi-
ties. The dominant frame of reference of public policies, of companies and
institutions, including universities, remains largely that of sustainable development,
which has been undermined around 2018-2019 by a wave of youth activists advo-
cating for climate emergency action.

The lack of academic, political, discursive, and methodological benchmarks on
the socio-ecological transition in Quebec at the end of the 2010s contrasts with
other countries, particularly in Europe, where the transition is mobilized by actors,
institutionalized, and sometimes instrumentalized by public authorities (Mazeaud,
2021; Semal, 2017). This discrepancy is one of the reasons that led to the creation
of Chemins de transition, but it also presented an opportunity to mobilize knowl-
edge on the transition in a more rigorous manner, as well as to transfer it in the most
open way possible, under the academic freedom afforded by the university.

More broadly, the research community on sustainable development and climate
change shares the observation that it is not so much the lack of knowledge, but the
effectiveness of its mobilization that constitutes one of the major obstacles to taking
action. For example, in 2019, the Global Sustainability Strategy Forum (GSSF)
attempted to address the fact that, after around 40 years, sustainability science has
produced many ideas but has not significantly influenced our collective behavior
concerning its impact on the environment (Bai et al., 2019). The researchers gath-
ered in this global forum highlighted the significant issue of the lack of communica-
tion between scientists and the outside world. Among the eight main recommendations
formulated by the forum, three directly inspired the Chemins de transition initiative:
“increase efforts in collecting, unpacking, and supporting narratives for collective
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EETE)

behavior change towards sustainability,” “initiate and organize processes for co-
designing transformations to sustainability with stakeholders,” and “place more
effort on developing systemic approaches in designing economic and political
interventions.”

The first objective is thus to mobilize knowledge to create a concrete narrative in
support of the transition (Jerneck, 2014). However, no single scientific expert can
provide definitive evidence on the future of a socio-ecological transition from their
expertise alone. This knowledge is not only widely dispersed across various scien-
tific disciplines, but also includes professional knowledge from the field, as well as
experiential knowledge to capture weak signals on the evolution of our society.

However, the challenge goes beyond the effective mobilization of knowledge
about the future and requires the development of key capacities among society’s
actors to best understand the complexity of the transition. This includes the ability
to imagine the future, learn to navigate a rapidly changing environment, and think
more systemically. Finally, it is crucial to share this knowledge effectively: for such
complex subjects, conferences are not sufficient. The content and animation
approaches should to be adapted to reach each type of actor in society, because
everyone is affected by the transition.

Various organizations in different countries, such as foundations, think tanks,
and public or parapublic agencies, already carry out all or part of these missions. It
is rarer for a university to commit its own financial resources to institutionally sup-
port an initiative primarily intended to serve the actors of society, beyond its tradi-
tional missions of research and training.

To secure such a commitment from the management of the Université de
Montréal, Chemins de transition benefited from four key conditions at its inception:
a favorable space for the incubation of new projects, The Innovation Laboratory,
whose objective is to change the culture and practices in teaching and research to
respond to complex societal challenges and promote transdisciplinarity; the interest
of its initial partner, the Espace pour la vie museum complex; a positive experience
with the prospective method in a previous knowledge mobilization approach, which
led to the development of the Montreal Declaration on Responsible Al (Dilhac
etal., 2018); and finally, the experience that the future team had just accumulated by
taking up the challenge within the EDDEC institute of making Quebec’s active
forces understand and adopt an equally disruptive concept, that of the circular
economy.

3 A Theoretical Framework: Managing
the Socio-Ecological Transition

Faced with the scale of ecological upheaval, the question is no longer whether we are head-
ing towards a profoundly different society, but whether this transition will be entirely under-
gone or at least partially chosen.



5 Chemins de Transition: An Innovative Method of Knowledge Mobilization... 89

This statement served as the starting point for Chemins de transition and contin-
ues to encapsulate the project’s philosophy. It conveys the belief that we can influ-
ence the direction of the impending profound transformation, although this requires
acting within the framework of a complex societal system and being able to antici-
pate a long-term future that is difficult to define. The first dimension pertains to the
field of transition studies, particularly the theoretical framework of transition man-
agement. The second dimension is rooted in the contemporary revival of the pro-
spective approach, incorporating renewed methods and implementation modalities.

Within transition studies, a model stands out and continues, after more than
20 years, to be a reference for transition researchers. This is the model of Geels
(Geels, 2002, 2011; Loorbach et al., 2017) on the multilevel perspective. This model
allows for the complexity of socio-ecological systems to be modeled by demonstrat-
ing that transition is driven by a set of simultaneous transformations at different
levels involving a multitude of actors. Geels identifies three levels: the sociotechni-
cal landscape, the sociotechnical regime, and niche-innovations. The first concerns
variables that are beyond the control of society, such as demography or ecological
upheavals. The second represents the set of norms (economic, cultural, political,
etc.) that govern society at a given moment. Finally, niche-innovations represent
fringe ideas that could become societal norms if they gain momentum. This concept
can also be linked to that of weak signals or emerging variables in the foresight
approach.

In this model, the transition represents the passage from one sociotechnical
regime to another. This passage, or transition path, is caused by landscape changes
that create opportunities for transformation, which can be fueled by innovations. An
amalgamation of innovations can thus gain importance in shaping the new socio-
technical regime.

This model has faced repeated criticism, but it persists because no alternative has
yet replaced it. Among these criticisms is the emphasis on innovations as the pri-
mary driver of transition, to the detriment of cultural and social changes. Additionally,
it fails to account for the agency of the various actors involved (Audet, 2015).
Despite these shortcomings, it serves as a significant, albeit distant, theoretical basis
for the Chemins de transition approach.

The connection is more direct with the application framework of transition man-
agement developed by Kemp and Rotmans (Rotmans et al., 2003) to create manage-
ment tools aimed at guiding the transition toward sustainability and fostering
collective action. The objective of transition management is to promote innovation
to accelerate the transformation of the sociotechnical regime. It proposes an itera-
tive cycle in four phases. First, it involves creating and developing a “transition
arena.” This arena comprises researchers and diverse stakeholders, including pio-
neers in their respective sectors. The role of the arena is to build medium- and long-
term visions of the future (25-50 years) and then develop transition paths,
summarized in a transition agenda. This agenda leads to a third phase where transi-
tion experiments are launched and developed. Finally, this process is continuously
evaluated to allow for adjustments along the way.
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This framework remains very general, but it is useful for linking the theory of
societal system transitions to numerous field initiatives. Chemins de transition uti-
lized it as an intelligibility framework to identify which phases were most useful for
developing new tools to serve potential transition arenas in Quebec. The down-
stream phases of experimentation and continuous evaluation are perhaps better
documented and supported today, particularly in Quebec (Van Neste et al., 2024),
while the upstream phases are much less so, both in academic literature and in terms
of best practices. This is especially true for the phase where the transition arena
develops a vision of the desirable future and outlines the transition paths to achieve
it. Our objective was to invest in this phase, where the methodological shortcomings
in foresight were particularly glaring in Quebec.

During the first phase of developing and testing the Chemins de transition method
across three major challenges (digital, food system, territory), we essentially simu-
lated a transition arena, albeit with important nuances compared to the traditional
transition management model. On the one hand, from the perspective of knowledge
mobilization, our primary objective was the diversity of knowledge rather than the
diversity of stakeholders per se. However, we realized that achieving one necessi-
tated the other. Furthermore, we broadened the diversity of participants beyond
researchers and professionals to include other audiences, notably citizens, from this
early stage, not only during the downstream experimentation phase. This is a learn-
ing experience that we were able to maintain during the transfer phase of our tools
and content to real transition arenas, such as Collectivités ZéN (Projet Québec,
2020). This learning also reflects the parallel evolution of foresight, which has
increasingly become a more participatory approach.

3.1 Foresight at the Service of the Transition

It was in the twentieth century that the major methods of anticipating the collective
future were developed, along with what we can call the principles of anticipatory
governance (Muiderman et al., 2020). The methods that have been most successful
with governments and large organizations are those that anticipate foreseeable or
probable futures. These methods are based on mathematical models that simulate
the future evolution of a given situation in advance. Such models are pervasive in
our societies, particularly in guiding the fight against climate change, from the sce-
narios established by the IPCC to the various decarbonization trajectories developed
by public agencies worldwide. These methods rely on the scientific measurement of
evolution determined by precise initial conditions, essentially predicting the future
based on the present.

Simultaneously, other approaches to anticipation emerged, such as foresight,
which explore the realm of possible futures. What these approaches have in com-
mon is their reliance on the richness of human imagination, enabling the creation of
alternative visions of possible futures, which can be more or less radically different
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from the present. Ultimately, the foresight approach aims to illuminate present
actions based on a vision of the future (de Jouvenel, 1999) (Fig. 5.1).

In a context of economic growth and stability of the socio-technical system, prob-
abilistic methods, which the foresight theorist Riel Miller describes as “anticipation
for the future,” where the planned future is a goal on which a bet is made, meet most
societal needs. However, in a context of profound transformation of the socio-techni-
cal system, “anticipation for emergence,” which allows us to perceive and think about
emerging novelties that would otherwise remain invisible, becomes more essential
(Miller, 2018). Other authors emphasize the complementarity between these two
major models of anticipation in collectively addressing the complexity of the socio-
ecological transition (Muiderman et al., 2020). They particularly highlight the value
of “qualitative” foresight to reveal the limitations of solutions based on projecting the
present. This approach also shifts the focus from a purely technical perspective to
exploring the social and behavioral nature of the transition. Furthermore, qualitative
foresight helps to build a common language and make the transition more tangible for
all stakeholders involved (Saujot & Waisman, 2020). Finally, it encourages the
strengthening of knowledge and breaking out of disciplinary silos by promoting an
interdisciplinary and collaborative approach (Saujot et al., 2020).

Another movement in our societies promoting alternative modes of anticipating
the future comes from the growing demands of activist circles, citizens, and others
to unleash the power of future imagination and reappropriate it through collective
narratives. These narratives, developed in a highly participatory and inclusive man-
ner, express an accessible and desirable vision of the transition at the local level.
This approach is one of the manifestations of future literacy (Miller, 2015), which
UNESCO defines as “the skill that allows people to better anticipate the future to
understand the role it plays in what they see and do today.” For UNESCO, develop-
ing this skill in the most democratic way possible is essential in the twenty-first
century, when the future is particularly uncertain (Jennische & Soérbom, 2023).
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(.i
s
Souhaitable

Fig. 5.1 The futures Cone of Chemins de transition, according to Voros (2017)
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Finally, the concept of transition significantly enriches the role and importance
of foresight. Beyond its traditional purposes of anticipating risks associated with an
uncertain future or providing upstream vision for strategic planning, transition fore-
sight aims to liberate imagination from a social and economic system locked in its
routines, initiate collective reflection on future potential to make it tangible, and
restore the capacity to act. It is from this perspective that Chemins de transition
sought to evaluate how to mobilize the foresight approach in Quebec to support col-
lective action.

3.2 A Social Innovation, for Whom and for What?

To develop and continuously evaluate this social innovation, we relied on a develop-
ment evaluation tool: The Theory of Change (Anderson, 2006). This conceptual and
methodological tool is used in development, strategic planning, program evaluation,
and leadership. Its purpose is to describe and visualize how and why change should
occur in each system, as well as the steps and conditions necessary for this change
to happen.

In practice, a Theory of Change articulates the assumptions about how a program
or social innovation is expected to produce desired outcomes, whether they are
social, economic, political, or environmental. It identifies drivers of change, key
interventions, and causal mechanisms that link these interventions to the expected
outcomes.

We had to define how this social innovation could respond to specific needs iden-
tified within society. We started from the following postulates: First, Quebec soci-
ety, like other Western societies, finds itself needing to increase the number of its
actors involved in the transition. The very notion of socio-ecological transition
remains an elitist concept, lacking a collective understanding by the public.
Additionally, a certain weariness and pessimism can be perceived among “transi-
tioners” who go through phases of doubt about their ability to shape a desirable
future. Therefore, it was necessary to identify ways to overcome this inertia.

To do this we first established that, the development of skills such as systemic
thinking and long-term anticipation appeared to be crucial, especially in a culture
that favors short-term actions and prevents us from grasping the transformational
scope needed to adapt to tomorrow’s world. On the other hand, the distressing per-
ception of the urgency to act in the face of ecological upheavals can hinder the
necessary perspective. Furthermore, the tools required to guide long-term collective
action were poorly available, and there were sometimes excessive expectations
placed on science to make the transition affordable and to guide priority actions.

A third need also became apparent: the promotion of interdisciplinarity and col-
laboration. Although the knowledge was available, it was scattered and not easily
accessible to transition actors on the ground. Structures for inter-stakeholder con-
sultation on the transition are also insufficiently present, even though they are essen-
tial for establishing a common vision of the transition and the measures to be
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adopted. This context also does not facilitate discussion around difficult yet crucial
subjects for collective progress. Instead, we observe actors passing on the responsi-
bility and waiting for others to take the first step.

Finally, it was necessary to embrace uncertainty, which requires implementing
mechanisms for continuous adaptation. The complexity of the transition makes any
prediction impossible, thus necessitating the development of consultation and
knowledge-sharing tools to respond effectively to future societal transformations.

To meet these needs, Chemins de transition has developed a participatory fore-
sight method in several stages, which we tested on three major transition challenges
across the province of Quebec: “The Digital Challenge”, “The Food Challenge”,
and “The Territory Challenge”.

4 Choosing the Challenges

We were fortunate to be able to experiment with our method without constraints
imposed by public authorities, which allowed us great freedom in our approach and
enabled us to determine the three major challenges we focused on. These challenges
were formulated as questions, with a horizon of 20-25 years to consider the trans-
formations they required. These challenges were considered on the scale of Quebec
society, whose national coherence is strong enough to trace a transition trajectory
that is both autonomous and socially situated.

The first challenge we addressed was to integrate the digital transition with the
socio-ecological transition (Deron & McDonald, 2022). At the time, this was by far
the least documented area in Quebec. While some work had been done in Europe on
the environmental footprint or responsibility of digital technology, we not only had
to adapt this knowledge to our context but also go further. Public opinion, lacking
this knowledge, swung between an almost absolute belief in technological solutions
(which would save the planet) and activist calls for more or less enforced digital
sobriety, with a large segment of the population remaining ignorant in between. The
collective contributions gathered by Chemins de transition illustrated that the poten-
tial of digital innovation can indeed be aligned with greater attention to carbon and
resource sobriety in digital technology. This sector has the potential to accelerate
the ecological transition, provided that the environmental gains enabled by digital
technology are not offset by its impacts in terms of GHG emissions, resource use,
and energy consumption. This requires collective decisions on essential uses, the
direction of innovation, and the economic models guiding its development.

The second challenge sought to answer the question: How can we accelerate the
socio-ecological transition of Quebec’s food system by 2040 (Henry, 2023)? Unlike
the first challenge, this question was already well documented: the measures to be
taken, both in terms of individual behaviors and collective actions, as well as the
organization of the food system, to reduce our environmental footprint while main-
taining social justice objectives, are generally well known. The main challenge lies
in the implementation of these measures and the complexity of the food system



94 M. Kayser-Tourigny and F. Scherrer

itself. The added value here was making this systemic nature more accessible so that
all stakeholders could find their place in the proposed trajectory.

The third challenge focused on ways of inhabiting the territory in a more sober
and resilient manner, a challenge that was the most complex to address (Verdun &
McDonald, 2023). The occupation of a territory is not a “system” in itself; it is the
result of the projection of other socio-economic systems of production, consump-
tion, housing, transport, etc. Therefore, removing barriers to the use of the territory
to make it more compatible with planetary limits requires embracing the entire
socio-economic system. Another problem is that changes in a spatial system (loca-
tions, spatial forms, infrastructures...) occur in the long term, while the impacts of
climate change and the transformation of ecosystems will increasingly and rapidly
affect it. The scale of the challenge did not prevent the 500 participants in the pro-
cess from demonstrating extraordinary collective intelligence to tackle it.

5 The Foresight Method Designed by Chemins de Transition

The methodology implemented by Chemins de transition uses the foresight approach
to revitalize strategic planning tools in light of the challenges of the transition. It is
the traditional role of foresight to guide strategic action (Godet & Durance, 1997).
Chemins de transition did not innovate through the choice of tools; instead, the tools
were selected for their robustness and prior validation. The innovation lies in the
combination of two essential aspects of the approach.

Firstly, the foresight approach is explicitly placed at the service of knowledge
mobilization (SSHRC, 2019), a now essential activity in scientific research that
involves effectively sharing knowledge with recipient communities. The particular-
ity of mobilizing knowledge about the future is that no expertise can claim to hold
“the truth” about what will happen. Therefore, it is crucial to move away from a
traditional, top-down vision of scientific knowledge transfer toward a non-
hierarchical sharing approach between academic knowledge, often inaccessible to
field actors, and the professional knowledge essential for capturing transitional
innovations and their feedback, as well as citizens’ experiential knowledge. Since it
is not realistic to summon all this knowledge simultaneously, the approach was
designed as a “passing of the ball” between stakeholders, in a climate of trust and
transparency.

Then, it is a complete foresight prospective approach (Hines & Bishop, 2013).
This may seem standard, as it involves following the steps recommended by fore-
sight manuals, which lead from exploring possible futures to an action plan, through
establishing a strategic vision of a desirable future and determining a trajectory to
achieve it. However, it is often observed that this expected succession of exploratory
and normative phases is rarely present in most documented examples. This may be
due to differences in national cultures of foresight use—normative foresight by
backcasting (Dreborg, 1996) is more frequent in Northern Europe, while explor-
atory foresight by scenarios dominates in France (Durance & Cordobes, 2007)—, a
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lack of time or resources, or, as is often the case in North America, a strict distinc-
tion in mandates between experts who provide visions of the future and decision-
makers who determine the strategy to achieve them. Chemins de transition had the
academic freedom necessary to fully deploy these two phases, exploratory and nor-
mative, by subdividing them into several distinct stages, which we will describe
here. The entire process took between 18 months and 2 years for our three chal-
lenges, but it can now, in our transfer phase, be completed in about a year.

6 Horizon Scanning

The exploration of possible futures is a classic first step in exploratory foresight,
characterized by two distinct phases: Horizon Scanning and the Scenario develop-
ment technique through morphological analysis. We systematically repeated this
process for each of our challenges.

The Horizon Scanning begins with identifying the “ingredients of the future”
(Gabilliet, 1999). This involves, but is not limited to, observations related to the cur-
rent situation in Quebec concerning relevant issues such as land use planning meth-
ods, production methods, consumption habits, and the use of digital technologies.
The most important ingredients are major societal trends and weak signals, which
are emerging practices or elements currently marginal but potentially significant in
the future. These also include key implementation issues or future points of tension,
referred to as “nodes of the future.” To complete this initial step, we enlisted the help
of students from the Université de Montréal to conduct comprehensive literature
reviews for each of our three challenges. Based on this, we identified the nodes of
the future and developed notebooks listing these various foresight ingredients
(Fig. 5.2).

The notebooks were then submitted to discussion groups (ranging from 3 to 6
depending on the challenges). These groups comprised multidisciplinary experts
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Fig. 5.2 The stage of possible futures



96 M. Kayser-Tourigny and F. Scherrer

representing the trend areas identified in the literature, as well as professionals from
local innovative networks in the transition field. They were selected for their ability
to capture weak signals from various forms of emerging innovations on a global
scale, thanks to their active participation in these networks. The objective was to
enrich the information collected during the Horizon Scanning.

This approach allowed us to gather a broader range of trends, including more
marginal ones. By avoiding a direct approach based solely on expert opinion, such
as the Delphi method (Linstone & Turoff, 1975), we prevented limiting ourselves to
dominant trends in the literature, instead encouraging experts to consider weak sig-
nals. We then ensured the collection of knowledge covered all aspects of the chal-
lenge. For example, for the challenge related to the territory, around 55 separate
areas of expertise were consulted. The Horizon Scanning represents a completely
new deliverable in Quebec.

6.1 The Scenario Development Technique

Once the Horizon Scanning has been completed and submitted to the focus groups,
we compile the data into a morphological analysis table (Lamblin, 2018; Zwicky,
1969). This table aggregates various societal variables, independent of each other
and specific to the challenge studied, such as the economic system, the evolution of
values, digital culture, the food production system, and so on. It is best to limit these
variables to 4-6 to facilitate understanding for collective intelligence, which gener-
ally leads us to group sub-variables into broader categories.

The table integrates four evolution hypotheses for each of these variables,
informed by the trends and weak signals identified in the Horizon Scanning pro-
jected over the desired time horizon (e.g., 25 years). The next step involves combin-
ing evolution hypothesis from each variable. We ensure that all combinations are
used only once across four scenarios. By not excluding any possibilities, we ensure
that our scenarios reflect the full range of potential futures (Fig. 5.3).

Each scenario describes a possible future in which the socio-ecological transition
has taken place, but with different directions each time. We also ensure that these
scenarios do not lean too far toward optimism or pessimism but embrace the bene-
fits and tensions of each possible future. There is no trend scenario, to avoid intro-
ducing probability bias. The scenarios, being nuanced, illustrate the difficult choices
that society had to face, allowing us to depict the critical junctures that had to be
resolved.
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Fig. 5.3 Construction of foresight scenarios of the territorial challenge through morphological
analysis

7 Co-construction of the Vision of the Desirable Future

If these first two stages are classic in foresight, the next one is more innovative in its
participatory aspects. The scenario frameworks are necessarily dense and complex,
and cannot easily be debated, even by experts familiar with the language of fore-
sight. However, debating possible futures is an essential step in arriving at the most
collective vision possible of a desirable future. Following a well-established prac-
tice of design fiction from the foresight approach (Dunne & Raby, 2024), the com-
binations brought together in scenario frameworks are translated into short stories.
These stories, embodied by characters living anecdotes of everyday or professional
life, are much more accessible for debate by a non-expert audience.

Therefore, the next step in the approach was to organize between 15 and 30
future exploration workshops conceived by the Foresight City Lab (Lavoie et al.,
2021). Each workshop was dedicated to examining one of the four scenarios, allow-
ing each scenario to benefit from the enriched debate by a diverse group of people
from Quebec society. For the digital challenge, we had 150 participants, while this
number reached 250 for the food system challenge, and 350 for the territory
challenge.

It is at this stage that the approach truly takes on an essential participatory char-
acter. Having already benefited from a diversity of expertise during the first phase,
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we now ensure the collection of experiential knowledge from citizens, ensuring
geographic, generational, and professional diversity, among others.

The workshops offer participants the opportunity to free themselves from the
constraints of the present and project themselves into the future. They follow a spe-
cific formula where the facilitator begins by inviting participants to express what
they find desirable or formidable in the presented story. Participants quickly realize
they share many points of view and identify consensus. However, points of dis-
agreement also emerge, on which we dwell further. We seek to collect a wide range
of testimonies and opinions on the critical junctures of the future, aiming to con-
struct a realistic and desirable vision rather than a utopian dream. In summary, these
are moments of in-depth discussion on the choices that society must make to prog-
ress toward a desirable future for a Quebec that has successfully achieved its socio-
ecological transition.

At the end of these workshops, our project managers are left with a multitude of
post-its and comments collected during the discussions. Their task is then to synthe-
size these elements. This mission is complex, as it is essential to consider all points
of view while establishing a relatively concise common vision. This vision is pre-
sented in the form of the main achievements of Quebec society of tomorrow, effec-
tively representing the transformations that have become, in a certain way, the
standards. In our reports, the vision is detailed over approximately ten pages, but it
can be summarized in a few major achievements. These are not simple abstract
objectives but rather a portrait of the future state of Quebec society, reflecting the
choices made during the future exploration workshops. This vision is then submit-
ted to the participants for feedback. It forms the foundation for the next major phase:
the development of trajectories.

8 The Development of Trajectories

Just like the construction of scenarios through morphological analysis, the back-
casting approach (Quist, 2016)—which involves tracing a trajectory from a desir-
able future back to the present—is a classic method in foresight. From a transition
management perspective, it involves addressing two key hurdles. Firstly, since the
goal is to reach a state of post-transition society, the trajectory must be truly trans-
formational. Secondly, this transformation must be mapped out on the scale of the
societal system, while remaining understandable and transferable to various transi-
tional arenas to provide them with useful tools. Finally, developing this trajectory,
which is more demonstrative than prescriptive, must respect the trust-based approach
of “passing the ball” between stakeholders.

For each challenge, an expert committee of around 10-15 members is tasked
with starting from the current situation observations made during the horizon scan-
ning to reach the vision of the desirable future. Submitting the vision to experts who
did not participate in its development can be difficult, as they must take ownership
of it to engage in the validation process without significantly altering it, to avoid
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losing key elements that were chosen collectively. To do this, we ask them two ques-
tions: is the vision achievable, and is the formulation of future achievements
accurate?

The main task of the expert committee is to identify milestones, which are inter-
mediate steps linking the present to the desired future. In addition to the expert
committee members, discussion groups are organized to make this list as exhaustive
and relevant as possible.

We then challenge our expert committee to interrelate these steps: which mile-
stones are prerequisites for others? Which ones could facilitate another step without
being necessary to achieve it? Finally, the expert committee must position these
milestones in time, considering not only the steps prior to others but also the degree
of difficulty that achieving each milestone represents (Fig. 5.4).

Once the trajectory is established, it undergoes a robustness test. This test
assesses how the trajectory withstands potential future events such as accelerated
climate effects, water shortages, or waves of climate migration. This step ensures
the resilience of the trajectory and allows for adjusting milestones if necessary.

To ensure the relevance and transferability of the trajectory, detailed documenta-
tion is maintained throughout the process. This documentation includes
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descriptions of milestones, reasons for their inclusion, and examples of possible
solutions. This ensures that all critical information is centralized and easily
accessible.

9 The Result

For each of the challenges, we produced a report detailing a trajectory to manage the
transition in the area concerned across Quebec. These reports identify between 35
and 60 transformational changes deemed priorities, which we have designated as
“milestones,” and position them over time. These milestones illustrate not only the
scale of the changes needed but also our capacity to act.

Trajectories illuminate the interrelationships between milestones, with some
being prerequisites for others, or their achievement influencing the progress of other
milestones. Thus, an overall picture emerges, providing a better understanding of
the intermediate steps needed to achieve seemingly distant goals, such as funda-
mental changes in perception. In our trajectories and reports, we also identify the
specific roles of different stakeholder groups, such as governments, businesses,
investors, and citizens.

Finally, our trajectories identify what we call future nodes. These nodes repre-
sent significant tensions between collective priorities, requiring decisions to be
made at a given moment. The future nodes may also raise unresolved questions
regarding the implementation of certain milestones, for which solutions remain
uncertain due to existing societal obstacles. We consider it crucial to identify these
nodes in advance, to initiate a collective dialogue on how to approach them, as well
as a dialogue with researchers to resolve some thorny issues.

This first phase of experimentation led by Chemins de transition mobilized more
than 1,000 people through the three challenges across Quebec. As a result, a signifi-
cant number of people have been exposed to the process and are familiar with
Chemins de transition. This continues today in the second phase of the project, the
transfer phase.

10 Our Transfer Strategies

As we saw in the identification of needs, they are immense across Quebec.
Considering time and resource constraints, we had to make choices about the audi-
ences for our transfer activities. Early on, we decided not to address the public
directly, considering that our partner, Espace pour la Vie, would be able to fulfill this
need through educational activities for young people or an upcoming exhibition at
the Biosphere (the museum of the environment and transition in Montreal).

Our priority has been to target partners capable of maximizing the impact of
Chemins de transition by integrating our advancements into their own initiatives and
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reaching a wider audience through them. We have designated them as “bridging
partners.” A typical example is the partnership established with the “Front Commun
pour la Transition Energétique”, an alliance between citizen groups, environmental
NGOs and other civil society organizations, notably unions and community organi-
zations, to support the “Collectivité ZEN” project in establishing their roadmap
toward carbon-neutral and resilient territories. The desired impact was to strengthen
the effectiveness of knowledge transfer, increase the capacity for future thinking and
systemic thinking, and promote inter-actor collaboration. The main objective of this
partnership is to learn how to adapt the Chemins de Transition method to the specific
needs of field actors with the progressive aim of granting them total autonomy.

The second strategy targets large public and private organizations. This proved
particularly relevant to the digital challenge, where everything needed to be done,
especially in terms of relevant information and awareness of digital environmental
issues. This involves a wide variety of interventions, from simple awareness confer-
ences to personalized support for organizations wishing to integrate this challenge
into their strategic priorities. More and more organizations or networks wish to go
further and chart their own path by adopting the entire foresight method, as the
“Réseau de recherche en économie circulaire du Québec” is currently doing.

Finally, we chose to also engage with the Université de Montréal ecosystem,
particularly by participating in numerous courses across fields as varied as our chal-
lenges, culminating in an annual summer school to train future professionals in
transition arenas.

11 Learning, Conditions for Success, and Limits

Several conditions played an essential role in the implementation of Chemins de
transition. First, the ongoing funding provided by the University of Montreal gave
us the necessary means to take the time to develop and test all the stages of social
innovation. This allowed us to subsequently seek additional resources for transfer
activities. Not being dependent on project-specific funding, we had great freedom in
choosing relay partners, enabling us to favor those who could have the most impact
on the ground or in their community but who could not afford the services of a fore-
sight agency. Thus, we were able to function as a public service offered by the uni-
versity to Quebec society. Furthermore, the legitimacy of the university institution
provided the necessary credibility to convince stakeholders to participate in this
pan-Quebec dialogue on these major transition challenges.

Second, the stability of the team over time was a key factor in fostering a solid
appropriation of the project’s knowledge and complex methodology. This continu-
ity facilitated coherent actions and reinforced the robustness of the initiative.

We also implemented an impact measurement strategy that promoted continuous
improvement of the process. We deliberately chose to delay the start of each chal-
lenge by several months, one after the other, and proceeded partly by trial and error
to immediately integrate the learning from one challenge to the next. This iterative
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approach contributed to refining animation techniques and strengthening our capac-
ity to manage multi-actor contexts.

The diversity of people participating in the different phases, in order to mobilize
a wide variety of knowledge and points of view throughout the process, is an essen-
tial variable. The first phase of the three challenges allowed the mobilization of
nearly 100 experts from around 40 different disciplines and half of whom come
from the professional world. The future exploration workshops phase brought
together 750 people who were citizens or from civil society, respecting the diversity
of age and geographical origin, which were the only ones that we could provide.
The backcasting phase made it possible to mobilize the varied expertise of 350
people. This participatory dimension also leads to a certain length of the process,
almost 18 months, which can prove to be a hindrance. In the method transfer phase
we were able to reduce this duration to 1 year.

The transfer phase, from which we have not yet been able to learn all the lessons
since it is still ongoing, constituted a new and different challenge. For organizations
and collectives that have adopted the entire Chemins de transition method to plan
their roadmap to transition, adaptation to needs, context, and scale has generally
gone well, allowing for new learning. However, the transfer of capacities to operate
the process autonomously remains uneven. It is easier for the downstream backcast-
ing phase and the mobilization of stakeholders, but less so for the construction of
foresight scenarios, which remains complex to learn. Furthermore, the organiza-
tional fragility of the relay partners, whom we chose primarily for their social rele-
vance or proximity to communities, poses a risk or even an obstacle to the long-term
appropriation of the method and content of Chemins de transition.

Mobilization and awareness tools, which take the form of more ad hoc interven-
tions with different audiences, respond to a clear appetite for anything that can help
collective action in the face of the socio-ecological transition. However, beyond
meeting the needs of how and in what direction to act, the impact of the social inno-
vation represented by Chemins de transition will be measured above all by the
capacity of these strategic planning tools for transformational trajectories to ulti-
mately generate action plans that stakeholders will implement.

In conclusion, the ultimate medium-term impact we have formulated for Chemins
de transition is to contribute significantly to the maturity of the socio-ecological
transition in Quebec. This assumes that enough individuals and organizations will
have made profound changes in their values, choices, and ways of operating. The
contribution of Chemins de transition could be that these actors mobilize long-term
thinking, a capacity for continuous adaptation to a changing context, and resilience
in the face of multiple shocks caused by ecological upheavals. Our hope is that
approaches like ours will serve to converge the strategies and initiatives of various
actors around common objectives and visions, particularly regarding the most com-
plex challenges of the transition.
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Chapter 6 )
Methodological Proposal for Graphic S
Design Education Aimed at Fostering

Social and Environmental Responsibility

Genevieve Raiche-Savoie and Claudia Déméné

Abstract According to the United Nations and its Sustainable Development Goals
(SDGs), educational systems must adapt their learning objectives and methods to
develop skills that promote sustainable development (Rieckmann et al., 2017). This
chapter explores an ongoing doctoral research that utilizes a methodology enabling
education to shape the role of graphic designers within the socio-ecological transi-
tion in Quebec. In class, graphic design students typically follow “creative briefs”
that simplify problem complexity (Haylock, 2020), which limits their autonomy
and sometimes prevents them from addressing social and environmental concerns.
When they undertake projects independently, they often prioritize personal expres-
sion over the needs of users and stakeholders (Valencia et al., 2021). To address this,
the research employs Learning Experience Design (LXD), an emerging transdisci-
plinary discipline focused on creating effective and engaging learning experiences.
The primary objective is to implement LXD to tailor learning for graphic design
students at Cégep de Sainte-Foy. Specifically, it adopts responsible entrepreneur-
ship as a pedagogical approach, empowering students to initiate their own projects
while fostering social and environmental responsibility. Employing a Mixed
Methods Research (MMR) approach, the study combines quantitative and qualita-
tive data collection through questionnaires, interviews, co-design workshops, and
checklists. Notably, the research stands out for its collaborative nature, involving
stakeholders such as students, faculty, administrative bodies of Cégep de Sainte-
Foy, and external experts. This chapter presents initial results demonstrating the
potential of education to prepare learners for meaningful contributions to sustain-
able development, emphasizing the transformative role of tailored pedagogical
approaches like LXD in fostering responsible design practices.
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1 Introduction

According to the United Nations Educational, Scientific and Cultural Organization
(UNESCO), “education is both a goal in itself and a means for attaining all the other
sustainable development goals' (SDGs)” (Rieckmann et al., 2017). The SDGs set
the path toward a better and more sustainable future for all humanity by 2030. Since
1992, UNESCO has been promoting Education for Sustainable Development (ESD)
so that educational systems can meet the urgent need for developing new skills that
lead to more viable societies (UNESCO, 2024). This viability aims for greater
social justice, poverty reduction, and, above all, better resilience to climate change.
ESD sets learning objectives and content relevant to sustainable development while
implementing teaching methods that promote learners’ autonomy (Rief3 et al.,
2022). It is crucial to consider this approach as a fundamental strategy for promot-
ing socio-ecological transition in Quebec. This transition refers to a transformation
process aiming at profound changes in production and consumption patterns, as
well as in Quebec’s political and institutional structures, to address current chal-
lenges such as climate change, biodiversity loss, social inequalities, and environ-
mental degradation (Markard et al., 2012). ESD has the potential to promote
Quebec’s socio-ecological transition by raising awareness among individuals about
social and environmental issues, equipping them with necessary skills to contribute
to sustainable solutions, and fostering creativity and collaboration in the search for
practices that are more respectful of communities and the environment.

The main objective of this chapter is to present, to teachers from higher educa-
tion institutions and universities, an example of an ongoing doctoral research that
stands out for its approach combining education, design, and entrepreneurship sci-
ences. This research utilizes the methodology of Learning Experience Design
(LXD) to support the design of a learning experience for graphic design students at
Cégep de Sainte-Foy (simple case study). According to Floor (2023), “Learning
Experience Design (LXD) is the process of creating learning experiences that
enable the learner to achieve the desired learning outcome in a human-centered and
goal-oriented way.” (p. 54). In this study, the LXD process is utilized to create a
learning experience that will empower future social and environmental responsible
graphic designer to successfully complete their entrepreneurial projects.
Furthermore, this study employs the LXD methodology for the collection, analysis,
and integration of quantitative and qualitative data using various methods such as
questionnaires, interviews, co-design workshops, and checklists. The contribution
to the advancement of knowledge in this doctoral research lies in proposing a

(1) No poverty, (2) Zero hunger, (3) Good health and well-being, (4) Quality education, (5)
Gender equality, (6) Clean water and sanitation, (7) Affordable and clean energy, (8) Decent work
and economic growth, (9) Industry, innovation and infrastructure, (10) Reduced inequalities, (11)
Sustainable cities and communities, (12) Responsible consumption and production, (13) Climate
action, (14) Life below water, (15) Life on land, (16) Peace, justice, and strong institutions, (17)
Partnerships for the goals.



6 Methodological Proposal for Graphic Design Education Aimed at Fostering Social... 109

methodological approach to design a pedagogical approach adapted to the field of
graphic design with the aim of fostering social and environmental responsibility.

The chapter will be structured into seven sections following the steps of a
research protocol. The next section will introduce the problem statement and
research objectives within the context of a Graphic Design program at a higher
education institution in Québec City, Québec, Canada. Subsequently, the chapter
will outline the conceptual framework of the research, providing a structured
approach to understanding and investigating the research problem while clarifying
key concepts such as Learning Experience Design (LXD), Sustainable
Entrepreneurship Education (SEE), and Design-led Entrepreneurship. Additionally,
it will explain the use of Mixed Method Research (MMR) to provide a more com-
prehensive understanding of the research problem. This section will also highlight
the proposed methodological structure, particularly the Learning Experience Design
(LXD) process. The following section will detail the various methods used to col-
lect both quantitative and qualitative data, followed by the presentation of prelimi-
nary results and data analysis as the research is still ongoing. Finally, the last section
will discuss the anticipated impact of the research.

2 Problem Statement and Research Objectives

The various stakeholders involved in the fields of scientific, professional, and edu-
cational design call for an evolution in education to prepare future designers to solve
complex problems, emphasizing collaboration between stakeholders and consider-
ing social and environmental impacts (ICoD, 2020; Meyer & Norman, 2020; Noél,
2020a, 2020b). During their studies at the college level, students enrolled in the
Graphic Design program at Cégep de Sainte-Foy are assigned a series of design
briefs developed by their teachers or real clients. Design briefs serve as guides for
designers by describing the project’s objectives, functional and aesthetic require-
ments, target audience, technical constraints, deadlines, and any other relevant ele-
ments. These documents have the effect of simplifying or significantly reducing the
complexity of a problem and limiting students’ ability to act by providing them with
directives that already suggest certain types of solutions to consider (e.g., designing
a poster, a website, a brochure, etc.) (Haylock, 2020). Yet, according to Haylock
(2020), problem formulation is a vitally important part of the design process, but
one that has historically been under-recognized in the teaching and traditional prac-
tice of graphic design. It becomes essential to promote problematization through
projects initiated by the students themselves. This offers them the opportunity to
develop their autonomy and agency, that is, to influence the circumstances of their
lives by enabling them to become active agents who affect the course of events
through their actions (Bandura, 2018).

However, students who decide to initiate projects themselves do not always suc-
ceed in realizing their ideas into actions that create value for society. In this perspec-
tive, Valencia et al. (2021) demonstrate that in the initial phase of a designer’s
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entrepreneurial mindset development, the focus is on personal expression, at the
expense of the requirements of users and stakeholders involved, resulting in a lack
of consideration for social and environmental dimensions. This type of project
holder is primarily motivated by exploring various materials, technologies, shapes,
textures, or aesthetic properties, and the desire to undertake is based more on its
passion and quest for meaning (Valencia et al., 2021). In this regard, Haylock (2020)
explains that human-centered design is not necessarily a concept emphasized in
graphic design education compared to that of experience design (UX/UI).

Despite the various opportunities offered to graphic design students at Cégep de
Sainte-Foy to explore entrepreneurship within their study program, the majority of
these initiatives target students nearing the end of their program (fifth and sixth
semesters). Additionally, they do not receive guidance from faculty in developing
their own design projects. Furthermore, despite the promotion of Entrepreneurship
Sainte-Foy, among graphic design students, to date, a very small percentage of them
have utilized their services to launch their projects (less than 5 students in 5 years).
A general approach based on management program models that targets all students
in the institution does not necessarily consider the actual practices of certain types
of project holders (Bureau & Fendt, 2012). Pedagogical approaches that are not
adapted may have a counterproductive effect on students with a creative profile who
do not identify as entrepreneurs (Roberts, 2012), despite their aspirations to develop
projects for which entrepreneurial skills are essential (Damdsio et al., 2017).

Considering the elements of this problem statement, this doctoral research
focuses on the following research question: How can graphic design students be
encouraged to develop their agency by integrating social and environmental aspects
into their graphic design projects? The main objective of this research is to design,
using the Learning Experience Design (LXD) process, a responsible entrepreneurial
learning experience tailored to students enrolled in the Graphic Design program at
Cégep de Sainte-Foy.

To address the main objective, five successive sub-objectives have been defined:

Depict an entrepreneurial profile of graphic design students at Cégep de Sainte-Foy.

Identify the desired learning outcomes of graphic design students at Cégep de
Sainte-Foy who are project holders.

Design various concepts for responsible entrepreneurship-focused learning
experiences.

Enable graphic design students at Cégep de Sainte-Foy to choose the most suitable
responsible entrepreneurial learning experience for their reality.

Evaluate whether the responsible entrepreneurial learning experience achieves the
desired objectives and learning outcomes and adheres to the theories, practices,
and design principles associated with Learning Experience Design (LXD).

The upcoming section introduces the key concepts underlying the research prob-
lem. The conceptual framework outlined here anchors the research in established
theories and literature, illustrating its reliance on interdisciplinary methodologies. A
conceptual framework is a brief explanation based on the logical arrangement of a
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set of interrelated concepts and sub-concepts brought together due to their affinity
with the research problem (Fortin & Gagnon, 2022).

3 Conceptual Framework

This research draws on the foundations of three scientific disciplines: education,
design, and entrepreneurship. The intersection of these three disciplines allows for
the creation of a conceptual framework (Fortin & Gagnon, 2022) based on the
arrangement of three emerging concepts: (1) Learning Experience Design (intersec-
tion of education and design); (2) Sustainable Entrepreneurship Education (inter-
section of entrepreneurship and education); (3) Design-led Entrepreneurship
(intersection of design and entrepreneurship). These three concepts are brought
together due to their relevance to the problem statement (Fig. 6.1).

3.1 Learning Experience Design (LXD)

To develop a responsible entrepreneurial learning experience tailored to students
enrolled in the Graphic Design program at Cégep de Sainte-Foy, the research fol-
lows the process of Learning Experience Design (LXD) as its methodology. LXD is
transdisciplinary and that draws from various fields, including educational

Fig. 6.1 The research
conceptual framework \\j\D\

ENTREPRE-
NEURSHIP

%) L
Ssy, o™
I-leq Entrepren®”
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technology, informatics, human-computer interaction (HCI), information technol-
ogy, education, instructional design, and psychology (Schmift, 2021).

First, the use of the term “learning” demonstrates that this discipline focuses on
learning rather than teaching, instructions, or training (Floor, 2023). Teaching
involves the transmission of knowledge, skills, and values from a teacher to learn-
ers, whereas learning refers to the process by which learners acquire these elements.
The learner and their learning process are placed at the center of the experience
design process. The designer must show empathy to determine the learners’ needs,
what motivates them, and how to keep them engaged (ELM Learning, n.d.). Meeting
the needs and desires of the learner will help achieve their learning outcomes
(Berthet, 2016). Learners’ needs concern the basic requirements necessary to
achieve a specific learning objective, while desires encompass wishes, preferences,
or aspirations that go beyond these fundamental needs.

The use of the term “experience” refers to “any encountered situation that takes
a certain amount of time and leaves some kind of impression” (Floor, 2016). A
learning experience designed according to the LXD methodology should aim to
evoke positive emotions in the learner, thereby enabling them to take an active role
in their own learning process (Berthet, 2016). Positive emotions notably enhance
learner performance by affecting cognitive processes such as attention, memory,
and decision-making (Ibid, 2016). This type of experience can take place in a vari-
ety of settings, including schools, museums, workplaces, homes, or even in a natural
environment. Furthermore, learning can occur in a physical world, a virtual environ-
ment, or a combination of both, thus hybrid (LXD, n.d.; Wasson & Kirschner, 2020).

Finally, like other design disciplines, it is an activity focused on problem-solving
where the complexity of all influencing factors must be considered, and where feed-
back, evaluation, and iterations are part of the process (Galaykova, 2021). The main
difference from other design disciplines (e.g., Experience Design) is that the theo-
ries, methods, and design tools have been adapted to focus on creating learning
experiences. In addition to being an emerging design process in practice, Learning
Experience Design is a growing research topic in academia in recent years (Schmidt
& Huang, 2021; Wasson & Kirschner, 2020). In this regard, design is no longer only
concerned with creating content or a single technological tool, but rather with the
entirety of the learning environment and all its actors (Wasson & Kirschner, 2020).

LXD follows a non-linear and iterative process consisting of six phases?
(Fig. 6.2):

The Question Phase stems from a learning need among the learners.

The Research Phase focuses on the learners and the desired learning outcomes.
The Design Phase involves generating ideas and transforming them into concepts.
The Build Phase converts the concepts into prototypes or learning artifacts.

>The phases bear resemblance to the Design Thinking process, a more general approach to
problem-solving and user-centered design.
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Fig. 6.2 Learning experience design process (Floor, 2023)

The Test Phase assesses whether the prototype achieves the desired objectives and
learning outcomes. The findings from the evaluation lead to iterations, revisiting
some of the previous phases or repeating the entire cycle.

The Launch Phase involves putting the final product, the learning experience, into
practice with the learners.

3.2 Sustainable Entrepreneurship Education (SEE)

Sustainable Entrepreneurship Education (SEE) aims to foster an entrepreneurial
mindset among learners. This pedagogical approach is compared to two other
approaches to entrepreneurial education: one where entrepreneurship is a subject of
study (Education about enterprise) and the other where it is a professional skill to
develop (Education for enterprise) (Fayolle & Gailly, 2008; Higg & Gabrielsson,
2019; Kakouris & Liargovas, 2020; Pepin, 2015). Sustainable Entrepreneurship
Education (SEE), as a third approach, is a learning process where students them-
selves identify a problem, a need, or an opportunity and take action through the
development of a plan to undertake (e.g., a business plan, project proposal, etc.)
(Rae, 2003). In other words, “undertaking involves establishing actionable goals
and subjecting them to the scrutiny of real-life experience within a specific context”
(Translation based on Pepin, 2015, p. 62). To this end, the entrepreneurial activity
or project is guided by a reflective structure so that learners can reflect in action
throughout the process (Pepin, 2015; Schon, 1983).

SEE is a process of personal development that can go beyond the creation of a
new business or job (Verzat, 2015). Students become “project holders” rather than
“entrepreneurs,” and entrepreneurship education becomes a means rather than an
end (Pepin et al., 2017). Teaching entrepreneurship does not consist of acquiring a
set of knowledge, but rather using entrepreneurship as a pedagogical tool to
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organize learning experiences (Pepin, 2015). This pedagogical tool moves away
from the strictly economic and utilitarian vision of entrepreneurship in education
(Pepin et al., 2017). Alternatively, it emphasizes on “value creation,” wherein the
entrepreneurial endeavor pursued by the learner offers benefits to users or the
intended audience (Fayolle, 2017). In short, teaching entrepreneurship, particularly
responsible entrepreneurship, can help make a positive and responsible contribution
to society and the environment (Ballereau et al., 2020; Ben-Hafaiedh, 2020; Pepin
et al., 2021).

Responsible entrepreneurship is a form of entrepreneurship that integrates ethi-
cal, social, and environmental considerations into value creation (e.g., business cre-
ation, one-off projects, citizen initiatives, etc.) (Pepin et al., 2017). According to
Pepin et al. (2017), individuals who hold projects take the initiative and complete
various types of projects, developing their ability to act and assuming the role of
agents of change. In a pedagogical context, responsible entrepreneurship involves
individual, social, and ecological awareness (reflection) and responsibility (action)
of the project holder (Ibid, 2017).

3.3 Design-Led Entrepreneurship

Design-led entrepreneurship, derived from the field of design sciences and practice,
is often associated with Design Thinking. Design Thinking is a method of reasoning
and acting in practice to elaborate solutions to specific problems, such as products,
services, interactions, organizations, strategies, etc. (Baran, 2018).

The design approach in entrepreneurship offers much more than just design
methods or tools. It also involves thinking through empathy, integrative thinking,
experimentation, opportunity pursuit, and collaboration (Baran, 2018; Gamba,
2017). Firstly, empathy enables understanding and interpreting the viewpoints and
emotions of the target audience or users. Integrative thinking generates a holistic
approach by considering multiple perspectives and influencing factors of a problem.
Experimentation aims to exploit the constraints of a problem to generate various
creative solutions. Opportunity pursuit transforms problems and constraints into
favorable change opportunities. Lastly, collaboration allows for teamwork and
incorporating the perspectives of other disciplines. Consequently, the design
approach becomes a preferred ally with the field of entrepreneurship for solving
complex problems (Mabher et al., 2018).

In this regard, research by Fridman et al. (2022) suggests that the principles of
social responsibility, environmental sustainability, ethics, critical thinking, and
accountability can be combined with entrepreneurship principles (viability, feasibil-
ity, and desirability) to create a new model of responsible design thinking in educa-
tion. Responsible design thinking enables students to critically consider and
anticipate the social and environmental consequences of their designs as part of
their learning process. This model allows them to reflect on various current issues
(e.g., crime, education, government, health, fair trade, ecology, social inclusion, and
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economic policy) to make more ethical and responsible choices (Fridman
et al., 2022).

3.4 The Arrangement of the Three Concepts

In the context of this research, the discipline of Learning Experience Design (LXD)
places graphic design students at the center of the design process. Sustainable
Entrepreneurship Education (SEE) empowers students to identify issues autono-
mously as project holders and suggest solutions that address social and environmen-
tal concerns. Finally, Design-led Entrepreneurship, through the processes of Design
Thinking, helps students to reflect, become aware, and act through the development
of their design project. In other words, each concept will guide the development of
the learning experience through this ongoing doctoral research.

Education + Design = Learning Experience Design (LXD) is a design meth-
odology that will be used to create a responsible entrepreneurial learning experi-
ence tailored for graphic design students, guiding them to initiate their own design
projects in a conscientious manner.

Entrepreneurship + Education = Sustainable Entrepreneurship Education
(SEE) is a pedagogical approach that will be used within the responsible entrepre-
neurial learning experience to develop new skills that can contribute to Quebec’s
socio-environmental transition.

Design + Entrepreneurship = Design-led Entrepreneurship, through the use
of responsible design thinking, is a methodology for reflection and problem-
solving that will be used by graphic design students to understand the impact of
their design project and take responsibility for their actions.

After clarifying these three concepts and their interrelations, the following sec-
tion explains the use of Mixed Method Research (MMR) to offer a more compre-
hensive understanding of the research problem.

4 Methodology

This doctoral project utilizes Mixed Methods Research (MMR) due to its potential
to provide rigorous methodologies for addressing and examining issues in a more
holistic manner (Nagels, 2022). In Mixed Methods Research (MMR), the door is
opened to the use of multiple methods, different perspectives, and various forms of
data collection and analysis (Creswell & Creswell, 2018) to address the research
question: How can graphic design students be encouraged to develop their agency
by integrating social and environmental aspects into their graphic design projects?
Furthermore, MMR contributes to achieving the main objective of designing a
responsible entrepreneurial learning experience tailored to the students of the



116 G. Raiche-Savoie and C. Déméné

Graphic Design program at Cégep de Sainte-Foy, as well as the five successive sub-
objectives (see Sect. 2).

According to Creswell et al. (2018), mixed methods can be defined as rigorous
methods of collecting, analyzing, and integrating two types of data: quantitative
(closed-ended) data and qualitative (open-ended) data. The integration of quantita-
tive and qualitative data occurs within a broader framework that may include one of
the three fundamental core designs of MMR: the Explanatory Sequential Design,
the Exploratory Sequential Design, or the Convergent Design (Ibid., pp. 217-233).
The first type of design, known as the Explanatory Sequential Design, begins with
a quantitative phase followed by a qualitative phase. The quantitative results
obtained are used to define the research questions and guide the qualitative phase,
which deepens the understanding of the phenomena under study. In contrast, the
Exploratory Sequential Design starts with a qualitative phase followed by a quanti-
tative phase. The qualitative phase allows for exploration and hypothesis formula-
tion, which are then tested and validated using quantitative methods in the subsequent
phase. Finally, the Convergent Design involves the independent collection and anal-
ysis of quantitative and qualitative data. The results are then compared and com-
bined to obtain a comprehensive understanding of the phenomena under study.

MMR can also be conducted using a Complex Design (Creswell, 2022) which
embeds the fundamental designs (explanatory sequential, exploratory sequential,
and convergent) (Creswell, 2022, p. 62) within a specific framework or process that
involves a greater number of steps. The Complex Design of this doctoral research is
based on the six cyclical and iterative phases of the Learning Experience Design
(LXD) process (Fig. 6.2): (1) Question, (2) Research, (3) Design, (4) Build, (5) Test,
and (6) Launch. The LXD process within this Mixed Method Research has been
chosen for its ability to offer a thorough, reliable, and nuanced understanding of
complex research problems. It integrates the strengths of quantitative and qualita-
tive approaches, focusing on data collection as well as the creation of the learning
experience.

4.1 LXD—Phase 1: Question

The LXD process begins with a question to be answered or a problem to be solved.
In the context of the research presented, the researcher aimed to understand: How
can graphic design students be encouraged to develop their agency by integrating
social and environmental aspects into their graphic design projects? Through the
responsible entrepreneurial learning experience that will be designed as part of this
research, graphic design students will become project holders by initiating design
projects by themselves. The development of this design project served as a pretext
to expose students to current social and environmental issues. Student-initiated
projects could include creating self-published, small-circulation, handmade publi-
cations. Additionally, students could design merchandise such as t-shirts or buttons.
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4.2 LXD—Phase 2: Research

The second phase, LXD Research, focuses on two elements: the learners and their
desired learning outcomes (Floor, 2023). The objective of the LXD Research Phase
is to develop empathy toward the learners and gain a deep understanding of what
they wish to gain from their learning experience, namely competences.

In the context of the doctoral research, this phase initially aimed to acquire an
in-depth understanding of graphic design students that were project holders. This
understanding focused on their interests, passions, and values as well as the type of
projects they enjoyed undertaking. Subsequently, the LXD Research Phase identi-
fied how the responsible entrepreneurial learning experience could positively impact
these students’ lives through its relevance and value. This phase aimed to under-
stand the challenges they faced in developing their entrepreneurial project as well as
what they wanted to learn. The desired learning outcomes of the students influenced
the formulation of the different learning objectives of the responsible entrepreneur-
ial experience (Fig. 6.3). These learning objectives were inspired by the learning
objectives of various stakeholders: (1) Design Education (Noel, 2020a), (2)
Responsible Entrepreneurship (International and Entrepreneurship Office of Cégep
de Sainte-Foy (BIE, 2022)), (3) Sustainable Development Goals (UNESCO
(Rieckmann et al., 2017)).

4.3 LXD—Phase 3: Design

The LXD Design Phase includes four sub-steps: divergence ideation, convergence
ideation, draft concept, and detailed concept (Fig. 6.4). The LXD Design Phase
involves an ecosystemic approach by ensuring consultation with all stakeholders
involved in the design and pedagogical implementation. In the research presented,
this involved students and teachers from the Graphic Design program, along with
members of the International and Entrepreneurship Office (BIE), who took part in a
co-design workshop to generate ideas.

The LXD Design Phase begins with a period of divergence ideation aimed at
generating multiple ideas using various tools (e.g., mental maps or brainstorming).
Divergence ideation encourages exploration and diversification of ideas without
imposing initial constraints. In the context of the doctoral research, participants

@ 2:-F: i -A

Learners Desired Learning Learning Learning
Outcome Objectives Experience

Fig. 6.3 Phase 2: LXD research phase
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Fig. 6.4 Phase 3: LXD design phase

freely proposed ideas regarding the form that the responsible entrepreneurial learn-
ing experience could take. Next, the convergence ideation step allows for the selec-
tion of the most suitable idea for the context. The selected idea is transformed into
a draft concept to validate its viability. This draft includes the structure of the expe-
rience (plan), the main activities, and the resources that will be used. Finally, the
detailed concept allows for the presentation of the main elements of the experience
in tangible and visual forms (e.g., educational tools, etc.).

4.4 LXD—Phase 4: Build

The next phase, LXD Build, involves transforming the selected concept into a series
of prototypes that will evolve into the final design of the experience. Prototypes
come in various forms, including visual mock-ups to represent aspects of the learn-
ing experience such as tools or the virtual environment, interactive mock-ups inte-
grating interactive elements such as quizzes or simulations, as well as detailed
scenarios describing activity sequences and interactions between learners and con-
tent. The main objective of a learning experience design prototype is to bring a
concept to life to test it, gather feedback from stakeholders, identify potential issues,
and make improvements before moving to implementation (phase 6). In this
research, prototypes of the responsible learning experience will be developed in
Fall 2024.

4.5 LXD—Phase 5: Test

The LXD Test Phase allows to verify whether the different prototypes achieve the
desired learning outcomes (from the learners) as well as the learning objectives (of
the learning experience). Additionally, this phase ensures that the design of the
learning experience aligns with the theories, practices, and design foundations asso-
ciated with Learning Experience Design (LXD). Finally, the LXD Test Phase
involves consulting all stakeholders. The conclusions drawn from the evaluation
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enable iterations by revisiting some of the previous phases (Fig. 6.5) or by repeating
the entire cycle (Fig. 6.2).

4.6 LXD—Phase 6: Launch

Finally, the LXD Launch Phase involves putting the final product into action. In the
context of the doctoral research, it involved implementing the responsible entrepre-
neurial learning experience for all students in the Graphic Design program at Cégep
de Sainte-Foy.

After establishing the methodological structure, the subsequent section outlines
the various methods employed for qualitative and quantitative data collection and
their alignment with the research questions and sub-objectives. This includes details
on sampling, recruitment, delivery, and consent. The section also specifies the type
and number of participants, the activities involved (data collection methods), the
frequency and duration of these activities, the locations where they occur, and the
measurement instruments used.

5 Data Collection

The data collection for this doctoral research relied on the use of multiple methods,
both quantitative and qualitative, throughout phases 2, 3, and 5 of the LXD process.
Table 6.1 illustrates how the research sub-objectives determined the type of data that
were collected and the chosen methods as well as the timeline of the ongoing
research. Figure 6.6 illustrates the integration of each method within each phase.
Table 6.2 provides a summary of: (1) individuals targeted for recruitment and the
selection criteria (sampling); (2) methods by which they were approached to partici-
pate in the project (recruitment); (3) delivery methods; and (4) consent. Recruitment
and obtaining consent were treated as distinct steps (involving separate documents),
allowing for a possible period of reflection before providing informed and voluntary
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Table 6.1 The types of data to be collected according to the sub-objectives of the research phases

Research Data collection

phases Research question + sub-objectives methods Schedule
Phase 1: How can graphic design students be N/A N/A
LXD encouraged to develop their agency by

Question | integrating social and environmental aspects
into their graphic design projects?

Phase 2: Depict an entrepreneurial profile of graphic Open-Ended February—
LXD design students at Cégep de Sainte-Foy Questionnaire March 2024
Research (Quantitative
data)
Identify the desired learning outcomes of Semi-Structured
graphic design students at Cégep de Sainte-Foy | Interviews
who are project holders (Qualitative data)
Phase 3: Design various concepts for responsible Co-design April-May
LXD entrepreneurship-focused learning experiences | Workshop 2024
Design (Qualitative data)
Enable graphic design students at Cégep de Close-Ended
Sainte-Foy to choose the most suitable Questionnaire
responsible entrepreneurial learning experience | (Quantitative
for their reality data)
Phase 4: Transforming the concept chosen by the N/A June—August
LXD students into a series of prototypes that will 2024
Build evolve into the final design of the experience.
Phase Evaluate whether the responsible Control List September—
5:LXD entrepreneurial learning experience achieves (Quantitative December
Test the desired objectives and learning outcomes data) 2024
and adheres to the theories, practices, and Open-Ended
design principles associated with Learning Interviews
Experience Design (LXD) (Qualitative data)
Phase Implementing the final product, namely the N/A 2025
6:LXD responsible entrepreneurial learning experience
Launch for all graphic design students at Cégep de
Sainte-Foy
©-©-0-0-0-0
| : 2.A 3.A 5.4 |
: | Open-ended Co-design | | LXD Toolkit : :
\ : i i : : 5 Checklists ! |
‘ ] | t 1
! | 2.B 3B i | 5.8 |
‘ } i losed-ended } . Open-ended :
: : Interviews Questionnaire : ; Interviews :

Fig. 6.6 The integration of methods in each phase of the research
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consent. It should be noted that each of these research methods involved the use of
non-probability sampling (Fortin & Gagnon, 2022), meaning that participant selec-
tion was not random, and samples were composed based on specific criteria, such as
participant characteristics (e.g., graphic design students who were project holders)
and their environment (e.g., Graphic Design program at Cégep de Sainte-Foy). This
intentional sampling resulted from the selection of specific criteria (project holders
in graphic design) by the main author to choose participants likely to meet the
study’s objectives.

Finally, Table 6.3 provides a summary of (1) types of participants, (2) number of
participants, (3) activities (data collection methods), (4) frequency of activities, (5)
duration of activities, (6) location of activities, and (7) measurement instruments.

6 Preliminary Results and Analysis

As this doctoral research is still ongoing at the time of this chapter’s publication,
this section provides a preview of some preliminary results and analysis, with an
emphasis on findings related specifically to fostering social and environmental
responsibility. As illustrated in Fig. 6.7, each fundamental design of the MMR
(explanatory sequential, exploratory sequential, and convergent) was integrated into
some of the LXD design processes (Phase 2, 3, and 5).

6.1 Phase 2: LXD Research Phase > Explanatory
Sequential Design

The second phase, the LXD Research Phase, followed an explanatory sequential
design to outline the entrepreneurial profile and understand the desired learning
outcomes of graphic design students at Cégep de Sainte-Foy. It began in February
2024 with the collection of quantitative data through an open-ended questionnaire
(2.A), followed by the collection of qualitative data through semi-structured inter-
views (2.B) in March 2024. According to Aguilera and Chevalier (2021), the inte-
gration of data from the explanatory sequential design aims to confirm, enrich, and
complexify the results (Fig. 6.8). First, qualitative data confirm the quantitative
results. Then, enrichment adds or reveals other response elements. Finally, com-
plexification nuances the quantitative analysis by revealing previously unobserved
or observable results. While the questionnaire quantified the entrepreneurial profile
of students by presenting numbers and percentages, the interviews provided a more
detailed explanation, through the words and expressions of the students, of their
desired learning outcomes (Savoie-Zajc, 2009).
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Phase 1 9 Phase 2 9 9 Phase 4 » _9
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Fig. 6.7 The integration of MMR fundamental designs in each phase of the research

To start, one of the questions from the open-ended questionnaire (N = 45) was:
“Regarding desired learning outcomes, what would you like to gain from this expe-
rience? (You may select multiple responses).” The results were as follows:

— 57.78%: Undertake a project independently to gain autonomy

— 53.33%: Monetize their activities (ex. creating their own job)

— 51.11%: Learn about entrepreneurship or topics not covered in graphic
design courses

— 44.44%: Develop a project that showcases their strengths and interests (ex.
Adding projects in their portfolio)

— 42.22%: Increase their self-confidence

— 40%: Identify problems, opportunities, or needs around them

— 24.44%: Create a project that aligns with their personal values, including envi-
ronmental, inclusion, and diversity concerns.

The results indicated that students were twice as likely to want to undertake a
project showcasing their strengths and interests compared to creating a project
aligned with social or environmental issues. This finding aligns with Valencia et al.
(2021), who demonstrated that in the initial phase of developing a designer-
entrepreneur mindset, referred to as “the artisan,” the emphasis is on personal
expression rather than the needs of users and stakeholders involved.

Following the open-ended questionnaire, the semi-structured interviews revealed
that the personal values expressed by the students are often directly integrated into
their projects as themes. For instance, one student is illustrating a volume of poetry
that “revolves around nature and the Québec territory”. Another student explains
that one of their projects serves as a true expression of their cultural identity sharing
(Québécois and Brazilian): “I was going through an existential crisis. Because I was
born in Brazil, and for about a year and a half, I've realized that I know nothing
about [it]. I went in December, and it had been 10 years since I last went, so I
wanted to shake things up and put it all into a [magazine]”. Furthermore, these
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values influence how students structure their projects. A participant explains that
they work on a collaborative magazine: “I gravitate a lot towards things that come
from the community. I like feeling the presence of people in things, and things that
bring people together”.

Although only 24.44% of the questionnaire participants expressed a desire to
create a project aligned with their personal values, all interview participants demon-
strated that these values were already integrated into the development of their proj-
ects. The integration of data from Phase 2 provided meaning and direction during
the Design and Build Phases of the LXD process (Phase 3 and 4).

6.2 Phase 3: LXD Design Phase > Exploratory
Sequential Design

The third phase, the LXD Design Phase, followed an exploratory sequential design.
First, aimed to collect qualitative data through a co-design workshop (3.A) in April
2024 to develop various ideas related to designing a responsible entrepreneurial
learning experience. Then, the closed-ended questionnaire (3.B) in May 2024 aimed
to collect quantitative data to identify the most suitable responsible entrepreneurial
learning experience for graphic design students at Cégep de Sainte-Foy. The quali-
tative results served as the basis for designing a quantitative assessment considering
the specific context of the project holders (Creswell, 2022, p. 55). The co-design
workshop (N = 10) allowed the development of elements, including a list of con-
cepts intended for the design of a responsible entrepreneurial learning experience.
This list was then used to develop the closed-ended questionnaire intended for a
larger sample (N = 26), namely graphic design students at Cégep de Sainte-Foy
(Greene et al., 1989, p. 251; Schrauf, 2016). The integration of data from the explor-
atory sequential design provided contextualization, systematization, and generaliza-
tion of the results (Aguilera & Chevalier, 2021) (Fig. 6.8). First, in terms of
contextualization, the qualitative data collected justified the selection of compo-
nents used during quantitative data collection. Next, systematization validated
hypotheses while considering the sampling (internal validity). Finally, generaliza-
tion aimed to verify validity with respect to a broader population (external validity).

Initially, participants in the co-design workshop generated a total of ninety-two
ideas pertaining to the development of a responsible entrepreneurial learning expe-
rience during the divergent ideation activity. Following this, they initiated a conver-
gent ideation activity with the goal of organizing, assessing, and refining the ideas,
as well as selecting the most appropriate solutions for graphic design students at
Cégep de Sainte-Foy. Nine categories were identified by the participants:

1. Action

2. Activities/Workshops
3. Outside

4. Collaboration
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. Courses/Specialization
. Program Integration

. Internships

. Tools

. Program Life

O 0 3 O\ L

After discussing the categories and various constraints involved in creating a new
learning experience within the Graphic Design program, three ideas were chosen as
the most suitable solutions for the graphic design students at Cégep de Sainte-Foy:

1. Promoting internal and free resources
2. The creative retreat
3. The boutique

Following the analysis, the first option, “Promoting internal and free resources,”
was excluded from the choices included in the closed-ended questionnaire. This
idea was not deemed as a learning experience but rather as a tool that could be inte-
grated into the other two options. The collected responses from the close-ended
questionnaire were conclusive and helped determine the form the learning experi-
ence should take. There was a clear distinction between the two options: “The cre-
ative retreat” received 65.38% votes, while “The boutique” received 34.62% votes.
The choice of “The creative retreat” thus represented two-thirds of the total votes.

The concept of “creative retreat” or “residency” is well-known in the fields of
arts and literature (Conseil des arts et des lettres du Québec, 2009). Creative retreats
are dedicated periods that create environments conducive to creativity and provide
participants with access to resources (TransArtists, n.d.). These retreats typically
provide a quiet and inspiring setting, often in natural surroundings or culturally rich
locations, where participants can focus on their work away from the distractions of
everyday life. These periods may also include workshops, mentorship sessions,
group activities, and free time for rejuvenation and reconnecting with one’s prac-
tice. In the context of this doctoral research, this is a space where graphic design
project holders can retreat to an external environment away from Cégep to concen-
trate intensively on their own entrepreneurial projects. Available to all program stu-
dents, this occasion would occur in either a natural or urban environment, planned
for the winter term, ideally positioned before or after to avoid interfering with stu-
dents’ coursework and hectic schedules. Lasting from 3 to 5 days, it would involve
individual work sessions, theoretical aspects of responsible entrepreneurship and
design-led entrepreneurship, and various collaborative activities. The retreat would
not only provide a workspace for students to develop their entrepreneurial projects
but also assist them in building new competencies. Because of the external venue,
students may face expenses for space rental and equipment, but financial options
could be explored to mitigate these costs. The main aim of this retreat would be for
participants to advance their personal projects while deepening their awareness of
their impact as graphic designers and motivating them to contribute to Quebec’s
socio-ecological transition. The integration of data from Phase 3 led to preparing
the ground for the LXD Build Phase (Phase 4) of the LXD process.
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6.3 Phase 5: LXD Test Phase > Convergent Design

The fifth phase, the LXD Test Phase, will take place in the Fall 2024. It will involve
collecting mixed data through checklists (5.A) and open-ended interviews (5.B).
The objective of this phase will be to verify if the responsible entrepreneurial learn-
ing experience achieves the desired learning objectives and outcomes and adheres
to the theories, practices, and design principles associated with Learning Experience
Design (LXD). The five checklists come from the Learning Experience Design
(LXD) Toolkit created by Stephanie Perry O’Neal et al. (2023). The LXD Toolkit
includes five advanced diagnostic tools specifically designed to enhance the devel-
opment of learning designs: (1) Elements of Learning Experience Design, (2) UX/
Ul for Experience Design, (3) Lifelong Learning and Engagement Strategies, (4)
Advanced Tools and eLearning Trends, (5) Foundation for a Solid Course Design.
These tools enable designers to assess their learning design using a detailed rating
scale that covers 12 distinct design theories and practices, as well as 17 foundational
aspects of learning design. The primary aim of the LXD Toolkit is to facilitate the
creation of engaging and impactful learning experiences.

During this phase, quantitative and qualitative data will be collected indepen-
dently and in parallel. The collected data will aim to show similar results. In other
words, the results of both methods will corroborate each other (Greene et al., 1989,
p- 251; Schrauf, 2016). The integration of mixed data from the convergent design
will allow for triangulation and complementarity of results (Aguilera & Chevalier,
2021). Triangulating data involved collecting and analyzing data from different
sources or methods to strengthen the validity and reliability of the results (Van der
Maren, 1996). By using two evaluation methods (checklists and open-ended inter-
views), it will be possible to ensure the robustness of the results (confirmation or
invalidation). Finally, complementarity will aim to articulate different results that
were mutually exclusive to provide clarification (e.g., quotes from project holders).
The integration of qualitative and quantitative data in the LXD Test Phase (Phase 5)
will provide the opportunity to proceed with revisions by reexamining certain previ-
ous steps of the LXD process. In particular, the researcher will alternate between the
LXD Build and Test Phases (Phases 4-5) to craft a sequence of prototypes, which
will iteratively refine into the final design of the experience intended for implemen-
tation in 2025.

7 Discussion and Conclusion

Education plays a crucial role in achieving the sustainable development goals
(SDGs) set by the United Nations by 2030, preparing individuals to contribute to
creating a more sustainable future. In this regard, educational systems must adjust
their learning objectives and methods to develop skills conducive to sustainable
development. This chapter examined a methodology to prioritize so that Education
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for Sustainable Development (ESD) supports socio-ecological transition in Quebec.
Learning Experience Design (LXD) is a creative pedagogical design process cen-
tered on the learner, focused on objectives, guided by learning theories, and oriented
toward real-life situations. This methodology not only strives to meet the needs of
today’s learners but also aims to deliver a high-quality learning experience. In the
context of this research, LXD guided choices that suited the graphic design students
and the context. This process is helping the researcher shape the learning experience
to focus on raising awareness about social and environmental issues, equipping stu-
dents with the necessary skills to make better decisions for communities and the
environment.

To support this research, a Mixed Methods Research (MMR) approach was
adopted, combining different forms of data collection and analysis. Furthermore,
this research was conducted in collaboration with stakeholders, including the stu-
dent and faculty body of the graphic design program, the administrative body of the
Cégep de Sainte-Foy (Office of International and Entrepreneurship and pedagogical
counselors), as well as other specialists (university professors, graphic designers,
and learning experience designers). The level of engagement of the actors in this
educational ecosystem is important as the research aims to assist the graphic design
practice community (Mattessich & Monsey, 1992).

In the context of this MMR, three fundamental designs were used: the explana-
tory sequential design, the exploratory sequential design, and the convergent design.
Some of the phases of the LXD process were associated with a specific design, with
data collection methods adapted to the sub-objectives of each phase. Firstly, the
LXD Research Phase (Phase 2), implemented through an explanatory sequential
design, aimed to analyze the learners and their needs. Then, the LXD Design Phase
(Phase 3), through the exploratory sequential design, was deployed to develop a
learning experience specifically tailored to these learners. Finally, the LXD Test
Phase (Phase 5), using the convergent design, strived to confirm that this experience
not only meets the needs of learners (desired learning outcomes), but was also in
line with current societal and environmental challenges (learning objectives) as well
as the principles of LXD. The analysis of the results of each method was carried out
gradually as the research progressed, with integration of mixed data at each phase.
This approach strengthened the validity and reliability of the results while providing
the opportunity to make revisions by re-examining certain previous phases of the
LXD design process.

Although this example is grounded in the context of higher education institu-
tions, the LXD methodology can be adapted to other contexts. We can think about
how to enhance the skills and awareness of citizens, decision-makers, and local
stakeholders to promote a better understanding and greater adherence to socio-
ecological transition. What these individuals need to learn is important; however, it
is equally essential to consider their emotions and reflections throughout their learn-
ing journey. Placing individuals at the heart of initiatives is crucial to achieving
established sustainable development goals.
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Chapter 7 )
Exploring Emerging NLP and Machine S
Learning Methods in Climate Change
Discourse Analysis on Social Media:

A Systematic Literature Review

Hana Ghiloufi, Nicolas Merveille, and Sehl Mellouli

Abstract This study systematically examines emerging methods, particularly NLP
and ML, for analyzing climate change discourse on social media platforms. Within
this framework, sub-objectives encompass presenting methodological approaches
and identifying prevalent climate change themes, and data sources. As climate
change communication has evolved rapidly in the digital age, with social media
becoming a pivotal arena for public discourse, opinion dissemination, and informa-
tion exchange. The intersection of ML and NLP techniques offers unprecedented
opportunities to transform vast amounts of unstructured data into valuable informa-
tion, ready to be consumed by climate policymakers and different stakeholders.
Drawing upon a comprehensive review of 56 articles, this study identifies and syn-
thesizes six different methods that are further divided into sub-approaches and tech-
niques, addressing climate change themes and platforms used. This research
contributes to the literature by presenting the most used and effective methods and
identifying potential areas needing more investigation in the future. It also provides
insight into trending themes and overlooked ones, offering best practices and future
research directions.
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1 Introduction

Climate change (CC) is a global concern, with far-reaching implications for our
environment, societies, and economies (Chen et al., 2019; Shen & Wang, 2023).
The adoption of the 2015 Paris Agreement and the integration of combatting CC as
an independent goal within the Sustainable Development Goals (SDGs) have sig-
nificantly elevated global discussions, debates, and actions across local, national,
and international platforms (Kaushal et al., 2022).

As temperatures rise and extreme weather events become more frequent, the
urgency of addressing this critical issue has never been clearer. As CC directly
impacts our environment, individual and collective safety, and health, it necessi-
tates collective discussion and resolution by both the public and policymakers
(Ibrohim et al., 2023). Understanding public attitudes is an imperative component
when it comes to tailoring effective climate policies and it should be taken into
consideration (Khatibi et al., 2021; Hwang et al., 2021). Given the controversial
nature of CC as a topic, a wide spectrum of opinions and positions has emerged
(Howe et al., 2015). People tend to adopt specific viewpoints, often leading to the
circulation of misinformation and fake information, especially in online platforms.
These perspectives significantly impact climate action (Corner et al., 2012), either
propelling or hindering its progress. Indeed, there is substantive evidence confirm-
ing that attitudes expressed on Social Media (SM) have a significant impact on
individuals’ inclinations toward embracing climate action (Mavrodieva et al.,
2019). Consequently, policymakers must remain current with the ongoing discourse
surrounding this critical issue. Therefore, it becomes essential to gather compre-
hensive information about public perceptions, attitudes, and sentiments toward CC
and maximize the utility of available raw data by transforming it into actionable
insights.

Simultaneously, there is a notable surge in the proliferation of SM platforms that
facilitate discussions on various topics (Lee & Kwak, 2012). SM has undergone a
paradigm shift in the communication area, significantly impacting the discourse on
CC (Falkenberg et al., 2022). The immediacy and widespread reach of these digital
platforms have altered the dynamics of information dissemination. This dialogue
exposes researchers and stakeholders to a wealth of user-generated content (UGC),
offering invaluable insights into this pressing concern and a massive data source that
has not yet been used to the extent that matches its severity (Upadhyaya et al.,
2023). The challenge lies in comprehensively analyzing and categorizing the diverse
opinions expressed by users regarding CC within this massive volume of available
data. Therefore, the demand for automatic processing of such data is increasing
significantly alongside the rise in volumes of this type of data (Alturayeif et al.,
2023). Fortunately, technological advancements have provided us with the means to
address this challenge. Natural language processing (NLP) and text mining tools
now offer powerful instruments for extracting maximum information from these
platforms.
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According to IBM Solutions,! NLP refers to the branch of artificial intelligence
(AI) concerned with the interaction between computers and human language. It
involves the development of statistical and machine learning (ML) models that
enable computers to understand, interpret, and generate human language in a mean-
ingful way. It encompasses various methods, including text mining, which involves
extracting valuable insights from vast textual datasets (Usai et al., 2018) along with
others such as sentiment analysis (SA), topic modeling (TM), and stance detection,
which play pivotal roles in understanding and analyzing vast amounts of textual
data. SA, for instance, enables the classification of text into positive, negative, or
neutral sentiments (Liu, 2010). TM, on the other hand, uncovers underlying themes
or topics present in a collection of documents, helping in the organization and sum-
marization of textual data (Blei et al., 2003). Additionally, stance detection identi-
fies the viewpoints expressed toward specific topics or issues in textual data,
providing valuable insights into public opinion and discourse (Alturayeif et al.,
2023). ML, a fundamental component of NLP, enhances the effectiveness and scal-
ability of these techniques by providing algorithms and models that can learn pat-
terns and relationships from large amounts of textual data (Glaz et al., 2021). By
employing ML algorithms, NLP tasks can be automated and scaled to handle mas-
sive datasets efficiently (Glaz et al., 2021). Therefore, while NLP, ML, and text
mining are distinct fields with their own methodologies and objectives, they are
inherently interconnected, with ML serving as a critical enabler for advancing NLP
techniques within the broader context of text mining and analysis (Nagarhalli
et al., 2021).

These emerging methods are crucial in the decision-making process for busi-
nesses (Kasztelnik, 2020), policymakers, and government entities (Ibrohim et al.,
2023), as they have demonstrated high accuracy and precision in detecting valuable
insights. This practical utility prompts researchers to explore the various applica-
tions of these tools across different domains, including environmental concerns and
the topic of CC, which forms the focus of this investigation. Indeed, they have gar-
nered widespread adoption among researchers who seek to make use of publicly
available data on CC through NLP from gauging public opinion concerns (Shen &
Wang, 2023) to detecting climate hazards (Yigitcanlar et al., 2022).

However, there is a lack of holistic reviews that cover the intersection of CC
discourse as an independent environmental issue, SM as a primary source of data,
and NLP and ML methodologies. Previous reviews have typically focused on one or
two dimensions. For example, Balaji et al. (2021) conducted a survey on ML algo-
rithms used in SM analysis, discussing 17 supervised and unsupervised algorithms,
while Ghani et al. (2019) concentrated on big data analytics for SM. Some have
been undertaken to explore the literature regarding the efficacy and applications of
specific methodologies, with SA emerging as a predominant focus (Ibrohim et al.,
2023; Stede & Patz, 2021; Du et al., 2020; Tan et al., 2023; Wankhade et al., 2022;
Tedmori & Awajan, 2019; Devi & Somasundaram, 2020) positioning SA at the
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forefront of research inquiries. Other tasks have been targeted too, such as fake
news detection (Agrawal et al., 2021), sarcasm detection (Shah & Shah, 2021), hate
speech detection (Mullah & Zainon, 2021), and TM (Jelodar et al., 2019; Laureate
et al., 2023; Asgari-Chenaghlu et al., 2021). Other works have focused on specific
climate topics such as large language models LLMs for climate technology innova-
tion (Toetzke et al., 2023). In a broader methodological aspect, Glaz et al. (2021)
investigated the usage of ML and natural language processing techniques for mental
health research, while patient experience feedback was explored in the study by
Khanbhai et al. (2021).

Throughout the range of studies mentioned and numerous others, CC remained
unaddressed. Bias was consistently limited to techniques or platforms across vari-
ous themes, yet the intersection of the three was overlooked. These shortcomings
serve as motivation to specifically explore this uncovered intersection. This study
systematically examines emerging methodologies, particularly NLP and ML, for
analyzing climate change discourse on social media platforms. To achieve this
goal, we set different sub-objectives. These sub-objectives include outlining vari-
ous emerging techniques, categorizing specific methods undertaken, and extracting
different climate change themes discussed in the literature. Additionally, we seek
to identify primary platforms commonly used for sourcing data and explore poten-
tial platforms suitable for gathering unstructured text data for climate change
discourse.

Through these objectives, we look forward to contributing to the advancement of
knowledge in both computer science and sustainability and environment studies
fields by providing a deeper understanding of the public discourse on CC and guid-
ing researchers by identifying useful and effective methods and data sources
employed in the literature.

The following sections of this article are structured as follows: Sect. 2 outlines
the methodology employed for conducting the SLR. Section 3 presents and dis-
cusses the findings of this SLR in relation to the research questions. Section 4 pres-
ents the gaps found and the possible future research avenues. Finally, Sect. 5
provides the conclusions of this survey.

2 Methodology

In this study, we undertake the compilation, categorization, and presentation of a
current survey on the application of ML and NLP techniques for understanding CC
discourse on SM platforms. To achieve this objective, we adopt the (Kitchenham,
2004), Systematic Literature Review (SLR) framework, which is particularly suited
for computer science surveys and aligns to investigate state-of-the-art methodolo-
gies. Following this framework, we establish a review protocol encompassing four
key stages: definition of research questions, design of search strategies, data collec-
tion, and data extraction.
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2.1 Research Questions

RQ1: What is the current state of research on emerging methodologies for studying
CC discourse on SM?

RQ2: What are the most effective methods recommended?

RQ3: Which taxonomy could be used to represent these works?

RQ4: What are the predominant CC-related topics and themes discussed on SM?

RQS5: What are the platforms for which discourse analysis models have been
proposed?

2.2 Search Strategy

Preliminary searches were performed to determine the number of possibly relevant
studies in our investigated research area. We conducted the search based on title,
abstract, and keywords since searching based on full texts generated a large volume
of irrelevant papers where their filtering is time-consuming and hence it’s not an
effective search strategy. This multidisciplinary research topic spans three main
domains: emerging methods, the discourse surrounding CC, and online platforms.
The selection of keywords used for the search query then is based on the relevance
to the research objectives and the need to encompass various aspects of the topic.
The query comprises three main categories: methodologies (e.g., SA, ML),
CC-related terms (e.g., global warming, GHG emissions), and SM platforms (e.g.,
Twitter, online platforms).
The primary search query was then:

(“’sentiment analysis” OR “opinion mining” OR “machine learning” OR “nlp” OR
“data mining” OR “‘computational linguistics” OR “text mining” OR “stance
detection””) AND (“climate change” OR “global warming” OR “GHG emis-
sions” OR “carbon” OR “emissions” OR “sdg13”) AND (“social media” OR
“social network” OR “Twitter” OR “online platforms”).

Four primary electronic databases, well known for their extensive coverage for
major journals in the field of social computing and ML (Alturayeif et al., 2023),
were employed for data collection namely: Scopus, Web of Science (WoS), IEEE
Xplore, and the Association for Computing Machinery (ACM). All identified
records were saved in a Zotero Library to facilitate the manual selection process.

2.3 Study Selection

This systematic literature review adopted Kitchenham (2004) framework for soft-
ware engineering as a methodological backbone. Following their guidelines,
adapted and adjusted by Ibrohim et al. (2023), this survey implements the paper
selection as a four-step process, as shown in Table 7.1.
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The paper selection process initiates with an identification and screening phase,
where metadata from the four specified databases is gathered through direct search
queries, resulting in a total of 1931 articles. To streamline the process, both auto-
matic and manual selection procedures are employed. Initially, automatic proce-
dures are executed, encompassing identification, screening, and initialization
phases, during which duplicates are eliminated. For initialization, papers published
within the last 10 years are filtered, aligning with the focus on emerging technolo-
gies and advancements. Subsequently, a relevance assessment is conducted based
on predefined criteria detailed in Table 7.1, involving a thorough review of titles and
abstracts to ascertain their relevance. As inclusion and exclusion criteria should be
based on the research question (Kitchenham, 2004), they should be effectively set
to ensure reliable interpretability and correctly classify studies. This evaluation is

Table 7.1 Inclusion and exclusion criteria

Inclusion Exclusion

Stage 0: Identification and screening: automatically
* More than 10 years passed from publication
* Duplicates

Stage 1: Initialization: automatically

Research paper * Not a research paper: Excludes papers that are not
original research, such as commentaries, technical
reports, or opinion pieces
» Conference paper

Stage 2: Title and abstract: manually

Meet relevance criteria: * Does not meet the relevance criteria
By answering the following * Survey paper
questions:
1. Does the paper explicitly * Propose basic text mining techniques/qualitative
mention and discuss CC? content analysis
(mandatory)

2. Does the paper propose an NLP
or ML approach? (mandatory)

3. Is SM the primary source of text
data? (mandatory)

Stage 3: Full-text selection: manually
Meet the paper quality criteria by * Fails one or more mandatory questions
answering the following questions

1. Did the paper clearly describe the
research goals/problems?
(mandatory)

2. Did the paper present relevant
literature or previous studies?
(mandatory)

3. Did the paper clearly explain the
research methodology? (mandatory)

4. Did the paper come from a top
journal? (optional)
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guided by three specific questions designed to assess papers’ alignment with the
research questions. Papers failing to meet any of these criteria are promptly excluded
from further consideration. Lastly, we undertake a thorough assessment of paper
quality through in-depth analysis of full-text content assessment. Here, we pose
three mandatory questions and one optional question, each evaluated on a binary
scale of fulfillment or not. Papers failing to satisfy one or more of the mandatory
criteria are consequently excluded from the review process. After the filtering pro-
cess, we had a final set of 56 papers to be included in the review. The following
PRISMA diagram illustrates the filtering process (Fig. 7.1).

)
Scopus WoS IEEEXplore ACM Digital Library
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Fig. 7.1 PRISMA flow diagram
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2.4 Data Extraction

This step involves gathering pertinent data from collected papers for analysis and
transformation into meaningful insights, holding significant importance due to its
direct impact on the conclusions drawn. Hence, we thoroughly extracted both quan-
titative and qualitative data. To synthesize the findings from the collected studies
and address the research questions (RQs), we employed a combination of manual
and automatic techniques. For this step, we compiled the necessary information into
an Excel spreadsheet to address the proposed research question, dividing the pro-
cess into two distinct phases.

The initial phase concentrates on extracting global information, encompassing
elements that fulfill the RQs and metadata such as paper title, authors’ names, jour-
nal name, abstract, keywords, techniques utilized, dataset volume (if applicable),
labels (if applicable), performance accuracy (if applicable), SM platform, manually
labeled CC topic, country of study (if applicable), and dataset language.
Subsequently, the second phase zooms in on the methodologies, with a separate
sheet dedicated to breaking down the global methodology into specific methods and
approaches. This sheet includes the paper’s identifier by title and authors’ names,
NLP or ML method (e.g., method1, method2...), independent approaches employed
(e.g., approach 1, approach 2...), as well as the lexicon, embedding, or feature
extraction techniques used.

3 Results and Discussion

3.1 Methodological Dimension

The first section will answer the first three research questions about the emerging
methods observed in the literature. The review uncovered six methods employed by
researchers for analyzing CC discourse on SM. While some studies chose to utilize
independent approaches, others integrated various methods. Tables 7.2 and 7.3 pres-
ent an outline of these methods and summarize the diverse combinations identified
and the corresponding works, respectively.

3.1.1 Sentiment Analysis

SA emerged as the prevailing method in the reviewed literature, and featured promi-
nently in 40 out of 56 papers, either as a standalone method or in tandem with other
approaches. Among these, 16 papers exclusively focused on SA. Within this subset,
lexicon-based SA was adopted in ten works, classic ML in four, and deep learning
in two. Notably, SA frequently complemented other techniques, with TM being its
most common counterpart, found in 14 papers. Additionally, seven papers explored
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Table 7.2 Detected methods

Method

Sentiment analysis

Topic modeling

Text classification

Cluster analysis

Named entity
recognition (NER)

Stance detection

Definition

Assessing the sentiment or emotional tone expressed within a
piece of text, typically to determine whether it is positive,
negative, or neutral

A statistical technique used to identify abstract topics or themes
within a collection of documents to discover hidden semantic
structures

Categorizing text documents into predefined classes based on
their content or features, often using ML algorithms

Grouping similar documents into clusters or categories based on
their content, without predefined classes, to discover natural
groupings within the data

Identifying and categorizing named entities (such as names of
people, organizations, locations, etc.) within a text corpus, often
used for information extraction

The process of determining the perspective or stance expressed
toward a particular topic or claim within a given text, typically
categorized as supporting, opposing, or neutral

Table 7.3 Summary of existing works

Method
1|SA l.a

1.b

l.c

1d

le

Combination of
methods Papers

SA alone Ballestar et al. (2022), Yao et al. (2022),
Sham and Mohamed (2022), Cheng et al.

(2023), Schonfeld et al. (2021), Yigitcanlar

et al. (2022), Abdar et al. (2020), Barrios-
O’Neill (2021), Noviello et al. (2023),
Xiang et al. (2021), Klingenberger et al.
(2022), Jeong et al. (2023), Kim et al.
(2021), Kirelli and Arslankaya (2020),
Meenar et al. (2023), Lydiri et al. (2022)

SA/Emotion El Barachi et al. (2021), Smirnov and

analysis Hsieh (2022), Chen (2020), Thukral et al.
(2021), Arce-Garcia et al. (2023), Bergstedt
et al. (2018), Loureiro and All6 (2020)

SA+TM Mulyani et al. (2024), Zeng (2022), Lee

et al. (2023), Shen and Wang (2023), Pani

et al. (2023), Bui et al. (2023), Shen and Li

(2023), Zhang et al. (2022), Gjorshoska
et al. (2023), Wu et al. (2023), Dahal et al.
(2019), Qiao and Williams (2022), Zander
et al. (2023b), Mouronte-Lépez and

Subiran (2022)
SA+ text Karimiziarani et al. (2023)
classification
SA+ cluster Zhang et al. (2021), Li et al. (2023)
analysis

145

#works
41

22

#works
17

14

2

(continued)
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Table 7.3 (continued)

Combination of

H. Ghiloufi et al.

Method methods Papers #works
2 | Text 2.a | Text classification |Ji et al. (2024), Rizzoli (2023), Styve etal. |3
classification (2022)
2.b | Text classification | 1.d
+ SA
2.c | T™M + Text Camarillo et al. (2021) 1
classification
3 | Cluster 3.a | Cluster analysis Li et al. (2023), Han and Sun (2024), 3
analysis Kaushal et al. (2022)
3.b | Cluster analysis + | 1.e
SA
3.c | Cluster analysis + | Chen et al. (2023) 1
NER
3.d| TM + cluster Yang et al. (2021) 1
analysis
4| NER 4.a | NER + TM + SA | Navarro and Tapiador (2023) 1
4.b | Cluster analysis + | 3.c
NER
5/ T™™M 5.a|TM + text Camarillo et al. (2021), Bennett et al. 2
classification (2021)
5b|T™ Zander et al. (2023a), Moghadas et al. 2
(2023)
5. TM + SA l.c
5.d| T™M + text 2.c
classification
5.e | TM + cluster 3.d
analysis
6 | Stance Stance detection | Tyagi et al. (2021) 1
detection

SA with a more nuanced approach of emotion analysis, while one paper incorpo-
rated it into text classification. Table 7.4 presents the summary of observed
techniques.

Four SA approaches were spotted: classic ML, deep learning (DL), Lexicon-
based, and hybrid approach.

Studies ranged from simple implementation to complex ones and comparative
models, Klingenberger et al. (2022) opted for a simpler approach where they
deployed a Naive Bayes classifier for SA across 5284 posts and comments sourced
from three diverse SM platforms: Twitter, YouTube, and LinkedIn, all discussing the
low-carbon agenda. Their analysis revealed significant levels of optimism toward
sustainability, particularly evident on LinkedIn. Moreover, the study highlighted the
versatility of ML approaches in capturing sentiment across varied SM platforms.
Naive Bayes was also used by Kirelli and Arslankaya (2020) alongside with
K-Nearest-Neighbor (KNN) and Support Vector Machine (SVM) on 32,848 Turkish
tweets on the general topic of CC Among these methods, KNN exhibited the highest
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Table 7.4 SA approaches summary

SA Library/algorithm Papers
Lexicon- VADER Ballestar et al. (2022), Smirnov and Hsieh
based (2022), Pani et al. (2023), Xiang et al. (2021),
Gjorshoska et al. (2023), Meenar et al. (2023),
Dabhal et al. (2019), Karimiziarani et al. (2023),
Navarro and Tapiador (2023), Mouronte-Lépez
and Subiran (2022)
NRC Lexicon Smirnov and Hsieh (2022), Barrios-O’Neill
(2021), Thukral et al. (2021), Arce-Garcia et al.
(2023), Bergstedt et al. (2018), Loureiro and All6
(2020), Qiao and Williams (2022)
Textblob Sham and Mohamed (2022), Zander et al.
(2023b), Mouronte-Lépez and Subiran (2022)
SnowNLP Zeng (2022), Cheng et al. (2023), Shen and Wang
(2023)
LIWC Lee et al. (2023), Jeong et al. (2023)
SentiStrength Yao et al. (2022), Sham and Mohamed (2022)
Customized lexicon
SentiWordNet Sham and Mohamed (2022)
Hu and Liu Sham and Mohamed (2022)
MPQA Sham and Mohamed (2022)
Tidytext Chen (2020)
ML-based |SVM Sham and Mohamed (2022), Schonfeld et al.
(2021)
Naive Bayes Sham and Mohamed (2022), Klingenberger et al.
(2022), Kirelli and Arslankaya (2020)
Logistic regression Sham and Mohamed (2022)
KNN Kirelli and Arslankaya (2020)
Deep LST™M Noviello et al. (2023)
learning- RNN Shen and Wang (2023)
based BiLSTM El Barachi et al. (2021), Thukral et al. (2021),
Wu et al. (2023)
BERT Mulyani et al. (2024), Shen and Wang (2023)
EmoRoBERTa Bui et al. (2023)
GRU Noviello et al. (2023)
DistilBert transformer Noviello et al. (2023)
RoBERTa Kim et al. (2021)
CNN Lydiri et al. (2022)
Ensemble SVM + RNN-GRU + RNN- Schonfeld et al. (2021)
learning LSTM + Gradient

Boosting + Logistic regression

Instant end
user tools

WEKA Yigitcanlar et al. (2022)
NLPIR Parser Shen and Li (2023)
NetMapper Tyagi et al. (2021)
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performance, achieving an accuracy of 74.63%, which is regarded as excellent
within the context of a Turkish corpus.

Works like Schonfeld et al. (2021) tried more complex combinations but on one
platform evaluated two ML approaches for SA. They compared a basic SVM with
an ensemble classifier, which combined Recurrent Neural Network with Gated
Recurrent Unit (RNN-GRU), Recurrent Neural Network with Long Short-Term
Memory (RNN-LSTM), a logistic regression classifier, and gradient-boosted deci-
sion Tree. This evaluation was conducted on a dataset comprising 2.71 million
tweets categorized into anti/pro and neutral sentiments toward CC. The results indi-
cated that the ensemble learning approach outperformed the simple SVM, achieving
an accuracy of 78.5% recommending the use of DL and ensemble approaches. This
is evidenced by Kim et al. (2021) who applied RoBERTa—transformer-based
model—to analyze 266,686 tweets related to Solar energy as a CC mitigation strat-
egy achieving 80.2% accuracy and confirming the utility of DL models in tackling
such problems. Drawing from this recommendation, Noviello et al. (2023) con-
ducted experiments employing various deep learning (DL) models, including GRU,
two variants of LSTM, and DistilBERT. These experiments were conducted on a
substantial dataset comprising 35 million climate-related tweets, 300,000 news arti-
cles, and an additional 130 million tweets related to natural disasters in the US span-
ning a decade. The results indicated that a single LSTM model achieved superior
performance, reaching an accuracy of 96.1%, coupled with high scalability.

The second approach of lexicon-based SA was widely adopted, in total 58% of
SA-scanned papers used this approach in both general SA and emotion analysis. In
their study, Ballestar et al. (2022) employed the VADER lexicon to analyze the sen-
timents expressed in tweets by CC influencers, specifically Greta Thunberg and Bill
Gates, along with their replies during COP25, categorizing them into three polari-
ties. Their findings revealed a notably more positive sentiment toward Gates com-
pared to Thunberg.

Similarly, Xiang et al. (2021) and Meenar et al. (2023) used the VADER lexicon
to investigate sentiments regarding China’s carbon policy globally and perspectives
on heat waves, respectively. Xiang et al. (2021) examined the sentiment across a
vast dataset of 1,590,143 tweets, while Meenar et al. (2023) supplemented their
analysis of heatwaves with survey responses, amalgamating 107 survey answers
with 367 tweets.

Other lexicons and libraries were employed including SentiStrength by Yao et al.
(2022) to contrast the sentiments of French and English users toward carbon neu-
trality over 46,756 tweets. Their findings highlighted the prevalence of negative
sentiments in both groups, particularly among the French population. Similarly,
Barrios-O’Neill (2021) leveraged the NRC sentiment lexicon to examine the social
contagion of environmental organization advocacy on Twitter, with a primary
emphasis on CC and overexploitation. They argued the amplifying effect of emo-
tional negativity on social contagion dynamics, this finding emphasizes the role that
SA plays in understanding complex social phenomena.

The DJLex of TextBlob and the Linguistic Inquiry and Word Count (LIWC) lexi-
cons were employed respectively by Abdar et al. (2020) in their analysis of Reddit
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users and by Jeong et al. (2023) in their study focusing on Twitter users from Alaska.
Both investigations centered on renewable energy as a strategy for mitigating CC.

In addition, Xi and Xidian developed customized lexicons for conducting SA on
global warming, demonstrating the adaptability of lexicon-based approaches to
various environmental discourse contexts and languages too as demonstrated by
Cheng et al. (2023) who used Baidu Dictionary containing the sentiment scores of
Chinese words with SnowNLP on 4,850,000 Sina Weibo posts to study users’ per-
ceptions on heat waves.

Other studies focused on a specific augmented SA with a more nuanced approach
namely emotion analysis which is a computational technique used to identify and
analyze the emotional content present in textual data. Emotion mining goes beyond
traditional SA to more nuanced granularities to detect specific emotions expressed
in text, such as joy, anger, sadness, fear, and disgust (Yadollahi et al., 2017). In this
category, we observed the dominance of the usage of NRC Lexicon (Smirnov &
Hsieh, 2022; Arce-Garcia et al., 2023; Bergstedt et al., 2018; Loureiro & All6, 2020).

In examining CC discussions amidst the finite pool of societal concerns and the
COVID-19 pandemic on Twitter, Smirnov and Hsieh (2022) employed lexicon-
based SA techniques, namely the NRC emotion lexicon and VADER. This analysis
focused on discerning sentiments into negative and positive categories, along with
seven basic emotions of fear, anger, sadness, disgust, trust, joy, and surprise with
both lexicons performing well achieving similar sentiment and emotion prediction.
The same set was used by Arce-Garcia et al. (2023), to examine SM responses to
climate activists during CC conferences, drawing on Pulchnik’s basic emotions
across 1,395,054 tweets. Furthermore, the same lexicon was applied in the analysis
of emotions related to energy policy by Loureiro and Allé (2020). Their study,
encompassing 1,700,000 tweets from the UK and Spain, identified eight basic emo-
tions. Interestingly, they found that messages regarding CC in the UK tended to be
less negative compared to those in Spain. Additionally, anticipation emerged as the
predominant feeling in the UK, while fear was more prevalent in Spain. Using the
same lexicon and set of emotions along with Hu and Liu’s (2004) lexicon, Bergstedt
et al. (2018) analyzed Alaskans’ perceptions toward CC over 1,900,000 tweets.

Finally, two papers employed a hybrid approach, combining multiple method-
ologies to enhance their analyses. A hybrid approach typically involves the integra-
tion of different techniques (lexicon-based and ML-based) or models to leverage
their respective strengths and compensate for their weaknesses. In their study,
Thukral et al. (2021) employed such an approach, integrating lexicons and deep
learning techniques. They harnessed the capabilities of Bidirectional Long Short-
Term Memory (BI-LSTM) networks to classify the intensity of concern regarding
CC into three fundamental polarities: positive, negative, and neutral over 59,999
tweets. The emotional analysis was specifically applied to filtered positive tweets
across three distinct case studies, each focusing on significant global events: Earth
Day, Delhi Air Pollution, and the Australian Bushfire. Sham and Mohamed (2022)
conducted experiments testing various hybrid combinations of lexicons and classic
machine-learning classifiers. They evaluated SentiWordNet, TextBlob, VADER,
SentiStrength, Hu and Liu, MPQA, and WKWSCI over a dataset consisting of
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climate-related tweets. Among these combinations, the hybrid approach using
TextBlob in conjunction with Logistic Regression emerged as the most effective,
achieving an Fl-score of 75.3% providing evidence of the efficiency of hybrid
approaches.

3.1.2 Topic Modeling

The second most used technique is TM, however, its usage as a standalone method
was only observed in two studies both working on CC tangible manifestations. In
their work, Zander et al. (2023a) employed the Gibbs sampling algorithm for the
Dirichlet multinomial mixture (GSDMM) to analyze Twitter responses to heat
waves, with the CC topic being discussed in 17% of the analyzed tweets. The
authors contended that there was no misinformation disseminated regarding CC
according to tweet source identification.

Moghadas et al. (2023) addressed the German flood disaster, which was directly
attributed to CC by scientists. They used information collected from both tweets and
online surveys to detect climate disaster capacities. The CC topic was present in all
disaster phases (pre-, real-time, and post-event), highlighting its impact. Addressing
disaster capacities adaptation and prevention involves the adoption of CC adapta-
tion measures. Topic models were mostly combined with SA, text classification,
and cluster analysis.

3.1.3 Sentiment Analysis and Topic Modeling Combined

An important percentage of papers examined coupled SA with TM, this technique
was recommended by Ibrohim et al. (2023) or what is called topic-based SA where
the SA is plotted against the topic to identify what people think or feel toward a
specific topic and how it varies from one theme to another. By integrating these two
approaches, we can understand not only the emotional tone of the text but also the
context in which sentiments are expressed, enabling targeted sentiment assessment
and informed decision-making. Moreover, this combination enhances content per-
sonalization efforts by delivering more relevant and tailored information to users
based on both their interests and sentiments. Table 7.5 summarizes the topic models
used in the analyzed works.

For SA, the lexicon-based approach was used in 86% of the papers, the other two
works opted for deep learning techniques namely EmoRoBERTa and BiLSTM. For
topic modeling, we observed the use of statistical models, ML, deep learning, and
hybrid approaches, five techniques were used namely LDA (ten papers), Dirichlet
Multinomial Regression (DMR) (1), Gibbs Sampling Algorithm for the Dirichlet
Multinomial Mixture (GSDMM) (1), and Text Semantic Similarity (1) and
BERTopic (1).

The usage of the VADER lexicon was identified in four studies, with three of
them employing it in conjunction with Latent Dirichlet Allocation (LDA), and one
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Table 7.5 Summary of topic models

Algorithm/library Paper

ClassicTM | LDA Mulyani et al. (2024), Camarillo et al. (2021),

Zeng (2022), Shen and Wang (2023), Pani et al.
(2023), Shen and Li (2023), Bennett et al. (2021),
Moghadas et al. (2023), Dahal et al. (2019), Qiao
and Williams (2022), Navarro and Tapiador (2023),
Yang et al. (2021), Mouronte-L6pez and Subirdn
(2022), Bui et al. (2023), Wu et al. (2023)

Dirichlet Multinomial Lee et al. (2023)

Regression (DMR)

Gibbs sampling algorithm | Zander et al. (2023a, 2023b)

for the Dirichlet

multinomial mixture

(GSDMM)
Text Semantic Similarity Zhang et al. (2022)
Deep learning | BERTopic Gjorshoska et al. (2023)

™

study employing BERTopic (Gjorshoska et al., 2023). Among these, two studies
addressed the issue of CC mitigation by reducing greenhouse gas (GHG) emissions
through the adoption of electric vehicles (EV) (Pani et al., 2023) and waste manage-
ment (Gjorshoska et al., 2023).

Pani et al. (2023) used the VADER lexicon and LDA to analyze 7,102,362 tweets
where the Changepoint analysis was employed to detect significant shifts in public
sentiment. Findings revealed a prevailing positivity toward EV usage and empha-
sized its environmental benefits in GHG reduction. Conversely, Gjorshoska et al.
(2023) observed a predominance of negative sentiment surrounding waste manage-
ment, with discussions mainly focusing on inadequate waste disposal practices and
the widespread use of plastic bags. These findings were derived through VADER
SA and BERTopic applied to data from Twitter and news reports. The same negativ-
ity pattern was observed by Dahal et al. (2019) who conducted a comparative study
on regional discussions on CC on Twitter. Their findings unveiled a predominantly
negative sentiment within these discussions, intricately intertwined with “political
situations” and “extreme weather conditions” topics. Furthermore, the research
revealed that Americans exhibited relatively lower levels of interest in CC policies
when contrasted with their counterparts in other nations. Mouronte-Lépez and
Subirdn (2022) also found a prevalence of negative sentiment surrounding CC top-
ics. They used VADER augmented with the Textblob lexicon to identify various
topics, including Net zero, pandemic, Climate emergency, CC evidence, Government
action, Policies and finances, CC awareness, CC activism, Sustainability, and
Biodiversity. Most of these topics exhibited predominantly negative polarity, except
for CC activism. Notably, the CC evidence topic displayed the highest level of nega-
tivity among all identified topics expressing CC denial.

TextBlob lexicon was also employed alongside the Gibbs sampling algorithm
for the Dirichlet multinomial mixture (GSDMM) in Zander et al. (2023b). They
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investigated trends in 82,927 Twitter discussions about the Australian Bushfires
during the black summer, as a tangible manifestation of CC. Surprisingly, despite
the severity of the incidents, a general trend of positive sentiment was observed.
However, negativity was predominantly found in topics related to government
actions, protection, and prevention measures. This negativity toward government
entities was observed in the Indonesian context regarding photovoltaic (PV) adop-
tion in a study by Mulyani et al. (2024) through the analysis of 5792 YouTube and
TikTok comments by BERT for SA and LDA for TM. Additionally, LDA was
coupled with BiLSTM, another SA deep learning model, in Wu et al. (2023), focus-
ing on Chinese public opinion on Sina Weibo with 169,592 posts. Surprisingly, the
majority exhibited positive attitudes, emphasizing carbon reduction, neutrality,
green development, and new energy solutions. Slight negativity was attributed to
extreme weather events and abnormal climate conditions. These findings corrobo-
rate the conclusions drawn by Shen and Wang (2023), who observed that topics
such as natural disasters, deforestation, and glacier melting tend to evoke predomi-
nantly negative sentiments. Conversely, clean energy and education generate more
positive sentiments among the Chinese populace. Meanwhile, individuals within
the G20 nations tend to express positive sentiment toward human intervention and
global cooperation, while exhibiting negativity toward ideological stances. These
findings emerged from the application of different techniques across different plat-
forms. Twitter data were analyzed using an RNN model while sentiments on Sina
Weibo were assessed using SnowNLP with a Chinese lexicon both alongside LDA
for content analysis. The latter combination was employed by Zeng (2022) on
346,921 Weibo posts who similarly observed an overall optimistic sentiment
among the Chinese population regarding CC. Negative opinions, as identified, tend
to be predominantly associated with climate-related disasters and exhibit height-
ened negativity during the winter and fall seasons. The results further illuminate
that Chinese individuals tend to perceive CC through a “top-down perspective,”
considering it a matter of national concern rather than an issue at the individ-
ual level.

The Linguistic Inquiry and Word Count (LIWC)-2022 lexicon was used by Lee
etal. (2023) to analyze 61,370 Reddit threads with Dirichlet Multinomial Regression
(DMR). Their analysis uncovered positive sentiments associated with careers
related to wildlife, fires, elections, and green energy, among other topics. Conversely,
negativity was observed in discussions concerning natural disasters, carbon emis-
sions, UN CC, global warming, and academia.

For emotion analysis deep learning and lexicon-based models were employed by
Buietal. (2023) and Qiao and Williams (2022) respectively with LDA. EmoRoBERTa
achieved high precision in extracting nuanced CC emotions during Hurricane
Harvey on Twitter highlighting fear emotions arising from CC stressors such as care
for family and friends and landfall danger (Bui et al., 2023). The NRC lexicon was
applied in a more general context of global warming with LDA by Qiao and
Williams (2022). Fear prevails across all topics, with trust following closely. Trust
is highest when discussing global warming reality and necessary actions, but lowest
for Hoax topics. Anticipation is minimal in Hoax discussions but peaks when
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addressing global warming impacts. Sadness is most prominent in conversations
about global warming and Covid-19. Joy is highest in Reality discussions but lowest
in Hoax. Notably, Hoax discussions are overwhelmingly negative, marked by high
fear, disgust, and surprise, and low trust, joy, and anticipation.

Figure 7.2 presents a visual summary of the aforementioned topics in a word
cloud, highlighting the most discussed subjects. The importance and frequency of
each word are represented by its size in the cloud. We observe the significance of
energy topics and sustainability. Additionally, these topics are plotted against the
sentiments found in the papers, where a corresponding sentiment score of 1 is
assigned to each topic, whether positive or negative. Some topics are discussed in
the literature as exhibiting both polarities because they are found in different con-
texts (different countries, spans of time, divisions into sub-topics, etc.). For exam-
ple, topics like bushfires and green housing are given a score of 1 for both sentiments.
Climate change topics, as analyzed by the set of references, mostly exhibit a nega-
tive sentiment, which is presented by 60%.

Table 7.6 illustrates that the most prevalent sentiment polarity classification is
used as a three-category polarity identification of negative, neutral, and positive
sentiments, as adopted by 18 works, nine of which belong to SA-only studies and
nine works with TM. Following these 13 studies used the binary classification of
negative and positive with ten independent SA.

However, some studies opt for a different labeling approach, such as pro, anti, or
neutral, primarily because in this specific work, the authors investigated the atti-
tudes toward two topics vaccines and CC. This approach is more aligned with opin-
ion analysis, tailored to the specific research goals of the authors. Additionally,
Bergstedt et al. (2018) introduced a nuanced polarity classification, categorizing
sentiments into negative, positive, low negative, and low positive. Furthermore, six
studies employed a multi-polarity scenario, as exemplified by Ibrohim et al. (2023),
blending emotion and SA to extract both basic emotions and corresponding senti-
ment polarities. The identification of emotions in these studies is often based on
Plutchik or Ekman’s basic emotions, with reliance on NRC lexicons for SA.

Climate Change Topics Word Cloud
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Fig. 7.2 Discussed topics and the corresponding sentiments
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Table 7.6 Sentiment polarities summary

Polarity
Negative/neutral/positive

Negative/positive

Pro-/anti-/neutral

Negative/positive/low
negative/low positive

Believers/deniers

Anger/anticipation/disgust/
fear/joy/sadness/surprise/trust

Anger/disgust/fear/joy/
sadness/surprise/trust

Pride, embarrassment, grief,
relief, remorse, nervousness,
joy, desire, confusion,
disappointment, realization,
amusement, disapproval,
annoyance, disgust,
excitement, love, gratitude,
surprise, admiration, anger,
sadness, optimism, approval,
fear, curiosity, caring, neutral

SA as independent method

Ballestar et al. (2022), Yao
et al. (2022), Sham and

Mohamed (2022), Abdar et al.

(2020), Xiang et al. (2021),
Klingenberger et al. (2022),
Thukral et al. (2021), Kim
et al. (2021), Meenar et al.
(2023)

Cheng et al. (2023), Smirnov
and Hsieh (2022), Chen
(2020), Barrios-O’Neill
(2021), Noviello et al. (2023),
Arce-Garcia et al. (2023),
Jeong et al. (2023), Loureiro
and All6 (2020), Kirelli and
Arslankaya (2020)

Schonfeld et al. (2021)

Bergstedt et al. (2018)

Lydiri et al. (2022)

Chen (2020), Thukral et al.
(2021), Arce-Garcia et al.

(2023), Bergstedt et al. (2018),

Loureiro and All6 (2020)
Smirnov and Hsieh (2022)
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SA+ other methods

Mulyani et al. (2024), Shen
and Wang (2023), Pani et al.
(2023), Shen and Li (2023),
Zhang et al. (2022), Gjorshoska
et al. (2023), (Wu et al. (2023),
Dabhal et al. (2019), Zander

et al. (2023b), Navarro and
Tapiador (2023), Effrosynidis
et al. (2022)

Zeng (2022), Lee et al. (2023),
Mouronte-Lépez and Subiran
(2022), Zhang et al. (2021)

Bui et al. (2023)

3.1.4 Topic Modeling with Text Classification and Clustering

LDA TM has been integrated with text classification/prediction in two studies con-
ducted by Camarillo et al. (2021) and Bennett et al. (2021). Camarillo et al. (2021)
adopted a two-phase approach: initially using Bi-LSTM to classify tweets into
either CC mitigation action or inaction, followed by a second phase where action-
related tweets were filtered and analyzed using LDA. The most prominent topics
environmental behaviors,” ‘“‘sustainable

ELINNT3

identified were “government actions,
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Table 7.7 TM summary

Technique Paper
Classic LDA Mulyani et al. (2024), Camarillo et al.
™ (2021), Zeng (2022), Shen and Wang

(2023), Pani et al. (2023), Shen and Li
(2023), Bennett et al. (2021), Moghadas
et al. (2023), Dahal et al. (2019), Qiao
and Williams (2022), Navarro and
Tapiador (2023), Yang et al. (2021),
Mouronte-Lépez and Subiran (2022), Bui
et al. (2023), Wu et al. (2023)

Dirichlet Multinomial Regression Lee et al. (2023)
(DMR)
Gibbs sampling algorithm for the Zander et al. (2023a, 2023b)
Dirichlet multinomial mixture
(GSDMM)
Text Semantic Similarity Zhang et al. (2022)
Deep BERTopic Gjorshoska et al. (2023)
learning
™

production,” and “awareness.” In the study by Bennett et al. (2021), 17 CC topics
were identified, including climate impact, Earth Day, politicians, sustainability pro-
motion, clean energy, and climate denial. These topics were regionally mapped, and
their analysis was enhanced by random forest regression to predict consolidated
opinions on CC. In another study by Yang et al. (2021), LDA was employed along
with hierarchical clustering to extract 12 topics related to public concerns about air
pollution and categorize them into egoistic, altruistic, biospheric concerns, and
adaptation strategies. Table 7.7 summarizes topic models found in the ana-
lyzed works.

3.1.5 Text Classification

While supervised text classification remains one of the most used methods by
researchers due to its superior performance, it’s intriguing to note that only a hand-
ful of studies have independently employed it, alongside a few incorporating SA
and TM. For instance, some studies have employed deep learning techniques. Ji
et al. (2024), for example, leveraged the BERT model to categorize Sina Weibo
posts related to CC into eight predefined topics. The labels are detailed in Table 7.8,
along with the classification of information veracity into ‘misinformation’ and
‘non-misinformation’. Notably, the model achieved an accuracy of 79.2% and a
precision of 79% for topic classification and information veracity, respectively.
Classic ML algorithms were applied by Rizzoli (2023) to categorize Italian
tweets into risk perception categories, specifically SVM and random forest. The
results indicated an average accuracy of 86% and 70% respectively. In a different
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Table 7.8 Labels used in text classification works

Paper Labels

Jietal. (2024) (a) (1) politics and governance; (2) environmental and health impacts; (3)
culture; (4) action advocacy; (5) beliefs and perception; (6) economy; (7)
science and technology; and (8) other
(b) Misinformation; nonmisinformation

Karimiziarani et al. | Caution; damage; evacuation;injury; help; sympathy

(2023)

Rizzoli (2023) Consciousness; justification; distance; denial
Styve et al. (2022) | Flood-related/not flood-related

Camarillo et al. Action/inaction

(2021)

approach, Karimiziarani et al. (2023) utilized an unspecified text classifier along-
side lexicon-based SA to categorize tweets concerning Hurricane Harvey. Other
studies have opted to compare different approaches. For instance, Styve et al. (2022)
compared deep learning (CNN), classic ML (random forest, logistic regression),
and transfer learning (Universal Language Model Fine-tuning, ULMFiT) for clas-
sifying flood-related tweets. Interestingly, the models trained using transfer learning
via ULMFiIT demonstrated the most promising results, achieving 95% accuracy,
closely.

3.1.6 Cluster Analysis

The next method observed was the clustering analysis or text clustering, also known
as text segmentation, which is an NLP technique used to group similar documents
or pieces of text into clusters or categories based on their content (Hotho et al.,
2003). Six works with four different methods as summarized in Table 7.9 were
observed, two works used it independently (Han & Sun, 2024; Kaushal et al., 2022),
two combined with SA, one with NER (Chen et al., 2023), and one with TM (Yang
et al., 2021). k-means was most used in three works A BERT word embedding was
used by Han and Sun (2024) followed by a fuzzy clustering method namely FCM to
detect themes related to low carbon awareness. The combination of deep learning
encoding and cluster analysis was also adopted by Kaushal et al. (2022) where USE
sentence encoder and a k-means model were implemented for Reddits’ discussions
on CC extracting ten themes including and not limited to climate science, global
warming, energy and carbon.

3.1.7 Named Entity Recognition (NER)

Named Entity Recognition (NER) is a method in NLP where entities such as person
names, organization names, locations, and dates are identified and categorized
within the text (Lample et al., 2016; Ratinov & Roth, 2009). NER systems employ
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Table 7.9 Clustering techniques summary

Approach Algorithm Paper
Partitioning method | k-means Chen et al. (2023), Zhang et al. (2021), Kaushal
et al. (2022)
Fuzzy clustering FCM Han and Sun (2024)
Hierarchical Hierarchical clustering | Yang et al. (2021)
method
Non-specified Co-occurrence Li et al. (2023)
clustering

ML algorithms or rule-based approaches to automatically detect and classify enti-
ties based on their linguistic features and context. In the analyzed studies, this tech-
nique has been used to evaluate attitudes and sentiments toward specific entities
related to the CC debate using Standford NER tagger (Navarro & Tapiador, 2023)
and to extract specific locations using Conditional Random Fields (CRF) techniques
(Chen et al., 2023).

3.2 Topical Dimension

In this section RQ4 will be answered. From the analysis of the selected papers, a
broad spectrum of climate-change-related topics and corresponding sub-topics were
detected. We classified the papers as follows: CC as a general topic (18 papers), CC
mitigation (17 papers), CC tangible manifestations (ten papers), CC activism and
advocacy (six papers), and CC and health (five papers) as synthesized in Table 7.10.

3.2.1 CC as a General Topic

Various perspectives on the issues were mapped as they were addressed across dif-
ferent platforms, including Twitter, Sina Weibo, Reddit, and Twitch, along with the
diverse keywords used for data collection. Consequently, disparities in the obtained
results are apparent; however, some common findings have emerged. In numerous
studies, researchers have sought to discern the prevailing public sentiment toward
CC across various regional contexts. While many analyses have taken a broad
approach, others have focused on specific regions. The research focused on China,
for instance, has highlighted an overall optimistic outlook in Chinese discourse
regarding CC, with less emphasis on its political dimensions (Zeng, 2022; Ji et al.,
2024; Shen & Wang, 2023). Conversely, investigations concerning the US public
have highlighted a keen interest in political aspects, alongside polarization and cli-
mate denial (Bennett et al., 2021), with other works focusing on particular states
like Alaska (Bergstedt et al., 2018). Additionally, there have been inquiries into the
attitudes of the Turkish population (Kirelli & Arslankaya, 2020).
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Theme

Sub-theme

Paper

CC as a general
topic

Lydiri et al. (2022), Sham and Mohamed (2022), Lee

et al. (2023), Shen and Wang (2023), Ji et al. (2024),
Thukral et al. (2021), Kaushal et al. (2022), Bennett et al.
(2021), Bergstedt et al. (2018), Kirelli and Arslankaya
(2020), Wu et al. (2023), Effrosynidis et al. (2022), Dahal
et al. (2019), Qiao and Williams (2022), Navarro and
Tapiador (2023), Mouronte-Lopez and Subiran (2022),
Zeng (2022), Qiao and Jiang (2021)

CC mitigation

CC mitigation in
general

Camarillo et al. (2021)

Carbon Li et al. (2023), Yao et al. (2022), Pani et al. (2023), Han
neutrality and Sun (2024)

Renewable Mulyani et al. (2024), Abdar et al. (2020), Zhang et al.
energy (2022), Jeong et al. (2023), Kim et al. (2021)

Carbon taxation

Zhang et al. (2021)

Sustainable
transportation

Pani et al. (2023)

Green housing

Shen and Li (2023)

Corporate
climate agenda

Klingenberger et al. (2022)

GHG emissions

Zhang et al. (2022), Gjorshoska et al. (2023)

Waste
management

Gjorshoska et al. (2023)

Energy policies

Loureiro and All6 (2020)

CC policy Xiang et al. (2021)
CC tangible Floods Styve et al. (2022), Moghadas et al. (2023)
manifestations Waterlogging Chen et al. (2023)

Heat waves Cheng et al. (2023), Zander et al. (2023a), Meenar et al.

(2023)

Natural hazards

Yigitcanlar et al. (2022)

Extreme weather
events

Noviello et al. (2023)

Hurricanes Karimiziarani et al. (2023)

Bushfires Zander et al. (2023b)
CC activism and | Greta Thunberg | El Barachi et al. (2021), Ballestar et al. (2022), Arce-
advocacy Garcia et al. (2023)

Influencers Ballestar et al. (2022)

marketing

NGOs Barrios-O’Neill (2021), Ter-Mkrtchyan and Taylor (2023)
CC and health COVID-19 Smirnov and Hsieh (2022)

Vaccines Schonfeld et al. (2021)

Mental health Bui et al. (2023), Chen (2020), Rizzoli (2023)

CC adaptation

Yang et al. (2021)
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Despite its global scope, discussions on CC are marked by a mixture of senti-
ments. Advocates for addressing CC are prominent (Lydiri et al., 2022), with an
overall prevalence of positive sentiment (Zeng, 2022; Sham & Mohamed, 2022),
emphasizing a global approach and human capacity to intervene effectively (Shen
& Wang, 2023). Conversely, negative attitudes toward CC often revolve around
politics and extreme weather events (Shen & Wang, 2023).

3.2.2 CC Mitigation

Mitigation discussions emerged prominently in the analyzed papers as one of the
most popular strategies for addressing CC. Mitigation involves the actions and
efforts aimed at reducing greenhouse gas (GHG) emissions and bolstering carbon
sinks (Introduction to Mitigation | UNFCCC). Eleven subtopics were extracted,
with carbon neutrality and renewable energy emerging as the primary areas of
research focus. Attitudes toward carbon neutrality ranged from optimistic findings
(Li et al., 2023) in the Chinese context to pessimistic ones (Yao et al., 2022) among
English and French users, with diverse sub-dimensions related to reducing carbon
emissions such as economy, technology, sports, entertainment, and transportation.
There was a consensus regarding the positivity of research on renewable energy
worldwide (Mulyani et al., 2024; Abdar et al., 2020; Kim et al., 2021). However, the
temporal aspect influenced the public’s overall opinion, with differing views on
short-term and long-term adoption of renewable energy. Works related to policies
tackled both general climate policies (Xiang et al., 2021) and specific dimensions of
energy (Loureiro & All6, 2020).

Despite being the primary driver of CC and the focal point of CC mitigation
efforts, it is surprising that only two works directly addressing GHG emissions were
discovered, despite being included in keyword searches. This scarcity may stem
from the strict quality selection criteria that may have led to the exclusion of rele-
vant works. Twitter conversations predominantly centered around escalating emis-
sions, the related climate crisis, and emission policies (Zhang et al., 2022).

3.2.3 CC Tangible Manifestations

Another important theme extracted is CC’s tangible manifestations ranging from
natural disasters to extreme weather events. Through SM, these manifestations
serve as tangible touchpoints, highlighting the relationship between environmental
realities and public opinion. As individuals grapple with the effects of CC their
experiences are increasingly shared, debated, and reshaped within the digital sphere.
Seven distinct subtopics were identified, with five associated with natural hazards
and two with extreme weather events. With socio-technical advancements, such as
those outlined by Moghadas et al. (2023), the monitoring of natural crises has
become more refined, supporting responsible entities in implementing effective
intervention strategies for climate resilience (Karimiziarani et al., 2023). This
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includes the development of models capable of accurately discerning content related
to natural disasters (Styve et al., 2022) and assessing resilience capacities across
preventive, anticipative, absorptive, adaptive, and transformative measures
(Moghadas et al., 2023). Monitoring public opinion before, during, and after the
disaster (Karimiziarani et al., 2023; Zander et al., 2023b). The analysis of extreme
weather events-related content also provides valuable information into diverse per-
ceptions of CC that was perceived negatively during these events attributing it as the
major cause for such anomalies (Meenar et al., 2023).

3.24 CC Activism and Advocacy

Five studies focused on CC activism and advocacy. Within this category, three stud-
ies analyzed content related to the renowned climate activist Greta Thunberg (EI
Barachi et al., 2021; Ballestar et al., 2022; Arce-Garcia et al., 2023). These works
primarily employed sentiment and emotion analysis as the main method for content
analysis, revealing predominant sentiments surrounding the climate activists.
What’s intriguing about this theme is its expansion beyond public opinion to include
the analysis of organizational content disseminated through SM platforms, such as
environmental NGOs. The findings underscore the consistent prioritization of CC
issues on the SM agendas of environmental advocates (NGOs) (Ter-Mkrtchyan &
Taylor, 2023), with a focus on major threats and the overexploitation of resources
(Barrios-O’Neill, 2021).

3.2.5 CC and Health

In certain studies within this category, CC was juxtaposed with another contentious
public issue, vaccines (Schonfeld et al., 2021). Findings revealed that pro-vaccine
individuals tended to believe in anthropogenic CC, whereas this correlation did not
apply in the opposite scenario. From public health to mental well-being, other stud-
ies (Bui et al., 2023; Chen, 2020) focused on users’ emotional responses toward
CC. This included experiencing the tangible effects of CC (Bui et al., 2023) or
exposure to CC-related content (Chen, 2020).

3.3 Platforms and Languages

After conducting the analysis, the findings reveal a diverse array of platforms for
which discourse analysis models have been proposed. The selection of the platform
depends on the research objectives and the target population. For example, if the
goal is to obtain broader and global insights into the issue, Twitter tends to be the
optimal choice. Conversely, if the objective is to study a specific country, research-
ers often utilize platforms popular nationally among that population, such as Sina
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Weibo for the Chinese population and Dcard for Taiwanese users. Among these
platforms, Twitter emerges as the most extensively studied, with 42 papers dedi-
cated to analyzing CC discourse on this platform. The platforms studied and their
corresponding papers are summarized in Table 7.11.

X (previously Twitter), with its real-time and public nature, has become a pri-
mary platform for discussing a wide spectrum of issues (Wei et al., 2021). Literature
explorations emphasize the importance of Twitter and its usefulness as a de facto
data source in several decision-making scenarios although it was not originally
designed to provide such services. We can say that research scholars have created
methods to make use of Twitter content in studying several perspectives of CC
issues. These features besides standardized SM benefits such as low-cost and two-
way communications and freedom of speech set the perfect environment to study
public opinion about a global issue. In addition, data acquisition from Twitter is
quite easier than other SM platforms thanks to the Twitter Application Programming
Interface (API). While the data collection process has become more challenging and
costly in recent times, it remains relatively accessible to acquire data. Sina Weibo, a
microblogging platform popular in China, has also received attention in the litera-
ture. While fewer in number compared to Twitter studies, research has highlighted
the unique characteristics of CC discourse on this platform with works conducting
comparative analysis between the discourse on these platforms and others (Shen &
Wang, 2023). Reddit, known for its diverse communities and discussion forums, has
been the focus of three studies. Other platforms, such as YouTube, Twitch, TikTok,

Table 7.11 Detected platforms

Platform | Paper

Twitter: 42 | El Barachi et al. (2021), Lydiri et al. (2022), Styve et al. (2022), El Barachi et al.

paper (2021), Ballestar et al. (2022), Ter-Mkrtchyan and Taylor (2023), Zhang et al.
(2021), Qiao and Jiang (2021), Camarillo et al. (2021), Yao et al. (2022), Sham and
Mohamed (2022), Smirnov and Hsieh (2022), Schonfeld et al. (2021), Pani et al.
(2023), Yigitcanlar et al. (2022), Bui et al. (2023), Abdar et al. (2020), Barrios-
O’Neill (2021), Noviello et al. (2023), Xiang et al. (2021), Klingenberger et al.
(2022), Thukral et al. (2021), Bennett et al. (2021), Arce-Garcia et al. (2023),
Zhang et al. (2022), Bergstedt et al. (2018), Gjorshoska et al. (2023), Kim et al.
(2021), Zander et al. (2023a), Loureiro and All6 (2020), Kirelli and Arslankaya
(2020), Effrosynidis et al. (2022), Rizzoli (2023), Meenar et al. (2023), Moghadas
et al. (2023), Dahal et al. (2019), Qiao and Williams (2022), Karimiziarani et al.
(2023), Zander et al. (2023b), Mouronte-Lépez and Subirdn (2022), Shen and Wang
(2023)

Sina Li et al. (2023), Chen et al. (2023), Zeng (2022), Cheng et al. (2023), Shen and

Weibo Wang (2023), Ji et al. (2024), Shen and Li (2023)

Reddit Lee et al. (2023), Kaushal et al. (2022), Jeong et al. (2023)
Youtube Mulyani et al. (2024), Chen (2020), Klingenberger et al. (2022)
Twitch Navarro and Tapiador (2023)

Tiktok Mulyani et al. (2024)

LinkedIn | Klingenberger et al. (2022)

Dcard Yang et al. (2021)
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Table 7.12 Languages used Language # works
English 43
Chinese
Mandarin
French

Indonesian translated to English
Turkish

Italian

German

Spanish

[N (U (U VIS VIS VI U N R

Macedonian

LinkedIn, and Dcard, have also been explored, albeit to a lesser extent. Studies on
these platforms, such as Mulyani et al. (2024), Chen (2020), Klingenberger et al.
(2022), Navarro and Tapiador (2023), and Yang et al. (2021), highlight the diverse
ways in which CC is discussed and perceived across different SM ecosystems.

Overall, while Twitter remains the most researched platform for CC discourse
analysis, exploring other platforms offers a diverse perspective on the complexity of
online discussions surrounding CC. This is because platform users’ demographics
vary; for example, TikTok and Reddit users tend to belong to Generation Z, while
Facebook, Twitter, and LinkedIn are predominantly used by Millennials and
Generation X (Chaffey, 2024). Consequently, each platform’s nature may be some-
what biased toward specific demographic categories. Further research exploring the
aforementioned platforms in greater depth can enhance our understanding of how
people perceive CC. The choice of platform also influences language preferences in
studies, with a significant proportion of papers using Twitter. This correlation is
closely tied to the prevalence of the English language, which can be attributed to
various factors such as the platform’s user demographics, the widespread adoption
of English globally, and the abundance of techniques and open-source libraries
available in this language. Additionally, many pre-trained models and dictionaries
are primarily trained on English corpora and data, further contributing to its domi-
nance in SM research. Chinese language is the next most encountered, appearing in
seven papers focused on Sina Weibo. Additionally, eight other languages were iden-
tified, as detailed in Table 7.12.

4 Research Gaps and Recommendations
for Future Exploration

Through the analysis of existing studies, we found that there are still many limita-
tions in current works that could provide a pathway to future research. The identi-
fied gaps are as follows:

Lack of optimal combinations: Lack of integration of different combination of
methods despite proving greater performance in terms of interpretability or accu-
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racy. The focus was on comparing the methods rather than strategically incorpo-
rating them and leveraging the advantages of each. This can be attributed to the
complexity of optimally designing and implementing such models, except for
the combination of TM and SA, integrating NER, text classification, and cluster
analysis in a two-stage or a hybrid approach has the potential to provide a holistic
view of the problem.

Limited scope: The analysis overlooked user demographics and external factors that
shape CC opinions and attitudes. Additionally, there was insufficient consider-
ation for the temporal dimension, except in studies focusing on specific events.
Tracking opinions over time is crucial for gaining deeper insights into changes in
attitudes and behaviors. The temporal aspect was only present in eight works
(Chen et al., 2023; Wu et al., 2023; Effrosynidis et al., 2022; Cheng et al., 2023;
Pani et al., 2023; Shen & Li, 2023; Tyagi et al., 2021) where most of them focus-
ing on specific events.

Lack of ML-based network analysis: CC is a popular issue, scholars note users seek
affirming information, shaping group polarization (Valenzuela et al., 2021).
Debate exists on online platforms’ role. Isolated information ecosystems
strengthen polarization, notably in CC discussions (Wilson et al., 2020). Network
analysis is vital for understanding information dissemination dynamics and
interaction patterns, crucial in tackling polarization specifically in this issue.
There was a limited incorporation of network analysis; only three studies (Zhang
etal., 2022; Tyagi et al., 2021; Yao et al., 2022), proposed its inclusion. However,
numerous ML (ML) and deep learning (DL) methods can enhance natural lan-
guage processing (NLP) models with a network perspective, including graph
neural networks and node classification techniques.

Language bias: The prevalence of the English language is apparent, attributed to
several factors outlined in the results analysis. Only 25% of the analyzed works
incorporated other languages in content analysis, 5% of which using a combina-
tion of English and another language, while only 20% focused on a specific
language. Certain languages present numerous challenges, including difficulties
in semantic analysis due to their rich and complex morphology, orthographic
ambiguity, and orthographic noise, as observed in Chinese and Arabic. While
Chinese appeared in seven works, no studies were identified on the Arabic lan-
guage. Therefore, transcending language-centric models and introducing a
language-independent model is groundbreaking and holds significant potential if
implemented optimally.

Lack of annotated data related to different themes in CC: Through literature analy-
sis, a notable gap has been identified concerning annotated data in the context of
CC discourse. Specifically, while there has been some attention given to super-
vised ML-based SA, we observed a deficiency in labeled data specifically tai-
lored to CC-related themes. Out of the corpus of literature examined, only a
small fraction, comprising five works, chose to focus on text classification related
to CC. This limited number of studies indicates a substantial gap in the availability
of annotated data for training ML models to effectively analyze and understand
CC discourse. Without access to adequately labeled data, it becomes difficult to
train and evaluate ML algorithms effectively, hindering progress in understand-
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ing public perceptions, attitudes, and behaviors toward CC. For instance, the-
matic areas within CC discourse may include public perception of CC mitigation
strategies, CC denial and skepticism, an annotated corpus of pro-environmental
behavior or non-supportive attitudes, etc. Addressing this gap in the literature
requires concerted efforts to collect and annotate large-scale datasets. Such ini-
tiatives could involve collaboration between researchers, policymakers, and
domain experts to ensure the creation of high-quality annotated datasets that
accurately capture the nuances and complexities of CC communication.

Lack of Local focus on Québec province: The analysis of the existing body of litera-
ture shows a significant research gap regarding the Quebec context and the
French language. None of the reviewed works specifically address the unique
socio-political and linguistic dimensions of climate change discussions in
Quebec. This omission is critical given Quebec’s distinct climate change mitiga-
tion and adaptation efforts over the last century. The province has implemented
a series of policies and strategies aimed at reducing greenhouse gas (GHG) emis-
sions and enhancing climate resilience. The province’s financial commitment to
climate action is substantial. According to the Government of Quebec’s 2022
budget, the province allocated CAD 6.7 billion to its 2021-2026 Green Economy
Plan. From 1990 to 2019, Quebec reduced its emissions by 8.7%, despite eco-
nomic growth and population increases during this period.”

Given the substantial efforts, future research should prioritize this region to bet-
ter understand the sentiment and topics discussed within this community. Analyzing
climate change discourse in Quebec, particularly in the French language, can pro-
vide insightful recommendations into the specific concerns, priorities, and attitudes
of its residents. This focus can also shed light on the effectiveness of Quebec’s poli-
cies and initiatives.

The diverse methodologies presented can effectively harness province-specific
data. As the sourced data will predominantly be in French, the province’s primary
language, it’s imperative to prioritize the usage of NLP libraries tailored for French
text processing. Essential libraries for this purpose include NLTK, SpaCy, Flair, and
Camembert, among others.

To enhance the body of knowledge we recommend the following directions:

Analyze Quebec climate change discourse: Investigate the characteristics of climate
change discourse in Quebec. This can involve analyzing the content of social
media platforms with specific geolocation, and local news outlets like
UnpointCing® (The media of climate action in Quebec) to capture the local senti-
ment and topics accurately using sentiment modeling.

Assessing policy impact: Analyze the diffused content from governmental entities
on their official social media accounts and the corresponding public responses by
means of text classification, sentiment analysis, and NER to assess the effective-

2Press release (gouv.qc.ca).
3 (unpointcing.ca).
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ness of public initiatives in shaping public attitudes toward climate change. This
is facilitated thanks to the activeness of such entities on social media, citing
accounts such as Environnement Québec and Ministeére des Ressources naturel-
les et des Foréts.

Monitor public opinion for crisis management: It is crucial to note the recent wild-
fires spreading across the region as a manifestation of climate change. Further
research can build on the findings discussed in Sect. 3.2, specifically regarding
the tangible manifestations of climate change. This research should aim to track
public opinion during such disasters and implement proactive measures accord-
ingly based on this data. Examples include targeted public education campaigns,
pre-emptive evacuations, and resource allocation to areas identified as high-risk
by the public. Engaging with communities through transparent and responsive
communication can also foster trust and cooperation, which are essential during
crisis situations.

Previous research emphasizes the importance of such studies in tailoring effec-
tive climate policy strategies (Bennett et al., 2021) and implementing timely inter-
ventions and urgent adjustments (El Barachi et al., 2021). Applying this research to
the Quebec context is promising for supporting the decision-making process.

5 Conclusion

This survey offers an extensive examination of the diverse ML and NLP methods
employed in analyzing CC-related discourse across SM platforms. Through com-
prehensive literature review and analysis, we have identified six distinct approaches,
each exhibiting varying frequencies of application. By synthesizing existing
research, we have discerned the most effective and popular methods, as well as
those requiring further investigation and potential enhancement. Notably, SA and
TM emerged as the most employed methods, with classic approaches such as
lexicon-based and LDA receiving extensive attention. This prevalence likely stems
from the social aspect of CC discourse and the demand for interpretable results.
Researchers prioritize the exploration of diverse dimensions and perspectives over
the development of predictive AI models, emphasizing interpretability over perfor-
mance accuracy. While deep learning approaches demonstrate exceptional perfor-
mance, they are less prevalent in the survey. Stance detection, featured in only one
study, holds promise as a future research avenue, given the contentious nature of CC
discourse and the wide spectrum of opinions evident, particularly on SM platforms
where climate and science skepticism are detected. NER also presents opportunities
for feature extraction, particularly in studies employing a geospatial approach, as it
facilitates the extraction of location names from text, overcoming challenges associ-
ated with extracting geolocations from SM data. Furthermore, the findings reveal a
predominant focus on the English language due to the availability of open-source
libraries and dictionaries, with Chinese emerging as another prominent language.
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French, however, is relatively underrepresented, appearing in only one study.
Combined with the lack of research on Quebec, a province-focused study analyzing
Quebecers’ climate change discourse would be a valuable area of investigation, fill-
ing both regional and linguistic gaps in the literature.

Climate change is primarily addressed as a global issue in the literature, with
limited exploration of adaptation and mitigation. These aspects receive attention in
only a few studies. Surprisingly, GHG emissions, the direct cause of CC and a pri-
mary focus of mitigation efforts, are only discussed in two studies. The results
reveal a predominantly negative pattern in climate change-related topics. Negativity
is generally associated with political and ideological stances, while positivity is
linked to adaptation strategies and renewable energy solutions. Sentiment differ-
ences are also evident between regions. Asian discourse, particularly from China,
tends to be optimistic. In contrast, Western discourse, mainly from the USA, is
characterized by negativity, often rooted in political issues. Platform-wise, Twitter
dominates as the primary source of data, raising concerns about potential biases in
research outcomes. While Twitter data acquisition is relatively straightforward, a
trade-off exists between result generalizability and data availability, posing a sig-
nificant challenge in conducting research on a controversial topic like CC. In con-
clusion, this analysis highlights the need to address existing gaps in this research
domain and emphasizes the importance of balanced methodological approaches to
yield robust findings that serve as decision-making-support system tools for climate
policymakers and different stakeholders.
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Chapter 8 )
Performance Indicators for Sustainable Gk
Remanufacturing Closed-Loop Supply

Chains

Camilo Mejia-Moncayo, Amin Chaabane, Jean-Pierre Kenne,
and Lucas A. Hof

Abstract Québec is transitioning to a circular economy (CE) by promoting the
implementation of CE strategies, such as remanufacturing. However, the adoption
of remanufacturing practices to achieve sustainable implementation in an enterprise
is demanding and highly challenging. It requires balancing economic, environmen-
tal, and social dimensions, and guaranteeing products’ remanufacturability and sys-
tem circularity along closed-loop supply chains (CLSC). Key performance indicators
(KPI) emerge as decision-support tools for decision-makers to control and enhance
system performance. Nevertheless, the multidimensional nature of sustainable
remanufacturing makes it challenging to determine suitable KPIs to employ.
Therefore, this study performs a systematic literature review to identify the main
KPIs in sustainable remanufacturing and its scope along its CLSC. A total of 100
documents from the Scopus database were analyzed to reveal the most frequently
used 42 key performance indicators (KPI), categorized as 25 economic, 14 environ-
mental, and 3 social-related indicators. The KPIs were distributed among the differ-
ent CLSC actors, providing insights on selection of the most useful KPIs to consider
for each CLSC actor.

Keywords Remanufacturing - Sustainability - Closed-loop supply chains
(CLSC) - Key performance indicators (KPI)

1 Introduction

The Quebec government has outlined a comprehensive strategy to promote circular
economy (CE) as part of its broader agenda to foster sustainable economic develop-
ment and resource efficiency (Gouvernement du Québec, 2024). Quebec aims to
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incentivize businesses to adopt CE practices as reuse, recycling, repair, refurbish-
ing, and remanufacturing. This strategy aligns with their commitment to reducing
waste, conserving resources, and mitigating environmental impacts (Gouvernement
du Québec, 2023). Despite efforts of Quebec’s Ministry of the Environment, the
Fight against Climate Change, Wildlife and Parks, according to their recently pub-
lished report on the province’s circularity gap, the circularity index! of Québec is
currently 3.5% (Circle-Economy & Recyc-Québec, 2021). Hence, this relatively
low index represents a huge opportunity for implementation of CE actions to
enhance the province’s circularity index.

In fact, according to van Buren et al. (2016), CE strategies include: Refuse,
Reduce, Reuse, Repair, Refurbishment, Remanufacturing, Repurpose, Recycle, and
Recover energy strategies.

Remanufacturing stands out among the others because it is able to restore a used
product to its original condition, reducing the need for resources and energy com-
pared to the manufacturing of a new product (Sundin, 2019). Through remanufac-
turing, it becomes feasible to prolong the expected end of life of a used item, thus
starting a new full-service cycle (Ingarao, 2017; Mejia-Moncayo et al., 2023). This
is enabled by implementing the following seven (7) operations on the used product
or core: (1) inspection (of its quality condition), (2) cleaning, (3) disassembly, (4)
repairing, (5) refurbishing, (6) reassembly, and (7) a final quality test (Karvonen
etal., 2017).

Through these operations, the product’s life cycle can be expanded beyond the
initially projected end-of-life (EoL), offering a new full-service life cycle during
each remanufacturing cycle as illustrated in Fig. 8.1 (Russell & Nasr, 2023). Each
cycle provides the product renewed functionalities using less materials and energy
compared to the manufacturing of a new product. In addition, remanufacturing
enables the integration of other CE strategies as reuse, repair, refurbishment, and
recycle contributing to enhance circularity.

Indeed, the remanufacturing cycle involves the flow of new, used, and discarded
products between the key actors in the remanufacturing’s closed-loop supply chains
(CLSC) as demonstrated in Fig. 8.2. The extraction of raw materials is at the origin
of the CLSC (see Fig. 8.2). In a second step, processing takes place by suppliers
who convert the raw materials into components, parts, or materials for the manufac-
turing of new products. These produced goods are then further distributed to users.
Once the product EoL arrives, users could dispose of the used products or cores in
a landfill, or a reverse logistics (RL) system could collect and recover them, which
is a preferred action from a sustainability perspective. In the next step, quality
inspection of the product or core condition is performed. Considering the deteriora-
tion, contamination, and risk involved in the treatment of the used product, the used

'“The Circularity Metric, also known as Socioeconomic cycling, is the proportion of secondary
materials out of an economy’s total material consumption (raw or primary material consumption
plus secondary material consumption). The Circularity Metric represents the amount of technical
and biological materials that remain within the technical cycle” (https://www.circularity-gap.
world/methodology).
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Fig. 8.1 Comparison between conventional and remanufactured product life cycle. (Adapted from
Russell and Nasr (2023))
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Fig. 8.2 Schematic overview of the remanufacturing’s closed-loop supply chains (CLSC)

product can be disposed or disassembled. If the used product is disassembled, it can
be further recycled or remanufactured. Even recycled materials can be returned to
suppliers for manufacturing new parts, while components or parts for remanufactur-
ing can be returned to manufacturing or distributed directly once remanufactured.

In fact, Fig. 8.2 provides insights into the complexity of the adoption of remanu-
facturing strategies. Indeed, there are different flows of materials and information
among the CLSC actors requiring complex monitoring and controlling their opera-
tions and interactions.
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In addition, there is a growing demand to address CE strategies like remanufac-
turing considering the potential economic, environmental, and societal impacts
(Fatimah & Aman, 2018). Despite the increasing interest, the implementation of
remanufacturing and other CE strategies continues to pose significant challenges.
Economic considerations often take precedence over competing priorities, compli-
cating the adoption of these sustainable practices (Lieder et al., 2017; Gusmerotti
et al., 2019). For instance, social impacts are often neglected in CE implementa-
tions, with an emphasis placed on environmental and economic criteria (Kaya et al.,
2022; Tsalis et al., 2022).

Key performance indicators (KPIs) are essential tools that guide decision-making
in companies by measuring and controlling various areas of performance. During
the transition to CE strategies like remanufacturing, KPIs play a critical role in mak-
ing informed decisions at different stages of the process. The current literature pres-
ents a significant number of KPIs to assess sustainability in manufacturing, Mengistu
and Panizzolo (2023), identified 1041 KPIs (290 economic, 410 environmental, and
341 social) to measure industrial sustainability, and something similar is evident in
the EC, e.g., Saidani et al. (2019), synthesized and classified 55 KPIs to assess cir-
cularity at different levels and for different CE strategies. However, these indicators
are usually presented separately for each subdomain, e.g., sustainability and
CE. Selecting the most suitable KPIs for a particular application or scenario can be
difficult, because of the vast number of options available. This is especially apparent
in remanufacturing, due to the need to address circularity, remanufacturability, and
supply chain challenges while integrating other CE strategies, such as reusing, recy-
cling, repairing, and refurbishing.

Considering these challenges and issues, this study investigates the KPIs to eval-
uate sustainability in remanufacturing closed-loop supply chains (CLSC). A sys-
tematic literature review (SLR) was conducted to answer the following research
questions:

RQ1: What are the main KPIs reported in the literature related to sustainable
remanufacturing?
RQ2: What is the scope of the KPIs identified in RQ1 along CLSCs?

The first question refers to identifying the main KPIs in the three dimensions of
sustainability in remanufacturing. This approach aligns well with the need to address
the fight against climate change in a sustainable manner. The second question allows
identifying the KPIs’ scope to understand its current use along the remanufacturing
CLSC. Indeed, the performed SLR also contributes to the academic discussion by
identifying research gaps and opportunities in sustainable remanufacturing.

2 Methodology

This study implements a SLR to identify the main KPIs in sustainable remanufac-
turing strategies and operations. The SLR process was formulated to answer two
research questions using the methodology described by Tranfield et al. (2003).
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Figure 8.3 describes the main steps of the methodology implemented in this study,
including the search process, documents acceptance or rejection, and documents
analysis as described in the following.

The process starts with a keyword search process performed using the Scopus
database as a source of information. Scopus provides peer-reviewed academic docu-
ment information from various areas of knowledge, which nourished the SLR. In
order to capture the largest number of documents related to the study, the search
process was carried out including journal articles, conference papers, and book
chapters written in English, in a range since 2000 up to early 2024, in all areas of
Scopus database, using the following combination of keywords that considers the
different synonyms of sustainability and KPIs related to remanufacturing: TITLE-
ABS-KEY ((“remanufacturing”) AND (“sustainab*” OR “TBL” OR “triple bottom
line”) AND (“metric*” OR “key performance indicator” OR “indicator”” OR “crite-
ria” OR “kpi”).

The search process resulted in 179 documents, which were accepted or rejected
considering their language and relevance to the research questions. In the first clas-
sification step, six documents were rejected due to their language: three in Chinese,
two in German, and one in Portuguese. Then, considering the title and abstract of
the documents, 34 documents were rejected. In fact, these documents were not
directly related to remanufacturing, sustainability, circularity, remanufacturability,
supply chain (for remanufacturing), or related to industries whose products are not
remanufacturable, such as food, medicines, and clothing. Subsequently, in the read-
ing and analysis process, 39 non-relevant documents were rejected because they did
not introduce or use any KPIs, resulting in 100 documents used for further analysis
in the present work. The KPIs considered in this study were extracted from these
sources. Figure 8.4 illustrates the number of documents at each acceptance or rejec-
tion stages.

The analysis of the documents retained is central to this study. Each document
underwent a comprehensive assessment, during which the KPIs identified or used in
each study were extracted and compiled into a Microsoft Excel database. The data-
base includes information such as the article’s authors, title, source or journal name,
year of publication, and country, as well as the main theme of the document, the

Search
Scopus search
process
DOCUmeI:\tS Relevance to
acceptation Language research

questions

or rejection

DOCUmentS Documents . KP.IS . Linguistic KPIs
. di identification di biguati Jassificati
anaIyS|s reading B isambiguation classification

Fig. 8.3 Systematic Literature Review methodology steps implemented in this study
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performance indicator, its classification as an economic, environmental, or social
indicator, and its primary use or field of application.

Once the database was compiled, a linguistic disambiguation process was carried
out due to the different ways in which authors may refer to the same indicator. This
process was performed by decomposing each KPI on the core of the indicator, its
category, and the object or scope of its application field. For example, fixed cost of
a warehouse facility—cost (core), fixed (category), warehouse facility (object or
scope); energy consumption by cleaning—energy (core), consumption (category),
cleaning (object or scope); and employee health and safety—health and safety
(core), employee (category, object, or scope).

After filtering, we were able to group and categorize the KPIs to determine the
most commonly used ones. Similarly, each study was categorized based on its pri-
mary objectives, including performance assessment, performance indicators, per-
formance optimization, and sustainability assessment. The following section will
present the results and discussion of this analysis process.

3 Results and Discussion

The findings from the review process of identifying KPIs for sustainable remanu-
facturing are presented. The presentation commences with a descriptive analysis of
the documents, followed by an examination of the primary identified indicators and
their respective objectives or purposes.

3.1 Descriptive Analysis of the Documents

The SLR conducted in this study encompasses a total of 100 documents sourced
from journals, conference papers, and book chapters published between 2000 and
2024. Figure 8.5 illustrates the yearly distribution of published documents during
this timeframe. It is evident that the volume of studies has been steadily growing
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since 2012, indicating the increasing relevance of this topic in academic and practi-
tioner discussions.

Figure 8.6 summarizes the main sources of the reviewed documents. It can be
noted that conference papers are the main source of documents for this study, spe-
cifically including conferences that focus on industrial engineering, manufacturing,
sustainability, production management, materials, and information and communica-
tion technologies. The IIE annual conference and expo is the main contributor with
four documents. Remaining reviewed conference studies are distributed among
CIRP, IFIP, IEEE, and others.

The list of sources continues with the Journal of Cleaner Production, the Journal
of Remanufacturing, the International Journal of Production Research, Sustainability,
Resources-Conservation and Recycling, Omega, the International Journal of
Precision Engineering and Manufacturing—Green Technology, the Journal of
Industrial Ecology, the International Journal of Advanced Manufacturing
Technology, and the Journal of Engineering Design, and other literature sources
contribute with only one document and are not represented in this overview diagram.

The distribution of documents by country is depicted in Fig. 8.7, exposing the
interest and efforts of some governments in promoting the CE, as China’s Circular
Economy Promotion Law, India’s Resource Efficiency Policy, and the European
Remanufacturing Network funded under Horizon 2020 among some examples.
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Figure 8.8 exposes the documents distribution by sustainability dimensions, where
the Economic dimension takes a first place, followed by environmental and social
dimensions. This sequence also shows that the economic dimension is, still, the
main driver of remanufacturing.

3.2 Indicator Analysis

In this research work, a SLR was carried out to identify a total of 1153 KPIs specifi-
cally related to sustainable remanufacturing. These KPIs were further classified into
703 economic indicators, 334 environmental indicators, and 116 social indicators.
The data for this analysis was extracted from 1569 records obtained from 100 dif-
ferent studies. A summarized presentation of the most frequently referenced KPIs in
the analyzed literature, along with their associated document count, can be found in
Table 8.1.

The high amount and frequency of economic KPIs in Table 8.1 unequivocally
demonstrates that the economic dimension holds a prominent position in sustain-
able remanufacturing, outshining the environmental and social dimensions in terms
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of importance. The different cost categories represent the most frequently used
KPIs, including CLSC operations or processes, such as transport cost (Ali et al.,
2020; Alkhayyal, 2018; Grosse Erdmann et al., 2023), recovery cost (Taleizadeh
etal., 2019; Yu & Solvang, 2017), distribution cost (Li et al., 2018), production cost
(Zhao & Zhou, 2023), and operational cost (Deveci et al., 2021). Other cost catego-
ries are represented by CE strategies, such as remanufacturing cost (Mohamed
Noor et al., 2018), and recycling cost (Jeng & Lin, 2017), and strategic decision-
related costs, such as facilities fixed costs (Mota et al., 2018). Finally, remanufac-
turing operations constitute another category, for example, considering disassembly
costs (Ren et al., 2021), cleaning costs (Ansari et al., 2020), and disposal costs (Yu
& Solvang, 2017), as well as other relevant costs as labor, total, energy, and
investment.

Disassembly time emerges as a second frequently deployed KPI after the cost
categories. In fact, it is commonly used to evaluate the complexity level of the dis-
assembly process (Mandolini et al., 2018). The core or used product quality condi-
tion also represents a critical factor toward remanufacturing (Kazancoglu &
Ozkan-Ozen, 2020). The price of new and remanufactured products is also consid-
ered to evaluate remanufacturability (Zwolinski et al., 2006). Other studies con-
sider production and warehousing capacities (Das & Mehta, 2015), distance to
collection centers (Alkhayyal, 2018), and transport (Yanikara et al., 2014), repre-
senting important decisions in CLSC design and planning, similar to revenue
(Aydin et al., 2017).

Energy consumption is the driving factor behind environmental KPIs (Prajapati
et al., 2021; Vimal et al., 2021), followed by energy savings (Goepp et al., 2014),
embodied energy (Justham et al., 2013), and renewable energy (Bhatia et al.,
2019). Some studies merge different environmental KPIs as “environmental
impact” (Goodall et al., 2014; Hummen & Wege, 2021; Tchertchian et al., 2013);
however, it represents a barrier to perform a comparison or even a source of confu-
sion. Greenhouse gas (GHG) emissions are used in many studies (Alamerew et al.,
2020; Golinska & Kuebler, 2014; Inoue et al., 2020; Miyajima et al., 2019).
Recycling materials (Boorsma et al., 2022), remanufactured (Ali et al., 2020), and
reused parts (Goepp et al., 2014) are also considered as KPIs. Life cycle assess-
ment (LCA) KPIs, such as acidification potential (Jannone Da Silva et al., 2012),
disposal of materials (Govindan et al., 2019), global warming potential (Favi et al.,
2021), waste (Tsiliyannis, 2014), and eutrophication potential (Spreafico, 2022)
were identified in the literature as other used KPIs in the environment category,
and these KPIs represent a reference for different purposes along remanufactur-
ing’s CLSC.

The social dimension is concentrated on strategic KPIs, such as health and safety
for employees and users (Deveci et al., 2021; Sethanan et al., 2019; Ullah et al.,
2016), while job creation (Fatimah & Aman, 2018; Taleizadeh et al., 2019) and
employment stability (Li et al., 2018; Zarbakhshnia et al., 2018) are considered in
the CLSC actors. Unfortunately, social KPIs are less considered in comparison with
the other dimensions.
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3.3 Descriptive Analysis of the Documents

The analyzed studies can be classified into four groups depending on the main
objective or purpose of each study, including performance assessment, performance
indicators, performance optimization, and sustainability assessment. The studies
that incorporate a performance assessment approach use sustainable and CE KPIs
to evaluate various aspects, such as remanufacturability (Ali et al., 2021; Aydin
et al., 2017; De Barba et al., 2013; Goodall et al., 2014; Justham et al., 2013; Tian
etal., 2017; Zhang et al., 2021b), reusability and recoverability (Aydin et al., 2017),
and repairability (Alkouh et al., 2023). Typically, RL is analyzed considering logis-
tic performance (Sagnak, 2020), network design (Alkhayyal, 2018; Grosse Erdmann
et al., 2023; Yanikara et al., 2014), third-party RL provider selection (Govindan
etal., 2019; Li et al., 2018; Mishra et al., 2023), product recovery process selection
(Jindal & Singh Sangwan, 2016; Zhang et al., 2021a), and circularity (Benini et al.,
2022; Tsiliyannis, 2014).

The reviewed studies focusing on remanufacturing performance assessment con-
sider supply chain risks (Ansari et al., 2020; Zhao & Zhou, 2023), value created
(Vogtlander et al., 2017) and retained (Russell & Nasr, 2023), economic perfor-
mance (Arredondo-Soto et al., 2018), environmental performance (Golinska-
Dawson & Pawlewski, 2015; Pan & Liu, 2009), economic and environmental
impact (van Loon & Van Wassenhove, 2018), facility planning (Bhatia et al., 2019),
and remanufacturing planning (Jeng & Lin, 2017). Disassembly analysis includes
its complexity or effort (Das et al., 2000; Mouflih et al., 2023; Shrivastava et al.,
2005), disassembly planning (Marconi et al., 2019; Zhang et al., 2022), and sequenc-
ing (Mandolini et al., 2018; Priyono et al., 2016).

Product design is also considered in many studies considering eco-design (Favi
et al., 2021; Jannone Da Silva et al., 2012), modular design (Miyajima et al., 2019;
Tchertchian et al., 2013), complexity (Mesa et al., 2018), circular design (Boorsma
et al., 2022), axiomatic design (Chakraborty et al., 2017), material selection (Yang
et al., 2017), product profiles (Zwolinski et al., 2006), economic analysis (Wang &
Tseng, 2010), and LCA (Spreafico, 2022).

Some studies also introduce performance indicators focused on circularity
(Alamerew et al., 2020; Bobba et al., 2023; Boyer et al., 2021; Mishra et al., 2022),
longevity and circularity (Figge et al., 2018; Linder et al., 2017), circularity adop-
tion (Yadav et al., 2020), environmental sustainability (Haupt & Hellweg, 2019),
remanufacturing sustainability (Fatimah & Aman, 2018; Sethanan et al., 2019),
remanufacturing supply chain (Ansari et al., 2022), remanufacturability (Hummen
& Wege, 2021), CLSC (Kurt et al., 2021), RL (Prajapati et al., 2021), disassem-
blability (Erdmann et al., 2023; Vanegas et al., 2018), and economic product design
(Mohamed Noor et al., 2018), and upgradability (Aziz et al., 2017).

The studies focused on performance optimization using optimization models for
improving processes (Shakourloo, 2017), remanufacturing operations (Ullah et al.,
2016), facility design (Mejia-Moncayo et al., 2021, 2024), and facility location
(Deveci et al., 2021), CLSC design (Das & Rao Posinasetti, 2015; Mota et al., 2018;
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Taleizadeh et al., 2019), RL optimization (Ali et al., 2020; Yu & Solvang, 2017),
disassembly line balancing (Kazancoglu & Ozkan-Ozen, 2020; Ren et al., 2021),
disassembly sequencing (Lu et al., 2020), disassembly planning (Ren et al., 2021;
Xia et al., 2014), and remanufacturability (Jiang et al., 2011).

The reviewed studies focusing on sustainability assessment typically use eco-
nomic, environmental or social sustainability dimensions to evaluate remanufactur-
ing companies’ sustainability (Golinska & Kuebler, 2014; Golinska-Dawson &
Pawlewski, 2015), remanufacturing sustainability (Chen et al., 2023; Fatimah et al.,
2013; Jensen et al., 2019; Zhang et al., 2021c¢, 2021d), environmental and economic
impacts of CLSC (Das, 2020; Das & Mehta, 2015), retailers sales effort on CLSC
(Yang et al., 2019), the impact of green supply chain practices on company perfor-
mance (Sarwar et al., 2021), supplier selection in RL (Zarbakhshnia et al., 2018),
and LCA for remanufacturability (Schau et al., 2012).

Finally, sustainability assessment of product designs is an important topic to pro-
mote remanufacturing. Different strategies have been implemented to integrate sus-
tainability in product design, such as modularity in which the use of standardized
components and suppliers’ selection have a key role in sustainability performance
(Inoue et al., 2020). Modularity in electric vehicles is as well an emerging discus-
sion topic as an enabler of sustainability (Lampdn, 2023). Material and EoL strategy
selection also represent important decisions on product design (Jayakrishna &
Vinodh, 2017), while data models represent an important tool to support product
design (Goepp et al., 2014).

3.4 KPIs Distribution Along CLSC

The distribution of sustainable KPIs in the remanufacturing’s CLSC is schemati-
cally outlined in Fig. 8.9, where economic indicators are presented in blue, environ-
mental indicators in green, and social indicators in red. A first group is presented in
the lower part of Fig. 8.9, which corresponds to all the indicators that are common
to all CLSC actors. This group presents a first reference for a decision-maker on the
indicators they need to consider when evaluating its performance, regardless of
which of the CLSC actors it is. From these, it is possible to establish that the loca-
tion of the facilities is an essential factor to consider for any of the actors. This is
because transportation costs, transportation distance, fixed costs, investment costs,
energy consumption, environmental impact, and GHG emissions depend on where
the facilities are located, their proximity to their suppliers or customers, and govern-
ment incentives and/or regulations. This also highlights the need to promote local or
regional supply chains, to reduce the impacts of global transportation. The health
and safety of the different CLSC actors and job creation are social factors that must
be considered.

A second group of indicators is presented, linked to each actor or operation of the
CLSC. The price of new products and revenue play a critical role in manufacturing.
Moreover, the price of new products serves as a reference for remanufactured
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products. In reverse logistics, it is necessary to consider collection costs, distance to
the collection center, storage capacity, and employment stability.

The quality conditions of the core or used product are evaluated in the inspection
operation. The definition of quality conditions can be done by considering product
deterioration, technical standards, regulations, maintenance data, and the experi-
ence and expertise of the organization. In the disposal operation, disposal costs and
materials must be considered. The disposal process and its cost are determined
depending on the types of materials and their conditions.

The disassembly operation depends on the time of the operation. This has a
direct relationship with the complexity of the operation and affects its cost. The
largest number of indicators is concentrated in remanufacturing. Among the eco-
nomic indicators, it is necessary to consider remanufacturing costs, cleaning costs,
the price of remanufactured products, income, and production capacity. In environ-
mental terms, the energy saved and embodied in the product allows to quantify the
total energy saved by remanufacturing. Also are considered the amount of reused
and remanufactured parts, potential acidification, potential eutrophication, and the
global warming potential. Each of these indicators contributes to evaluating the
viability of remanufacturing.

In the recycling operation, costs and revenue are economic criteria to consider.
These have a direct relationship with recycled materials and with the energy embod-
ied in each of them. This energy is a criterion to be considered in terms of energy
savings for subsequent transformation processes. Finally, revenue stands out among
suppliers.
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For those interested in adopting remanufacturing, this study summarizes the fac-
tors to consider for a sustainable operation. Figure 9 integrates the set of the most
frequent KPIs in the analyzed literature. However, it is possible that, in particular
cases, it may be necessary to incorporate other indicators depending on the charac-
teristics of the products and CLSC.

4 Research Implications

The literature on decision-making tools is rich and includes a wide variety of KPIs
to evaluate sustainability in remanufacturing, evidence of that is the1153 KPIs iden-
tified in this study. This research identifies the KPIs most used for this purpose
across the CLSC. Adopting this approach enables a comprehensive understanding
of sustainability and helps to understand which KPIs must be considered by each
actor within the CLSC.

The three dimensions of sustainability were used to categorize the KPIs identi-
fied in the literature. This process shows the existence of a dominant position of
economic criteria, followed by environmental and social criteria. This imbalance
between dimensions of sustainability raises questions about the priorities of differ-
ent stakeholders along the closed supply chain, and even highlights the need to
analyze the selection of stakeholders that must be considered in sustainable
remanufacturing.

This study will help decision-makers evaluate the impact of remanufacturing
from a sustainable perspective and implement the right decisions that are economi-
cally, environmentally, and socially acceptable. Indeed, the study outcomes are par-
ticularly useful in scenarios such as sustainability performance assessments, or
process, operation, and product design optimization.

5 Conclusions

To evaluate the sustainability of remanufacturing practices, this study presents a
comprehensive literature review that specifically focused on identifying and analyz-
ing the key performance indicators (KPIs) that are commonly employed in this
field. The review process of one hundred systematically selected published docu-
ments resulted in the identification of a total of 42 KPIs. In terms of frequency of
use, the KPIs are distributed among economic, environmental, and social factors, in
descending order. The studies that were consulted have identified four primary areas
of focus within the various actors of the remanufacturing’s CLSC. These include
remanufacturing operations or processes, product design, and the evaluation of
remanufacturability and circularity.

The conducted SLR presents a scenario regarding sustainable remanufacturing
where the main concerns in terms of the identified KPIs are the costs of
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remanufacturing (remanufactured products, remanufacturing processes, CLSC),
resources and energy consumed or saved, the environmental impacts of the remanu-
facturing, and the safety and health of stakeholders, as well as stable job opportuni-
ties. It is crucial to note that this study has certain limitations in its scope, as it
exclusively draws on documents from the Scopus database, thereby potentially
excluding other valuable perspectives.

Finally, the presented SLR also identified research opportunities. These include
developing methodological tools to guide the use of KPIs in practice, understanding
the reasons for the low use of social KPIs, and creating models that integrate differ-
ent KPIs for sustainable control of remanufacturing operations or CLSC.
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Chapter 9 )
Advancing Sustainability Through Digital <o
Maturity: An Open Approach

for Evaluating Quebec Organizations’
Environmental Responsibility

Guillaume Bourgeois, Géraldine Angulo, Hassana El-Zein,
Vincent Courboulay, and Mohamed Cheriet

Abstract The exponential growth of digital technologies has brought about sub-
stantial benefits in operational efficiency and communication. However, it has also
led to increased energy consumption and greenhouse gas emissions (GHG), high-
lighting a growing concern: the environmental impact of information systems (IS).
This chapter introduces an innovative approach designed to assess the environmen-
tal impact of digital technologies within organizations, tailored specifically to the
North American context with a focus on Quebec. Key considerations include the
local energy mix, regulations, and cultural factors. It addresses the challenges,
opportunities, and prerequisites for successful adaptation, ensuring relevance to
regional specificities. The proposed platform aims to facilitate collective efforts
toward environmental preservation by promoting responsible and sustainable digital
practices aligned with the United Nations Sustainable Development Goals. Adapted
from the WeNR platform developed by the Institute of Responsible Digital
Technology at the University of La Rochelle in France, this chapter discusses the
requirement, description, and adaptation of the platform in Quebec. It addresses the
pressing challenges of socio-ecological transition in the digital age and fulfills the
pressing need for organizations to measure and mitigate the digital carbon footprint
of their IS. Utilizing a life cycle assessment (LCA) methodology, the platform con-
siders all phases of electronic equipment and data lifecycle. It emphasizes accessi-
bility with an intuitive user interface and an open database featuring regularly
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updated impact factors. Users can complete a concise questionnaire to receive a
comprehensive report on their digital carbon footprint, maturity level in responsible
digital practices, and recommendations for reducing their carbon footprint. In
conclusion, this chapter not only raises awareness but also actively promotes the
implementation of responsible digital usage. By offering an innovative and adapt-
able platform, it addresses the environmental impact of digital technology within
organizations, supporting their transition toward a more sustainable and environ-
mentally respectful digital future.

Keywords Life cycle assessment - Digital carbon footprint assessment -
Sustainable digital practices

1 Introduction

The digital age has fundamentally reshaped societies, revolutionizing interactions,
work methods, and our relationship with information. Information and communica-
tion technologies (ICT) are pivotal in driving this transformation, enabling new pro-
fessional opportunities, facilitating remote collaboration, and optimizing business
efficiency. They promise continuous connectivity, unlimited access to knowledge,
and innovative solutions to address future challenges, fostering a more intercon-
nected, inclusive, and prosperous future (Imamov & Semenikhina, 2021).

As of 2023, 65.7% of the global population had internet access, surpassing the
number of ICT devices, which already exceeded the human population. Projections
indicate that by 2025, there will be approximately 55.9 billion devices (Brouillard,
2023), highlighting the expanding utilization of ICT services.

However, alongside these advancements, a concerning reality emerges: the esca-
lating environmental impact of IS that supports everyday activities. Each digital
interaction—from streaming online videos to booking flights or engaging with
social media—consumes substantial energy and resources, particularly for metal
extraction and refining, and requires significant quantities of freshwater.

The advent of artificial intelligence (AI) systems further exacerbates these chal-
lenges (OECD, n.d.). The intensive computational demands for training sophisti-
cated deep learning models consume considerable energy resources, leaving a
pronounced environmental footprint.

In Quebec, the digital sector contributes approximately 5% to the region’s carbon
footprint! (Pinsard & Toussaint, 2020). While seemingly modest compared to other
sectors, the rapid growth in digital consumption, including data volume and equip-
ment, necessitates careful consideration of its environmental implications.

'The carbon footprint quantifies the total amount of GHG emitted by an individual, organization,
product, or activity. These gases, including carbon dioxide (CO,), contribute to climate change by
trapping heat in the Earth’s atmosphere. Selin, N.E., (2024, June 19). Carbon Footprint.
Encyclopedia Britannica.
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Despite the escalating environmental concerns associated with digital technol-
ogy, it remains a peripheral issue in the priorities of many sectors. A 2023 survey by
The Information and Communications Technology Council (ICTC) revealed that
over 40% of Canadian organizations did not factor in the environmental impact
of ICT.?

In Quebec, the prevalence of hydroelectricity—an energy source with minimal
GHG emissions compared to fossil fuels—partly explains this complacency.
However, hydroelectricity production is not devoid of environmental impacts (Lu
et al., 2020). The construction of dams and hydroelectric plants can disrupt river
ecosystems, lead to habitat loss, and alter watercourses. Furthermore, hydroelectric
reservoirs can emit methane, a potent GHG, due to the decomposition of organic
matter in stagnant water.

An additional constraint we face is the lack of specific studies on the environ-
mental footprint of digital technology in Quebec. This gap necessitates reliance on
hypothetical data derived from global energy measurements, which often overlooks
comprehensive life cycle analyses and associated criteria, potentially leading to
inaccurate assessments of digital responsibility requirements.

To address this issue, understanding the environmental impacts of digital tech-
nology at the local level is crucial, utilizing platforms tailored specifically to the
Quebec context. It is within this framework that the WeNR-QC platform has been
developed. This platform is designed to assess the digital footprint of organizations
in Quebec, regardless of size, focusing on three main sources of pollution: users,
networks, and data centers. Additionally, it evaluates the organization’s maturity
level in terms of responsible digital practices.

The WeNR-QC platform meets the urgent need for organizations to quantify and
mitigate their digital carbon footprint. Built on the principles of LCA, it comprehen-
sively evaluates all phases of electronic equipment and data usage. Accessibility is
prioritized through an intuitive user interface and an open database regularly updated
with impact factors. Users can complete a brief questionnaire to receive a detailed
report on their digital carbon footprint along with recommendations for improvement.

2 Environmental Footprint of IS

The rapid advancement of digital technology has profoundly transformed our life-
styles and work practices. However, it has also introduced significant environmental
challenges, particularly concerning the ecological impact of IS. The ecological foot-
print of IS refers to the environmental impact caused by the entire lifecycle of infor-
mation technology (IT) systems, encompassing stages from manufacturing and
usage to disposal.

2Clark, A. & Matthews, M. (2023). ICTC Policy Brief: How to Advance Environmentally
Sustainable ICT in Canada (p. 14), Information and Communications Technology Council ICTC).
Ottawa, Canada.
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As our dependence on digital technology expands, understanding and mitigating
this footprint becomes imperative for environmental sustainability.

The French Agency for Ecological Transition (ADEME) estimates that the digi-
tal sector currently contributes to 3—4% of global GHG. This footprint spans all
phases of the lifecycle,® including energy consumption during data center opera-
tions, manufacturing of electronic devices, and the overall life cycle of IT equipment.

2.1 Stages of IS Lifecycle

The IS lifecycle encompasses multiple phases that oversee the development, deploy-
ment, and management of technology solutions. A comprehensive understanding of
these stages is crucial for efficient project management and sustainable IT practices.
Specifically, we will delve into the three primary phases where the environmental
impact of IS is most pronounced: Manufacturing, use, and end-of-life disposal.

2.1.1 Manufacturing

The production of electronic devices, such as servers, computers, and smartphones,
involves significant quantities of raw materials, energy, and water, as depicted in
Fig. 9.1. Extraction of minerals, components assembly, and transportation all con-
tribute to the environmental footprint.

The manufacturing phase of digital equipment plays a pivotal role, accounting
for a substantial portion of the sector’s carbon footprint. This impact is highlighted
by the “Ecological Backpack™ methodology, which quantifies the hidden

Extraction and
Recycling and
transformation Software and
Production Transportation Use End-of-Life
of raw Web Design
Disposal
materials

Fig. 9.1 Digital product life cycle

3The lifecycle of digital equipment comprises six distinct phases, each with its environmental
implications. This document focuses on the production phase, involving raw material extraction,
the usage phase, and the end-of-life phase.

“The concept of the ecological backpack represents the cumulative natural resources required to
manufacture a product. It includes materials extracted, petroleum and water usage, and the bio-
sphere impact per unit of the product. The calculation utilizes the MIPS (Measure of the amount of
Indispensable materials per unit of service). Ecological Backpack (2024, April 20). The Digital
Collage.
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Ecological backpack

Fig. 9.2 Diagram of ecological backpack (see footnote 4)

environmental costs of production. For instance, Fig. 9.2 illustrates that manufactur-
ing a 2 kg laptop requires approximately 800 kg of resources.

According to a 2020 ADEME report,’ the estimated carbon dioxide equivalents
(CO,eq) emissions for various devices are as follows:

» Laptop (office use) = 169 kg CO,eq.

» Desktop tower (office use) = 189 kg CO,eq.

* High-performance desktop tower = 394 kg CO,eq.
e 21.5-in. monitor = 236 kg CO,eq.

As a reminder, the carbon footprint, expressed in CO,eq, quantifies the impact of
various GHG on climate warming.

2.1.2 Use

The global digital industry, comprising around 34 billion devices serving 4.1 billion
users, consumes approximately 1300 TWh of electricity annually, accounting for
5.5% of the world’s total electricity consumption.® This consumption is equivalent
to the combined annual electricity production of France, Germany, and Belgium. As
depicted in Fig. 9.3, end-user terminals contribute 38%, networks 11%, and data
centers 14% to the overall carbon footprint, totaling 63%. These impacts encompass
climate change, depletion of natural resources, and pollution of air, water, and soil.

SFrom Modélisation et évaluation des impacts environnementaux de produits de consommation et
biens d’équipement (p. 25), ADEME, 2018.

*From The Environmental Footprint of the Digital World (p. 10), by Frédéric Bordage, 2019.
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Fig. 9.3 Distribution of the global digital carbon footprint in 2019, by item for the production
(40%) and usage (60%) phases. Taken from The Shift Project, 2021. Consulted on April 20, 2024

2.1.3 End-of-Life Disposal

When ICT hardware and devices reach the end of their life, they become electronic
waste, known as WEEE (Waste Electrical and Electronic Equipment). WEEE poses
a significant environmental risk due to the presence of toxic substances that can
leach into soil and water, contaminating ecosystems and threatening wildlife and
plant life. Additionally, improper disposal can pollute water resources, making them
unfit for consumption and agricultural purposes.

Figure 9.4 illustrates the process where collected electronic waste enters the
recycling system. While a small proportion of the materials can be separated and
recycled, the majority is non-recyclable and often ends up in landfills or is inciner-
ated. Recycling, therefore, provides only a partial solution, and there are inherent
limitations to its effectiveness.

Since 2012, Quebec has implemented an electronic waste recycling system
aimed at improving management practices. This system operates under an “extended
producer responsibility” program, requiring manufacturers and retailers of elec-
tronic devices to ensure the recycling of end-of-life products (Québec Science, 2018).

Despite these efforts, significant challenges persist. A considerable amount of
electronic waste still ends up in landfills or is illegally exported, bypassing safe
recycling practices. Moreover, reliable data regarding the exact recovery rate of
electronic waste in Quebec is limited.

In conclusion, addressing the environmental footprint of digital technology is
crucial for sustainable development (Cecere & Pénard, 2020). Adopting eco-
responsible practices and implementing innovative solutions can mitigate this
impact and contribute to environmental preservation. Effective collaboration among
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Treatment of electronic waste around the world

Prepared for recycling )
. Collected Actual material
Electronic

recycled
waste I I 4

Landfill
Not collected Incineration
Landfill A small percentage of
Incineration material from waste
lllegal exports & is actually recycled

illegal dumping

Fig. 9.4 Treatment of electronic waste around the world. (From The Digital Collage (2024,
April 20))

digital stakeholders, governments, and citizens is essential to successfully imple-
ment these solutions.

3 Discussion of Existing Platforms and Their Limitations

Assessing the environmental footprint of digital technologies is crucial for improve-
ment and accountability. This field has seen the development of several platforms
aimed at measuring and reducing the ecological impact of IS. Below is an analysis
of key platforms currently available and their respective limitations:

1. CNRS Ecodiag

Description: Ecodiag, developed by France’s Centre National de la Recherche
Scientifique (CNRS), is a platform designed to assess the environmental foot-
print of IS.

Limitations: While Ecodiag employs a robust quantitative approach, it lacks
qualitative measures for evaluating the maturity of responsible digital practices.
Moreover, irregular updates to its databases pose challenges, affecting the accu-
racy of results.

2. The Boavizta platform

Description: Boavizta provides a digital carbon footprint assessment plat-
form that leverages open-source and collaborative data to measure the environ-
mental impact of information technologies.

Limitations: Boavizta’s platform is innovative in utilizing open-source data
but lacks a structured methodology for assessing the qualitative maturity of
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organizations’ digital practices. Its complexity often requires specialized techni-
cal expertise, which may limit accessibility for some organizations.
3. NegaOctet

Description: NegaOctet aims to assist organizations in reducing their digital
footprint through a methodology and database based on lifecycle assessment
principles.

Limitations: While NegaOctet excels as a quantitative database, it falls short
in evaluating the qualitative maturity of responsible digital practices. Its method-
ology is occasionally opaque and relies on generalized assumptions that may not
align with specific organizational or regional contexts. Additionally, limited
access to current open-source data, predominantly available through fee-based
models, can compromise result accuracy.

3.1 Limitations Common to Existing Platforms

Measuring Qualitative Maturity: Many existing platforms lack comprehensive
assessments of the qualitative maturity of responsible digital practices. This
omission hinders a thorough understanding of organizations’ commitment to
sustainability.

Lack of Structured Methodology: Some platforms lack structured and standard-
ized methodologies, leading to inconsistencies in assessments and making com-
parisons between different organizations challenging.

Open Source and Open Data: The availability and regular updating of open-
source data are often inadequate. This limitation can compromise the accuracy
and reliability of environmental assessments.

3.2 How WeNR Addresses These Limitations

The WeNR platform addresses critical limitations observed in existing platforms
through several key features. Firstly, WeNR incorporates an extensive qualitative
assessment of responsible digital practices, providing a thorough understanding of
organizational commitments to sustainability. Secondly, WeNR employs a struc-
tured and standardized methodology rooted in lifecycle assessment principles,
ensuring consistency and facilitating comparisons across different organizations.
Thirdly, the platform distinguishes itself with the use of regularly updated open-
source data, enhancing the accuracy and reliability of environmental assessments.
Emphasizing accessibility, WeNR features an intuitive user interface and an open
database, catering to organizations of various sizes and sectors.
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4 The WeNR Platform

Stemming from the efforts of the Institute for Sustainable IT (ISIT), the WeNR
platform stands as a pivotal instrument in fostering an environmentally sustainable
digital landscape. Its methodology integrates a holistic approach that embraces
three pillars of sustainable development: societal impacts, ecological footprint, and
the generation of economic and social value (Fisk, 2010).

This comprehensive approach is operationalized through an accessible online
questionnaire, designed for organizations of all sizes and sectors. Covering diverse
aspects of responsible digital practices, from infrastructure energy consumption to
user awareness of sustainable digital behaviors, the WeNR platform provides a thor-
ough assessment of organizational digital practices and identifies priority areas for
improvement.

Table 9.1 illustrates the three versions of WeNR, tailored to meet the needs and
capabilities of users. These versions facilitate understanding of the environmental
and social impacts of digital technologies, allowing organizations to gauge their
maturity in digital responsibility. Furthermore, WeNR supports ongoing progress
monitoring and aids in the formulation of effective sustainability strategies over time.

The collective nature of WeNR is further demonstrated by its capacity to foster
collaboration and the exchange of best practices among organizations. It facilitates
performance benchmarking within sectors, provides guidances from ISIT network
experts, and offers opportunities to join a community dedicated to responsible digi-
tal practices.

4.1 History and Development of WeNR in Europe

The WeNR initiative emerged from the Green IT collective’s efforts, launched
between 2014 and 2018 to assess the environmental footprint of the digital sector in
large French companies. These initial evaluations played a crucial role in raising
awareness about the ecological challenges associated with digital transformation.

Table 9.1 Different versions of WeNR

WeNR This questionnaire assesses organizational maturity in Digital Sustainability
Light (People-Planet-Profit)
WeNR WeNR comprises quantitative and qualitative questionnaires completed by

Standard | participating organizations using a provided file template from ISIT. Accessible
online, data is treated confidentially and results are delivered in a first-level report
approximately 2-3 months after submission

WeNR Exclusive to ISIT member organizations, WeNR + enhances the standard model

Plus with comprehensive quantitative, qualitative, and comparative reports within the
sector. Analysis platforms aid in identifying actionable steps to establish a
sustainable IT strategy
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In 2018, WeNR gained significant momentum with the publication of the
WeGreenIT study, a collaborative effort with the World Wide Fund for Nature
(WWF) (WeGreenlT Study, 2018). Presented to Mrs. Brune Poirson, Secretary of
State for Ecological Transition in 2019, this study served as a pivotal moment,
building upon earlier benchmarks to establish the foundational principles of the cur-
rent WeNR. This laid the groundwork for a more environmentally responsible
approach to digitalization in France.

The development of WeNR was made possible through collaboration and fund-
ing from key institutions in France, including La Rochelle University, the Generalist
Engineering School—La Rochelle (EIGSI), the Nouvelle-Aquitaine Region, the
Interministerial Directorate of Digital Affairs (DINUM), and ADEME.

WeNR’s scientific partnerships extend internationally to institutions as Swiss
ISIT, the Belgian ISIT, and the University of Louvain (UCLouvain). This diverse
collaboration enriches WeNR’s knowledge base, enhancing its credibility and
effectiveness.

5 WeNR-QC: Adapting WeNR to the Quebec Context

The Quebec province, at the forefront of digital innovation with developments in
Al quantum computing, and data center expansion, plays a pivotal role in both
economic growth and environmental stewardship. ICT infrastructure is indispens-
able to Quebec’s economy and society, necessitating careful management of its
often-overlooked environmental impacts.

A 2020 report revealed that digital technology in Quebec accounted for:

* 4 million tons of CO,e contributing to the greenhouse effect.

¢ 40,000 tons of electronic waste.

* (.8 million tons of displaced earth.

* 2000 tons equivalent of antimony abiotic resource depletion (ADP).
* 12 TWh of final energy consumption (Pinsard & Toussaint, 2020).

While representing 5% of the province’s total carbon footprint, the digital sec-
tor’s rapid expansion in data volume and hardware demands thorough environmen-
tal assessment. Key concerns include resource extraction for component
manufacturing and electronic waste management, which remain inadequately
addressed due to limited regional measurement platforms.

WeNR emerges as a critical platform for Quebec, facilitating GHG reduction
efforts and addressing data gaps. It enables measurement of digital footprints,
informs policy and strategy development, fosters innovation in sustainable digital
technology, and promotes the adoption of responsible digital practices.

"Benessaieh, K. (2022, March 9) Le Québec se classe au 7¢ au monde. La Presse.
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5.1 Contextual Background of the WeNR-QC Adaptation

The momentum of innovation in Quebec converges significantly at the “Grand
Rendez-vous de I’innovation québécoise”, orchestrated by the Ministry of Economy,
Innovation, and Energy (MEIE). This event marks a pivotal step in shaping the new
Quebec Strategy for Research and Investment in Innovation, emphasizing sustain-
able development (Government of Quebec, 2023).

At the core of this event, the CIRODD (Centre interdisciplinaire de recherche en
opérationnalisation du développement durable) and its partners, Ouranos and
Ecotech, organized a major thematic forum on climate change, with a specific focus
on responsible digitalization (CIRODD, n.d.). Three workshops emerged from this
forum, each offering unique perspectives: sustainable digitalization, adaptation and
resilience, and green technologies. These workshops integrated principles of respon-
sible digital practices into their discussions and proposals.

Under the auspices of the Quebec Innovation Council and the Ministry of
Economy and Innovation, this event drew participation from 2600 individuals on
November 18 and 1400 on November 19, 2021, demonstrating a strong commit-
ment from diverse stakeholders to responsible and sustainable innovation. One sig-
nificant outcome was the Launch of the Quebec Innovation Barometer—Beta
Version, in June 2022 by the Quebec innovation council in collaboration with
CIRODD, offering insightful indicators for the climate change pillar with a focus on
responsible digitalization.

The Quebec Innovation Barometer is a platform developed to evaluate and track
progress in critical areas of innovation (Innovation Barometer, 2022). In June 2022,
the beta version of this barometer has been launched, highlighting key indicators
specifically related to the climate change pillar. This barometer was designed to
provide detailed and useful information on how climate change initiatives are being
implemented and their impact on society.

Moreover, the barometer incorporates a dimension of responsible digitalization,
recognizing the importance of technology and digital platforms in combating cli-
mate change while ensuring these platforms are used ethically and sustainably.
Through this barometer, policymakers, researchers, and businesses can gain a better
understanding of advancements and challenges in these crucial areas, thereby facili-
tating more informed and effective actions.

This annual gathering lays the foundation for responsible digitalization, which is
where WeNR finds its origins. The adoption and adaptation of WeNR to the Quebec
context stemmed from an international collaboration between CIRODD and La
Rochelle University in May 2023, as part of Dr. Guillaume Bourgeois’s doctoral
thesis titled “Analysis and modeling of the environmental impact of IS.” (Bourgeois
et al., 2022; Bourgeois, 2023). This initiative highlighted the environmental impacts
of digital technologies and led to the creation of WeNR-QC.?

$WeNR-QC aims to integrate the specificities of Quebec to provide a more precise and useful
assessment of performance in terms of responsible digital practices. This adaptation highlights
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CIRODD, as the key player in this initiative, played a crucial role in adapting the
WeNR platform to Quebec’s context, considering its cultural, economic, and envi-
ronmental nuances. Expertise in sustainable development, circular economy, and
responsible digital practices ensured the platform’s adaptation was both successful
and relevant.

This adaptation was primarily based on LCA, a methodology for evaluating envi-
ronmental impacts throughout a product or service’s lifecycle. To enhance accuracy
in Quebec, local data on the energy mix was integrated to determine the GHG from
energy production and transportation, accounting for regional transportation modes,
distances, and associated emissions. This approach enabled a more precise evalua-
tion of the IT-related environmental impacts in Quebec.

Additionally, software engineering played a pivotal role in this adaptation,
encompassing development, deployment, and maintenance practices tailored to
Quebec’s specificities, including local best practices and regulations. Al and
machine learning powered the analytical engine, enhancing decision-making
capabilities.

Localization of technical terms to Quebec French, known as “québécisation’
was essential for clear communication within the WeNR-QC platform. Adapting
terminology to Quebec’s linguistic particularities ensured clarity and comprehen-
sion among users.

5.1.1 Energy Mix

In adapting the WeNR platform for québécisation, a pivotal focus was Quebec’s
unique energy mix, specifically its dominant reliance on hydroelectric power.
Hydroelectric resources account for 94% of Quebec’s electricity production, estab-
lishing the province as a global leader in renewable and clean energy (Levasseur
et al., 2021). The remaining energy mix includes contributions from wind, solar,
biomass, natural gas, and oil, distinguishing Quebec from other Canadian provinces
and European nations, which often rely more heavily on fossil fuels or nuclear
energy. As a result, Quebec maintains a notably low carbon footprint, with approxi-
mately 34 g of CO, emitted per kWh, in stark contrast to Canada’s average of 140 g
per kWh and Europe’s average of 295 g per kWh (Hydro-Québec, n.d.).

In the process of adaptation, special attention was given to these energy dynam-
ics, crucial for calculating the GHG impact of IS. This included refining emission

hydroelectricity, the Quebecois system for recycling digital equipment, adherence to local stan-
dards and regulations, as well as international comparability. From Analyse et modélisation de
I’impact environnemental du systéme d’information (Bourgeois, 2023).

°The term “québéciser” refers to adapting to Quebec norms, whether in terms of laws, language,
or other aspects, of an organization, product, or service. It can also involve modifying foreign
words or expressions or other regional variants of French to conform to Quebec French usage. For
example, “parking” can be québécisé to “stationnement”. This verb derives from the noun
“Québec” to which the suffix “-iser” is added (vitrinelinguistique, n.d.).
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coefficients used to estimate both direct and indirect emissions associated with digi-
tal equipment’s electricity consumption, alongside integrating data on Quebec’s
diverse energy sources. Furthermore, alignment with Quebec’s governmental objec-
tives and measures for energy transition was integral. These initiatives aim to dimin-
ish reliance on fossil fuels and amplify the proportion of renewable energy within
Quebec’s energy portfolio (Esmia Consultants, n.d.).

5.1.2 Transport

The WeNR-QC platform also addresses transportation, a significant contributor to
the environmental footprint of digital technology. Transporting digital equipment,
raw materials, and waste products produces varying levels of GHG depending on
the modes and distances involved. Quebec’s unique geography, climate, and trans-
portation infrastructure distinguish it from Europe in several ways. Given Quebec’s
expansive territory, transportation routes often necessitate longer and more fuel-
intensive journeys compared to Europe. Additionally, Quebec’s less developed rail-
way network limits opportunities for more environmentally friendly rail transport,
which contrasts with Europe’s more extensive rail infrastructure. Furthermore,
Quebec’s harsh weather conditions can impact the performance and durability of
digital equipment during transport. In response, adjustments to GHG coefficients
have been tailored to suit the Quebec context and ensure regulatory compliance.

5.2 WeNR-QC Scope

The primary goal of WeNR is to conduct a comprehensive assessment of IT sys-
tems’ environmental impact in terms of GHG over a calendar year. This includes
assigning a “responsible digital maturity” score to each participating organization
and building a database to facilitate meaningful comparisons across entities. Our
approach thus encompasses both quantifying GHG emissions and evaluating the
digital responsibility of involved organizations.

The initial phase of our approach involves clearly delineating the motivations
and expected benefits of this digital footprint assessment. Equally important is
defining the study’s scope, which encompasses the activities, processes, products,
and services related to ICT that contribute to GHG emissions.

In terms of measurement, we use kilograms of CO, equivalent per year (kgCO,e/
year) as our reference unit. This choice allows for consistent comparison of emis-
sions from various GHGs based on their global warming potential, aligning with
recommendation L.1450 and ADEME’s IS RCP for methodological coherence
(ITU, n.d.; ADEME, n.d.).

Geographically, the WeNR-QC platform specifically targets the ICT sector
within Quebec-based organizations. This ensures analyses tailored to local condi-
tions while delivering pertinent insights to stakeholders.
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Establishing the study’s boundaries entails specifying which elements are
included or excluded within the defined scope. Thus, WeNR-QC considers the
entire lifecycle of digital services, from manufacturing through to end-of-life,
accounting for GHG emissions relevant to each phase’s geographical location. For
instance, a significant portion of electronic equipment is manufactured in Asia
before being transported to consumer markets. WeNR-QC integrates emissions
associated with the transportation modes—be it by air, sea, rail, or road—for accu-
rate assessment.

5.3 Operation of WeNR-QC: LCA of IS

Quantifying the carbon footprint of IT systems through WeNR-QC is a crucial step
toward understanding and mitigating their environmental impact. This measure-
ment encompasses all GHG generated by IT activities, providing a precise analysis
of key emission sources. It facilitates targeted reduction efforts, fostering awareness
among sector stakeholders about climate change challenges and promoting adop-
tion of eco-responsible practices.

WeNR-QC comprehensively assesses the environmental impact of digital tech-
nology across several dimensions:

e Data Centre Management: Data centers, pivotal to IT infrastructure, are sig-
nificant energy consumers. WeNR-QC evaluates their energy efficiency to iden-
tify opportunities for reducing their carbon footprint, such as adopting renewable
energy sources or optimizing cooling systems (Masanet et al., 2020).

» Digital Infrastructure: Beyond data centers, WeNR-QC assesses the environ-
mental impact of telecommunication networks, computer equipment, and con-
nected devices (Lange et al., 2011).

* Electronic Waste Management: Digital equipment contributes to substantial
electronic waste, containing potentially harmful materials (Rautela et al., 2021).
WeNR-QC advocates best practices for recycling and reuse to minimize environ-
mental impact.

Simultaneously, the platform identifies strategies to mitigate organizations’ IT
systems’ environmental footprint, including:

* Promoting Eco-Responsible Practices: Encouraging companies to adopt inter-
nal policies that reduce energy consumption, encourage equipment reuse, and
promote electronic waste recycling.

* Advancing Green Technologies: Supporting research and development of eco-
efficient IT technologies like virtualization, cloud computing, and innovative
cooling systems.

* Raising Awareness: Educating IS users about environmental impacts associated
with their technology use and promoting responsible behaviors, such as optimiz-
ing device settings and reducing data consumption.
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The WeNR-QC process
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Excel questionnaire
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Fig. 9.5 The WeNR-QC process

5.4 WeNR-QC Methodology
5.4.1 WeNR-QC Process

As depicted in Fig. 9.5, the WeNR-QC methodology follows a structured process
comprising multiple stages dedicated to gathering, processing, evaluating, and
interpreting data to generate high-quality reports.

The WeNR-QC process seamlessly incorporates machine learning and business
intelligence across all stages of data collection, processing, analysis, and interpreta-
tion. This integration ensures the generation of high-quality reports and meaningful
insights tailored to the participating organizations. Refer to Table 9.2 for a detailed
definition of each step in the process.

To delve deeper, our initial will be on data collection and analysis.

5.4.1.1 Data Collection and Analysis

As integral to the WeNR-QC application, gathering data on office equipment and
data centers is essential for evaluating their environmental impact. Appendix 1
includes a table detailing the minimum required equipment for data collection and
analysis. Figure 9.6 illustrates the various key parameters involved in this process.

* Quantity and Operational Lifespan: Gathering data on the number of units of
each equipment type and their average operational lifespan is essential. This
information allows for estimating equipment replacement or disposal frequency,
influencing their overall carbon footprint.

* GHG Enmitter Settings: Alongside quantity and lifespan, acquiring data on
other GHG emitter parameters such as electricity consumption and Power Usage
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Table 9.2 Steps of the WeNR-QC process

Data collection

Participants initiate data collection using a predefined Excel questionnaire.
This step marks the outset of gathering pertinent information from relevant
sources

Data processing

The collected data undergoes a thorough processing and analysis phase,
lasting approximately 1 month. This includes anonymization for
confidentiality and quantitative/qualitative calculations to extract insights

Environmental Data is subjected to LCA to evaluate environmental impacts like energy
assessment consumption and GHG, assessing the overall environmental footprint
Application of Deep learning techniques, specifically recurrent neural networks (RNN),

machine learning

analyze process or system maturity, identifying nuanced trends that
traditional methods may overlook

Creation of a
relational model

Analysis outcomes are synthesized into a relational model, maintained for
approximately 2 months. This model provides a structured depiction of
relationships among studied variables

Data interpretation

Utilizing business intelligence, processed data and the relational model are
interpreted to derive actionable insights for intra- and inter-organizational
applications

Visual reporting

A comprehensive visual report is prepared to present analysis results
clearly and concisely, outlining conclusions and recommendations derived
from collected and processed data

WORKSTATIONS

WeNR-QC structure
(Data collection)

Office equipment (Inventory of computer equipment (excluding cloud computing equipment))

INFRASTRUCTURE: NETWORKS, DATA CENTERS AND CLOUD SERVICES

Equipment description Equipment Cloud Complétgg”-s laaS / PaaS

MATURITY LEVEL: RESPONSIBLE DIGITAL

Fig. 9.6 WeNR-QC structure (data collection)

Effectiveness (PUE) for data centers is crucial. This data aids in assessing equip-
ment’s contribution to GHG emissions throughout its lifecycle.

* GHG Calculation: Utilizing collected data to calculate average annual GHG for
each equipment category includes direct emissions during use, as well as those
from manufacturing, distribution, end-of-life disposal, and other emission fac-
tors such as regional energy sources and online service usage.

Thorough interpretation of results also hinges on gathering relevant contextual
data. This includes quantifying data usage and flow, essential for calculating



9 Advancing Sustainability Through Digital Maturity: An Open Approach... 215

subscriber numbers and ICT service-generated data traffic. Understanding the
nature and volume of data flows, particularly in cloud computing contexts, is
paramount.

Finally, a critical analysis of the data ensures the reliability of WeNR-QC results:

* Verification of Data Sources and Consistency: Ensuring data reliability by
verifying sources, dates, and consistency, prioritizing information from reputa-
ble and updated organizations.

* Oversight of Methods and Calculations: Monitoring the methods and calcula-
tions employed, emphasizing data derived from actual measurements rather
than models.

* Addressing Data Uncertainty: Recognizing data uncertainty and variability by
presenting ranges or confidence intervals when necessary to strengthen the reli-
ability of findings.

5.4.1.2 Calculation of Carbon Footprint with WeNR-QC

Determining the WeNR-QC footprint of technological goods is a meticulous pro-
cess that involves a detailed analysis of each category, including computers, servers,
networks, and mobile terminals. Evaluating parameters such as the number of goods
in operation, their average lifespan, and energy consumption facilitates estimating
the carbon footprint associated with each category, encompassing all phases from
manufacturing through use to recycling.

Once individual footprints are established, the overall WeNR-QC footprint is
calculated by aggregating this data. This calculation extends beyond summing up
direct technological equipment footprints to include indirect emissions from digital
services like cloud computing, which significantly impact the total environmental
footprint.

Ultimately, WeNR-QC offers a comprehensive and precise assessment of the
ICT’s environmental impact by addressing both direct factors related to technologi-
cal equipment and the indirect effects arising from digital service utilization. This
holistic approach provides valuable insights into the environmental consequences of
our growing dependence on digital technologies.

5.4.1.3 Interpretation of WeNR-QC Results

It is crucial to elucidate any disparities in the obtained results by identifying dis-
crepancies in methodologies, scopes considered, and available data sources. Key
references include ADEME’s GHG assessment resource center and the ENERGY
STAR program, which provide data on the use phase. Additionally, emissions from
equipment were combined using information from the inter-organizational working
group Boavizta and the online platform BeNUTS, alongside data supplied by
manufacturers.
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These explanations are vital for ensuring transparency and credibility in the anal-
ysis. They enable decision-makers to fully grasp the implications of the results and
formulate appropriate policies and strategies to meet GHG reduction targets at pro-
vincial, national, and international levels.

5.4.1.4 Creation of WeNR-QC Dashboards

The WeNR-QC report provides a comprehensive overview of the study’s objectives,
scope, and methodology, meticulously justifying each step and clearly defining key
concepts. It articulates underlying assumptions and emphasizes specific constraints
within the ICT domain. Crucially, the report thoroughly references all data used,
enhancing transparency and bolstering the analysis’s reliability.

Regarding data access to rights and confidentiality, the report affirms its commit-
ment to upholding current ethical and legal standards. This commitment includes
safeguarding personal and sensitive data, as well as respecting intellectual property
rights. The report underscores adherence to licensing requirements and restrictions
on data reuse, underscoring the importance placed on maintaining the integrity and
legality of the entire process.

5.4.2 WeNR-QC Methodology

The WeNR-QC methodology is grounded in robust ethical and legal principles,
which are integrated into every phase of the analysis. Based on these principles, the
report employs various calculation formulas that combine quantitative and qualita-
tive approaches to ensure a comprehensive evaluation:

* The initial phase focuses on quantitative assessment, aiming for precise results
despite inherent data complexity that may introduce some level of uncertainty.
This transparency in methodology enhances the credibility of the conclu-
sions drawn.

» The subsequent stage adopts a qualitative approach to evaluate the organization’s
maturity in responsible digital practices. This analysis identifies organizational
strengths and weaknesses, offering insights for continuous improvement and
effective integration of best practices.

In summary, the WeNR-QC report distinguishes itself through its unwavering
commitment to ethical standards and legal compliance, aiming to deliver robust
findings that advance responsible digital practices.
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6 Experimental Results

This section presents the experimental results of a case study conducted with the
WeNR-QC platform. It outlines the experimental protocol employed by a Quebec-
based organization, emphasizing transparency and ensuring the reproducibility of
results.

6.1 Experimental Protocol
6.1.1 Objective and Scope

The objective was to assess the environmental impact of digital technologies within
a large organization (over 1000 users) by measuring both the digital carbon foot-
print and the maturity level of responsible digital practices. The study encompassed
office equipment, data centers, network infrastructure, and user devices.

6.1.2 Collecting Data

Data was collected via a structured questionnaire. A comprehensive inventory of
digital equipment was conducted, detailing each item’s type, quantity, and specifi-
cations. Information on operational lifespan, usage patterns, and energy consump-
tion was recorded. Contextual data, such as the organization’s energy sources,
methods of equipment transportation, and waste management practices, was also
documented.

6.1.3 Methodology

The experimental protocol encompassed several key steps. Initially, LCA methodol-
ogy was employed to quantify GHG emissions across each stage of the equipment
life cycle, utilizing emission factors specific to Quebec. Subsequently, the carbon
footprint of each equipment category was computed, encompassing both direct
emissions from energy consumption and indirect emissions from manufacturing
and disposal processes.

Collected data underwent rigorous processing using statistical analysis platforms
to ensure accuracy and consistency. Anonymization techniques were applied to
safeguard sensitive information. Machine learning algorithms, notably RNN, were
leveraged to discern trends and patterns in the data, facilitating an assessment of the
organization’s maturity in responsible digital practices.

A relational model was constructed to depict interrelationships among variables
such as equipment type, energy consumption, and GHG emissions. This model was
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maintained for a duration of 2 months to facilitate comprehensive analysis. Finally,
the processed data was interpreted using business analysis platforms like Microsoft
PowerBI to derive actionable insights. A visual report was then generated to present
findings clearly and succinctly, emphasizing key areas for enhancement and offer-
ing strategic recommendations.

6.2 Results

The experimental findings revealed a significant digital carbon footprint within the
organization, primarily attributed to emissions during the manufacturing phase of
office equipment and data centers. Desktops, laptops, and monitors accounted for a
substantial portion of these emissions, typically lasting between 3 and 5 years in
operational lifespan. Data centers emerged as major energy consumers, operating
with a Power Usage Effectiveness (PUE) that aligned with industry averages, yet
offering potential for enhancement through improved cooling systems and the inte-
gration of renewable energy sources. Network devices like routers and switches also
contributed to emissions, albeit to a lesser extent compared to office equipment and
data centers. Smartphones and tablets, despite their smaller size, collectively
increased the carbon footprint due to high usage rates and shorter lifespans.

Appendix 2 of the report presents a detailed example of the experimental results.
Graphs in the appendix delineate the breakdown of carbon emissions by equipment
type and life-cycle stage. A maturity assessment of responsible digital practices
highlights organizational strengths and identifies areas for improvement. Strategic
recommendations are proposed to mitigate the carbon footprint, including the adop-
tion of energy-efficient technologies, extending equipment lifecycles, and enhanc-
ing waste management practices.

6.3 Conclusion

The experimental results underscore the necessity of ongoing monitoring and
enhancement of responsible digital practices. Leveraging the WeNR-QC platform
empowered the organization to grasp its digital environmental footprint and pin-
point actionable steps toward a sustainable future. The meticulous experimental
protocol guarantees transparency and reproducibility, establishing a robust frame-
work for other organizations striving to achieve digital sustainability.
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7 Potential of WeNR for Quebec and the Rest of the Country

With its deep expertise in digital data, WeNR-QC has the potential to emerge as a
pivotal player academia. By sharing its expertise, WeNR-QC can facilitate research-
ers’ understanding and quantification of the environmental impact of digital tech-
nologies. This collaborative approach could pave the way for advancements and
innovations in the responsible digital sector.

Furthermore, WeNR-QC could forge collaborations with Quebec’s public sector,
which has committed to implementing an indicator for responsible digital maturity
index. Such collaboration could assist the government in achieving its objectives for
responsible digital transformation, as outlined in the Government Sustainable
Development Strategy (2023-2028). Initiatives like training programs, conferences,
and publications would further facilitate knowledge transfer. With its leadership and
expertise, Quebec can play a pivotal role in promoting digital sustainability at the
federal level. Through platforms for exchange and collaboration, and by fostering
innovation, Quebec, leveraging platforms like WeNR, can significantly advance the
adoption and promotion of responsible digital practices across Canada.

Moreover, WeNR’s application potential could be extended to other Canadian
provinces facing similar environmental challenges, such as climate change and nat-
ural resource depletion. For instance, the Canadian federal government has commit-
ted to achieving carbon neutrality by 2050 (Canada, 2020), a goal that WeNR
supports by providing organizations with practical means to reduce their GHG.

8 Conclusion and Recommendations

This document underscores the critical importance of adopting a proactive monitor-
ing platform such as WeNR in Quebec to significantly reduce the ecological foot-
print of digital technology and advance the province’s sustainable development
objectives. By fully integrating this innovative platform into IT practices, Quebec
cannot only decrease carbon emissions but also accelerate the shift toward an envi-
ronmentally friendly digital transformation aligned with the region’s ecologi-
cal goals.

Moreover, substantial avenues for improvement must be explored. WeNR-QC
advocates for widespread adoption of responsible digital practices by organizations,
stressing the pivotal role of eco-design in IT strategies. By embedding these prin-
ciples into decision-making processes now, Quebec organizations can actively con-
tribute to forging a sustainable digital future that harmonizes technological
innovation with environmental stewardship for societal benefit.

Looking ahead, it is crucial to continue developing and validating WeNR-QC,
promoting its adoption among Quebec and Canadian organizations and govern-
ments, and forging partnerships to customize and disseminate the platform
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nationally. It is essential to strengthen the platform by integrating the principles of
software engineering and Al to guarantee informed decisions.

In conclusion, this chapter not only raises awareness but also drives tangible
actions toward responsible digital usage. By offering an adaptable and innovative
solution, WeNR-QC addresses the environmental impact of digital technology
within organizations, supporting their evolution toward a sustainable and environ-
mentally conscious digital future.
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Appendix 1

Lifecycle

stage Category Equipment

Manufacturing | Workstation environment

Desktop computers

Laptop computers

Computer monitor

Docking station

Television

Tablet

Workstation peripherals

Personal printer

Impression Multifunction printer
Landline phone

Telephony Smartphone
Switch/router

Local network

Wifi terminal

Switch/router

Extended network

Security systems (firewall, WAF, gateways, probes,

etc.)

Internet terminal

Physical server

Empty bay

Computer centers

Storage bay

Switch/router

FC switch (storage)

Security systems (firewall, WAF, gateways, probes,

etc.)

Network equipment

Virtual machine

Object storage

Block storage

Cloud (IaaS and PaaS and
SaaS)

Runtime (PaaS)

Managed database (PaaS)

Any underlying infrastructure to provide the

service

Use

Electricity consumption—digital equipment

Electricity consumption—other (e.g., technical

room air conditioning)
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Chapter 10 )
Navigating the Shift: Strategies Beyond S
“Build It and They Will Come”

for Sustainable Mobility in Quebec

Jérome Laviolette, Owen Waygood, and Anne-Sophie Gousse-Lessard

Abstract Passenger transport is an important contributor to unsustainable urban
systems. To achieve the necessary socio-ecological transition will require overcom-
ing the entrenched system of automobility. Composed of several mutually reinforc-
ing components, this system has conferred psychosocial dimensions to car ownership
and use that leads to important institutional, political, and individual resistance to
change both car-centric transportation infrastructure and individual travel behav-
iour. For this reason, a growing consensus suggests that transitioning to a sustain-
able mobility system requires a more holistic approach that applies a synergistic
integration of “hard” supply-side measures and “soft” demand-side solutions. This
means increasing non-automobile accessibility and supporting such change with
soft travel behaviour change solutions that target social-psychological barriers to
change. While such approaches have demonstrated their effectiveness around the
world, this second category of interventions remains underutilized, particularly in
North America. Drawing from social psychology and a North American case study,
this chapter proposes a theory-to-practice guide for practitioners to designing effec-
tive voluntary travel behaviour change interventions based on the Stage Model of
Self-Regulated Behaviour Change (SSBC). A four-level integration framework for
intervention design based on the SSBC is proposed. The framework proposes inter-
vention approaches from using the model as a simple diagnostic tool to a complete
integration to deliver a fully individualized and stage-tailored intervention. Stage-
specific messages and strategies are described to shift people away from car use
towards active, collective, and shared mobility options. The chapter concludes on
suggestions for collaborative efforts between researchers and practitioners to design,
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evaluate, and enhance the effectiveness of these interventions, thus moving beyond
infrastructure-only solutions to foster a successful transition to sustainable mobility
in Québec.

Keywords Sustainable transport - Travel behaviour change - Soft intervention -
Stage model of change - SSBC - Car dependency - Automobility - Travel demand
management

1 Introduction

One imperative of the socio-ecological transition needed to avert the worst conse-
quences of climate change is the transformation of our mobility systems. In the
province of Québec, the transportation sector produces an outsized share of the
province’s carbon emission: 43% for the entire sector and 22% for the road passen-
ger subsector (Gouvernement du Québec, 2022). Contrary to all the other sectors
except agriculture, transport emissions have been increasing substantially in the last
decades (+20.6% vs. —22.9% for all other sectors combined between 1990 and
2021)." Despite a strong push for transportation electrification (Gouvernement du
Québec, 2023), it is increasingly clear that a successful socio-ecological transition
requires a paradigm shift in mobility that moves us away from car dependency
(Laviolette et al., 2020). The “system of automobility”, or car dependency, is
described as a transportation system that favours car travel and speed over alterna-
tive modes of transport. A system in which the car is considered a key satisfier of
human needs for most of the population (Mattioli, 2016). The complexity of this
system stems from several interlinked components that reinforce each other (e.g.,
Mattioli et al., 2020; Sheller & Urry, 2000), making any major shift in the system
excessively challenging and politically difficult to accomplish. Furthermore, its
well-documented consequences extend far beyond carbon emissions: put shortly,
the automobility system poses a massive threat to public health, quality of life and
well-being, equity and social justice (i.e., who bears the burden of car harms), cli-
mate change and the environment more broadly (e.g., Girling & Steg, 2007;
Glazener et al., 2021; Miner et al., 2024). Most of these will not be solved by simply
switching to electric vehicles (Miner et al., 2024) and are too often overlooked when
considering transportation solutions.

Most solutions proposed and discussed in the public sphere to reduce car depen-
dency focus on improving accessibility by redesigning built environments, expand-
ing public transit and active travel infrastructure, enhancing sustainable transport
level-of-service, and offering shared mobility alternatives. However, there is a
growing consensus that these “hard” infrastructure changes alone may not be
enough (e.g., Banister, 2008; Handy, 2017; Javaid et al., 2020; Mattioli et al., 2020;

!'Calculation by the authors based on the report by Gouvernement du Québec (2022).
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Soza-Parra & Cats, 2024). This is because some of the institutional, political, and
individual resistance to change is rooted in a car-centric mobility culture that rein-
forces the psychosocial dimensions of car travel, a core aspect of the automobility
system (Mattioli et al., 2020; Sheller & Urry, 2000).

Based on this premise that “hard supply-side” solutions are not enough, a crucial
question arises: how can strategically designed interventions effectively support
behaviour change? To answer this question, this chapter serves two objectives. First,
drawing insights from social psychology literature, we explore key elements of
behaviour change theories, notably the Stage Model of Self-Regulated Behaviour
Change (SSBC; Bamberg, 2013b), the role of habits and habit disruption, and the
role of other psychological constructs such as norms, attitudes and beliefs. Second,
we propose an integrated approach to guide practitioners in conducting a diagnostic
of the issues, identify the potential for change within the targeted population and
then provide a comprehensive framework for designing theory-driven, context-
oriented, personalized behaviour change interventions to foster a successful transi-
tion to sustainable mobility in Québec.

1.1 Why We Need a Holistic and Interdisciplinary Approach
for a Paradigm Shift in Mobility

Transportation and urban planning researchers have produced an extensive amount
of evidence on what type of built environments, street design and provision of
mobility options are associated with a reduced share of trips and distance travelled
by car and lower car ownership needs (e.g., Ewing & Cervero, 2010; Javaid et al.,
2020; Mishra et al., 2023). As Handy (2017) explains, “the built environment plays
a role in determining the choices available to the individuals. [...] But it doesn’t
mean that [it] determines the choices made by the individuals”. It gives them the
possibility to choose those options, which is an essential first step. These supply-
side solutions (also called “hard” measures) are well known and widely discussed
beyond academic circles. In already built-up cities, the policy challenge for those
“hard” measures resides more in retrofitting. Indeed, many of those changes require
shifting priorities and funding away from components of the system of automobility
(Gossling, 2020). As such, a lot of the challenge of overcoming car dependency is
political (Gallez & Dupuy, 2018) as is our local case in Québec (Laviolette et al.,
2020). We argue that challenging and overcoming the system of automobility
requires a more holistic approach that includes activating various levers to change
the culture of mobility including encouraging, fostering, and supporting behaviour
change away from the private car.

Many motivations exist for using cars (see Mattioli et al. (2020), Schwanen and
Lucas (2011) and Javaid et al. (2020) for more comprehensive overviews). We high-
light three reasons we believe are important here: habits, the normative aspect of
automobile culture, and the affective and symbolic associations to cars. Habits such
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as travel mode choice (e.g., Girling & Axhausen, 2003) arise from routine and once
established are hard to change. Even with new infrastructure supporting new behav-
iours, car habits will resist change. New residents or young people might establish
behaviours based on the new context, but those with established habits will need
additional interventions.

A second reason is the presence of a strong automobility culture which imposes
a normativity around cars where their ownership and use are perceived as the nor-
mal practice that every “normal” person does. Such social norms are strong explan-
atory factors of behaviour, though we often underestimate their influence (Nolan
et al., 2008). The higher the rate of car ownership and the higher the modal share of
cars, the stronger this barrier is likely to be.

A third reason is the perceived affective and symbolic benefits of the car (e.g.,
Sheller, 2004; Steg, 2005). Cars provide a way for individuals to communicate their
social status and identity. Affective aspects are related to feelings of pleasure, excite-
ment, dominance, freedom, and independence. These elements can become inter-
twined with personal, social, and even national identities (Edensor, 2004; Mattioli
etal., 2020; Schwanen & Lucas, 2011). In short, someone for whom these perceived
benefits are important and whose lifestyle and identity are highly linked to the car
and the access it provides is less likely to adopt other modes even if those modes
exist and are improved (e.g., Piras et al., 2022; Soza-Parra & Cats, 2024).

It is thus critical to understand and act on the psychosocial factors and obstacles
hindering change at both societal and individual levels. As previously described,
modern life has been mostly reorganized around the ownership and use of cars, and
so the shift to sustainable mobility requires substantial changes in daily practices
and lifestyles. In short, changing behaviour is a highly complex process and while
providing alternatives to the car is essential for change to be possible, it is often
insufficient on its own to prompt rapid behaviour change across diverse segments of
the population.

Travel Demand Management (or Mobility Management) is a category of strate-
gies that apply social psychology to help with travel behaviour change (Bamberg
et al., 2011). While a large variety of approaches fit within the broader TDM and
supply side categories, this chapter focuses on personalized travel behaviour change
strategies. We present how an important model of change, the Stage model of behav-
iour change (SSBC; Bamberg, 2013b) can be applied by practitioners to enhance
the effectiveness of such interventions.

2 A Theory of Change

2.1 The Stage Model of Self-Regulated Behaviour Change

Many models of behaviour change exist. One of the most famous and extensively
used is the Transtheoretical Model of Change (TTM; Prochaska & DiClemente,
1982; Prochaska et al., 1997; Prochaska & Velicer, 1997) originally developed to



10 Navigating the Shift: Strategies Beyond “Build It and They Will Come... 231

modify health-related behaviour such as smoking cessation or increasing physical
activity. It has since been used repeatedly in a variety of behavioural change con-
texts. More recently, Bamberg (2013b) proposed the Stage Model of Self-Regulated
Behaviour change (SSBC) specifically designed to encourage pro-environmental
behaviour, including a shift towards low-carbon transport modes.

Both models conceptualize the process of behavioural change as a non-linear
progression through a sequence of distinct stages, with the possibility of stagnation
or relapse to earlier stages. While the TTM postulates five different stages of behav-
iour change (i.e., Precontemplation, Contemplation, Preparation, Action, and
Maintenance), the SSBC, proposes four. These reflect the process of becoming
aware of an issue (Predecision), deciding to act (Preaction), implementing behav-
ioural changes (Action), and maintaining the new behaviour over time (Postaction).

In the TTM, Stage 1 (Precontemplation) is characterized by amotivation, which
can manifest itself either as a lack of desire to change or as seeing no reason to
change at all. Contrastingly, Stage 2 (Contemplation) denotes the emergence of a
certain degree of motivation for change, albeit accompanied by the belief that
change is unattainable. In the SSBC, this resistance to change and low motivation
are amalgamated into the initial predecision stage (1). Reflecting on this difference,
Olsson et al. (2018) introduced the terms predecisional denial (1.a) and predeci-
sional inhibition (1.b) to differentiate between types of resistance. Predecisional
denial stems from perceiving no reason to change, while predecisional inhibition is
associated with the belief that change would be beneficial but impossible to achieve.
We shall use this distinction for the remainder of the chapter as we believe these
substages are conceptually and psychologically different, thus requiring different
strategies to facilitate progression towards higher stages.

Another distinction between the TTM and the SSBC is the time-specific compo-
nent of TTM stages that is absent from the SSBC. For example, in Stage 2, the TTM
specifies that individuals intend to take action within the next 6 months (Prochaska
& Velicer, 1997). However, some have criticized these timeframes, notably describ-
ing them as arbitrary (e.g., Sutton, 2000). Another distinction is that, unlike the
TTM, the SSBC proposes three transition points, representing the formation of
three types of intention: goal, behavioural, and implementation intentions. A final
yet crucial distinction that fortifies the theoretical underpinnings of the SSBC is its
integration of the constitutive variables of the Norm activation model (NAM;
Schwartz, 1977) and the Theory of planned behaviour (TPB; Ajzen, 1985, 1991).
Specifically, the SSBC has the advantage of explicitly outlining the social, cogni-
tive, and affective factors that differentially influence the three types of intention
and thus promote stage transition. These psychological mechanisms underlying the
progression through the stages are described below.

Because the SSBC is specifically designed for sustainable behaviour, including
the transition to low-carbon transportation modes, and because it specifies the psy-
chological mechanisms underlying self-regulated change, this chapter focuses on
this model.
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2.2 Psychological Mechanisms That Support Moving
Jrom One Stage to the Next

Change is a multifaceted process, characterized by its gradual, dynamic, and non-
linear nature, where setbacks and relapses are not uncommon. Importantly, not
everyone initiates change simultaneously or progresses through its stages at the
same pace. Furthermore, within each individual, a complex interplay of socio-
cognitive factors influences their willingness to change in interaction with external
factors such as structural, economic, social, and political conditions. The very
nature of the behaviour, along with the perceived or objective degree of difficulty,
also plays an important role. Complementary behaviours aimed at the same problem
often exist (e.g., reducing one’s GHG emissions). For instance, while someone may
be contemplating a transition to a vegetarian diet, they may simultaneously be at a
more advanced stage when it comes to reducing their reliance on cars. Each stage of
change is qualitatively distinct, comprising unique motivations and cognitive pro-
cesses that shape how individuals perceive information and make decisions. As indi-
viduals navigate through these stages, they may find themselves shifting their focus,
modifying their priorities, and reevaluating their strategies, all in pursuit of mean-
ingful and sustainable change. The proposed sets of stage-specific socio-
psychological variables in the SSBC determine the formation of intentions or
transition points (Bamberg, 2013b). The model is presented in Fig. 10.1, including
Olsson et al.’s (2018) proposed distinction between predecisional denial and
inhibition.

2.2.1 Stage 1: The Why

While the predecisional denial stage (1.a) of the SSBC is characterized by the lack
of recognition of the need to change, the predecisional inhibition stage (1.b) begins
when the individuals become aware of the problem’s significance, its impact on
themselves (or society), and their personal role in it. For instance, they might think,
“the number of cars on the roads is unsustainable. This causes many problems. I use
my car too much.” When individuals see a discrepancy between their actions (con-
tributing to the problem) and their broader life goals (protecting the environment,
staying healthy, spending less, contributing to the common good, etc.), they experi-
ence discomfort and unpleasant emotions (guilt, sadness, surprise, questioning).
They can start comparing themselves to others (social norms) and feel a growing
moral obligation to act (personal norms). In some cases, comparing oneself to oth-
ers can hinder change if the norm is problematic such as driving a car in our car-
dependent societies. At this point, subjective social norms, meaning the judgments
of significant people close to us, become important. A positive influence of subjec-
tive social norms would be having a network of friends and family that value other
modes of transportation over cars. The idea of changing their habits appears increas-
ingly feasible and appealing. They know they would feel better about themselves if
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Fig. 10.1 The stage model of self-regulated behavioural change (adapted with permission from
Bamberg, 2013b; Bamberg & Schulte, 2018) with the Stage 1 modification suggested by Olsson
et al. (2018)

they made changes in their life (anticipated positive emotions). By the end of this
phase, they know they want to improve their behaviour (goal intention). They might
say at this point, “I would like to reduce my car dependence.” However, they are
unsure at this stage what behaviour(s) to adopt to achieve this new goal. It still
seems very difficult to them.

2.2.2 Stage 2: The What

The individual knows that their behaviour is problematic, but they do not yet know
what avenues of change are possible. They will therefore pay attention to informa-
tion about different solutions and actions they could take. For example, taking the
bus, cycling more, and moving to a neighbourhood that favours utilitarian trips on
foot. At this stage, direct changes in travel behaviour might not be evident, but
actions such as supporting progressive sustainable mobility policies could reduce
the internal conflict. They will evaluate the pros and cons of behavioural changes for
themselves, as well as their feasibility: “Is it difficult for me to make this change?
Do I have the means, control, time, knowledge, and resources? Are the necessary
services and infrastructure available in my area? What are the benefits for me? How
will they impact the problem I'm trying to address?”” By the end of this stage, a
behavioural intention forms: the individuals know which action(s) to try in order to
reduce their car dependency.

2.2.3 Stage 3: The How

Here, individuals understand why changing their habits is important and have cho-
sen a way to do it. They are now figuring out how to implement their plan. They
think about the specifics: how, when, where, and with whom? Planning skills are
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crucial in this stage. The more they can elaborate and anticipate obstacles, the easier
the action will seem to them when they implement it. For example, one could think,
“If I want to take public transport to work, I need to wake up at X time, walk to the
bus stop located here, and get off at the right stop/station. If the bus is late, I have a
backup plan.” At this stage, they are attentive to information that supports their self-
efficacy (the belief in oneself that they can undertake an action) and helps them plan
their action, like guides, apps for route planning, or friends who can accompany
them. By the end of this phase, they start trying out the new behaviour. Practising
this behaviour at a non-crucial time (e.g., on a day when it does not matter) can be
helpful as they can gain experience without the stress of arriving on time in a situa-
tion of uncertainty.

2.2.4 Stage 4: Keep Going

Maintaining the new behaviour over time is challenging. There are many reasons to
revert to old travel habits: lack of motivation, rushed mornings, bad weather, family
obligations, errands, or route changes. At this stage, individuals must resist the
temptation to revert to their old ways, which is not easy. Maintaining the new behav-
iour is a process that involves setbacks, mistakes, hesitations, and failures. This is
normal and expected. The ability to recover from these relapses is thus important.
Just because the new behaviour is not applied every day does not mean they should
stop trying to improve. The quality of motivation to maintain this lifestyle change is
also essential. Thus, a person who is internally (intrinsically) motivated will be
more likely to succeed and will recover from relapses more easily (Pope et al.,
2018). External support can also be important at this stage such as friends or col-
leagues with similar habits, feedback and encouragement systems, and adequate
services and infrastructure that support the new behaviour.

In summary, a deep understanding of these mechanisms is crucial to fostering
and supporting the changes we wish to see in our society. As explained below, pro-
posed programs, interventions, and solutions must be tailored to the specific stage
of change.

2.3 The Importance of Message Framing

Framing in communication refers to the way information is presented or “framed”
to influence how it is perceived by the audience. It involves selecting and emphasiz-
ing certain aspects of an issue or topic while downplaying or omitting others. It can
significantly impact how people interpret information, make decisions, and form
opinions. By framing information in a particular way, communicators can shape the
audience’s understanding, attitudes, and behaviours related to the topic at hand.
There are various types of framing, including risk framing, economic framing,
health framing, gain vs. loss framing.
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An individual who is doing a desirable behaviour and an individual who sees
no reason to do such a behaviour do not need the same information. In fact, giv-
ing reasons to do a behaviour and expecting behaviour change is asking too much
of that information. As described in the previous section, a stage-based approach
can help practitioners know what type of information is required to help indi-
viduals move towards the desired behaviour (Bamberg, 2013b; Pope et al., 2018;
Waygood et al., 2012). One common problem that people fall into, is believing
that “if only others knew what I know they would do as I do”. People have dif-
ferent motivations and ways of viewing problems. It is critical to create messag-
ing that captures people’s attention (i.e., that individuals “attend to” that
information) and that speaks to them. Furthermore, messaging that relates to an
individual’s self-determined motives will be more effective in the long term
(Pope et al., 2018).

Consideration to what intrinsically motivates people should be applied. For
example, some individuals might be highly motivated by the environment, while for
others, this might be reducing cost or other social factors such as improving health
(Waygood et al., 2012). How this information is itself framed can impact how effec-
tive it is in influencing choices (Daziano et al., 2021; Wang et al., 2023). If this
occurs, they will search for possible actions that they could take.

This final point is crucial: how information is framed will have a considerable
influence on how much influence it has on different populations (Wang et al., 2023).
It is not possible to go into great detail here, but examples of information framing
for climate change emissions could help inform framing decisions. As an example,
loss framing is generally found to be more influential than neutral or positive fram-
ing (Waygood & Avineri, 2018). Framing information with respect to societal goals
can be more effective overall, though economic impacts can be highly influential for
certain parts of the population (Daziano et al., 2021).

2.4 Efficacy of Personalized Travel Planning and Model-Based
Behaviour Change Interventions

In our view, and based on the scientific literature, personalized behaviour change
programs based on the models of behaviour change represent a promising avenue
for achieving the desired changes in travel behaviour. But before describing how to
design this kind of program, it is important to explain what they are and why they
are effective at changing travel behaviour. To achieve this, recent and robust reviews
on the matter are examined. Additionally, studies that specifically investigate the
limited applications of Stage models of behaviour change (SSBC or TTM) to
improve travel behaviour change interventions are also explored.
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2.4.1 What Is a “Personalized Behaviour Change Intervention”?

Various types exist, but in general, a personalized behaviour change or individual-
ized marketing program directly targets individuals either at work, at school or in
their neighbourhood to offer them information, assistance, motivation and incentive
to support them in voluntarily altering their travel choices (Bamberg & Rees, 2017).
When targeted at work or school, the objective is usually to reduce solo driving for
commuting. When neighbourhoods are targeted, people or households are encour-
aged to adopt active travel, public transit, and shared mobility options for their daily
trips more broadly.

Taking the neighbourhood example, the idea is that an organization or a munici-
pality will target a specific sector of a city and distribute by mail to all homes within
the area a travel information package or bundle. The package provides area-specific
information about surrounding walking, cycling, public transit, and shared mobility
options available. This can include practical information such as the location of
transit stops, bikesharing stations, or bike paths, as well as information about how
to subscribe and pay for those services. It can also contain motivational messages,
information on the benefits of using sustainable mobility, social norms in the neigh-
bourhoods regarding each mode, and information about local neighbourhood groups
and events such as exploratory walks. It can also include direct incentives such as
free public transport tickets or an invitation to go online to order further incentives
and goodies for specific modes (free public transit or bikesharing tickets, bike lights,
etc.). Registering to receive those incentives and/or goodies can include commit-
ments to change and to set goals. The ordered incentives can be delivered to one’s
door by a travel ambassador or agent that can further assist in trying out a new mode
of transport. This simplified example based loosely on the Portland (Oregon)
SmartTrips program? can be adapted to any context, any mode available and can
make use of a wide range of persuasion technique, message framing and more. In
the next section, further explanation will be provided on the Portland program as an
illustration of a long-running large-scale North American case study and describe
how the program could be upgraded by incorporating elements of the stage models
of behaviour change.

2.4.2 Does It Work? What Are the Evidence?

For a municipality or non-profit organization, building such a program from
“scratch” can seem like a daunting task. Thus, a critical question is: is it worth the
trouble? These types of programs have been tested in various contexts since the late
1990s with numerous studies on their efficacy. Those studies include narrative or
systematic reviews (Chatterjee, 2009; Graham-Rowe et al., 2011; Petrunoff et al.,

2Seehttps://www.portland.gov/transportation/news/2018/12/26/news-blog-moving-portland-new--
year-pbots-here-help-you-find-your-way for a short overview of the current program.


https://www.portland.gov/transportation/news/2018/12/26/news-blog-moving-portland-new-year-pbots-here-help-you-find-your-way
https://www.portland.gov/transportation/news/2018/12/26/news-blog-moving-portland-new-year-pbots-here-help-you-find-your-way

10 Navigating the Shift: Strategies Beyond “Build It and They Will Come... 237

2016; Scheepers et al., 2014; Zarabi et al., 2024) as well as meta-analyses (Arnott
et al., 2014; Bamberg & Rees, 2017; Fujii et al., 2009; Mdoser & Bamberg, 2008;
Semenescu et al., 2020). The consensus is that “yes, they work”, though improve-
ments can be made to increase their impact (Laviolette, 2020, p. 38). Four meta-
analyses found that the overall effect was a 5-7% reduction in driving mode share
(Bamberg & Rees, 2017; Fujii et al., 2009; Moser & Bamberg, 2008; Semenescu
et al., 2020).

Is a 5-7% modal share reduction of car use a significant achievement? It’s all
about perspective. If travel behaviour change programs are extended to entire neigh-
bourhoods or cities, reaching tens of thousands of participants annually, a 5-7%
decrease in modal share could noticeably impact the city-wide modal share. Because
developing a program from scratch entails an important start-up cost, a report on
individualized marketing to practitioners in the United States recommends going
big and planning for a minimum of 10,000 households per year (Alta Planning +
Design & Transit Center, 2017). Results from larger scale projects in the UK,
Australia, Europe and Portland (OR), although harder to evaluate with the highest
quality design due to the high cost of such evaluation, indicate that similar results of
5-10% reduction in car use can be achieved among the targeted populations (AGO,
2006; Chatterjee, 2009; Dill & Mohr, 2010; Sloman et al., 2010). The cost of such
programs is typically orders of magnitude cheaper than the hard (infrastructure)
interventions and should be a popular complement to such changes.

2.4.3 Behaviour Change Programs Based on Models
of Behaviour Change

In the field of transport, two reviews looked at this question. Friman et al. (2017)
conducted an integrative review of the application of the Transtheoretical Model of
Change (TTM). Analysing 13 intervention-based studies, they concluded that inter-
ventions based on the TTM processes were successful in triggering a behaviour
change (reduction in car use or an increased in sustainable mode use). However, due
to large variability in measured outcomes, it was not possible to provide clear num-
bers on those changes. To the authors’ surprise, only three of the 13 studies mea-
sured the progression to higher stages, which is baffling considering that one
strength of stage-based model is to provide more information on the steps between
not even considering change (stage 1.a) and fully integrating the change in one’s life
(stage 5). Overall, the review concluded that more research is needed to determine
how the specific processes of the TTM lead to travel behaviour change.

A second review by Keller et al. (2019) focused on ten studies applying
Bamberg’s Stage Model of Self-Regulated Behavioural Change (SSBC). From
these, only three were intervention studies and two were related to travel behaviour:
one by Bamberg (2013a) applying a stage-tailored telephone campaign and one by
Sunio et al. (2018) where the stage-based intervention was delivered using a mobile
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app. Both studies as well as the non-travel one (related to beef consumption) showed
that the tailored interventions were effective in moving people towards higher stages
and performed better than the mismatch-information interventions or the no-
information interventions.

In summary, both reviews conclude on promising results, although with many
caveats, and suggests more robust, and optimally, longitudinal studies to improve
our understanding of how each aspect of a tailored intervention is effective in mov-
ing people up the stages towards the desired behaviour.

3 Translating the Theory into Practice

3.1 Conditions for Maximizing Success

The extensive literature evaluating the effectiveness of soft interventions, including
personalized behaviour change programs, can provide guidance on how to design
interventions to maximize their effectiveness at changing behaviour away from
driving. We outline four conditions of success that, in our opinion, practitioners
should consider when developing their own interventions.

3.1.1 Don’t Copy Paste: Adapt Each Intervention to the Mobility Context
of the Targeted Area

This might sound trivial, but promoting and encouraging people to use a product
that does not exist, does not meet people’s needs, or does not satisfy the basic condi-
tions for safety and convenience is unlikely to work. This does not mean that prac-
titioners have to “wait” for their city to have world-class cycling and/or transit
infrastructure to start implementing travel behaviour change programs. A lot comes
down to managing expectation: do not oversell something that you cannot deliver.
As we will argue later, travel behaviour change interventions can contribute to a
positive loop of promoting a sustainable mobility culture that will make it easier to
implement and improve the structural conditions which in turn will further
strengthen the sustainable mobility culture. Practitioners should start with the low-
hanging fruit—individuals who are at Stage 2 and up. They should plan their inter-
ventions, first for neighbourhoods which are best served by transit, active travel
infrastructure and shared mobility options so that infrastructure barriers are mini-
mized. This should be done in parallel with improvements to infrastructure and
services in other neighbourhoods to reduce inequalities and eventually make alter-
native modes of transport accessible to the entire population. However, evidence
from Australia suggests that both neighbourhood behaviour change programs (Ma
et al., 2017) and workplace programs (Petrunoff et al., 2016) can work in suburban
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areas, although, according to Ma et al. (2017) such programs will have higher,
longer-lasting effects, in more walkable neighbourhoods. In addition to area target-
ing, this also means focusing on the promotion of modes that already offer good
conditions. If a neighbourhood is well served by public transit but has no protected
cycling infrastructure, then the focus should be on the former not the latter. If a
small town has a vibrant “core” with local shops and walkable streets, then the focus
should be made on promoting walking for people’s regular errands. What might
motivate individuals to do so? Examine how social, environmental, health, and
other messages resonate with your target population. These internal motivators are
essential to start. This could be combined with designated parking lots to encourage
residents living further away to park and walk the last hundred or so meters to their
destination, thus reducing congestion and car nuisance on the commercial street and
enhancing its appeal to pedestrians. This latter example brings up the next condition.

3.1.2 Combine Structural and Soft Intervention
for Maximum Effectiveness

A company launching a new product is unlikely to be successful if no one knows
about it, if its benefits are unclear, or if people do not know how it works. The same
principle can be applied to new mobility options. This is critical when: there is a
lack of social norms associated with the use of the mode (e.g., bikes, e-bikes); the
mode is a new “system” that people are unfamiliar with (e.g., bikesharing or car-
sharing); the new option improves an aspect of an existing system but is not very
visible (e.g., a new express bus line, a new bikesharing or carsharing station). The
“build it and they will come” adage in transportation can be true, but to a certain
extent only, and can vary drastically by context. A new mass transit rail line, like the
Réseau express metropolitan (REM) in Montréal, is highly visible (both physically
and in the media environment), but its construction requires considerable capital
and cost billions of dollars. Due to its high cost, it can be highly beneficial for the
operator, but also for society more broadly, to “catalyse” the adoption curve of the
new transit line and boost ridership early on to maximize the “return on investment”
by attracting new users and not just existing transit users. In a very similar example,
Piras et al. (2022) evaluated the impacts on motorists of a light rail extension in
Cagliari, Italy. They tested whether adding personalized travel planning (PTP) inter-
ventions to the hard measure was more effective at changing the behaviour of driv-
ers to adopt the rail line than just having the hard intervention. Using a longitudinal
survey design, they found that 46% of drivers who received the PTP opted for the
light rail compared to 34% in the control group. As a critique to the existing litera-
ture, very few studies have specifically investigated the combination of hard and
soft interventions. Furthermore, it has to be demonstrated that it can work in a North
American context.
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3.1.3 Leverage the Habit Discontinuity Hypothesis

Travel behaviour, including mode choice, is often conducted in a stable context, and
thus can be initiated by environmental cues without much deliberation or thinking
(Gérling & Axhausen, 2003). Over time, this becomes a habitual response, a behav-
iour performed repeatedly without much conscious effort. Someone commuting to
the same workplace by car does not reassess every day if the car is still the “opti-
mal” (or even simply the “good enough”) option, even if some small elements of the
environment change such as a new protected bike lanes, a new, faster, bus service or
if traffic conditions deteriorate slowly over the years. Habits have been acknowl-
edged as a major barrier to behaviour change because it weakens the link between
intention and the behaviour (Javaid et al., 2020). It also limits the extent to which
people acquire and process new information about alternative transport choices
(Verplanken & Roy, 2016).

The habit discontinuity hypothesis states that when a major change to individual
context happens, habits are broken, at least temporarily. This provides a “window of
opportunity” for change where the individual is more open and ready to acquire and
process new information about a new behaviour (Verplanken & Roy, 2016). It also
makes the choice process more deliberate; that is the pros and cons are reevaluated
to determine if the past option is still the best option. Various changes could be lev-
eraged such as starting work/school at a new location (e.g., Ralph & Brown, 2019;
Thggersen, 2012; Walker et al., 2015) or temporary closures of major car infrastruc-
ture (e.g., Fujii et al., 2001). However, the most studied context change in transport
is residential relocation (e.g., Ampt et al., 2006; Bamberg, 2006; Ralph & Brown,
2019; Verplanken & Roy, 2016). Verplanken and Roy (2016) estimated empirically
that the opportunity window lasts about 3 months after a relocation. Targeting recent
movers has also been done in large-scale travel behaviour change programs such as
the SEGMENT project in Europe (Intelligent Energy Europe, 2015) and the Portland
SmartTrips program since 2014 (Dill & Mohr, 2010). Targeting individuals who
recently moved might not be easy. SmartTrips Portland for example bought an inex-
pensive mailing list based on the U.S. Postal Service’s National change of address
database. Bamberg and Rees (2017) were provided a list of addresses by the Munich
municipal office where new residents must register.

In the authors’ local context of Québec, several options could be explored. At the
provincial level, Hydro-Québec, the state electricity provider, have a database of
people who have changed their home address. The Société de I’assurance automo-
bile du Québec (SAAQ) is also notified when someone with a driver’s license moves
to a new address, despite some delay. At the municipal level, any new homeowner
must register their new address for real estate and “welcome” tax purposes. However,
this does not cover renters. Another possibility is to target those who request a resi-
dential parking permit. To get the permit for the correct zone, they must supply their
home address. It would be a great opportunity to reach out to motorists who are
about to pay to park their vehicle in the public domain.?

3We would like to thank Pascal Priori from the non-profit Solon for this idea.
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3.1.4 Personalize Interventions to Target the Right People with the Right
Psychological Mechanisms

A one-size-fits-all approach rarely works best. In addition to geographical segmen-
tation described in section 3.1.1, it is also recommended to plan the behaviour
change programs with interventions for various segments of the population (Davies,
2012). A basic approach is to segment the targeted audience based on sociodemo-
graphic and household-level characteristics such as age, gender, household compo-
sition or occupation status. Students in their 20s, a young family with a child, or a
retired couple all have very different mobility needs but also different barriers to
change. Preparing for this in the development of a program is a step forward to a
more personalized approach that could deliver better results. Over the last decade or
so, there has been an increased interest in developing interventions based on psy-
chographic segmentation built on a set of psychological variables (e.g., Gousse-
Lessard & Laviolette, 2022; Haustein & Hunecke, 2013). A large-scale travel
behaviour change program called SEGMENT was tested for 3 years in several
European cities from 2010 to 2013 (Intelligent Energy Europe, 2015). A classifica-
tion algorithm based on 12 “golden questions” asked in a pre-intervention question-
naire was developed (Anable & Wright, 2013). This allowed the identification of
eight psychographic segments which could then be targeted with segment-specific
information, recommendation, incentives and more.

In this chapter, we argue for a simpler segmentation approach that simply classi-
fies the targeted population based on their current stage of change, either away from
car use or towards specific transport modes. This approach builds on the theoretical
constructs supporting changes at each stage as described in section 0. Furthermore,
within each stage of change, the strategies and information delivered can be further
targeted towards specific demographics. For example, a mother of young children in
Stage 1.a could be more receptive than a young man in his 20s to information
designed to raise awareness about the need to collectively reduce road violence and
traffic-related risks for children by reducing car traffic in their neighbourhoods. We
provide examples of psychological mechanisms to target at each stage of change
through specific message framing and incentives in 0 below.

3.2 A Level-Based Approach in Integrating the Stage-Based
Model in Travel Behaviour Interventions

To facilitate the development of behaviour change interventions, we propose a
framework containing four levels of integration of stage-based models. The higher
the level, the more complete the integration, but also the more complex and resource-
intensive to both develop and deliver. Each level of integration needs to incorporate
the lower-level elements to be effective. For each level of integration, and for illus-
tration purpose, we suggest how the Portland SmartTrips program could be improved
by using a stage-based model approach.
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Portland’s current SmartTrips program started in 2003, first as a pilot project
before moving to full scale in 2004. The program was inspired by similar successful
travel behaviour change programs in Europe and Australia based on the TravelSmart
concept developed by Socialdata (see Dill & Mohr, 2010). It is one of the largest
such programs in North America. In its first 10 years of full-scale existence
(2004-2014), the program targeted roughly 20,000 households in one specific
Portland neighbourhood each year. In 2014, the program was transformed to target
specifically 10-15% of households having recently moved to or within Portland
(Boddy & Kassirer, 2013).

3.2.1 Level 1: An Effective Diagnostic Tool

In this first level of integration, the stage of change models is only used to classify
or segment the population based on their current behaviour and readiness to change.
This can be done by including one or more stage assessment question into a pre-
intervention survey administered to the targeted population. Due to its strong impact
on the potential to change, it is essential to also assess the quality of alternatives
available. This means mapping out active travel infrastructure and assessing the
transit level-of-service (not simply if a bus stop exists). Optimally, this should be
done by identifying and calculating accessibility indicators using various modes for
the targeted neighbourhood or city or to compute accessibility to a specific destina-
tion like a workplace or school/university where the intervention is planned. For
further guidance on measuring accessibility see Boisjoly (2023).

As described by Keller et al. (2019) in their review of SSBC applications, there
are two approaches in designing stage-based evaluation and interventions. The first
is to focus on moving people away from their current problematic behaviour. For
sustainable transport, this generally means reducing single-occupancy car use. The
second approach is to focus on modelling change fowards a specific desirable
behaviour like walking, taking public transport, or cycling. The first approach might
work better when several alternatives to the car are available as it leaves participants
the freedom to choose. The second approach likely works best when the entire inter-
vention promotes a specific mode. Furthermore, because each mode has its own
benefits and barriers, this can help develop even more tailored interventions address-
ing mode-specific barriers at each stage of change. Finally, both approaches can be
combined. This means assessing stages of change in reducing car use combined
with either stage-assessment questions for specific modes or, more broadly, willing-
ness to use specific modes for daily trips.

Although standardized methods do not exist (e.g., Adams & White, 2005), one
method to capture the stage of an individual is through self-assessment. Reviewing
the literature applying the SSBC or the TTM to travel behaviour change, we suggest
the following set of statements based on Bamberg (2013a, 2013b) and further
adapted by Olsson et al. (2018). For a French-speaking example applicable in
Québec, see Chouinard et al. (2021). The first set is to identify the stage of change
away from car use. We provide an example specific for commuting to work in
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Table 10.1 based on Olsson et al. (2018). Follow-up questions can capture whether
those not driving intend to start (are they captive non-driver aspiring to drive or not
driving by choice?) The second set is to identify the stages towards alternative
modes for daily trips in general (Table 10.2). In both cases, the stage name or num-
ber should not be included in the questionnaire.

There are two ways this could be integrated in a program like Portland SmartTrips.
The first is to simply include the relevant behaviour change question within a pre-
intervention questionnaire distributed in the targeted neighbourhoods. The second is
to ask this self-assessment question to people who visit the online portal to order
incentive and material. The question could be made mandatory to order the free
material.

3.2.2 Level 2: A More Complete Evaluation of Change

This second level of integration goes one step further by incorporating the stage-
assessment question in a post-evaluation survey, in addition to the pre-intervention
survey. Whether or not the intervention itself is based on the stage-based model of
change, measuring pre- and post-intervention stage membership offers the benefits
of capturing more information than simply assessing behaviour before and after.
This can be very useful to understand if the targeted population has been success-
fully moved to higher stages of change, even if that does not mean an observable
change in behaviour. An example would be to evaluate the effect of an awareness
campaign designed to motivate people who want to reduce their car use, thus mov-
ing them from the predecisional inhibition stage (S1.a, seeing no reason to change)
to stage 1.b or 2 (Tables 10.1 and 10.2). The next efforts for those individuals would
be to facilitate a change. In short, a behaviour change program could have some
success even if it doesn’t lead yet to observable behaviour change as people in

Table 10.1 Examples of a car-use reduction stage of change question for commuting to work

Question: Which of those statements best describe your intention and

SSBC Stage use of the car to go to work?

# name Statements:

Sl.a | Predecisional I mostly drive alone to go to work. I am pleased with this and see no
denial reason to reduce my car use

S1.b | Predecisional I mostly drive alone to go to work. I would like to reduce my car use
inhibition but feel it is impossible

S2 | Preactional I mostly drive alone to go to work. I am thinking about reducing my

car use but I’'m not sure how or when to do this

S3 | Actional I mostly drive to go to work. My aim is to reduce my current car use. |
know which journey to replace, and which mode to use, but I have not
started to do so on a regular basis

S4 | Postactional I will maintain or reduce my already low car use to go to work in the
coming months. I try to use other modes than the car as much as
possible

Not applicable | As I do not drive or have access to a car, this question does not apply
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Table 10.2 Examples of sustainable mode stage of change question for daily trips

Question: Which of those statements best describe your intention and
SSBC Stage use of [walking/cycling/taking public transit] for your daily trips?
# name Statements:

Sl.a | Predecisional I don’t do any trips [on foot*/by bike/by public transit]. I am satisfied

denial with this and see no reason to start

S1.b | Predecisional I don’t do any trips [on foot*/by bike/by public transit]. I would like
inhibition to start but feel it is impossible

S2 | Preactional I don’t do any trips [on foot*/by bike/by public transit]. I would like

to start but I’'m not sure how or when to do this

S3 | Actional I rarely do trips [on foot/by bike/by public transit]. My aim is to start
doing more soon. I know which trips to replace, which itinerary to take,
but have not started to do so on a regular basis

S4 | Postactional I regularly travel [on foot/by bike/by public transit], I will maintain or
increase the trips I do [on foot/by bike/by public transit] in the
coming months

*Because not walking at all for transportation can be rare, the statements for S1.a, S1.b, and S2 can
be modified to “I do few or no trips on foot [...]”

stages 1.b, 2 and 3 might have slowly developed a higher intrinsic motivation to
change which would make them more ready to change when future interventions
(infrastructural or soft) are implemented. Furthermore, those at higher stages of
change are more likely to be more supportive of transport policies that would allow
them to operationalize those changes (Gousse-Lessard & Laviolette, 2022;
Kirschner & Lanzendorf, 2020), although more research is needed to validate this
hypothesis.

There are two ways of conducting a pre- and post-evaluation of a target popula-
tion. The first is by using repeated cross-sectional surveys. A first survey is distrib-
uted within the targeted population before the intervention and then another at one
or more point in time after the intervention (e.g., 1 and 6 months). In that first
approach, a different sample of respondents is recruited for the pre- and post-sur-
veys. A critique formulated by Bamberg and Rees (2017) is that this approach of
evaluation is too often used in transportation while it does not allow analysis of
intra-personal changes resulting from the interventions. For this reason, researchers
should consider a longitudinal design where the same individuals are surveyed two
or more times to test the effectiveness of interventions. A second critique formu-
lated is that the effect of behaviour change interventions is often not evaluated in the
long run (Bamberg & Rees, 2017), leading to the question: are the changes “perma-
nent” or long-lasting? However, there are evidences that behaviour change follow-
ing well-designed interventions is maintained in time (Semenescu et al., 2020),
including in the case of Portland’s SmartTrips (Dill & Mohr, 2010).

In summary, from a practitioner’s perspective, it is likely sufficient to know
whether the population is moving in the desired direction of change (by using
repeated cross-sectional surveys). If the budget allows it, practitioners should con-
sider a third evaluation 1-2 years later to see if the changes are maintained in time.
See Alta Planning + Design and Transit Center (2017)’s report for practitioners for
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further recommendations of evaluations. Linking this level to the Portland
SmartTrips program, this would mean integrating one or more stage of change ques-
tions in the post-intervention surveys and measure the progress from the
pre-surveys.

3.2.3 Level 3: Stage-Specific Intervention Design

In this third level of integration, interventions are designed to target people at spe-
cific stages of change. Due to the difficulties of tailoring and delivering the informa-
tion to each individual based on their own stage of change, the goal is to design
interventions more broadly to appeal to people in specific stages. Considering that
programs are often designed around limited budgets, a first approach would be to
design the messages and strategies, such as incentives, to appeal to those individual
“ripe” for change: people in Stage 2, early Stage 3 (people have only started to try
out the new behaviour) and to a lower extent, Stage 1.b. A second approach can also
be to vary the targeted stages based on geographical location. For example, if a sec-
tor has a strong majority of people in Stage 1.a and another a larger share of people
in Stage 1.b or 2, than the first sector could receive an intervention designed for
people in Stage 1.a (to bring them to consider change) and the second sector should
apply an intervention with Stage 1.b and 2 in mind even if in each sector there will
be people in the other stages. A third possibility when it is impossible to know in
which stages targeted individuals find themselves is to use a menu-based approach
on a website where people can choose the information and interventions that best fit
their current readiness to change (Abraham, 2008). Such approach can be enhanced
with a few quick self-assessment questions, such as the stage-of-change questions
(Tables 10.1 and 10.2) to then direct the individuals to a reduced set of messages
and interventions to choose from. Drawing from various works (Alta Planning +
Design & Transit Center, 2017; Bamberg, 2013a, 2013b; Pope et al., 2018; Sunio
etal., 2018; Waygood et al., 2012), Table 10.3 presents strategies and message fram-
ing for each stage.

3.2.4 Level 4: The Right Intervention to the Right Person

The “ultimate” level of integration of a stage-based approach consists of a program
that delivers stage-tailored information and (dis)incentives to individuals based on
their current stage. As discussed in section 0, this approach ticks all the benefits of
using stage-based individual-tailored approach of a behaviour change intervention.
It requires greater effort, though the benefits should be greater. The complexity of
delivering such individual-tailored interventions might explain why there are only a
few transport-related studies in the literature reaching this level of integration
(Bamberg, 2013a). Furthermore, to the best of our knowledge, no large-scale pro-
gram in transportation has ever been implemented at this level of integration.
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Table 10.3 Intervention strategies recommended for each stage of change

Stage

1.a Predecisional
denial

1.b Predecisional
inhibition

Intervention strategy

Raise awareness about the consequences of car use: a diversity of
information is required as people are motivated in different ways; individual
negative impacts such as cost, health, stress; negative societal impacts
(environment, climate, road violence, etc.); attention should be given to
framing (see section 0)

Make injunctive social norms more salient: Make it clear that a majority
of people think that overuse of cars in our cities is problematic. Make the
link with societal objectives (e.g., increasing road safety for all) and the
current problematic behaviour particularly those that are irrefutable
Ascription of responsibility: Consequences (for self and others) should be
linked to the individual’s own action and that they can alleviate those
consequences through a new behaviour

State the inconveniences related to car use: Make people think and say
what bothers them when using their private car, and for which daily trip(s)
do these disadvantages apply particularly. Those that relate to negative
emotions are likely strong motivations to change

Make descriptive social norms more salient: Ideally, this should be done
based on real, credible, statistics and emphasize the behaviour to be
performed (new mode) and not the behaviour to change (car use). For
example, a message crafted based on results from a pre-intervention survey
could state that a majority of people in the neighbourhood are either already
or planning to walk/cycle/take public transit for some of their trips
Promote goal formation to change while preventing reactance: This
could be done by asking the person to think of a regular trip that they could
do on foot, by bike, or by using transit. Asking for a small step, stating that
even small steps matter, while recognizing that this can be difficult and
asking what barriers they see in using their preferred alternative mode can
reduce reactance (Bamberg, 2013a)

Highlight advantages of modal shift: The objective is to increase positive
attitudes and emotions towards change so that the idea to carry out the new
behaviour will outweigh the perceived difficulty of trying something new.
People might be motivated by different benefits for the same mode. For
some, the physical and mental health argument of walking, cycling and
even using transit might work well, others might be more convinced by
practical, economic or environmental arguments

(continued)



10 Navigating the Shift: Strategies Beyond “Build It and They Will Come... 247

Table 10.3 (continued)

Stage
2. Preactional

Intervention strategy

Highlight advantages of alternatives: At this stage, the advantages of the
specific changes the person is considering should be highlighted. Again, the
advantages should (as far as possible) be linked to the individual’s
motivations. If not possible, a diversity of information is recommended

Increase perceived behavioural control: The idea is to lower the
perceived barriers to using alternative modes of travel. Provide quick tips
on how to use other modes (e.g., where are the bus/bikesharing/carsharing
access points, illustrate how to easily pay for mobility services, suggest
downloading the app to unlock a shared bike, etc.), provide tools to plan
itinerary by bicycle or transit, etc. incentives could also work well to
increase PBC at this stage, see below for tips

Highlight social norms or trends that are supportive: If available,
provide relevant examples of the desired behaviour among peer social
groups (neighbours, coworkers, classmates). Use inspiring images of people
from various demographics doing the desired behaviour

Offer incentives to try possible alternatives: This is the stage where the
incentives will be the most efficient. The idea is to increase perceived
behavioural control and allow them to test an alternative at a low cost and
with minimal risks. Someone is interested in transit? Offer them a free
daily, weekly or monthly pass (see Zarabi et al., 2024 for a review).
Interested in cycling? Do they have a bike? Does it need a tune-up? Offer a
rebate on tune-ups or on a new bike at a local bike shop. Have they ever
tried bikesharing? Offer them a free pass or discount code on the app. The
same can work for carsharing. Programs such as Equiterre’s Vélovolt that
allows workers to try out an e-bike for 2—4 weeks for free also produced
great results (Chevalier et al., 2024)

Establish social relationships that will be a critical source of support
and information: Providing social support can seem time-consuming but
might be critical in providing the confidence, the support, and the
motivation to start the new behaviour. Let the individual know that others
are also trying, offer direct support (accompany the person on their first
transit or bike trip), link them to neighbourhood groups, invite them to
discovery walks or rides in their neighbourhood, ask if they have someone
they know that is already performing the behaviour and could help them

(continued)
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Table 10.3 (continued)

Stage
3. Actional

Intervention strategy

Provide practical information on alternative mode use: This is the
“what, when and how”. Bring the person to think about which mode should
be used, when and which trip should be replaced and how is the behaviour
going to be operationalized. As described before, this should be specific to
the context (geographic and individual). Offer information on how to plan
their itinerary, how to dress for uncertain weather, how to pay, where are
located the nearest bus stops, bikesharing/carsharing stations, protected bike
lanes, etc.

Offer incentives: Incentives could also be very useful here to bring people
to try out their selected alternative

Acknowledge the person’s goals (why they want to change): At this
stage, they have positively committed to changing. They might even have
already tried the new behaviour. Thank them for their commitment,
congratulate them for trying out

Action planning and commitment: Do they have a plan to enact the
behaviour? Bring them to commit: when and where are they going to try the
new mode, for which trip? Do they have everything needed?

Contingency management for when problems will occur: Provide help
on how to plan if something goes wrong. Ask them what their plan is if the
bus is late, if they were planning to cycle and it rains, what to do if they
need to hurry back home for an urgent matter. Guidance can be provided
with a quick “how to” guide to the most common problems with each mode
Restate the benefits of the chosen alternative: Get them to increase
positive anticipation of the new mode of transport by reminding them of
their benefits and why it matters to them. Overall, information should be as
temporally close as possible (i.e., the feedback should be given as close to
the behaviour as possible)

(continued)
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Table 10.3 (continued)

Stage
4. Postactional
(maintenance)

Intervention strategy

Provide positive feedback after the new behaviour has been
accomplished: Positive, non-criticizing and non-controlling feedback help
people feel more competent. If it’s possible to follow people’s progress
throughout the intervention (through an app-based intervention for example,
see next section), providing information on how far they have come by
recognizing the challenge that this represented could strengthen their
determination to keep going. For example, one might say: “You’ve made
great progress, how do you feel about the next step? Here’s some
information that might help you with your goals. Feel free to use it as you
see fit. I noticed you have been working hard on this. Is there anything you
think would help you improve more?”

Help them prevent and recover from relapses: Share information on how
to persist in the face of adversity: State obstacles experienced and help
people set a coping plan that includes detailed solutions for each barrier;
Provide resources into which people can keep track of their progression,
goals and difficulties (e.g., log book, calendar, apps); Encourage people to
visualize their trips, possible challenges, and successes, as well as to
practise self-compassion (positive self-talk) in their efforts (Pope et al.,
2018)

Acknowledge their behaviour that contributes positively to society:
Thank them for contributing to reducing excessive car use and its
consequences on society. Remind them that they are making an important
contribution to society’s goals (e.g., reduce GHG emission, to transition to a
healthier society, or to increase safety and quality of life for all) by reducing
car traffic in their neighbourhood

Help them plan to maintain sustainable mobility behaviours through
life course changes: A next step is to provide them with tips and guidance
on how to maintain their low car use through important life transitions such
as having a new job in a location not as well served by sustainable mobility
options, expecting a child, or relocating to a new home. In short, help them
think of what they can do to preserve their high-quality and low-car
lifestyle, by providing examples for life transitions that might apply to them

Helping others: Finally, the ultimate step is to help them contribute more
broadly to society shifting away from car dependency. This can be done by
suggesting that they help people in their social networks to use active travel
and public transit. Providing them with “group” incentives such as public
transit/bikesharing tickets that would allow them to bring their friends and
family to free, thus helping their close ones try out new behaviour. Going
one step further is to suggest ways to get involved at the local level to ask
for better active travel and transit infrastructure and safer streets. Suggests a
list of local organizations that they can volunteer with to further help their
community embrace a fair transition away from car dependency
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In his first application of the SSBC, Bamberg (2013a) developed a phone-based
module with scripts designed for each of the four stages. The intervention had three
steps: (1) People were recruited for the behaviour change campaign via invitation
letters sent by mail. To participate, they had to mail back a prestamped postcard
which contained a stage-diagnosis question and a phone number where they could
be contacted. (2) The main intervention happened when they were contacted by
phone by the research team who used the stage-tailored messages. (3) At the end of
the phone call, participants were asked if they were interested in receiving material
and incentive to help them try out the new behaviour. If a phone-based only approach
today (in 2024) might not go as far as when Bamberg conducted his study, the idea
of a direct contact, recommended in community-based social-marketing approach
(McKenzie-Mohr, 2011), should be considered within a larger program to have a
significant impact on a small number of people’s behaviour change process (Davies,
2012). Such one-on-one conversations could be conducted through a door-to-door
campaign or through local “mobility ambassadors”.

More recently, the idea of using information and communication technology
(ICT) has been suggested and tested as a means to deliver highly tailored behaviour
change interventions (e.g., Ahmed et al., 2020; Briant et al., 2023; Bucher et al.,
2019; Sunio et al., 2018). All four levels of integration described so far can be
implemented within a web-based or smartphone app. For example, both Ahmed
et al. (2020) and Sunio et al. (2018) developed smartphone apps and web tools with
the potential to deliver such tailored intervention. Their apps were used to conduct
detailed pre and post interventions mobility diagnosis (behaviour, stage-of-change,
etc.). While their interventions were personalized to each individual by recommend-
ing, for example, realistic alternatives for specific trips taken, neither study appeared
to take full advantage of their app to deliver stage-tailored messaging to partici-
pants. While they report positive results in shifting people to higher stages, this
classifies their interventions as a level 3 integration that also includes the first two
levels. However, the potential exists to add this next level of tailoring. Sunio et al.
(2018) demonstrated that a technology-based intervention, even when non-tailored
to specific stages, seems particularly effective in helping people translate intention
into action by supporting self-efficacy, confirming previous research in the health
domain (Dallery et al., 2015). However, it seems less effective in changing
entrenched beliefs and attitudes (about cars and alternatives for example), thus less
likely to bring “unconvinced” individuals to form a goal and behavioural intention
to reduce their car use (moving from S1.a to higher stages). It thus remains to be
tested if a true level 4 integration with stage-tailored intervention delivered through
a phone app would be more effective in moving people at all stages to higher stages.
But as described by Briant et al. (2023) in a comprehensive report on using Mobility
as a Service (Maas) to support behaviour change, an important challenge with such
app-based approach is to bring people to download the app and then to come back
to it and keep using it. This might be a particular challenge for motorists in lower
stages which might not see any benefits in using a multimodal trip planning app. In
such cases, more subtle techniques may be required that nudge people gradually
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towards more desirable behaviours and tie rewards to such shifts in both behaviour
and beliefs.

Finally, a simpler and cost-effective way for a large behaviour change program
such as Portland’s SmartTrips to deliver stage-tailored intervention would be to
integrate a quick self-assessment question on the website where people are invited
to order incentives. Based on their stage of change, participants would then be redi-
rected to different pages containing information and incentives tailored to their
respective stage (Table 10.3) before being able to order their incentive. While rela-
tively low cost to implement, this approach would have the downside of only reach-
ing people who take the step of ordering incentives (about 10% in the Portland
program). These are likely to be people in higher stages. An approach worth consid-
ering to attract more people from lower stages (S1 and S2) to the program’s website
would be to include in the mail-in mobility package an invitation to complete a short
online survey about their general travel behaviour (that would include stages of
change questions) to be eligible to a lottery to win cash prizes. After survey comple-
tion, respondent would then be redirected to stage-tailored information and incen-
tive pages.

4 Conclusion

Changing behaviour is a highly complex process and while providing alternatives to
the car is essential, it is often insufficient on its own to prompt rapid behaviour
change across diverse segments of the population. In this chapter, we argued that
personalized behaviour change strategies should be more systematically included in
policy packages to further leverage the impact of increasing the quantity and quality
of sustainable transportation option while facilitating public acceptance and demand
for structural changes away from cars. In a North American context, we see this as
an essential component of a holistic approach to a socio-ecological transition in the
transport sector away from car dependency. Unfortunately, too few large-scale
applications voluntary travel behaviour change programs have been implemented in
North America. Their application typically brings about a 5—7% reduction in car use
among participants, which if applied yearly will help cities make great strides
towards sustainable transport goals. This chapter was structured as a guide to prac-
titioners who wish to develop such behaviour change programs. To enhance the
effectiveness of transport behaviour change interventions, we recommend integrat-
ing components of the Stage model of self-regulated behaviour change (SSBC). We
propose a four-level integration framework: (1) using the self-assessment question
of the SSBC to enhance diagnosis of the targeted audience and measure its readi-
ness to reduce car use or switch to alternative modes; (2) reuse the self-assessment
question in post-intervention surveys to measure its effect on behaviour, intention
and motivation; (3) developed stage-specific strategies and messages to be deliv-
ered, relying on either a “menu-based” approach or the most likely stages of the
targeted population; (4) fully integrate the model by delivering individual
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stage-tailored strategies and messages using one-on-one methods (e.g., door-to-
door) or a technology-based approach. The latter remains to be tested in large-scale
experiments in a North American context to evaluate its efficacy over simpler
interventions.

To help achieve the greatest success, practitioners should: (1) carefully adapt the
intervention to the structural context by first prioritizing the individuals most likely
to change (stage 2 and up) within the neighbourhoods with the best alternative to the
car, and thus the least structural barriers; (2) “advertise” structural changes by com-
bining them with simple behaviour change programs to enhance the benefits of new
infrastructure and transport options; (3) use the potential of the habit discontinuity
hypothesis to target individuals who have recently undergone important life changes;
(4) tailor the programs to individuals as much as possible based on geographic con-
text, socio-demographics and, of course, their current stage of change.

Beyond contributing to reducing car use, such program can also contribute to
enhancing a sustainable mobility culture that relies on higher social norms and atti-
tudes towards active travel, public transit and shared mobility and bringing people
to fully embrace more multimodal and less car-dependent lifestyles. We hypothe-
size that this should increase support among the population for more pro-transit and
pro-active travel including the politically difficult structural changes that often
require taking space and funding away from car infrastructure. In doing so, this
contributes to a positive feedback loop of increasing demand for sustainable mobil-
ity policies that would further reduce car use and so on. In areas offering the best
non-automobile accessibility, such program could even go one step further by help-
ing household voluntarily maintain low car ownership or reduce the number of cars
they own.

Finally, from a research perspective, better collaboration is needed between prac-
titioners and researchers from various disciplines to both develop theoretically
driven interventions and evaluate them through robust methods to enhance our col-
lective understanding of the pathways leading to sustained changes in travel
behaviour.
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Fostering Sustainability Through Digital S
Evolution: Evaluating Industry 5.0
Preparedness in Quebec’s Regional SMEs

Stéfanie Vallée, Myriam Ertz, Chourouk Querghemmi, and Antoine Périn

Abstract The transformative journey toward Industry 4.0 (I4.0) has revolutionized
business operations, requiring firms to adapt to digitalization and environmentally-
conscious practices (often termed “green digital,” “sustainable digital,” “smart
green,” or “responsible digital”). This adaptation may be challenging, especially for
small and medium-sized enterprises (SMEs) that typically lack larger firms’ adap-
tive resources and capacities. This chapter delves into the dynamic intersection of
sustainability and digital transformation by focusing on the specific case of SMEs
to propose a preliminary framework for evaluating SMEs’ Industry 5.0 (I5.0) matu-
rity levels (digital), which has a broader scope by including green and social prac-
tices (sustainable) with digitalization. The chapter first provides some background
by highlighting the push for organizations to integrate sustainable practices into
their digital transformation endeavors seamlessly. In a world grappling with envi-
ronmental and social challenges, aligning technological advancements with respon-
sibility is increasingly relevant for SMEs. The schwerpunkt of the chapter is an
extensive (but non-systematic) literature review of the digital maturity level assess-
ment domain, coupled with insights from extant research in the sustainable digital
(5.0) assessment area. The objective of the review is to construct a preliminary
framework for evaluating SMEs’ digital preparedness while concurrently measur-
ing their commitment to sustainable practices. This framework incorporates critical
parameters such as resource efficiency, circular economy principles, and the incor-
poration of renewable energy sources in digital control operations. The chapter fur-
ther sheds light on SMEs’ challenges in achieving a coherent balance between
digitalization and sustainability. These challenges span technological, organiza-
tional, and regulatory dimensions, emphasizing the multifaceted nature of the tran-
sition. Notably, the chapter identifies these challenges and proposes practical
strategies and best practices to overcome them.
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1 Introduction

Industry 4.0 (I4.0) has initiated a profound transformation in how small- and
medium-sized enterprises (SMEs) create value within the socio-economic land-
scape (Schwab, 2016; Blanchet, 2016; Berger-Douce, 2014). The technological,
organizational, and social innovations at the core of 14.0 target enhanced efficiency
and improved innovation for SMEs while posing mounting challenges concerning
environmental and social impacts. Meanwhile, in addition to 14.0, the circular econ-
omy—meant to replace the linear one (Mondejar et al., 2021)—represents another
crucial industrial paradigm shift that has taken place over recent years (Antikainen
etal., 2018; Sudrez-Eiroa et al., 2021; Rosa et al., 2020). While different, they share
common ground since sustainability and digitalization are both transformative in
nature and are crucial to harmonizing economic advancement (Nosratabadi et al.,
2023). Consequently, political, technological, and economic shifts compel manu-
facturing firms to realign their strategic focus toward digitized and green (or sus-
tainable) processes (Miinnich et al., 2022).

Despite their transformative resemblance, the capacity to handle both the sus-
tainable and digital transitions requires firms to become “ambidextrous” (Nyagadza,
2022). More specifically, The sustainable digital transformation is initially triggered
by digital disruption, which entails fundamental structural changes, novel value cre-
ation opportunities, and double-edged implications for sustainability: (1) on the one
hand, digitalization enables closer monitoring and acting upon sustainability-related
factors (e.g., Artificial intelligence improves predictive and prescriptive capacities
regarding firm’s equipment lifetime (Ertz et al., 2022)); (2) on the other, digitaliza-
tion poses mounting challenges regarding the responsible and ethical management
of data (e.g., privacy issues) and equipment (e.g., electronic and electric waste aris-
ing from increased usage of electronic and electric devices) (Ertz et al., 2024).

Integrating maturity-based assessment merged with sustainability assessment
seems paramount to navigate these pressing challenges and capitalize on the oppor-
tunities of 14.0 (Guillaume et al., 2022). This integration was dubbed “green com-
puting” by the U.S. Environmental Protection Agency (upon launching of the
Energy Star labeling program) (Barnett et al., 2018), “ecological information and
communication technologies (ICT)” or “green ICT” (Klimova et al., 2016), also fits
squarely with the next level of industrial transformation dubbed Industry 5.0 (I5.0).
Such an integration provides SMEs with a comprehensive view of their readiness
for 14.0 and sustainability, enabling them to align their digital transformation efforts
with sustainability goals (Ghobakhloo et al., 2021). The pivotal role of SMEs in
driving economic growth and innovation suggests that they are a crucial component
in shifting toward I5.0, motivating the need for a framework evaluating their
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maturity levels in coupling digital transformation (e.g., technology adoption, orga-
nizational readiness, skills development) and sustainability practices (e.g., environ-
mental impact, social responsibility).

In light of these challenges, the overall objective of the chapter is to develop a
preliminary integrated framework that intersects the 14.0 technological readiness
self-assessment with sustainability practices self-assessment to gauge SMEs’ 15.0
preparedness. The specific objectives of the chapter are threefold:

1. Eliciting the digital implications of the shift from 14.0 to Industry 5.0 (I5.0).

2. Aligning technological advancement with sustainability.

3. Introducing an integrated digital maturity and sustainability assessment
framework.

The chapter analyzes the sustainable digital transformation of Quebecer SMEs in
the Saguenay-Lac-Saint-Jean region, also known as “Region 02” from the Quebec
government region’s classification system. The study relies on that territorial focus
as a case study for the model, which has possible implications for broader usage
beyond regional and possibly provincial boundaries.

The chapter includes a literature review to conceptualize the key concepts under
study and examines the shift from 14.0 to I5.0, specifically emphasizing sustainabil-
ity. As such, the chapter proposes an integrated framework for assessing SMEs’
readiness for 15.0, outlines the research methodology, presents the results through
the digital sustainable maturity model, discusses theoretical and managerial impli-
cations, and suggests future research directions.

2 Literature Review

2.1 Conceptualization

Drawing on extant research, this sub-section constructs a comprehensive framework
for evaluating SMEs’ digital preparedness while concurrently measuring their com-
mitment to sustainable practices. This framework incorporates critical parameters
such as smart manufacturing, which stands for resource efficiency, circular econ-
omy principles, and the incorporation of sustainable ICT in digital control operations.

Although the concepts of green ICT, ecological ICT, green digital, or smart green
tend to reduce the “sustainability” concept to its “environmental” dimension, the
discussion on the role of digital technologies in advancing sustainability also
includes the social dimension above and beyond the economic one. Scholars have
examined this aspect through sociological lenses, leading to discussions on how
digital technologies can potentially reduce inequality (Dale & Kyle, 2016). Others
have also proposed a critical evaluation of the social impact of ICT (e.g., O’Donnell
& Henriksen, 2002). The literature generally indicates a significant link between
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digitalization and human well-being (Torres & Augusto, 2020), with studies sug-
gesting that these technologies can improve quality of life and reduce poverty,
although sustainable entrepreneurship remains a scattered topic across the literature
(Gino & Staats, 2012; Mora et al., 2021).

Evidence and examples support the fact that introducing 14.0 is a significant shift
in the industrial world (Ansari et al., 2018). Notably, lean production was a step-
pingstone to smart manufacturing (Ansari et al., 2018), highlighting its impact on
sustainable competitiveness and advanced technology adoption (Al-Swidi et al.,
2023). For example, Rauch and Cochran (2021) show how additive manufacturing
and artificial intelligence illustrate the accessible strategies for SMEs to engage
with 14.0, thus demonstrating practical approaches to digital transformation with
moderate effort. The development of maturity level-based assessment tools for
14.0 in SMEs grounded in a thorough literature review and the creation of models to
evaluate 14.0 implementation, providing a structured methodology for sustainability
analysis is in high demand, and some of such models have already been developed
(e.g., Nagano, 2019; Nosratabadi et al., 2023; Rosa et al., 2020; Brozzi et al. 2020).

Table 11.1 provides an overview of the main themes and sub-topics addressed in
the literature in the context of digital transformation and sustainability (of SMEs)
and the main findings identified. The “digital transformation” theme is composed of
two important sub-themes: (1) one pertaining to the understanding of SMEs’ digital
transformation by integrating advanced technologies (e.g., cyber-physical systems,
IoT, Cloud Computing); and (2) the tools for assessing 14.0 readiness 4.0 among
SME:s. The second theme, “opportunities and challenges of digitalization for sus-
tainability,” relates to SMEs’ use of digitalization to track their efforts with sustain-
ability, focusing on green relationships, green operations, and sustainable
management systems. The third “sustainable impact of digitalization” theme relates
to strategic planning and refers to the environmental and, more broadly, the sustain-
able impacts of digitalization. The last theme concerns “digital maturity and sus-
tainability assessment,” which merges SMEs’ digitalization with the sustainable
transition to fast-track and smooth the transition from 14.0 to 15.0.

In addition, some sub-themes tend to explore the same aspects of digital transfor-
mation and sustainability. For example, the sub-themes “green operations” and
“sustainability assessment” agree on the sustainability goals with a focus on the
environmental impact aspect of the digital transition. This sub-theme encompasses,
among others, resource optimization, waste reduction, and carbon emission assess-
ment. In summary, these two sub-themes analyze the contribution of digital trans-
formation to the achievement of sustainability goals. Last but not least, we believe
there are additional sub-topics to be required, such as “management” and “aligning
digitalization with the sustainable transition.” Indeed, the managerial challenges
identified in the first sub-theme contribute to deepening the discussion on digitaliza-
tion opportunities for sustainability through human adoption of both transitions
within SMEs.
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Table 11.1 Summary of the themes on digital transformation and sustainability of SMEs

Theme Sub-themes Key findings Relevant studies
Digital transformation | 14.0 for SMEs 14.0 represents Schwab (2016),
integrating cyber- Piccarozzi (2018)
physical systems, IoT,
and Cloud Computing

into manufacturing
processes for SMEs

SME 14.0 Maturity Concrete tool enabling | Schumacher et al.
Assessment SME:s to position (2016), Mittal et al.
themselves in terms of | (2018), Basl (2018),
their technological Kolla et al. (2019),
maturity 4.0 Kotler et al. (2019),
Priyono et al. (2020),
Hizam-Hanafiah et al.
(2020), Hoyer (2020),
Ma (2023), Rauch
et al. (2020)

Opportunities and Green Relationships | Strong collaborative | de Sousa Jabbour et al.
challenges of relationships among (2018), Lerman (2022)
digitalization for supply chain partners
sustainability facilitated by digital

platforms can promote

sustainability

initiatives, such as
joint product
development, shared
transportation, and
waste reduction

programs

Green Operations Digital transformation | Rauch and Cochran.
can enhance green (2021), Lai et al.
operations within (2023), Nureen et al.
supply chains by (2023)

optimizing resource
utilization, reducing
waste, and improving
energy efficiency
through real-time
monitoring and
data-driven insights

Sustainable Due to lower Brozzi et al. (2018),

Management Systems | resources, Blanchet (2016),
technological Berger-Douce (2014),
expertise, and Gino and Staats
organizational (2012), Mora et al.

capabilities, SMEs (2021)
face unique challenges

in adopting digital
transformation

initiatives to improve

human life

(continued)
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Table 11.1 (continued)

Theme

Sustainable impact of
digitalization

Digital maturity
assessment and
sustainability
assessment

Sub-themes
Environmental Impact

Sustainability
Assessment

Aligning digitalization
with the sustainable
transition

Key findings
Assessing the
environmental impact
of digital
transformation
initiatives, including
reductions in carbon
emissions, energy
consumption, and
waste generation,
contributes to overall
sustainability goals
within supply chain
operations

Digital transformation
initiatives can be
assessed for their
environmental impact,
including reductions
in carbon emissions,
energy consumption,
and waste generation,
contributing to overall
sustainability goals
within supply chain
operations

Aligning both digital
maturity and
sustainability
assessments will
support SMEs’
technological
readiness for 14.0
while identifying
opportunities for
promoting circular
economy principles
and sustainable
management practices
regardless of their
activity sector

S. Vallée et al.

Relevant studies

Antikainen et al.
(2018), Korhnen
(2018), Ertz et al.
(2022), Mondejar
(2021), Guillaume
et al. (2022)

Khan and Porras
(2018), de Sousa
Jabbour et al. (2018),
Lerman (2022)

Miiller and Pfleger
(2014), Nagano (2019),
Nosratabadi et al.
(2023), Rosa et al.
(2020), Brozzi et al.
(2020)

Finally, this research is referring to expressions that seem similar but have some
important differentiations in the scientific literature. We are referring to digitaliza-
tion and environmentally-conscious practices often termed “green digital,” “sus-
tainable digital,” “smart green,” or “responsible digital” and must clarify the roots
that apply to our research. We are classifying them according to our research per-
spective, which must serve regional SMEs to pursue their digital transformation
(DT) while embedding sustainable management and eco-friendly practices in their
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DT strategy. Therefore, green digital cannot be seen as a way to promote eco-
friendly practices across industries (Hu et al., 2022; Xi & Wang, 2024; Bai et al.,
2020) in our opinion. Considering our research has an impact on local businesses, it
is more relevant to their physical and socio-ecological ecosystem to address “green
digital” as the integration of digital technologies to support environmental sustain-
ability and reduce ecological footprints (Yin, 2019; Gholami et al., 2023; Suh &
Cho, 2022) and as a way to create sustainable business models and operations
(Radu, 2020; Brennen & Kreiss, 2016; Zhu et al., 2022). Green digital as such can
be synonymous of “sustainable Digital” respectively from Seele and Lock (2017),
Kuntsman and Rattle (2019), and Ullah et al. (2023) in a sense that it implies strate-
gic planning. Indeed, these authors mention that sustainable digital requires the stra-
tegic implementation of digital tools to support long-term ecological, social, and
economic sustainability goals. The long-term component is also an added value to
that definition, relating to the concept of “transformation” which has long-lasting
and often non-reversable effects. Sustainable digital can also be considered in our
research as the use of digital solutions to address sustainability challenges while
minimizing the negative environmental impacts of technology itself (George et al.,
2020; Lopes et al., 2022; Beier et al., 2018). Smart Green is an expression very simi-
lar to Sustainable digital and can be considered as synonymous, as referred to by
authors such as Petersen et al. (2023), Lytras et al., (2019), and Vinuesa et al. (2020):
it refers to the combination of intelligent technologies and environmentally friendly
practices to optimize resource use and reduce environmental impact. The definitions
respectively from Taghizadeh-Hesary and Hyun (2022), Kshetri (2021), and Pappas
et al. (2023) are rather pertaining to producers of technologies which are less rele-
vant to our research and therefore won’t be retained. Lastly, the term “Responsible
Digital” refers to the balance achieved when introducing technological advance-
ments without compromising human rights, privacy, or the ecological environment
(Buhmann et al., 2020; Linkov et al., 2021; Stahl et al., 2017). Alternative defini-
tions of this expression are not relevant to our research, as they primarily address
societal impacts beyond the scope of local SMEs. However, it could be pertinent to
larger corporations if included in our study. See our selection of choices highlighted
in bold inside Table 11.2.

In conclusion, we are using all synonymous expressions of green digital, attrib-
uted to clusters of authors whose concept definitions align with the realities of our
research corpus.

2.2 Transition from Industry 4.0 to Industry 5.0

As industry shifts from mass production to mass customization, the production of
goods is becoming more responsive to demand in a flexible manner. 4.0 promotes
innovation in organizing and controlling the entire value chain life cycle. The
advancement of technology provides insights into the future of digital
transformation, aiming for high flexibility, high productivity, and resource
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efficiency, leading to a new level of human-machine relationships (Hamidi

et al., 2018).

The next step, 15.0, involves manufacturers creating products on demand, reduc-
ing inventories, and quickly adapting to market changes (Jefroy et al., 2022). This

Table 11.2 Classification of definitions for green digital and synonyms

Expression

Green
Digital

Sustainable
Digital

Smart Green

Responsible
Digital

Definition 1

The integration of digital
technologies to support
environmental
sustainability and reduce
ecological footprints

Yin (2019), Gholami et al.
(2023), Suh and Cho
(2022)

The development and
application of digital
technologies that balance
economic growth, social
inclusion, and
environmental protection

Taghizadeh-Hesary and
Hyun (2022), Kshetri
(2021), Pappas et al.
(2023)

The combination of
intelligent technologies
and environmentally
friendly practices to
optimize resource use and
reduce environmental
impact

Petersen et al. (2023),
Lytras et al., (2019),
Vinuesa et al. (2020)

The ethical and
sustainable development,
deployment, and use of
digital technologies with
consideration for social
and environmental
impacts

Lobschat et al. (2021),
Dwivedi et al. (2021), Vial
(2019)

Source: Vallée (2025)

Definition 2

The use of digital tools
and platforms to promote
eco-friendly practices
and drive green
innovation across
industries

Hu et al. (2022), Xi and
Wang (2024), Bai et al.
(2020)

The use of digital
solutions to address
sustainability challenges
while minimizing the
negative environmental
impacts of technology
itself

George et al. (2020),
Lopes et al. (2022), Beier
et al. (2018)

The application of smart
digital solutions to
enhance energy
efficiency, waste
reduction, and
sustainable urban
development

Bibri and Krogstie
(2020), Yigitcanlar et al.
(2020), Allam et al.
(2022)

The practice of
leveraging digital
innovations to address
societal challenges while
adhering to principles of
transparency,
accountability, and
inclusivity

Taddeo and Floridi
(2018), Gupta et al.
(2021), van den Buuse
and Kolk (2019)

Definition 3

The convergence of
digital transformation and
environmental
consciousness to create
sustainable business
models and operations
Radu (2020); Brennen
and Kreiss (2016), Zhu

et al. (2022)

The strategic
implementation of digital
tools to support long-term
ecological, social, and
economic sustainability
goals

Seele and Lock (2017),
Kuntsman and Rattle
(2019), Ullah et al. (2023)

The integration of 10T, Al,
and other advanced
technologies to create
eco-friendly products,
services, and
infrastructure

Nizeti¢ et al. (2020),
Schiavone et al. (2022),
Esmaeilian et al. (2020)

The approach to digital
transformation that
prioritizes human rights,
privacy, and
environmental
stewardship alongside
technological
advancement

Buhmann et al. (2020),
Linkov et al. (2021), Stahl
et al. (2017)
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approach emphasizes predictive and self-correcting production processes focusing
on product usage (Prajapati et al., 2019). The approach also promotes flexible work
structures, making work environments more appealing and adaptable (Destouet
et al., 2023). I5.0 focuses markedly on human-technology interaction (e.g., human-
machine systems, human-robot collaboration, collaborative robots/technologies)
(Jefroy et al., 2022). This shift represents a significant change in economic strategy,
requiring companies to rethink production and customer engagement (Blanchet,
2016). Philbin et al. (2022) explore how digital transformation is pivotal in helping
SMEs achieve sustainable development. A meticulous examination of the existing
literature reveals that digitalization intersects with sustainability concerns, encom-
passing challenges related to information systems and change management
(Varenne, 2020). The integration of technological tools with change management
processes is essential in both the 14.0 and I5.0, except for the fact that, in the latter,
the human factor is a key component.

Looking beyond 14.0, SMEs should now consider integrating the new paradig-
matic shifts of I5.0 into their strategic visions. 15.0 seeks to transform manufactur-
ing toward sustainability through technology and collaboration (Jefroy et al., 2022).
It represents a significant shift from the traditional “manufacturing to consumer”
model, with a revised focus on “customer to manufacturing,” which is a complete
U-turn approach. This shift emphasizes the importance of customer-centricity and
sustainability in manufacturing operations. According to Ghobakhloo et al. (2023),
I5.0 seeks to decrease environmental impact while enhancing economic, environ-
mental, and social outcomes. The study identifies 12 key functions critical to 15.0’s
ability to enhance sustainable manufacturing, encapsulated in four dimensions.
First is the integration of value networks, which is the connection between industrial
systems and their micro-components, including machines, humans, and processes,
to communicate more reliably and effectively manage the flow of information dur-
ing the supply chain. Secondly, sustainable technology governance facilitates
decision-making through industrial automation solutions that promote real-time
communication. These solutions aim to improve efficiency and productivity by
reducing human error and expenses. The third element, the innovative business
models, refers to the opportunity to design innovative modular models adapted to
components of production processes, which, in turn, instills innovation in business
models while applying them in sectors other than manufacturing. Finally, skill
development is crucial to prepare staff for the requirements of 15.0.

2.3 Sustainability in Industry 5.0

Integrating digitization and sustainability to prepare for I5.0 provides valuable
insights into current research trends. Sustainability, as defined by UNESCO (2015),
entails the development that meets current needs without compromising the ability
of future generations to meet their own. In an industrial context, firms must be
accountable for resource usage (Kleindorfer et al., 2009) and the resulting
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environmental impacts. This evaluation encompasses production, transportation,
employee health, safety, and community quality of life (Gimenez et al., 2012).

Philbin et al. (2022) emphasize that 15.0’s environmental focus centers on pre-
serving the earth’s biosphere and natural resources by moving away from the tradi-
tional linear take-make-waste economic model. Instead, I5.0 promotes a circular
economy, integrates sustainable innovation into products and processes, incorpo-
rates renewable resources, and enhances human-centricity. This comprehensive
approach to environmental sustainability includes waste and emission reduction,
resource efficiency, and renewable energy integration. Industry 5.0 also addresses
broader global sustainability challenges such as shorter product life cycles, limited
product recyclability, and rebound effects (Ghobakhloo et al., 2023). This paradigm
shift is crucial in fostering long-term environmental stewardship and resource
conservation.

The concept of “green digitalization” is a critical asset for transforming SMEs in
the contemporary economy, which requires resilience and adaptability. According
to the OECD (2023), leveraging digital technologies can help SMEs enhance their
operational efficiencies, reduce environmental impacts, and adapt to changing mar-
ket conditions. By embracing digital tools and platforms, SMEs can better monitor
and manage their resource usage, streamline production processes, and implement
sustainable practices.

The transition from 14.0 to I5.0 and adopting a circular economy model repre-
sents significant steps toward sustainability. This holistic approach ensures that
technological advancements are aligned with sustainable development goals, foster-
ing a more resilient and sustainability-conscious industrial sector.

3 The Seamless Integration of Sustainable Practices into
Digital Transformation: A Conceptual Framework

3.1 Alignment of Technological Advancements
with Sustainability

The concepts of “digital transformation,” or “digital shift,” encapsulate the proac-
tive adoption of digital technologies by organizations or individuals to bolster effi-
ciency and adaptability in response to the evolving digital era. This paradigm shift,
adirect outcome of 14.0 (Hoyer et al., 2020), heralds the Fourth Industrial Revolution
(Schwab, 2016), characterized by high-technology industries using modern assets
such as artificial intelligence (Al), Big Data, Internet of Things (IoT), Cloud
Computing, System Integration, and Digital Twin, nonexclusively.

Green digitization refers to using digital technologies to enhance a company’s
environmental innovation, aiming to achieve environmental and economic sustain-
ability by improving practices like R&D investment (Guo et al., 2022). For instance,
a company could use big data and data modeling to create a digital twin of their
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organization and see its evolution with sustainable goals and parameters that lead to
predictive outcomes.

The United Nations’ Sustainable Development Goals (SDGs) influence SMEs
differently, affecting operational strategies, market dynamics, product/service align-
ment with SDGs, access to financial resources, regulatory compliance, and collab-
orative partnerships (Islam et al., 2022). Aligning with SDGs not only improves
SMEs’ competitiveness, resilience, and long-term sustainability but also positions
them at the forefront of evolving market dynamics.

Under 14.0, industrial strategy undergoes a profound transformation, altering
economic rationales and mechanisms governing value creation (Blanchet, 2016;
Schwab, 2016; Priyono et al., 2020). The capacity of SMEs to transition toward a
sustainable development-driven economy within the context of digital transforma-
tion depends on overcoming pivotal challenges, such as mastering data usage in a
Cloud environment.

This alignment of sustainable development and digital transformation, as defined
by Schumacher (2016), is threefold:

1. Affordable Technology for Low-Income Areas: SMEs can innovate and promote
sustainable development using cost-effective and suitable technologies, particu-
larly in low-income regions.

2. Overcoming Challenges for Sustainable Transformation: SMEs must address
challenges such as accessing the right technology and innovating within existing
infrastructural and environmental limits.

3. Emerging Economies Leading Innovation: The shift of innovative capabilities to
emerging economies like China and India suggests that SMEs in these regions
could take the lead in developing technologies that meet the needs of the poor,
contributing to sustainable development.

The research underlines the vital role of integrating sustainability and digitaliza-
tion at the micro-level to bolster SME resilience against disruptions from sustain-
ability crises and digital transformation up to the highest maturity level. It
encompasses aligning global community interests, national agendas, and enterprise
objectives across economic sectors (Martynov, 2023). SMEs’ digital transformation
reengineers business models by industrializing low-value-added processes
(Blanchet, 2016; Schwab, 2017; Pachenko & Dovhenko, 2023), delivering digitized
products or services through digital artifacts, which improves performance and
transforms user behaviors (Pachenko & Dovhenko, 2023; Varenne, 2020; Brozzi
et al., 2018; Blanchet, 2016). This transformation requires timely progress and ROI
measures.

Infrastructure plays a crucial role in both concepts, as seen in the manufacturing
sector with smart green supply chain management (SCM) (Lerman et al., 2022).
Various streams address digital transformation in supply chain management using
labels such as 14.0, Supply Chain 4.0, IoT-enabled supply chains, and digitized sup-
ply chains (Lerman et al., 2022). These studies focus on developing green opera-
tions and relationships to enhance green performance within SCM, using constructs
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like digital strategy and base technologies to measure digital transformation in
surveys.

Islam et al. (2022) view digitalization as a means to advance the Sustainable
Development Goals (SDGs) by 2030, offering new data sources and analytical
capacities while raising ethical, social, and environmental concerns. Incorporating
15.0 principles and focusing on digitalization can significantly enhance SME sus-
tainability efforts. SMEs adopting a circular economy model and integrating sus-
tainable innovations can meet current environmental standards and contribute to a
more sustainable future, aligning technological advancements with ethical and sus-
tainability goals.

Irimids and Mitev (2020) consider digitalization an efficient means to support
sustainable environmental, social, and economic development. ICT can help mea-
sure organizational change to reach sustainability goals, which is especially chal-
lenging for many SMEs to implement. Stakeholder engagement and employee
involvement are crucial in fostering a sustainable performance culture within SMEs.

In summary, research highlights the pivotal role of digitalization in advancing
SDGs and fostering sustainable SMEs. It emphasizes the challenges SMEs face in
integrating digitalization and sustainability, requiring further research and a holistic
approach to enhance SME resilience and achieve sustainable development. The
intersection of digitalization and sustainability presents a multifaceted landscape
for SMEs, necessitating an intertwined model between traditional maturity assess-
ment and sustainable assessment. Collectively, these studies align with our stated
objectives to illuminate SMEs’ sustainable digitization evolution through a self-
assessment framework on digital maturity and sustainable practices.

3.2 Integrating Digital and Sustainable Maturity Models:
Toward a Unified Framework

Assessments are key practices for addressing significant issues. Digital maturity
model assessments have advanced in the 2010s, with models now focusing on 4-8
dimensions and 8-10 items per dimension. Maturity levels range from “not initi-
ated” to “fully mature” over 5-6 levels, but the models vary in practicality and
transparency (Brozzi et al., 2018; Hizam-Hanafiah et al., 2020).

There is no consensus on the number and content of dimensions for a conven-
tional maturity model. However, a new Green Government IT index has been pro-
posed for assessing environmentally responsible IT use (Lokshin & Widmar, 2023).
This aligns with the need for sustainable practices, given forecasts of significant
increases in ICT electricity usage by 2030 and a trend toward green governance and
reporting.

Comparative analyses of Green ICT maturity models suggest a roadmap for
organizations to become eco-friendlier. However, current models lack clarity regard-
ing the intersection of digital transformation and sustainability, highlighting the
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need for hybrid models that integrate 14.0 principles with sustainability dimensions.
Some studies hinted at that endeavor, though.

Islam et al. (2022) see digitalization as promising for advancing the SDGs and
propose a Smart Quadruple Bottom Line (SQBL) model to help SMEs achieve
long-term survival. They emphasize integrating digital paradigms like Big Data and
Al to address SDG research gaps. Focusing on (semi-)durable goods, Ertz et al.
(2022) suggest that organizations (SMEs or not) may foster product lifetime exten-
sion (PLE) strategies using technologies like IoT, Additive Manufacturing, Big
Data, and Al. Piloting and continuous monitoring will help identify areas for
improvement and drive continuous innovation in SMEs.

3.3 Assessing SMEs’ Industry 4.0 Maturity Levels
and Sustainability Practices

To seamlessly integrate 14.0 maturity levels and sustainable practices in SMEs, it is
essential to assess both technological and sustainability dimensions (Miiller &
Pfleger 2014). This dual approach offers SMEs a structured way to analyze their
maturity in sustainability efforts, ensuring a holistic understanding of how they inte-
grate advanced technologies and sustainable practices to become more innovative
and resilient.

Elia et al. (2020) emphasize the crucial role of technological innovation in shap-
ing entrepreneurship, particularly through Digital Entrepreneurship Ecosystems
(DEEs). DEEs represent a new model for understanding digital entrepreneurship
dynamics, where digital technologies play a significant role as both enablers and
outcomes of entrepreneurial activities. The concept of Collective Intelligence pro-
vides a valuable framework for analyzing DEEs, showcasing how success in digital
entrepreneurship can stem from diverse approaches, whether process-, resource-, or
product-driven. Isensee et al. (2023) build on this foundation by introducing the
concept of sustainable digital entrepreneurs, categorizing them into four main types.
Their research emphasizes integrating sustainability and digitalization at the micro-
level to enhance SME resilience against disruptions from sustainability crises and
digital transformation up to the highest maturity level.

Eisner (2022) offers a self-assessment framework for corporate environmental
sustainability. Their model includes questions to measure the extent to which a com-
pany is green, with scores ranging from 0 to 5. The framework provides a detailed
check with 64 questions per area, helping companies identify areas for improve-
ment. Experts suggested making the model easier to understand and use, enabling
companies to learn where they need to improve and how they compare to others in
being green.

Khan and Porras (2018) introduced a framework and web application designed
for SME:s to self-assess their sustainable green ICT practices. The model includes
five maturity levels, starting with level O for no knowledge or capability and ending
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Table 11.3 The maturity levels of sustainable green ICT practices self-assessment for SMEs

Level | State Description

0 Initial No awareness, no implementation of Green ICT actions

1 Repeatable Minimal awareness of Green ICT, immature initiatives that limit
non-sustainable actions

2 Defined Informal initiatives of Green ICT strategies and eliminating the
cause of non-sustainable effects

3 Quantitatively Formal, measured, and controlled Green ICT strategies for

Managed favorable sustainability effects
4 Optimized Optimized environmental impacts for sustainable development

Source: Khan and Porras (2018)

with level 4 for full comprehension and implementation of sustainable ICT. This
model is highly relevant to our study and provides a basis for comparison
(Table 11.3).

The maturity model comprises eight parameters: (1) power management of com-
puters; (2) reduction of computers for power management; (3) power management
of imaging equipment; (4) paper and energy saving from ICT equipment; (5) power
management of video conferencing suites; (6) IT load reduction management of
servers; (7) cooling management of ICT equipment; and (8) e-waste disposal man-
agement. Each level delineates specific characteristics showcasing technology
usage, with examples such as manual computer shutdowns (level 0) to automated
shutdowns and display sleep modes (level 4).

The review emphasizes integrating information systems and technology with
human resources in SMEs and considers sustainability in terms of human well-
being. It suggests that management control in SMEs, supported by technology,
should encompass all these factors. Additionally, Islam et al.’s (2022) study
introduces the Smart Quadruple Bottom Line (SQBL) model, highlighting four
dimensions for analysis: (1) Organization, (2) Technology, (3) Energy, and (4)
Personnel.

In sum, this review provides a comprehensive analysis of integrating digital tools
to track and measure sustainability practices in SMEs. It offers valuable insights for
researchers and practitioners, showcasing the positive impact of these practices on
both environmental and financial performance. By combining 14.0 principles with
sustainability dimensions, SMEs can enhance their operational efficiency and align
with sustainable practices, ensuring long-term resilience and ethical compliance.
Yet, the optimal hybrid framework has to be conceptualized and demonstrated.

3.4 Proposed Integrated Framework

The integrated framework by our team combines digital maturity levels and sustain-
ability practices following the same assessments scheme to evaluate SMEs’ readi-
ness for 14.0. It draws on traditional maturity models but is designed to be adaptable
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across all SME sectors, as Brozzi et al. (2018) recommended. This framework
named PME 4.0 (in French or SME 4.0, Vallée, 2023, 2025) assesses the adoption
of digital technologies and its embedding into the organization’s internal processes.
It also evaluates the environmental, social, and economic impacts of SMEs’ opera-
tions by tracking a “sustainable management index.” Initially, we wanted to gage
the relevance to eventually merge the two strategic goals, DT and Sustainable prac-
tices among SMEs, within just one assessment. The research have shown the rele-
vance while addressing four dimensions for analysis implicitly suggested by Ertz
(2021) and as suggested by Islam et al.’s (2022): (1) Organization, (2) Technology,
(3) Energy, and (4) Personnel.

Following the recommendations of this chapter analysis, we are taking this ini-
tiative to the next level, offering a framework that could be validated within a quali-
tative research as a first step. We have tentatively merged levels and practices, from
Khan and Porras’ (2018) model to ours, PME 4.0, also according to our respon-
dent’s answers. We have changed the “State” column’s nomenclature to fit our
model; then we have updated the column of sustainable practices and, finally, we
have added our digital model by description levels. It then turns our initial digital
assessment framework into a potential hybrid roadmap suiting SMEs in Region 02,
pursuing two strategic goals for SMEs: increasing digital maturity while increasing
management sustainable practices. Table 11.4 is a demonstration of this new merged
framework project, called Sustainable SME 4.0.

The labeling of each level follows an indicatively and psychologically positive
approach (Csikszentmihalyi, 1997) as it is used by SMEs that need to be encour-
aged to move toward the next maturity level. A creative approach also has influ-
enced the conceptualization of the model, in order to make it more attractive to team
management in charge of both transformation, using color gradation following
scheme related from discomfort (yellow = moving fast with a sense of emergency)
to full comfort (blue purple = fully trustworthy), (Alberts & Van Der Geest, 2011)
(Fig. 11.1).

By integrating these maturity level assessment models seamlessly, we are merg-
ing best practices in both expertise domains while offering an optimal vision of how
digital tools can support sustainable goals for SMEs. Thus, the framework provides
a comprehensive view of readiness, highlighting areas for improvement in both
digital and sustainability domains. This approach aligns with the circular economy
concept, which aims at optimizing resource use and contributing to the well-being
of individuals and communities (Winans et al., 2017).

The framework evaluates technology presence and adoption, organizational
readiness, workforce skills, and environmental and social practices. It aims to
enhance digitization among SMEs and offers a practical methodology for opera-
tional support, such as the DSIFAT (Discovery, Awareness, Integration, Training,
Support, Transformation) proposed by Varenne (2020). This methodology can be
readily implemented in practical settings to promote sustainability in managerial
practices.

Integrating digital maturity and circular economy concepts introduces an impor-
tant intersection between 14.0 and sustainable development, aligning with the
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Table 11.4 Sustainable SME 4.0 Assessment Model: merged application of digital maturity levels
showing increasingly sustainable green ICT practices for SMEs

Description of sustainable

Description of digital maturity level

Level | State maturity level practices practices

0 Traditional No metrics tracking traditional | No awareness of digital
implementation of Green ICT | transformation and what 4.0
actions: recycling, creating technologies can bring to improve
employment, buying locally competitive level

1 Initiated Emerging awareness of Green | Emerging awareness of what digital
ICT, traditional initiatives that tool can offer as competitive
limit sustainable actions impact | advantage and beginning of exploring

them

2 Engaged Formal initiatives of Green ICT | Technologies and digital tools are
strategies that are showing fully used although not fully suited,
measurable results although not | exploration of more suitable
fully eliminating the cause of next-level technology and practices
non-sustainable effects are priorities

3 Interconnected | Formal, measured, and Technologies and digital tools are
controlled Green ICT strategies | supporting most of the operations,
for favorable sustainability structuring data, and providing a
effects with an increasing used | beginning of change in organizational

overall performance culture

4 Integrated Fully measured, controlled Technologies and digital tools are
Green ICT strategies that have | fully supporting the operations,
optimized environmental structuring data for more performing
impacts for sustainable SME 14.0 technologies, business culture has
development and transformed into fully accountable for
competitiveness overall performance

5 Mature Sustainable practices are Optimized integrated process

embedded into predictive
processes and a part of the
organization’s performance
culture and business model

management and management
controls with digital tools that support
both productivity, environmental
impacts for sustainable development
and business model

Source: Vallée (2025)
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Fig. 11.1 Barometer of sustainable SME 4.0. (Source: Vallée (2025))
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principle of “overall performance” in management controls as defined by St-Pierre
and Cadieux (2011). The framework is designed to be flexible and resource-friendly,
aiming to improve SMEs’ market sustainability and profitability (Hamidi
et al., 2018).

The framework can be applied using qualitative and quantitative methods,
including surveys, interviews, and sustainability assessments. SMEs can use it to
assess their current maturity level and sustainability performance, identify improve-
ment areas, and develop roadmaps for digital transformation and sustainability
improvement. Policymakers and industry associations can also use the framework
to develop targeted support programs promoting digital and sustainability goals.

4 Methodology

4.1 Participative Action-Research Project

The current research is part of a broader research program entitled “PME 4.0” (i.e.,
SME 4.0) that took place between January 2021 and September 2023 with SMEs
from the Saguenay-Lac-Saint-Jean region in the primary, secondary, and tertiary
sectors (Charmillot & Dayer, 2007; Paillé & Mucchielli, 2003). The research was
initially aimed at constructing a comprehensive framework to support SMEs’ digital
transition while gradually evolving toward enabling SMEs to implement their digi-
tal transition responsibly. Hence, the study matured into examining the state of
SMEs’ current or anticipated digital transformation along with their sustainable
practices (MELCCEFP, 2023). Deployed in the framework of a participative research-
action (Ozanne & Saatcioglu, 2008), the investigative efforts concur to answer the
following research questions:

RQ1: What is the degree of technological maturity of SMEs in Saguenay—Lac-
Saint-Jean (SLSJ) in 2023?

RQ2: What is the degree of sustainable technological practices of SMEs in
Saguenay-Lac-Saint-Jean (SLSJ) in 2023?

A pilot study was conducted in five stages: (1) pilot unstructured interviews; (2)
online intention survey and pre-interview questionnaire; (3) qualitative semi-
structured interviews; (4) thematic qualitative analysis; and (5) elaboration of a pre-
liminary version of the digital maturity model coupled with sustainability framework.
The stage is described in more detail below.

First, a pilot of unstructured interviews was carried out with three socio-economic
organizations, two certified 4.0 auditors from the Ministry of Economics, Innovation,
and Energy (MEIE), and two SMEs to validate the need and research questions.
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Second, 55 SMEs were initially approached by the six socio-economic partners
of the research, i.e., economic development organizations and agencies. Of these 55
SME:s, 36 completed the preselection and ethical consent form electronically via the
LimeSurvey platform. This form included six questions, one of which asked about
the company’s intention to undergo digital transformation within the next 12 months,
offering options such as focusing on technological tools, human resources, or the
way of working, and reasons for not pursuing transformation, such as lack of time,
human resources, or funding. The 30 participants were selected based on their
responses to the preselection form cited above, and then they completed a pre-
interview questionnaire on Microsoft Forms. This questionnaire contained 50 ques-
tions, divided into four segments:

. Company introduction and governance.

. Digital connectivity and technological tools dashboard.

. Knowledge of 4.0 technologies and technology-assisted management practices.
. Sustainable practices and future vision.

AW N =

Third, each business owner or managing employee participated in a private semi-
structured interview with the researcher, either in person or via videoconference,
recorded on Zoom. Lasting 90-120 min, these interviews delved deeper into the
preselection form and pre-interview questionnaire. The researcher aimed to under-
stand each company’s specific issues and realities concerning internal and external
management practice changes related to 14.0 from 2019 to 2023. The year 2019 was
chosen as an anchor due to the Covid-19 pandemic, which appeared in the pilot as
a cornerstone prompting SMEs to fasten their digital transformation pace or giving
it an impetus. The questions addressed strategic and operational business practices,
major challenges, achievements in digital transformation, whether aligned with sus-
tainable development or not, and digital literacy. The recorded interviews were tran-
scribed verbatim using artificial intelligence with Amberscript, then verified and
anonymized by assigning codes to each SME participant according to their SCTAN
and interview number.

Fourth, a thematic analysis involved carefully reviewing the data to identify key
themes and patterns. This involved several steps, beginning with familiarization,
where the researcher immersed themselves in the data by reading and re-reading the
transcripts. Initial codes were then generated systematically across the entire data-
set. These codes were then collated into potential themes, which were reviewed and
refined to ensure they accurately captured the essence of the data. The themes were
defined and named, providing clear definitions and labels.

Fifth, the themes were woven together to construct a coherent narrative address-
ing the research questions through a digital maturity model and sustainability
framework. The researcher’s observation notes were integrated with the interview
responses to enrich the thematic analysis. If necessary, dated memos were added
to provide additional context and depth, such as respondent’s emotions within
context.
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4.2 Digital Maturity Model Coupled
with a Sustainability Framework

The pilot research has successfully developed a comprehensive maturity model
assessment meant to support SMEs of all activity sectors and all sizes, which
includes a sustainable digital framework. This avenue has been chosen over inte-
grating a full algorithm, crossing all questions with the sustainability dimension at
this stage. However, this framework has not yet demonstrated a correlation between
digital transformation and sustainable practices due to the low literacy awareness of
many respondents (Vallée, 2023). While it might be early for Quebec SME:s to inte-
grate these two concepts fully, it is nonetheless time to introduce the possibility of
measuring sustainability with digitized control management all across the four
assessment sections: (1) Company introduction and governance; (2) Digital con-
nectivity and technological tools dashboard; (3) Knowledge of 4.0 technologies and
technology-assisted management practices; (4) Sustainable practices and future
vision. The timing is crucial to embrace this opportunity, as many respondents
already indicate engagement in sustainable practices. Yet, few respondents were
aware of sustainable practices pertaining to human-centric management. It appeared
more obvious to most of them that sustainable practices are rather environmental-
centric practices.

The proposed conceptual framework can thus be used to assess SMEs’ 14.0
maturity levels and sustainable practices across all sectors, sizes, and organizational
life cycles. Pertaining to maturity levels, we draw on Khan and Porras (2018) to
assess maturity levels by state and description (see Table 11.5), according to a rigor-
ous examination of themes emerging from the respondents’ interviews.

We have chosen to score digital maturity based on a maturity scale that suits
SME:s of all sectors. Therefore, the dimensions that appear as the most prevalent in
the respondent verbatims are:

1. Technology.
2. Interconnection.
3. Data.

Each of these three dimensions has six levels of maturity, scoring from O to 5,
while some items considered “Traditional” score at O or negatively if paired with
two or more low-level dimensions items. The assessment questionnaire spans Six
sections over fifty (50) questions, with the first (governance) and last (sustainability)
sections not contributing to the digital maturity level score. This is because respon-
dents exhibit an over- or under-assessment bias in the first section addressing gov-
ernance based on the interviews. Data is scored according to its level of structure fit
to be used by Al supported within the Cloud and an operation system. As for sus-
tainability, we aimed to pilot this dimension and items to validate which are the
most relevant. Therefore, we aimed to build an assessment framework that will
emerge from our qualitative research. Here are the six sections of the assessment
model: (1) Governance, (2) Connectivity, (3) Literacy, (4) Technology, (5)



278 S. Vallée et al.

Table 11.5 Comparison between Khan and Porras (2018) model and the proposed model
State (Khan & | State (Vallée, | Description (Khan &

Level | Porras, 2018) | 2023) Porras, 2018) Description (Vallée, 2023)
0 Initial Traditional No awareness, no No awareness of 14.0,
implementation of Fourth Industrial Revolution,
Green ICT actions no digital literacy, no
measurement of sustainable
parameters
1 Repeatable Initiated Minimal awareness of | Minimal awareness of 14.0,
Green ICT, immature Fourth Industrial Revolution,
initiatives that limit low digital literacy, limited

non-sustainable actions | technology adoption, low
measurement of sustainable

digital
2 Defined Engaged Informal initiatives of | Formal practices are
Green ICT strategies modified by technologies
and eliminating the that change processes and
cause of non- reduce causes of
sustainable effects productivity loss. Formal
practices on sustainable
digital
3 Quantitatively | Interconnected | Formal, measured, and | Formal, measured
managed controlled Green ICT management control
strategies for favorable | strategies encompassing
sustainability effects sustainable digital.
Technologies transform jobs
4 Optimized Integrated Optimized The business model presents
environmental impacts | new opportunities through
for sustainable innovation induced by

digital transformation

5 - Mature - Innovation is a common
practice, and sustainable
digital is tracked and
embedded in productivity as
an asset

Interconnection, and (6) Sustainability. The questionnaire framework currently adds
up all answer choices divided by the number of answers possible, multiplied by
hundreds. It is represented as a percentage of efforts put into all the most relevant
answers for SME:s in the region.

The multiple-choice question asked about sustainability reads as follows:

1. Has your company/organization put in place sustainable development practices?
The expression “Sustainable practices” is explained below the question, as
defined by the Government of Quebec as a practice that (1) Maintains the integ-
rity of the environment, (2) Ensures social equity, and (3) Encourages economic
viability.”

2. The answer options are derived from Ertz’s (2021) model and identified as the
most relevant to SMEs in the SLSJ region. These options read as follows: (1)
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Table 11.6 Sector analysis: detailed sustainable management practices

Creates/Maintains jobsin the region
Performs equipment maintenance

Creates partnerships

Offers advice on the use of its products

Increases productivity without compromising respect for the environment
Saves energy

Offers training on how to use the product or how to use the service
Conducts consultations on product or service development/improvement
Total |

Source: Vallée (2023)
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Fig. 11.2 Sustainable management practices in SLSJ SMEs. (Source: Vallée (2023))

Creates/maintains jobs in the region; (2) Performs equipment maintenance; (3)
Creates partnerships; (4) Offers advice on the use of its products; (5) Increases
productivity without compromising respect for the environment; (6) Saves
energy; (7) Offers training on how to use the product or how to use the service
and; (8) Conducts consultations on product or service development or improve-
ment. The choice answer did not include any recycling initiatives intentionally in
order to tap into the least expected side of sustainability known by SMEs in the
region, which is the so-called “sustainable management practices” based upon
our pilot conducted in 2022. It is interesting to mention that all respondents had
at least three of the eight sustainable initiatives in place and that the tertiary sec-
tor is performing ahead of the secondary sector in this matter (see Table 11.6 and
Fig. 11.2).

The most prevalent initiatives scoring on average at 16% in all answer choices
and across sectors are: (1) Creates/maintains jobs in the region; (2) Performs equip-
ment maintenance; and (3) Creates partnerships. While the answers that came in
first and second place seem obvious from an economic standpoint, the third one is
quite interesting. It indeed indicates an economic growth potential factor in the
region, whereas partnerships can be viewed as a strategy to enhance the sustainabil-
ity of SMEs.
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Also, interestingly, during the interviews, none of the respondents disclaimed
measuring their sustainable initiatives in any cross-questioning addressing their
data management habits.

Nonetheless, the above results show the potential to measure sustainable prac-
tices with digital tools embracing modern management control to serve SMEs’ prof-
itability. The following results will demonstrate that potential from the digital
capability standpoint and by industry sectors. The results below were collected
through a digital questionnaire and validated during the individual semi-directed
interviews.

5 Results

The results yield several interesting insights. Among other things, we have noticed
that Internet connectivity among SMEs in SLSJ offers the potential to host intercon-
nected technological tools, sometimes from more than one connectivity type, and
this trend is not limited to the manufacturing sector. This means SMEs from all sec-
tors are potentially enabled to track sustainable goals using interconnected digital
management control tools (Table 11.7).

However, while most respondents (69%) have very high-speed and high-speed
Internet connections, their interconnection level remains rather low (see Fig. 11.3).
Some of our data can be compared in more detail to those from MEIE (2020). We
found that the interconnection of information management systems within manu-
facturing companies is highly variable, and surprisingly, the tertiary sector scores
higher in this regard. Regarding digital systems and applications, they are currently
used by a minority of companies (28—58%). Those using these tools report an aver-
age interconnection level of only 35-42% compared to their other systems. This
indicates room for improvement in both human interaction with technology and the
interconnection of technology itself with API, IoT, or else to serve sustainable
objectives.

Notably, the interconnection of information systems externally and internally for
the SLSJ region is 79.9% and 47.3%, respectively (MEIE, 2020). The high external
interconnection rate is primarily influenced by the local business practice adopted
by SMEs that use government online services for tax purposes. Meanwhile, internal
interconnection is just below the average for all SMEs (MEIE, 2020).

Table 11.7 Type of Total
connectivity across all sectors Types of connectivity across all sectors | (n)
High-speed Internet (5 Mbps and above) |12
Very high-speed Internet (100 Mbps and | 15
above)
Regular Internet
Mobile Internet connection 8
Total 39
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Fig. 11.3 Interconnectivity in SLSJ for SMEs. (Source: Vallée (2023))

In any digital maturity and sustainability assessment cases, the respondents’
awareness of management control (Sloan, 1990) supported by technology should
include critical indicators related to sustainable management practices (Berger-
Douce, 2014). These would also become a part of practical strategies and best prac-
tices for overcoming challenges pertaining to both DT and sustainable practices.
While SMEs have implemented sustainable practices, they tend to lack the tracking
of sustainability-related key performance indicators (KPIs) on their dashboards.
This indicates that although respondents have high connectivity and are well inter-
connected internally and externally (see Fig. 11.3), sustainability is not prioritized
for inclusion on management dashboards. Some additional choice answers going in
that direction might help educate the respondents on that possibility.

As our results show, the respondents are moving toward the Cloud to store their
data but are not using this data to build new tools or document tasks and job descrip-
tions, which would concur with sustainable practices related to the human factor
item in our model. Figure 11.4 represents respondents’ answer combinations from
a multiple-choice answer question. The question is: “What are you using the Cloud
mostly for?”. As it appears, the most frequent answers aggregated are “A) Consulting
documents, data.” On that specific answer item, three other aggregated answers are
to be chosen such as “D) Sharing documents, consulting documents, data and view-
ing training”; “E) Sharing documents, archiving documents, data, working collab-
oratively on documents, consulting documents, data, developing new management
tools, documenting tasks and jobs”; and “F)” which is the same aggregated answers
group, adding “viewing training” answer (Table 11.8). In all these answer combina-
tions most frequently chosen by the respondents, we argue that data tracking on
sustainability practices among the SMEs should be the norm, supported by the
Cloud in real-time. Sustainable management practices were addressed in the inter-
views as part of a follow-up question on consulting data and documenting tasks.
This topic sparked interest among some respondents who were curious about
achieving these tasks at a low cost. More interestingly, the challenge of manually
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Fig. 11.4 Aggregated responses on Cloud usage. (Source: Vallée (2023))

Table 11.8 Combined answer occurrences

A | Consulting documents, data

Sharing documents/Archiving documents, data/Working collaboratively on documents

Archiving documents, data

Sharing documents/Consulting documents, data/Viewing Training

mo QW

Sharing documents/Archiving documents, data/Working collaboratively on documents/
Consulting documents, data/Developing new management tools/Documenting tasks and jobs

les]

Sharing documents/Archiving documents, data/Working collaboratively on documents/
Consulting documents, data/Developing new management tools/Viewing training/
Documenting tasks and jobs

G | Sharing documents
Source: Vallée (2023)

tracking measurements emerged as an additional task that SMEs could not afford.
Therefore, implementing an assessment tool that can measure these sustainable
management practices and convert all related efforts into key performance indica-
tors (KPIs) would enhance the relevance and effectiveness of these initiatives.

The aggregated responses on Cloud usage show varying levels of adoption and
integration within the surveyed companies. The data reveals that Cloud services are
utilized to differing extents, highlighting a range of digital maturity levels across
response combinations (the “F” answer being the highest). The detailed results, as
presented in the graph, provide insights into the current state of Cloud technology
implementation and its impact on operational efficiency and technological advance-
ment. Without sufficient structured data on the Cloud, organizational diagnostics
cannot easily be supported by Al internally, even less predictive or prescriptive
management measures applied to sustainable practices within the business.
Sustainable KPIs are part of the predictability measurement supported by
Al Therefore, without sufficient usage of the Cloud, measuring and tracking sus-
tainable initiatives becomes more complex, adding an additional task to the human
workforce.
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Fig. 11.5 Sustainable management practices by sectors. (Source: Vallée (2023), Ertz (2021))
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In terms of sustainable practices, when looking more closely at each of the fol-
lowing sustainable management practices offered in Fig. 11.5 (Ertz, 2021), we have
analyzed them by activity sector and noticed that the tertiary sector adopts more
frequently sustainable practices against the secondary sector. Besides, the second-
ary sector is the least prompted to increase productivity without compromising
environmental respect. Finally, the item shows the largest gap with the tertiary sec-
tor. It is otherwise coming first in saving energy and close to the tertiary sector in
conducting consultations on product or service development and improvement. This
shows some relevance pertaining to 14.0 in terms of producing a more relevant fit to
the market needs, which has to be linked to some sales and inventory key perfor-
mance indicators.

Also, 7 out of 8 practices show total engagement from more than 30% of the
respondents. Therefore, addressing these practices as part of a global management
strategy is relevant, stressing the importance of embracing digital transformation
while adopting management control KPIs on these.

The last relevant view on our results is the score percentage of each respondent
(n = 30) on sustainable practices (Ertz, 2021). Again, Fig. 11.5 shows that SMEs
from SLSJ are highly engaged in sustainable practices of two forms: environmental
and social. Governance was not considered in the scoring at this stage of our study
because of the lack of KPI and interconnected tools to measure the engagement
level without bias.

6 Theoretical Implications

Integrating sustainability into management controls is crucial for SMEs operating in
modern sustainability landscapes globally, emphasizing the need for sustainable
practices alongside digital transformation efforts. This research introduces a new
analytical reference by incorporating characteristics of sustainable management
practices into an assessment tool, highlighting the importance of aligning business
practices with sustainability principles for SMEs. The study intersects global and
sustainable management with Industry 4.0 (i.e., I5.0), emphasizing themes such as
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business digitization, use of big data for sustainable production, alternative produc-
tion methods, and collaboration principles, thereby expanding the theoretical under-
standing of sustainable digital transformations in SMEs.

Revisiting traditional management controls allowed for a reassessment of how
modern technologies are disrupting management practices in the era of the Fourth
Industrial Revolution. The original conceptual framework (Hoyer et al., 2020) of
digital transformation needed to include the intersection of two complementary and
well-documented concepts: the circular economy and Industry 4.0. This research
contributes two significant theoretical insights. First, sustainability as a factor in
management controls has become crucial for any SME operating within the modern
economic landscape, regionally and globally. Second, by integrating characteristics
of sustainable goods and services into the interview questionnaire and the self-
assessment tool, the research provides a new analytical reference. Additional themes
intersecting global and sustainable management with 14.0 were also incorporated,
such as business digitization, the use of big data to enable sustainable production
and consumption, the principle of added value through alternative production meth-
ods, and the collaborative principle.

Firms need to become “ambidextrous” to effectively navigate the dual transitions
of sustainable and digital transformations, as Nyagadza (2022) highlighted in the
paper. Being “ambidextrous” allows firms to handle the fundamental structural
changes and value creation opportunities brought about by sustainable digital trans-
formation while also addressing the challenges related to responsible and ethical
management of increased digitalization. This approach enables firms to leverage the
benefits of digitalization, such as closer monitoring of sustainability-related factors
through technologies like Artificial Intelligence, while mitigating the negative
implications, such as the rise in electronic waste due to increased usage of elec-
tronic devices.

7 Managerial Implications

Small- and medium-sized enterprises (SMEs) must undergo digital transformation
to remain competitive with larger enterprises. Often, SMEs lack information and
awareness about new digital possibilities (Kergroach, 2020), and the lengthy pro-
cess of government assistance in digital auditing can sometimes require resources
that SMEs do not have (Vallée, 2023). One of SMEs’ key challenges is competitive-
ness regarding large corporations in a global world market. Many countries have
established support systems to assist SMEs in this process, such as subsidy pro-
grams, support from specific-area central organizations, loans with moratoriums,
and so on. Assessing the digital maturity of an enterprise is crucial for providing the
appropriate support. While there are numerous models and tools for assessing digi-
tal maturity, many of them are either theoretical, incomplete, designed for specific
vendors, or tailored for larger enterprises (Kljaji¢ BorStnar & Pucihar, 2021; Brozzi
et al., 2018; Vallée, 2023). The tool developed in this chapter aims thus to better
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equip SMEs to assess their level of sustainable digital maturity by offering a frame-
work application and fostering a common language for collaboration.

8 Limitations and Future Research Opportunities

The participative research-action project faced challenges related to participants’
perceptions of digital transformation and their unfamiliarity with 14.0, which could
introduce biases. Besides, the subject of the digital maturity self-audit combined
with sustainable development for regional SMEs across all sectors in the SLSJ is
unique, with no direct equivalents for comparison. However, regarding future
research avenues, this model should be extended through a longitudinal study sup-
ported by developing a full-fledged sustainable digital self-assessment tool. This
chapter offers preliminary insights into such endeavors.

Finally, contrary to other models developed in the literature, this preliminary
framework is proprietary since it is developed in partnership with field partners who
retain conjoint ownership over the model along with the researchers. Limitations
thus exist regarding the dissemination and communication surrounding the devel-
oped tool, especially in relation to its items, questions, and labeling dimensions.

9 Conclusion

The research underscores the imperative for SMEs to embrace digital transforma-
tion to remain competitive, particularly within the realms of Industry 4.0 and sus-
tainability initiatives. Despite the evident benefits, many SMEs lack awareness of
the digital possibilities available to them, placing them at a disadvantage compared
to larger corporations. Governments and support organizations are crucial in this
process, providing subsidies, loans, and support systems that help SMEs navigate
their digital transformations. The self-assessment tool developed in this research is
designed to empower SMEs to evaluate their sustainable digital readiness, address-
ing gaps in existing models. Future research should focus on extending this model
through longitudinal studies, supported by sustainable digital self-assessment tools,
to ensure continuous improvement and adaptation to the ever-evolving digital land-
scape. Overcoming challenges related to participants’ perceptions and unfamiliarity
with Industry 4.0 will require a multidisciplinary and innovative approach, empha-
sizing the importance of courage and innovation in research efforts. Future research
opportunities in digital transformation for SMEs are rich with potential. Extending
the developed model through longitudinal studies, supported by sustainable digital
self-assessment tools, can provide valuable insights into the long-term impact of
digital transformation on SMEs’ sustainability efforts. Exploring Industry 5.0 and
its implications for sustainability practices offers a forward-looking perspective on
the evolution of digital technologies in SMEs, focusing on human-centric and
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advanced technological integration. Investigating the role of innovation systems in
facilitating socio-ecological transitions can help understand how SMEs can lever-
age technological advancements for sustainable development, examining the sup-
portive role of policies, networks, and institutional frameworks. Examining the
advantages of Industry 4.0 applications for sustainability across different sectors
and regions can highlight best practices and success factors for SMEs. Finally, con-
ducting comparative studies across regions or countries to assess the effectiveness
of various support systems and policies in promoting sustainable digital transforma-
tions among SMESs can offer valuable benchmarks and recommendations for poli-
cymakers and stakeholders. These research avenues collectively can significantly
contribute to the knowledge base and practical strategies for enhancing SMEs’ digi-
tal and sustainable development.
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