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Abstract: Information and communication technologies are often considered by policymakers, indus-
trial stakeholders and scientists as a key lever in the run towards sustainability, since they should
ease energy efficiency and dematerialization. In this opinion article, nurtured by the inputs of a
broad panel of experts, we challenge this widely spread view by highlighting the detrimental social
and environmental footprints caused by digital technologies. We further take a critical look on the
ways innovation is conducted nowadays, i.e., with an almost exclusive focus on performance and
few considerations for externalities. This leads us to call for academic teaching programs advocating
for a holistic approach, for new business models, and for ambitious political decisions able to drive a
paradigm shift in the mainstream agenda of electronics innovation and digital transition that shall
significantly contribute to the well-being of everyone, everywhere, without compromising future
generations. We conclude that digital technologies cannot support long-term sustainability if their
only purpose remains the optimization of the current system.

Keywords: sustainability; electronics; environmental footprint; social responsibility; life cycle assess-
ment (LCA); circular economy

1. Introduction

Climate scientists warn us that the more Earth’s temperature rises due to greenhouse
gases (GHG) emissions, the more humanity will face extreme weather events such as
droughts, heat waves, floods, or hurricanes, threatening food safety and deepening eco-
nomic disparities [1,2]. Furthermore, it increases the risk of overpassing tipping points,
with, as a consequence, the impossibility to conserve the stable climate that allowed hu-
mankind to thrive for 10,000 years [3]. In 2015’s Paris Agreement [4], most of Earth’s
countries agreed to stay below 2 ◦C of temperature rise compared to the pre-industrial
levels. In order to avoid overpassing this limit, global GHG emissions should be reduced
by half in 2030 and reach zero in 2050 [5]! Please take some time, step back and real-
ize the size and the implications of the challenge: GHG emissions should be cut in half
worldwide in the next 9 years, while 75% of worldwide population faces multidimensional
deprivation [6] and aspires to raise their standard of living.

To take up this challenge, information and communication technologies (ICTs) are
often considered as the silver bullet. For instance, the ambitious European Green Deal
states: “Digital technologies are a critical enabler for attaining the sustainability goals of
the Green deal in many different sectors” [7]. In this framework, digital transformation
aims to optimize processes, manage the intermittent renewable energy networks and
dematerialize the economy through new business models. However, a closer look into ICTs’
environmental footprint makes the story less enchanting, considering pollution generated
through electronic devices’ life cycle or the energy consumed by all the infrastructures used
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to store and transfer data across the globe. Hence, how can we ensure that ICTs are part
of the solution rather than an extra burden in the urgent run towards a decarbonized
world? Far from giving an exhaustive answer to this complex question, this opinion aims
to give some lines of thinking to address it.

2. Highlighting ICTs Ecological Footprint

A clear overview of ICTs’ environmental impacts, either positive or negative, is an
unavoidable prerequisite before looking into solutions. Lorenz Hilty, professor at the
University of Zurich, Switzerland, distinguishes three categories of impacts [8]:

1. Direct life cycle impacts arise from the production, the use, and the end of life of
ICT products. These are detrimental impacts. For instance, ICTs are estimated to be
currently responsible for between 2 and 4% of global GHG emissions [9–12].

2. Indirect enabling impacts emerge when deploying ICTs in our society. For exam-
ple, optimization or substitution of some activities are generally positive for the
environment as it reduces or replaces the use of another resource, whereas obsoles-
cence or induction of new goods and services are clearly detrimental.

3. Indirect structural impacts manifest themselves at the macroeconomic level. If
ICTs can potentially enable new beneficial business models like sharing economies,
they also increase the dependency on complex and critical infrastructures and can
be at the origin of long-term rebound effects [13]. An eloquent illustration of this
effect concerns the energy use of ICTs. With the efficiency improvements realized
between 2007 and 2012, electricity demand should have decreased by 89%. However,
the gains have allowed a more extensive usage, resulting in a final increase of 30% in
the electricity demand for the same period [14].

The balance between the positive and negative impacts that ICTs have on the environ-
ment remains unclear and is debated in the literature. For instance, in a recent article aiming
to answer the question “Does ICT reduce energy demand?” [15], the authors conclude
that “the energy-increasing effects (direct effects and economic growth) of digitalization
have been greater than the energy-reducing effects (energy efficiency increases and sectoral
change)”. On the contrary, a 2018 study from the private sector addressing the same issue,
came to an opposite conclusion, claiming that “the ICT sector has turned its previous
growing footprint into shrinking one despite a continuous increase in subscriptions and
data traffic” [10]. This controversy highlights how difficult it is to properly evaluate the
impacts of ICTs. It also illustrates the necessity to have good tools for fulfilling this goal.

3. The Life Cycle Assessment: An Essential Compass Towards Sustainability?

Among the range of environmental footprints associated with ICTs, direct impacts
are the most straightforward to assess. The main tool used for that purpose is the life
cycle assessment (LCA) [16]. This standardized methodology uses different environmental
indicators [17], such as global warming potential, human toxicity or resources depletion, to
quantify the direct impacts of a given product or service over its whole life cycle, i.e., from
raw material extraction to manufacturing, distribution, use and end-of-life. In practice,
LCA allows one to compare technical solutions or to highlight hot spots, namely critical
contributors to environmental burdens, in order to choose or improve designs [18–20].

When performing LCA on electronic devices, it turns out that, beside batteries and
displays, integrated and printed circuit boards are generally responsible for most of the
impacts [21], as explained by Dr. Constantin Herrmann from Sphera Company, owner of
state-of-the-art GaBi LCA database for electronics [22]. This is illustrated in Figure 1 for
smartphones. Despite their low mass and tiny size, microelectronics components require
highly energy-intensive processes and cleanroom facilities to be produced. Furthermore,
large quantities of specific and harmful chemicals (e.g., fluorinated gazes to etch the silicon
layers and substrates) and ultra-pure water are required [23].
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Figure 1. Typical carbon footprint (in kg CO2 equivalent) generated over a smartphone lifetime. Integrated and printed
circuit boards (IC and PCB) account for the largest share of the impacts. The values have been determined by the results
presented in [16,21].

As mentioned earlier with the example of the European Green Deal, digital transfor-
mation is often envisioned as a lever in the run towards carbon neutrality. In that scope, a
pitfall is the transfer of environmental burdens from one step of the life cycle to another,
cancelling the expected benefits. LCA appears to be essential in avoiding these prejudices.
However, some huge challenges are still to be overcome in order to capture real environ-
mental impacts with sufficient accuracy. Dr. Marie Garcia Bardon from IMEC research
centre, Leuven, Belgium points out that the availability of up-to-date LCA databases is re-
strained by three main difficulties. First, she stresses the complexity of fabrication processes
and the vast diversity of components on the market, worsened by very short innovation
cycles. Second, she highlights that the microelectronics supply chain is particularly opaque
due to the high number of stakeholders. Finally, she draws attention to the confidentiality
issues and legal challenges related to intellectual properties, as most players have access to
only part of the information.

Despite these difficulties, LCA is an essential tool, but it must first and foremost lead
to re-thinking our way to perceive, develop and use electronic systems that support digital
transformation from the very first steps of the design phase. Moreover, the monitoring of
the technology impacts during its use phase must be continuously conducted. Regulation
must be envisioned to keep possible rebound effects under control. Without a widespread
paradigm shift, LCA will only show how unsustainable electronics are instead of being
the compass towards a severe decrease of its environmental burden. Furthermore, as
illustrated hereafter, ICTs also have complex social and geopolitical impacts that are not
covered by the LCA methodology. Innovating in this field is not neutral and the complexity
of its consequences must be better assessed by ICT actors.

4. Innovating: A Task Not without Incidence

With abundant energy and primary resources, the motivations behind innovations in
ICT have been mainly focused on technical performances and economic profit. As discussed
previously, this is far from enough considering humanity’s sustainability challenge [24].
In view of these considerations, Philippe De Leener, professor of political economy at
UCLouvain, Belgium, insists that innovations are not neutral: “When we win here [thanks
to an innovation], others lose elsewhere, precisely where our eyes never travel”. Due
to these concealed environmental and social externalities, it leads him to say that the
economy is the world of invisibility. Without paying attention to hidden consequences, “A
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solution can become part of the problem it aims to solve”. Hence, he invites innovators
to ask themselves, “What kind of world or society [they are] helping to build [when
innovating]?”.

Céline Verchère, professor of sociology and applied ethics at the University of Sher-
brooke, Quebec, joins this view and adds that “the question of impact is inseparable from
the notion of reflexivity, critical thinking and responsibility”. She invites innovators to
work from scratch with actors having different expertise, such as social scientists, to build a
“responsible uses approach [to reduce the] gap between the projected impacts (the intended
or desired effects) and the ones that will be realized”. Since researchers are involved in the
very first steps of the development process of new technologies, they have an influence on
shaping the future of societies. Therefore, allocating time and energy towards more sustain-
able research is a powerful lever. However, she points out that “researchers alone cannot
address all the issues of accountability and impact”. A responsible governance is indeed
essential to set up an appropriate societal and economic ecosystem for the development of
sustainable innovations.

5. The Need for New Business Models

Innovating in a sustainable way requires new economic models favoring systemic
thinking over the establishment of any technical solutions. The philosophy of circular
economy aims precisely to meet that goal by avoiding the current linear cradle-to-grave
product life flow [25,26]. Karel Van Acker, professor of circular economy, at KU Leuven,
Belgium, recognizes three main strategies at the heart of this economic system.

1. The reduction in the production volume of digital devices can be achieved by repairing
and sharing them.

2. The improvement of products’ quality requires increasing lifetime (robustness, re-
pairability, spare parts availability, etc.) and selecting the proper (lightweight,
biodegradable, etc.) materials.

3. The renewal of products and materials implies that design favors reuse, remanufac-
turing or recycling. These solutions are sorted from the best to the worst in terms
of revalorisation and energy consumption and should be considered as such when
designing new products.

According to Prof. Van Acker, the products service system (functionality economy) is
a model with high potential to induce circular economy. Instead of being sold to consumers,
products are lent by companies in the scope of a service. It is therefore in their interest to
extend as much as possible the lifetime of the objects involved in the service. However,
again, without a proper analysis of the upstream impacts, the foreseen advantages could
be compensated by the enabling and structural effects described before.

Circular economy presupposes that the amount of materials going out of the economic
loop flow is minimised. However, the extraction of new materials will remain necessary.
Presently, mining activities of many elements essential to ICTs are located in countries
with low environmental regulations, causing severe pollution and leading to health issues
for workers and the population living nearby. Furthermore, geopolitical issues emerge as
some of these countries are in a position of monopoly, which threatens the integrity and
supply chain of some industrial activities of concurrent countries. A wide overview of
these problematics is given in the book “The rare metals war”, from the French journalist
Guillaume Pitron. To tackle these issues, Éric Pirard, professor of geological engineering
at University of Liège, Belgium, considers that relocating mining activities in Western
countries is essential. First, it will reduce ecological footprint thanks to stricter ecological
norms, and second, it will rebalance geopolitical power relationships related to critical
resources. His colleague, Johan Yans, professor of geology at University of Namur, Belgium,
shares this vision but stresses that the challenge remains to better inform inhabitants of rich
countries who are used to the NIMBY (not in my backyard) or BANANA (build absolutely
nothing anywhere near anything) rhetoric. According to him, popularizing and teaching
the notions regarding raw materials, going from the modes of extraction to their importance
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in global economy, is essential to ensure the minimal knowledge required to take reasoned
decisions supported by the population.

These examples highlight that ICTs actors do not have all the levers to reach sustain-
ability within the perimeters of their activities. Economics and society should evolve as well
to shape an ideal framework enabling the needed global sustainable transformation. This is
where ambitious actions taken by elected politicians have a critical role to play. Regarding
the importance of the ICT sector, we believe it is their duty to support this change.

6. Take Home Messages

Based on the above discussions, we highlighted four major recommendations that
should help researchers and industry stakeholders to innovate in a more sustainable
way. Importantly, we advocate for including these multidisciplinary considerations in
engineering curricula, since universities should not only train technicians but also citizens.

We must go beyond energy efficiency. At many governance levels, ICTs are perceived
as a key tool to guide modern societies on the path to sustainability. However, the negative
impacts of this sector are often overlooked, and the mainstream research direction to
decrease them is predominantly paved with energy-efficiency objectives. This remains
important, but we claim that it is far from sufficient, partly because of rebound effects.
Indeed, historical trends show that such developments do not result in a global net decrease
of energy consumption and carbon footprint [14,27].

Indirect impacts should not be ignored. Besides direct impacts (incidence of the life
cycle), ICTs also generate indirect ones (enabling of new usages, rebound effects, etc.). LCA
is the gold standard to deal with the first kind of externality but is ineffective regarding
the second. Indeed, indirect impacts are more than technological issues; they constitute a
political issue requiring a constructive societal debate on which technologies are acceptable
and which not. Nevertheless, the controversy regarding the deployment of 5G highlights
the lack of methodologies to discuss, evaluate and predict the wide range of footprints of
such developing technologies.

As innovators, we must consider social externalities related to the development
and the exploitation of a technology. Without accounting for them, ICTs will keep con-
tributing with unfair techno-economic systems. When talking about innovation, we must
ask ourselves the central question: who are the winners, usually in the spotlight, but more
importantly who are the losers, usually left in the shadow? We must question the invisible.
In this vein, corporate social responsibility (CSR) programs aim to provide transparency
in companies’ activities. However the reports they deliver for that purpose often lack
of credibility [28,29]. It highlights that the motivation behind CSR is often more about
improving the brand image for the consumers than a real social involvement.

New business models are needed. The issue regarding CSR emphasizes the need for
an innovation environment where the three former recommendations can be met. This
could be achieved through frameworks such circular economy (and the related product as a
service business model) or the open-source appropriate technology movement [30], for ex-
ample. These paradigms intend to extend product lifetime and encourage the development
of end-of-life scenarios predefined at the design phase. Tools such as the triple-layered
business model canvas [31] and the sustainability guide [32] also offer good frameworks
to consider social, economic and environmental impacts together, with, in target, the im-
plementation of meaningful innovations with social-added value [26]. Nevertheless, this
must be supported by ambitious political decisions to ensure effective uptake.

With these recommendations, ICT actors must help with transforming the system,
not optimizing it. As explained by Eric Vidalenc, an expert in the economic and energy
transition, ICTs are currently foreseen as a technological means to optimize the current
techno-economic system. There is the belief that we could overcome the major social
challenges through data management. However, regarding the size of these challenges, this
is an illusion. The mindset of innovation players must move towards human-centered or
biocentric ICT design to reduce social inequalities and the unbridled exploitation of natural



Sustainability 2021, 13, 6541 6 of 7

resources. By turning our backs on this objective, ICTs will contribute to the acceleration of
social, economic and environmental bankrupcy in our society.

To conclude in a more philosophical way, we choose a saying at the core of Ubuntu
philosophy shared by Thierry Ngosso, professor of political philosophy at St Gallen Uni-
versity, Switzerland: “I am what I am because of who we all are”. This points out the
intensity and the inexorability of the link between everyone and everything. When we
innovate, we have to raise our consciousness of all possible negative and positive impacts,
since everything is interdependent.
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