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WHY THE DIGITAL CHALLENGE?

Valuable tools in the context of ecological transition

Whether for work, communication, excellence, digital technologies helped maintain  Currently today, digital tools are helping us
entertainment and, increasingly so, for access a large number of economic and cultural model and better anticipate the consequences
to public services, digital technologies are an activities despite social distancing measures. of climate change, and to monitor and

integral part of our daily lives. This trend has This ability to bring about significant change better understand the movements of animal
been exponential since the information and within a very short space of time makes digital populations, or organize ourselves collectively to
communication technology (ICT) boom of the technologies key catalysts for accelerating the pool our assets.

1990s, and has further accelerated since the ecological transition.

COVID-19 pandemic. Tools of resilience par

... with growing environmental impact

While looking at how digital technology can The digital universe, in three major material poles:

make a positive contribution to the ecological
transition is crucial, it is equally important

to consider the impacts it generates. A fast-
growing, major economic sector, digital
technology is often perceived as weightless and
immaterial, which keeps it out of the spotlight
of environmental and climate policies. This blind
spot seems to derive from an abstract vision
attributed to the industry, which uses vocabulary
related to dematerialization and lightness.
Terms such as "cloud” or “virtualization” help

to maintain the vision of a digital world that
evolves without impacting on resources or
ecosystems. However, digital uses are based on
a set of infrastructures and equipment that are,
on the contrary, quite material.

Devices (sometimes called
“terminals”) —-phones
(smart or not), televisions,
tablets, connected objects
of all kinds used on a daily
basis by individuals and
organizations.

Networks — antennas,
underground cables, and
network equipment such
as routers, that enable
individuals to exchange
and communicate with
computer centers.

Data centers — which store
all information exchanged
in the form of data on
their servers and ensure
their availability.
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All of this infrastructure and equipment
represents an enormous material footprint:
when the world’s population reached 7.7
billion in 2019, we already owned more
than 34 billion pieces of digital equipment.
The total mass of these devices and
infrastructures was then estimated at 223
million tonnes, or the equivalent of 179
million cars (roughly 6 times Canada’s
vehicle fleet!). And this estimate represents
only the final equipment weight, and does
not take into account all the resources
required to manufacture it.
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Throughout its lifecycle, digital technology
generates environmental impacts: from raw
materials extraction to manufacture, distribution,
use, and disposal. It is the manufacturing phase
that accounts for the greatest impact on the life
cycle of digital equipment and infrastructures,
especially when it comes to user equipment. This
phase is particularly demanding in terms of
hydrocarbons (for plastic production), electricity,
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water, sand and, above all, metal resources (base
metals, precious metals, critical metals, etc.). Digital
devices are highly “material-intensive": it is
estimated that on average, the weight of all
materials required to produce devices with high
electronics component is 50 to 350 times higher
than the devices’ weight. According to ADEME,
manufacturing a laptop weighing merely 2 kg
requires 800 kg of raw materials.

The other stages are also a source of significant
impact: equipment is mainly shipped by air or sea
freight transport, generating GHG emissions, and
usage involves energy consumption to recharge
devices and run networks and data centers. Finally,
on an international scale, we generate large
volumes of digital waste, most of which ends up
in landfill sites or is sent abroad through parallel
networks, where it ends up in open dumps, with
harmful consequences for both human health and
ecosystems.

In Quebec, given that electricity for the use
of devices and infrastructures remains low-

carbon, around 70% of the impacts attributable
to digital technology can be found in the
manufacture of devices.

Projections are difficult to
reconcile with the imperatives
of the ecological transition

Beyond the current impacts, it is above all
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the projections that make digital technology

a source of concern from the perspective of
the ecological transition. According to The
Shift Project, GHG emissions due to digital
technology is growing at an average rate of
6% annually, which means that the share of
digital technology is set to continue to rise, and
could even double by 2025 to over 7% of total
emissions. 7% of emissions is what is currently
attributed to cars and two-wheelers worldwide!

How can we explain the fact that the
environmental footprint attributable to digital
technology continues to grow, despite all the
progress made in the sector in terms of energy
efficiency?

e Strong growth in demand: with smart city
projects, the rise of connected objects,
and embedded computing, the number of
devices is set to explode over the next few
years. If current trends continue, there will
be 65 billion digital devices in the world in
2025, including 48 billion connected objects
— 48 times more than in 2010.

e Efficiency gains are not successful in
stabilizing or reducing the flow of materials
and associated energy. In fact, it is the
opposite: more efficient technologies
lower operating costs and encourage
the development of new uses that were
previously unavailable. This is what is called
the “"rebound effect”, one of the most
formidable obstacles to the ecological
transition! So, despite significant progress
in this field, it is estimated that digital



e technology will consume three times more
energy in 2025 than in 2010 due to its more
than proportional expansion.

Yet, the ecological transition requires all
economic sectors to progressively and
sustainably reduce their environmental impact
to avoid the most dramatic consequences of
global upheavals. The growth trends displayed
by the digital world run counter to this global
effort, and there is no sign of a slowdown in
the near future. Without a major change in
trajectory, there is a significant risk that the
digital sector will muffle, or even cancel out,
the impact of reduction efforts made in other
sectors.

A limited and increasingly
restricted resource

Even if we choose to rely heavily on digital
technology as a key tool for ecological
transition, it is important not to lose sight of the
fact that the numerous equipment required for
this sector make it a limited resource. In fact, the
sector depends on non-renewable resources to
operate, and its long-term supply is likely to be
increasingly constrained by their diminishing
availability.

Networks require large metals (copper,
aluminum), and our devices demand a
quantity of small metals (tantalum, gallium,
germanium) and precious metals (gold,
platinum).
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Although consumed in very small quantities,
these metals have quickly become indispensable
for their exceptional characteristics, which serve
to boost the performance of our equipment. The
critical level of these resources can vary, and is
determined not only by the reserves identified
in the earth’s crust and the anticipated rates of
exploitation, but also the distribution of these
resources around the planet and the number

of companies and countries that make up the
supply. The most important short- and medium-
term issues seem to concern supply tensions
(disruptions, more or less widespread shortages)
linked to a mismatch between explosive demand
and supply capacities unable to adjust in time
(technical inertia to install sites, operating costs,
diminishing returns, economic interdependence
between metals, etc.). Between 2000 and 2018,
demand for “base” metals rose by 96%, and by
144% for specialized metals. The monopolistic
position of certain links in the production chain
could also entail geopolitical risks, as could

the concentration of certain metals: China, for
example, has over 80% of known tungsten
reserves, and over 90% of known antimony
reserves.

Furthermore, digital technology consumes
large volumes of water throughout its

life cycle: during mineral extraction, in the
production of electronic components, but

also to cool servers in data centers. However,
the water needs of the digital industry are
increasingly competing with other uses, such
as supplying local populations and agriculture.

How can we ensure the convergence of digital and
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This situation of rivalry is already a source

of great tension, particularly when it arises

in areas subject to severe water stress. For
example, lithium mining in the Atacama Desert
in northern Chile is depleting the region’s
aquifer, and thus preventing the development of
agricultural practices.



How can we reconcile the digital and the ecological transitions?

Recognizing the urgent need for a paradigm shift, the Chemins de transition digital challenge team—uwith the help of more than 200 people—worked
on the idea of the convergence of digital and ecological transitions, in Quebec, within a 20-year timeframe. This work was carried out through a series of

successive stages using a foresight approach:

Stage 1 - Possible futures
Drawing on a literature
review and consultation with
a wide range of academic
and professional experts,

the various “ingredients of
the future” (key trends or
emerging ones, controversies,
blind spots) have been
brought together into a

«prospective diagnosis ».

Stage 3 — The trajectory
This stage of the work, the
most consequential, was
dedicated to laying the
groundwork for a trajectory
that could enable Quebec
to link its present situation
to this collectively chosen
future. Led by a committee
of a dozen experts from

an array of disciplines and
professional backgrounds,
this work was fueled by a

number of activities that drew

on the knowledge of citizens,
students, professionals,
and academics alike.
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November 2020
to January 2022

January 2020
to March 2020

April 2020
to October 2020
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Stage 4 - Transfer
of knowledge

The publication of this
report initiates the stage
of sharing the transition
trajectories elaborated, and
more generally, the body
of knowledge gained on
this challenge since 2020.
Goal: bring this report to
life, disseminate it, and
make it as accessible as
possible, in order to guide
the key players concerned
towards the necessary
convergence of the digital
and ecological transition.

Since October
2022



DEFINE A COLLECTIVE
VISION OF A FUTURE
THAT IS BOTH POSSIBLE
AND DESIRABLE

Once it has been agreed that current digital
trajectories are not compatible with the imperatives
of the ecological transition, where do we want to go
from here? What do we collectively want to achieve
to best reconcile the digital and the ecological
transitions?

Formulating a vision is a critical step in the development
of transition trajectories. In the absence of a vision,
transition becomes the addition of uncoordinated actions
with often short-term and potentially incompatible goals.
Without seeking to establish an overly precise endpoint,
which would risk becoming obsolete, the vision is built
around anchor points, a set of key principles offering a
direction with which to best orient ourselves. Recognizing
that the future is by nature uncertain, it offers a common
reference point to guide our actions today. These
beacons are critical if we are to keep pace with the rapid
digitization of our societies, but also with the ecological
transition, which will radically transform our societies
within only one generation. In order not to act only in
reaction, it seems essential to build a more resilient digital
world today, considering both current challenges and
those we can anticipate for the coming decades..

igital How can we ensure the convergence of digital and

Di
C allenge ecological transitions in Quebec over the next 20

To develop a collective vision of a future where Quebec
would be able to converge its digital and ecological
transitions, we organized a dozen “prospective co-
design” workshops. At the crossroads of design, collective
creativity and the foresight approach, these workshops
involve projecting ourselves into a possible future on
a distant horizon, populated by the unknown, as an
imaginary detour to take our minds off the present and
imagine what we want in the future. 140 people lent a
hand in exploring the future of Quebec society at the
intersection of the digital and the ecological transitions.
Plunged into different possible worlds for 2040 with
the help of prospective scenarios, they were invited to
pinpoint the key elements of a desirable future and to
identify the points of tension to anticipate.

While some discussions revealed heterogeneous visions
of the future, such as the rightful place that digital
technology should occupy in the Quebec of tomorrow,
the team was able to identify enough areas of consensus
to propose a collective vision. This vision revolves
around three achievements of the future, the result
of the transition trajectory we will have travelled
between now and 2040. Working in synergy, these
assets form the foundation of a profoundly different
society, one that has successfully aligned the digital
and ecological transitions in Quebec.




The vision of the digital challenge

I n 2040 Quebec society has finally succeeded in
making its digital and ecological transitions converge. Its
remarkable success is based on three achievements:

Collective prioritization of
digital uses ensures fair
distribution

For a more detailed version of the vision, please refer to the full report.

Digital efficiency guides

the design, manufacture
and use of infrastructures
as well as digital devices

Digital innovation and
financing respect planetary
boundaries and offer
accessible tools for transition
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KEY MILESTONES TO ACHIEVE THIS VISION

After the vision was drawn up, we embarked on stage 3 of the digital challenge. To do that, we set up a committee of specialists from the academic and
professional spheres, tasked with mapping out a transition trajectory that would bridge the current situation with the vision of the desired future. The work of
the committee was informed by the reflections of a wider range of participants: four citizen workshops and three expert discussion groups brought together
a total of over 200 people to work on the development of a transition trajectory. In this section, we invite you to discover an example of a possible
trajectory to achieve our 2040 vision, the result of several months of collective work.

By identifying the most promising intermediate
steps to transition from the current situation
to this desired future, which we call milestones,
it becomes possible to outline a trajectory
of change. lllustrating transition by means of
milestones—that is, points at which steps have
been taken, rather than action strategies to achieve
them—allows us to sketch out the passage from
one state to another, while leaving some flexibility
to the unfolding of the story.

Our collective reflections identified 33 key
milestones, which were then positioned between
2020 and 2040 based on the anticipated level of
difficulty in achieving them, but, most importantly,
on the connections between them. To facilitate
understanding of this trajectory, the 33 milestones
have been divided into four complementary
thematic blocks, allowing them to be discovered
gradually.

Digital
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Supply and
demand for
sufficiency

Sharing
limited
resources

Tailored digital
solutions

Transition-driven
innovation

How can we ensure the convergence of digital and
ecological transitions in Quebec over the next 20 years?

Each block represents a gateway to illustrate
the dynamics between milestones, by narrating
a portion of this trajectory of change. Here,
we succinctly present the first two blocks of
milestones, and invite you to refer to the full
version of the report to explore them in more
detail, and discover the other two.

There are, of course, many limitations to
recounting the dynamics of societal change, and
our trajectory is no exception. The transition will
not be so linear: it will certainly involve feedback
loops, encounter further obstacles, and give
rise to new dynamics between stakeholders
that are difficult to anticipate. The challenge of
reconciling the digital and ecological transitions
is an emerging one: new key milestones will
undoubtedly be identified over time. But the
wealth of knowledge gathered along this
trajectory has nonetheless allowed for identifying
important points of passage to reach the desired
future, and for linking together this series of
gradual shifts into a possible trajectory of change.



SUPPLY AND DEMAND FOR SUFFICIENCY

Emphasis on extending the lifespan
of existing equipment on the territory:
restructuring the recovery process to promote
repair, reuse and reconditioning (milestone
number 4), government support for reuse (10),
more significant development of the repair and
reconditioning industry (19), better guaranteed
access to replacement parts and instruction
manuals (20) and popularization of digital
equipment pooling practices (25).

Changes in dominant business models
to move away from the logic of perpetual
accumulation, with stricter regulation of
obsolescence practices (14), the development
of business models that promote the creation
and distribution of more durable digital devices
(27) to everyone in an accessible way (27) for
widespread adoption (31).

Fostering knowledge and know-how in
digital sobriety through raising awareness
among government and financial stakeholders
(2), programmers and developers (13) as well as
users (9) so that the digital services that develop
prioritize sobriety (24) in order to encourage
their widespread adoption (32).

Digital
challenge

L'offre et la demande
de sobriété

Y (o

e

How can we ensure the convergence of digital and
ecological transitions in Quebec over the next 20 years?

E-
=
L

E
3

Goliamements g1
PR L e
sangiilisd eg

This block brings together milestones aimed at reducing the material and energy flows associated with our collective use of digital technology. To achieve
this, several types of major changes are illustrated:
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SUPPLY AND DEMAND FOR SUFFICIENCY:

DETAILED MILESTONES

The titles of the 15 milestones illustrated on the previous page are listed below. Does a particular milestone catch your attention? Chemins de transition has drawn

up an explanatory sheet for each milestone, available online on our website.

Supply and demand for sobriety

Government officials and digital innovation investors understand the
importance of converging digital and ecological transitions, and are ready to
make it a priority

Replacement parts are available in sufficient quantities, and all technical
manuals are accessible for the repair of digital equipment

Québec has structured the reuse/recycling sector to comply with the
hierarchy of the 3RVs

Digital services (software and platforms) are designed to minimize their
ecological footprint and remain accessible on the least powerful devices

Existing digital infrastructures (data centers and networks) minimize their
environmental footprint

Digital equipment is shared by most users (across organizations,
territories and shared dwellings)

A majority of user organizations and individuals understand the Issues
related to digital technology and attention economics, and are ready to
consider alternative approaches

Digital devices manufactured for the long term are available at affordable

prices.

The government encourages the maintenance of the fleet, the
acquisition of used equipment, and the donation of digital devices by user

individuals and organizations

The industry’s dominant business models are conducive to extending the
useful life and lifespan of equipment

The digital services design and development community is aware of
the environmental impact of the industry, and is committed to developing
software and interfaces that are as resource-efficient as possible

The majority of user individuals and organizations have adopted habits
that extend the useful life/lifespan of their devices, and prefer to buy used
devices

Effective regulations are in place to combat obsolescence

The majority of user individuals and organizations have adopted habits of
sobriety in their digital uses

Quebec has the industrial fabric and skilled workforce to repair,
recondition, and remanufacture digital devices



TRANSITION-DRIVEN INNOVATION

The milestones gathered within this block are intended to provide a new framework for the digital innovation system, with the aim of marking it out so
that it can offer more tools for the ecological transition and abandon the most harmful projects.

To achieve this, the block proposes to:
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Abandon current business models that
encourage  perpetual  accumulation, by
regulating the attention economy (milestone
number 3), exploring other business models
more compatible with transition (6), legislating
against obsolescence practices (14), and
developing the digital commons on a large
scale (23).

Leave more room for local decision-making,
notably by reassessing our relationship with
digital giants (3), and by further developing
Quebec’s financial ecosystem and financing
conditions to enable local businesses to survive
(15).

Use planetary boundaries to guide innovation in
the digital sector, by raising awareness among
the various stakeholders of the issues at stake at
the digital/environmental intersection (2, 9, 13),
creating mechanisms to identify needs in terms
of digital tools (17), integrating environmental
criteria into access to financing (18) and finally,
anticipating the impacts and societal outcomes
targeted by each innovation project (33).
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TRANSITION-DRIVEN INNOVATION:

DETAILED MILESTONES

The titles of the 15 milestones illustrated on the previous page are listed below. Does a particular milestone catch your attention? Chemins de transition has drawn

up an explanatory sheet for each milestone, available online on our website.

Transition-driven innovation

Government officials and digital innovation investors understand the

importance of converging the digital and ecological transitions, and are ready

to make it a priority

Mechanisms are in place to identify the need for digital tools to support
the transition, track transition-related innovations and share them with the
digital community on an ongoing basis

The government ensures international vigilance to limit the influence of
technology giants and regulate the attention economy model

Digital innovation investors integrate stringent rules and criteria for
environmental impact and societal outcomes

A portrait of alternative business models to the attention economy
highlights those that are the most affordable and compatible with the
ecological transition

The widespread availability of digital commons has made their use
affordable for a large portion of individuals and organizations

A majority of people and organizations understand the issues related
to digital technology and the attention economy, and are ready to consider
alternative approaches

Digital services (software and platforms) are designed to minimize their
ecological footprint and remain accessible on the least powerful devices

The digital services design and development community is aware of
the environmental impact of the industry, and is committed to developing
software and interfaces that are as resource-efficient as possible

The majority of user individuals and organizations have adopted habits
that extend the useful life/lifespan of their devices, and prefer to buy used
devices

Effective regulations are in place to combat obsolescence

The majority of individuals and organizations have adopted habits of
sobriety in their digital uses

Quebec has the financial ecosystem in place to support the emergence
and maintenance of Quebec companies in the digital sector, particularly in
innovation niches related to the transition to digital technology

Innovation stakeholders use metrics and methods that consider planetary
boundaries and societal impacts to guide technological development

Quebec has made sure to preserve its research and development
capacity, allowing the province to continuously develop innovations related
to the transition



The transition trajectory at a glance
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It is quite a challenge, but by dividing up the work, helping each other in our respective projects, and coordinating our
efforts on certain actions, we will be able to collectively complete a trajectory as ambitious as this one, which incorporates
the 33 milestones spread out over time.

ecological transitions in Quebec over the next 20 years?
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AN INSIGHT INTO THE DRIVING FORCES

BEHIND THIS TRAJECTORY

The trajectory proposed in the previous section is an ambitious one, and can only be considered if all the driving forces of society are involved. However,
it is not always easy for everyone to fully grasp their role in light of the complexity of the changes to be achieved. With the aim of making this trajectory
more accessible, the final report proposes a series of individualized timelines, categorized as follows:

To explore the timelines tailored to each stakeholder category, please refer to the full report.

While the mechanisms of action vary depending on the type of stakeholder involved, the timeline shows that each one of them has an important role
to play in shaping this trajectory. Beyond their respective contributions, the implementation of such profound and rapid changes presupposes

Investors

Civil society

Companies
in the digital sector

Individuals and
organizations

Teaching and research
institutions

Governments

a high degree of collaboration between these driving forces.
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Breaking down a transition trajectory in
terms of stakeholder seems to provide
a valuable tool for rallying all the vital
forces necessary for its implementation.

It is indeed critical that everyone
understands the nature of their role, which
is not always straightforward given the
interconnectedness of these changes..
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WHAT IF...

The digital challenge trajectory describes a series of intermediate
steps to bridge the current situation to the 2040 vision. While it offers
promising and well-documented trajectories, it does not claim to be a
ready-to-use, predictive roadmap. Other trajectories could have been
explored to achieve this vision, but it seems even more important

to remember that the future is, by its very nature, uncertain. Even
with the best possible trajectories, many factors, both exogenous

and endogenous, could cause them to diverge, or even call into
question the achievement of certain elements of the 2040 vision. The
detailed version of the report explores three major factors with the
potential to cause significant bifurcations in the trajectory studied:

«  WHAT IF ... rising demand for electricity forced us to
prioritize access to energy over the next few years?

» WHAT IF ... resources were becoming scarcer faster
than expected, affecting digital supply chains?

e AND IF ... we were unable to regulate?

AFTER THE REPORT

of each stakeholder.

Would you like to continue this journey with us? Contact us: martin.deron@umontreal.ca

Howican we ensure the convergence of digital and
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Anticipating the exact trajectory Quebec will take to ensure the convergence of its digital and
ecological transitions is difficult. But these two years of collective reflection have shown us just
how important it is to get moving as quickly as possible. To help Quebec in building this collective
trajectory, the contribution of the Chemins de transition team does not end with this report. Since
its release in October 2022, the team has made it their mission to share the lessons learned with
as many people as possible, adapting content and facilitation methods to the needs and realities

THE HURDLES OF
THE FUTURE

Since 2020, our collective reflections on the digital challenge
have brought to light several "hurdles of the future.” Some

of these represent implementation challenges that seem
difficult to overcome, while others bring into tension collective
priorities that are sometimes difficult to reconcile. In addition
to the obstacles and questions to be clarified presented in
each of the milestone sheets, the report highlights cross-
cutting hurdles that should be further investigated over

the next few years. These include such central issues as:

* How to distinguish between essential
and non-essential digital uses?

» Are there digital infrastructures that
need to be under our control?

» How to ensure the convergence of two transitions
that do not progress at the same pace?

ecological transitions in Quebec over the next 20 years?



