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Abstract: Digitalisation plays a central role in the transition to more sustainable futures. However, it
also has negative impacts, such as rebound effects, significantly undermining digitalisation's efficiency
gains. Digital degrowth is a relatively new concept in discourses on sustainable digitalisation. Building
forth on the concept of degrowth, first proposed in 1972 and gaining strength in the past 20 years, digital
degrowth refers to realigning digital technologies to become regenerative; ecological sound and socially
just, while simultaneously contributing to resource efficiency in digitalisation efforts. This exploratory
paper reflects on digital degrowth and the rebound effects of digitalisation.

Introduction

Digitalisation is the application and use of digital
information and communication technologies
and includes devices, data centres, and the
digital infrastructures that make their
communication and networking possible.
Digitalisation is widely seen as central to the
transition to a more sustainable economy. This
is especially clear in discourses on the twin
transition, the coupling between the digital
transition and the green (energy) transition. The
two transitions are seen as mutually influencing
each other, while the digital transition is
perceived as an important enabler of the green
transition (Daehlen, 2023; Lange & Santarius,
2022).

At the same time, digitalisation is contributing to
a “technological sprawl”, the proliferation of
digital devices and the growing demand for
cloud computing and data centres (Fix, 2024).
Natural resource use continues to grow on
average by more than 2.3% per year (United
Nations Environment Programme, 2024). The
increasing application of artificial intelligence
(Al) is resulting in rising energy demands
because of data centre power needs. There are
doubts that even the so-called green data
centres can access enough non-fossil energy
on time to meet their demand (O’Brien, 2024).

Digitalisation is thought to increase resource
use efficiency, but rebound effects undermine
these efficiency gains. The most common
understanding of the rebound effect is
increased consumption due to products and
services becoming cheaper because of more
effective resource use.

Based on a literature review, Lange and Berner
(2022) identified 21 rebound mechanisms and
14 of them resulted in increased growth and, as
a result, increased energy consumption, while
none resulted in negative growth. On an
economy-wide level, the authors implemented
an econometric study using EU data to quantify
the change in energy consumption due to
rebounds, the so-called growth rebound effect
(GRE). They estimate the GRE to be between
20% and 47% but believe that it is likely much
higher. They conclude that the only way to
prevent rebound effects is to implement
rebound-proof policies that would initiate a
post-growth economy.

Post-growth and degrowth are central concepts
in proposals to address the ecological impacts
of our economic system in the Global North.
Degrowth is not a call for less economic growth
but for less throughput, i.e., less energy and
resources, to bring “the economy back into
balance with the living world in a way that
reduces inequality and improves human well-
being” (Hickel, 2021b, p. 1106).

Degrowth is proposed to address a variety of
rebound effects (Lange & Berner, 2022;
Schneider, 2008; Sutherland, 2022). Rebound
effects, lower-than-expected gains from
efficiency policies and strategies, are also the
result of efficiency improvements in digital
technologies, so-called digital rebound. This
paper explores whether digital degrowth is
proposed as a strategy to counter digital
rebound effects.
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Digital Rebound

In a review of various studies, Coroama and
Mattern (2019) conclude that “one of the main
flaws of existing assessments [of the
environmental impact of digital technologies] is
their disregard of rebound effects”. The concept
of rebound was first mentioned in the context of
coal in the 19t century and became known as
the Jevon paradox, but has gained renewed
attention in the 1980s and shows significant
increase in research in the past 10 years
(Lange et al., 2021). This has led to a deeper
understanding of the different types of digital
rebound effects.

Based on a literature review, Lange et al. (2021)
developed a typology of rebound effects and
mechanisms, consisting of four economic levels
— micro, meso, macro and global — and two time
frames — short run and long run (Lange &
Berner, 2022). The effects can be direct or
indirect:

e Direct rebound effect refers to the
relationship between efficiency, price, and
consumption. If the resource efficiency of a
digital product increases, its price will
decrease, which can lead to a rise in
consumption. As a result, the efficiency
gains are eroded by increased demand. For
example, increased energy efficiency in
blockchain hashing for bitcoin mining
enabled miners to expand their operations
tremendously (Fix, 2024). The Bitcoin
mining network grew 90% in 2023
(CoinShares, 2024).

¢ Indirect rebound effects are the result of, for
example, consumer rebound, savings from
cost reductions enable more income to be
spent on other products (Maxwell et al.,
2011), time rebound, when the time saved
through digitalisation is used on other
resource-intensive activities (Coroama &
Pargman, 2020), and skill rebound, when
digitalisation lowers the level of skill needed
to perform an activity, making it accessible
to larger groups of potential users who
didn’t have the necessary skill before
(Coroama & Pargman, 2020).

Kunkel and Tyfield (2021) argue that digital
rebound should also be explored as a
sociopolitical process. For example, Santarius
and Soland (2018) explore rebound effects
from a behavioural science perspective and
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identify a motivational rebound mechanism: “an
increase in energy service demand due to a
change in consumer preferences that can be
attributed to an increase in technological
energy efficiency”.

While most of the research focuses on
consumers and individual companies and
microeconomic rebound mechanisms,
mesoeconomic rebound focuses on how
sectors and markets react to energy efficiency
improvements (Santarius et al., 2018). What is
called the circular economy rebound (Zink &
Geyer, 2017) may fall under this category.
Circular economy rebound is based on the
understanding that repaired, wused or
refurbished digital products often don’t compete
in the same market as new products. For
example, refurbished mobile phones which are
sold to consumers in the Global South who
would otherwise not be able to buy a phone.

Macro-level economy-wide rebound research
focuses on national economies while global
rebound research focuses on the global
economy. Globally, one can identify a material
rebound, which is the result of digital
technologies becoming smaller, but more
resource intensive, as well as an increased
production and use (Santarius, 2017). In
addition, the more efficient a device becomes in
its digitalisation performance, the less efficient
it becomes in its material resource use (Valero
et al., 2021). The idea that digitalisation would
lead to dematerialisation never materialised
(Taffel, 2024).

In the period 2013-2023, the digital economy
grew about three times faster than the total
economy across OECD countries as a result of
further digitalisation and use of artificial
intelligence, with an average growth rate of
7.6% in 2023 (OECD, 2024). The UN Trade and
Development report on the digital economy
(2024) describes an up to a four-fold increase
in minerals demand in the period 2020 — 2025.
Resource extraction for minerals needed to
meet the growing demand for low-carbon
technologies, such as graphite, lithium and
cobalt, could see a production increase by
nearly 500 per cent by 2050 (ibid.).

Data extractivism, the massive extraction and
commodification of user data by private
companies, is another driver of the digital
economy. The never-ending quest for more
data, also termed data colonialism (Couldry &



@IPLATE

Product | ifetimes And The Fnvironment

Mejias, 2019) or surveillance capitalism
(Zuboff, 2019), and the development and
application of Al models to analyse and use the
data, require the exponential growth of data
centres and associated ICT systems and
infrastructures, which will increase the demand
for minerals, water, and energy. Castro et al.
(2024) show that the increase in renewable
energy production is insufficient to cover the
increasing energy needs of digital data.

In the current economic system based on GDP-
led economic growth, addressing digital
rebound effects is not a priority. Decoupling
economic growth from consumption s,
therefore, a major challenge (Laurenti et al.,
2016). Incremental innovation and different
forms of obsolescence create an “engine of
growth” and lead to what Laurenti et al. call a
“consumption rebound effect”.

Decoupling economic growth from natural
resource use forms the basis of green growth
policies, such as the EU’s Green Deal and the

UN’s  Sustainable Development Goals.
Digitalisation is perceived as central to
decoupling as its technologies provide

increased efficiency in resource use. Research
has pointed out the contradictions between
‘green’ and ‘growth’ (Lerpold & Sjoberg, 2023;
Santarius et al.,, 2020; Ward et al., 2016).
Research also shows that, until now,
digitalisation has not decoupled economic
growth from energy consumption (e.g., Lange
et al., 2020; Ren et al., 2021; Salahuddin &
Alam, 2016).

Degrowth
‘How can the digital revolution be
reconceptualised to serve a sufficiency

revolution?” asks Santarius (2017). Sufficiency
is a central aspect of degrowth and is
conceptualised as both a means and an end.
As an end, sufficiency is about “enoughness’ of
human doings in relation to ecosystems—an
end in itself and a means for sustainable
consumption and  production”  (Jungell-
Michelsson & Heikkurinen, 2022). Sufficiency
as a means to combat rebound effects should
be implemented on a collective and institutional
level (Sachs & Santarius, 2013). Such
sufficiency policies can be defined as “policies
for less, lighter, slower, closer, and more
personal modes of consumption and production
(iii) to comply with planetary boundaries (i)
while satisfying fundamental human needs (i)’
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(Iten et al., 2024). In terms of economic growth,
sufficiency thus results in less growth or no

growth (Jungell-Michelsson & Heikkurinen,
2022). Sufficiency is called the missing
ingredient  for  sustainable digitalization

(Cologna et al., 2020). The concept of digital
sufficiency is proposed to understanding how
ICT can become part of the essential
environmental transformation (Santarius et al.,
2023)

Degrowth is “a planned reduction of energy and
resource use designed to bring the economy
back into balance with the living world in a way
that reduces inequality and improves human
well-being” (Hickel, 2021b, p. 1106). Hickel
further specifies that degrowth is not about less
GDP, but less energy and resource use. In that
sense, degrowth is GDP-agnostic, but will often
result in less GDP.

Degrowth was first mentioned in the 1972, by
Austrian/French philosopher André Gorz (Kallis
et al., 2015), in a discussion about the proposal
for zero growth in the Club of Rome report
(Meadows et al., 1972). Discourses on
degrowth gained renewed strength in the past
decennia (Escobar, 2015; Hickel, 2021a; Kallis,
2011; Kothari et al., 2014; Zoellick & Bisht,
2018).

The role of technology is perhaps the most
controversial question in degrowth theory and
practice and answers varies from primitivism to
techno-optimism (Heikkurinen, 2018;
Kerschner et al., 2018). Degrowth doesn’t
necessarily mean less technology. “[D]egrowth
scholarship embraces technological change
and efficiency improvements, to the extent
(crucially) that these are empirically feasible,
ecologically coherent, and socially just” (Hickel,
2023, p. 1).

Digital and
Rebound

Digital degrowth is a more recent concept in
discourses around sustainable digitalisation.
Digital degrowth refers to degrowth specific to
the digital economy or digital sector. According
to Espafia et al. (2023), digital degrowth can
mean degrowth of ICT, the reduction of the
production and consumption of ICT through, for
example, repair and a ban on planned
obsolescence or ICT for degrowth, the use of
ICT to create degrowth in other sectors, for

Degrowth Digital
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example, the use of ICT to facilitate the circular
economy or to further dematerialisation.

Aanestad (2023) describes digital degrowth as
“digital solutions that support continuous on
earth [...]. lt requires a deeper awareness of the
intricate relations of the web of life integral to
holistic/systems perspectives” (p. 59). Kwet
(2024) discusses digital degrowth in the context
of digital colonialism and sees a connection
between digital justice and environmental
justice. The basis for Kwet's digital degrowth
proposal are People Tech and the ecosocialist
Digital Tech Deal. People Tech is about the
democratisation of technology and is based
free software licenses and the interoperability of
different applications. The Digital Tech Deal is
based on a ten-point programme that “covers
many of the core principles and objectives
essential to averting tech-driven ecocide” (p.
212).

In Strategies for Degrowth Computing,
Sutherland (2022) discusses several practical
applications that will lead to less resource use
while increasing efficiency. Rather than
extending their lifespan, Sutherland looks at
how digital technologies can be used more
intensively. Sutherland gives the example of a
shared distributed computer system of one
million devices, faster than the top 100
supercomputer, that was able to simulate the
Covid protein structure and its potential
interaction with antiviral drugs without the need
to produce new supercomputers.

Does digital degrowth address digital
rebounds? An initial exploration of the literature
on digital rebounds shows that eliminating
certain technologies can prevent digital
rebound effects. Sharma et al. (2023) discuss
the role of digital design in rebound effects and
propose to “undesign design”, e.g., prevent the
certain use of a technology, limit the use of a
technology, or eliminate a technology, to limit
rebound effects. Also Selwyn (2023) discusses
eliminating destructive technologies, such as
cryptocurrency and blockchain, and so-called
sustainable technologies that, because of their
zero emissions promise, will result in market
expansion. One of the alternatives Selwyn
discusses is permacomputing, “which seeks to
extend permaculture approaches into digital
domains, thereby encouraging principles of re-
use, repair, maintenance, non-waste, dramatic
decreases in the use of artificial energy, and an
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interdependent and co-operative relationship
with natural systems”.

Santarius (2017) discusses several digital
rebound effects: material, economic,
psychological, and structural, and concludes:
“The only unambiguous way using digital
technologies for sustainability reasons is not for
pursuing greater efficiency, but for enabling
greater sufficiency in human action and
degrowth in material consumption”. In their
discussion of digital rebound effects, Coroama
and Mattern (2019) argue that these effects are
not the result of technology but of economics
and human behaviour. They present some
examples in which digitalisation does not result
in rebounds, such as a distributed conference
using video-conferencing, which resulted in
less CO2 emissions than a conference in which
everyone attended in person. The authors
disagree with the conclusion of Santarius
(2017) that digitalisation should only be used for
enabling sufficiency and degrowth. They argue
that more efficiency through digitalisation will
result in less digital rebounds.

Discussion

Techno-optimism and technosolutionism are
the main ideologies guiding sustainability
policies and implementations. In addition, when
it comes to digital technologies, a small group
of tech companies, Alphabet, Amazon, Apple,
Meta, Microsoft, Nvidia (chipmaker), Tesla, also
called Big Tech, have become global
monopolies. Their ever-increasing economic
power enables control over resources, markets,
and now also politics. It may be hard to see how
digital degrowth alone, with its connotations of
sufficiency and ecosocialism, could make
enough inroads in current digitalisation policies
to make a real difference. In order to break up
tech monopolies and prohibit their surveillance
capitalism, radical regulation of the tech sector
is needed, as well as other measures, such as
requirements for interoperability (Doctorow,
2024), sharing of data and computer power,
and implementation of democratic processes
for deciding what parts of a society or
community would benefit from digitalisation. In
addition, radical regulation of the design of the
digital technologies can extend the lifetime of
digital products. In particular, a ban on planned
obsolescence and the design of durable
products and systems need to be considered,
as incentives to reuse, repair, and refurbishing,
as the latter may trigger rebound effects
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(Bisschop et al., 2022; Bubinek et al., 2025;
Makov & Font Vivanco, 2018).

Digitalisation can result in more efficiency, but
this leads to economic growth, which increases
energy and material resource consumption. Is
digitalisation possible without these rebound
effects? The degrowth literature implicitly
accepts digital degrowth as a remedy against
digital rebounds. Digital degrowth is not about
less digitalisation but a different digitalisation,
one that is ecologically coherent and socially
just (Hickel, 2023). Or as Aanestad writes,
different kind of solutions that enable “reducing
energy and material resource use while
maintaining wellbeing and collective
sufficiency” (p. 59). There is a growing amount
of literature that provides alternative
frameworks for technology and system designs
that support such values (e.g., Heikkila, 2021;
Howson et al., 2021; Kerschner et al., 2018;
Vetter, 2018; Zoellick & Bisht, 2018b). Further
research is needed to understand how digital
degrowth can enable sustainable digitalisation
without rebound effects.

Concluding Remarks

Pansera et al. (2019) asked members of the
Degrowth community to imagine wise and
unwise futures of digitalisation in 2068. They
summarised their findings as follows: “Key
concerns of unwise futures include increasing
disconnection of humans from the natural
environment and from one another as
individuals, the use of digital technology for
optimising the allocation of scarce resources to
the benefit of the wealthy few and authoritarian
governance of technologies and life itself. Wise
technological futures, in turn, allow people to
freely access digital technologies that are
convivial, just, environmentally sustainable and
guided by democratic deliberation”.

| believe that wise technological futures need to
be regenerative, consisting of “a system of
technologies and strategies based on an
understanding of the inner working of
ecosystems that generates designs that
regenerate socio-ecological wholes (i.e.,
generate anew their inherent capacity for
vitality, viability, and evolution) rather than
deplete their underlying life support systems
and resources” (Mang & Reed, 2012, p. 116).
Regenerative futures become possible if we
embrace the interaction and the co-evolution of
the human and natural worlds in a whole
systems and living systems perspective.
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However, having breached the 1.5° C. ceiling
established by the Paris Accords (Peters, 2024)
and an average material resource use growth
of 2.3% per year (United Nations Environment
Programme, 2024), we are on the path towards
a very unwise future. To find ways to get off that
path, | suggest we start asking the following
questions to any, old or new, digitalisation
project or digital technology design: Does it “(1)
promotes justice; (2) restores reciprocity; (3)
confers divisible or indivisible benefits; (4)
favors people over machines; (5) whether its
strategy maximises gain or minimises disaster;
(6) whether conservation is favored over waste;
and (7) whether the reversible is favored over
the irreversible?” (Franklin, 1999, p. 126).
Taking a systems perspective to address these
questions is a good start on the path to
regenerative technological futures.
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