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I like to think
(right now, please!)
of a cybernetic forest
filled with pines and electronics
where deer stroll peacefully
past computers
as if they were flowers
with spinning blossoms
Richard Brautigan, 1967
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Introduction

Background
For the past century, our increasingly globalized and largely fossil-based
economy has produced an immense material wealth and unparalleled development in many human societies. The world has changed, and is changing,
quickly – but it is not only changing for the better. Human societies are in
the Anthropocene geological epoch conceived to be a global geophysical
force (Steffen et al., 2007), threatening the resilience of Earth’s systems
(Rockström et al., 2009). The concentration of greenhouse gases (GHGs) in
the atmosphere is rising to alarming levels due to human industrial activities,
with irreversible effects on the global climate as a result. Finite natural resources are being extracted at a rapid pace, with severe environmental and
social side effects. While such activities are necessary in order to support a
life of excess in the developed world, populations of poorer nations are more
severely affected by these negative consequences.
These problems are often discussed under the banner of sustainable development, which is currently the dominant sustainability discourse. Sustainable development is often described as an organizing principle that aims to
allow human development, while sustaining the ability of natural systems to
provide the ecosystem services upon which our societies depend. As such, it
encompasses many different complex and interrelated issues concerned with
the environmental, sociocultural, and techno-economic aspects of our world.
The concept itself was widely popularized in the report Our Common Future, also known as the Brundtland Report (WCED, 1987). Here, sustainable
development is defined as “development that meets the needs of the present
without compromising the ability of future generations to meet their own
needs” (WCED, 1987, p. 44).
During the past few decades, academics, politicians, environmental
groups and the industry have started to emphasize the role of information
and communication technologies (ICTs) for sustainability. ICT has traditionally been conceived of as a relatively “clean” technology (Rattle, 2010).
However, it is now widely recognized that each phase in the ICT life cycle
presents us with a myriad of sustainability-related challenges. However this
is not the only, or even the most dominant, discourse within sustainable ICT
research and practice. Instead, technologies such as ICTs are more often than
not “given [a] central role in solving the environmental crisis” (Kothari,
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1990, p. 431, emphasis added). Within such an optimistic discourse, ICTs
are commonly seen as material or digital tools that can be used to reach different sustainability-related goals, and to drive a transformation towards a
fossil-free, more equitable and democratic, dematerialized society. In influential reports from organizations such as the Global e-Sustainability Initiative (GeSI, 2015), the potential of using ICTs as greentech (green technologies) goes beyond reducing the environmental footprint of ICT. In 2030,
according to GeSI, smart ICT-based solutions will have the potential to decrease the annual emissions of carbon dioxide equivalents (CO2e) by 9.1 Gt,
while creating more than 29 million jobs. Promising approaches include, but
are not limited to, digitalization, dematerialization and process optimization.
However, we have yet to see the presumed sustainability-related potential of
such approaches fully exploited.

Aims and scope
York and Clark (2010, p. 475) argue that all too often, “environmental problems are [conceptualized as] technical problems that can be solved via the
development and implementation of technological innovation”. Feenberg
(2003) suggests that modern societies tend to prioritize efficiency in all domains where technology is applied. These two tendencies are apparent in
sustainable ICT research and practice. Zapico (2014) suggests that research
on sustainable ICT sees ICTs either as tools to achieve sustainability, or as
problems to be studied, and is often focusing on calculating the effects of
ICT on the environment, while ignoring effects that cannot be easily measured. However, as Mann et al. (2018, p. 222) recently pointed out in the field
of ICT for Sustainability (ICT4S), such approaches are “insufficient to deliver a meaningful change towards a regenerative socioecological transformation”. While optimized systems will be necessary in a future of scarcity,
such an exclusive focus tends to overlook and obscure other significant values realizable through the use of technologies.
In this thesis, I aim to first, through problematization (Alvesson and
Kärreman, 2007; Sandberg and Alvesson, 2011), unveil and challenge, rather
than to accept and reinforce, certain central assumptions and understandings
of three abstractions – the technological, the social and the sustainable – in
research and practice conducted under the banner of sustainable ICT. In this
comprehensive summary, the concept of problematization is also used to
situate and (re)contextualize the included papers. While it is outside the
scope of this thesis to problematize or rethink all underlying assumptions
and understandings underpinning research in all fields interested in sustainable ICT, I have here focused on assumptions and understandings relevant for
sustainable ICT design and sustainable ICT entrepreneurship (collectively
referred to as sustainable ICT design and entrepreneurship).
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I suggest that in sustainable ICT research and practice the technological is
often fetishized, reified and seen as neutral bundles of physical objects
and/or digital code, which often implies value-free and deterministic conceptions (Barley, 1986; Feenberg, 2003; Hornborg, 2001). The social is often
reduced to assumptions of independent and rational, individual homo oeconomicus, whose intentions are enhanced by ICT (Verbeek, 2011). Concerning the sustainable, sustainable ICT research and practice tend to adhere to
reductive conceptions of sustainability based on the sustainable development
discourse, which is imbued with a pro-growth, technology-optimistic and
Western-centric, neoliberal ideology (Escobar, 1994). Relying on such assumptions and understandings of these abstractions – while treating them as
real and distinct entities rather than abstractions – leads sustainable ICT researchers and practitioners to put a great deal of emphasis on the optimization and commercialization, or environmental assessment, of existing or
emerging technologies, and on persuasive technologies. However, as I show
in this thesis, the development and mobilization of sustainable ICT in this
manner is not geared towards sustainability, but rather towards maintaining
an unsustainable status quo in which we are alienated from each other and
from the natural world (Imamichi, 2009; Kreps, 2018). In a sense, such practices are defuturing (Fry, 1999), which refers to a reduction of possible sustainable futures.
Relying on theories and ideas from the social sciences and humanities,
and philosophy in particular, these conventional, and often reductive and
inappropriate, assumptions and understandings are also challenged. New
assumptions and understandings emphasize among other things the ontological inseparability of the technological and the social, implying an antiessentialist position embracing the value-ladenness and value and mediatory
aspects of sustainable ICT phenomena, and a more inclusive perspective on
sustainability. Based on these assumptions and understandings, I aim to also
propose normative approaches to sustainable ICT design and entrepreneurship and discuss how such approaches can promote sustainable ICT development and mobilization. I show in this comprehensive summary how a
problematizing approach to sustainable ICT reveals how conventionally
defuturing practices such as sustainable ICT design and entrepreneurship
contribute to upholding an unsustainable status quo. More importantly, I
show how problematization opens the way for reconceptualizations of such
practices in order to find new ways for them to promote sustainable futures.

Research questions
The first research question is approached through unveiling assumptions and
understandings underlying existing research and practice (Sandberg and
Alvesson, 2011) in order to open the way for alternative assumptions, understandings and approaches (Geuss, 2002; Howarth, 2013; Sandberg and
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Alvesson, 2011). By addressing the first research question, more specifically
I aim to unveil the underlying assumptions and understandings of the technological, the social and the sustainable, and how these abstractions are related. This is because conventional approaches to sustainable ICT research and
practice are underpinned by these assumptions and understandings, affecting
how sustainable ICT is designed and mobilized.
What are the underlying assumptions and understandings of the technological, the social and the sustainable within sustainable ICT (design and entrepreneurship), and how do they affect the potential of ICT to promote sustainability?

The second research question implies that I see a potential for sustainable
ICT to promote sustainability that goes beyond contemporary approaches,
through rethinking sustainable ICT research and practice. Thus, it aims to
produce alternative underpinnings through challenging conventional assumptions and understandings, and normative approaches implied by such a
rethinking.
What new assumptions and understandings of the technological, the social
and the sustainable within sustainable ICT (design and entrepreneurship) are
appropriate for sustainable ICT to promote sustainability through research
and practice?

Outline of the thesis
This compilation thesis consists of a comprehensive summary – which comprises seven main chapters, an introductory chapter and a concluding discussion – and five research papers.
The first chapter of this comprehensive summary provides an overview of
sustainable ICT, including a discussion of the political, industrial and academic interest in issues related to the concept. Furthermore, the social and
environmental implications of computing are discussed, focusing on effects
in various phases of the ICT life cycle. The potential for using ICT for sustainability purposes is also discussed. The chapter ends with a critique of the
dominant approaches.
The second chapter presents the methodological considerations of this
thesis. Here, I argue for a problematizing approach to sustainable ICT, where
established assumptions and understandings are unveiled and challenged, in
order to develop new assumptions and understandings, which could serve as
the basis for alternative concepts, theories and normative approaches to sustainable ICT design and entrepreneurship among other things. I argue that
problematization can be seen as one pillar of a critical project, and that this
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project can be supported by qualitative empirical studies such as case studies.
The third chapter aims to provide a critical reading of the sustainable development discourse, which has a hegemonic impact on how the sustainable
is conceptualized within sustainable ICT. A post-colonial backdrop to the
concept is first produced, by drawing on Escobar (1994) among others. The
chapter continues with discussions of technological and economic growth
and development, neoliberalism and globalization, and global inequalities,
based in part on results from Paper I. I maintain that researchers must either
adhere to the sustainable development discourse critically, or to alternative
discourses and worldviews, in order to produce useful and interesting research within fields interested in sustainable ICT.
The fourth chapter is concerned with ontological considerations for sustainable ICT research. I argue that, although it is commonly known that
technology is not neutral (Feenberg, 2003), the sustainable ICT discourse is
producing overly optimistic, deterministic and instrumental conceptions of
the technological and reductive conceptions of the social and how aspects of
these two abstractions interact. I suggest that a relational ontology is more
fitting for such research, and present its methodological limitations and challenges. I show the potential of such perspectives by drawing on research
presented in Paper III.
The fifth chapter is the most extensive, and perhaps central, chapter and
aims to show how new assumptions and understandings of the technological,
the social and the sustainable can be used to produce normative contributions to sustainable ICT design. I start off by presenting conventional perspectives, and challenge them using insights from the previous chapters of
this comprehensive summary, and by drawing on Paper II and Paper IV. I
suggest that there is certainly potential in using ICTs for sustainability purposes, but that most conventional perspectives fail to appreciate how. Drawing on ideas from critical design theory which is more in line with these new
assumptions and understandings, and recent developments in Sustainable
Human-Computer Interaction (SHCI), namely worldmaking interactions
(Bendor, 2017), I show how behavior-influencing technologies such as
gamification can be used for worldmaking purposes rather than being simply
persuasive. I also suggest an intuition-based approach as an alternative,
based on Paper IV.
The sixth chapter looks at how sustainable ICT is mobilized, focusing on
the recent phenomenon of sustainable entrepreneurship, which is seen as a
silver bullet to a plethora of social and environmental problems. Based on
Paper V, I suggest that researchers are relying on flawed underlying assumptions of the entrepreneurial subject and practice that can be derived from
mainstream conventional entrepreneurship research discourse. Based on
insights from Paper V, and from recent developments in the field suggesting
that sustainable entrepreneurship should be conceptualized as the disruption
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of style (Johnsen et al., 2018), in combination with Fry’s (2007) concept of
redirective practice, I develop an alternative vista for sustainable entrepreneurship scholars to explore in the context of sustainable ICT. I suggest that
sustainable ICT entrepreneurs have possibilities and responsibilities similar
to those of designers in sustainable societal transformations through the mobilization of new styles, practices, discourses and artifacts.
The seventh chapter is a discussion of a critical, problematizing approach
to sustainable ICT. I suggest that such an approach is valuable because it
reveals the effects of contemporary sustainable ICT initiatives and the assumptions underlying research on sustainable ICT, and opens the way for
alternative theories, concepts and normative approaches.
The comprehensive summary concludes with a discussion that more explicitly aims to address the research questions presented above.

Main contributions from the papers
The papers included in this compilation thesis can be found in the Appendix
of the physical version. Here, I will briefly summarize their main contributions, as well as my contributions to the research presented in the papers.
In Paper I, ICT and environmental sustainability in a changing society: The
view of ecological World Systems Theory, we suggest an ecological worldsystem perspective on sustainable ICT, based on Hornborg (2001) and Wallerstein (2004), which unveils the neoliberal tendencies of sustainable ICT
and how its effects are unequally distributed throughout the world system.
My major contributions to the paper include the literature review of
Marxian perspectives on ICT, sustainable ICT discourses and World-Systems
Theory (WST), and writing. My minor contributions include a literature review of the material infrastructure of sustainable ICT. Thomas contributed
by framing the issues, deciding on the outline of the paper and compiling
conclusions and contributions, and by writing. Jolanda contributed with a
literature review of the material infrastructure of ICT, and by writing.
In Paper II, Gamification for Sustainability: Beyond the Ludo-Aesthetical
Approach, we criticize contemporary persuasive approaches to sustainable
gamification, and suggest a typology based on Søren Kierkegaard’s writings
in combination with ludological and narratological perspectives on video
games.
My major contributions to the paper include framing of the issues, the literature review of sustainable gamification and ludological and narratological
perspectives on videogames, and writing. My minor contributions include
the typology for sustainable gamification. Thomas contributed with the original idea, the literature review of Kierkegaard’s Either/Or and The Concept
of Anxiety, and to the typology of sustainable gamification.
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In Paper III, “We Started Building Green IT Back in the 1970s”: Making
Sense of Sustainable ICT through Organizational History, we criticize historically and technologically deterministic, and essentialist, conceptions
within research on sustainable ICT, suggesting that the sustainable can be a
post-produced concept, affected by the materiality of the artifact and by historical and social sensemaking processes.
My major contributions to the paper include the literature review, the case
study (including interviews, document and archival studies), and writing.
Thomas contributed with interviews and by framing the issues and compiling the conclusions. Also minor contributions through writing.
In Paper VI, An Intuition-Based Approach to Sustainable ICT: Insights
From Eco-Ethica, we criticize contemporary approaches to sustainable ICT
design, namely visualization and persuasive technologies, and suggest an
approach based on intuition, where the essential attributes of the technology
become intuitively intelligible through design. The focus on Western traditions of thought and values in design research is also contrasted with a Japanese virtue-ethics framework, Eco-ethica.
My major contributions to the paper include framing the issues, literature
review on sustainable ICT and on certain concepts from Eco-ethica, including the skilled animal and the technology-mediated environment, compiling
conclusions and contributions, and writing. Mikael contributed by framing
the issues, literature review on the reversal of the practical syllogism from
Eco-ethica, by compiling conclusions and contributions, and by writing.
In Paper V, The Individual-Care Nexus: A Theory of Entrepreneurial Care
for Sustainable Entrepreneurship, we criticize contemporary approaches to
sustainable entrepreneurship, and the assumptions of it being a masculine
and individualistic realm of activity, and reconceptualize it based on the
ethics of care. In a theory of entrepreneurial care, the individual entrepreneur
is relationally dependent, and these caring relations largely determine the
practices in which the entrepreneur participates.
My major contributions to the paper include the case study (including interviews, participant observations and document studies), the literature review on ethics of care and sustainable entrepreneurship, and writing. My
minor contributions include the development of the theoretical framework
and the compilation of conclusions and contributions. Thomas contributed
by framing the issues, by developing the theoretical framework, and with a
literature review on ethics of care. Also minor contributions through writing.
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Chapter 1: Sustainable ICT

ICT is a broad term that is often used to refer to a wide array of different
technological, material artifacts used for accessing, storing and transmitting
information. This includes computers, laptops, smartphones, and peripheral
equipment such as printers and servers, and infrastructure technologies
(Zapico, 2014). Traditionally, the ICT sector has been spared much of the
critique aimed at other industrial sectors (Lennerfors et al., 2015). During
recent decades, however, the social and environmental effects of ICT production, use and disposal have become topics of broad and concurrent interest. An intensified environmental discourse, following the Brundtland Report (WCED, 1987), combined with decades of rapid technological development resulted in a “critical juncture” (Tomlinson, 2010) in the mid-2000s.
In 2007, Gartner announced that ICT, throughout its life cycle, accounted for
about two to three percent of the global emissions of CO2, comparable to
those of the airline industry (Mingay, 2007). This report was very influential,
and eventually resulted in the institutionalization of the industry-wide trend
Green IT. Green IT mainly focuses on the energy usage of the ICT life cycle,
but it also pays attention to other (mainly environmental) sustainabilityrelated issues, such as the water-intensive and toxic extraction of raw materials and the generation of electronic waste (e-waste). These direct, negative
effects of ICT are usually termed “first-order effects” or “direct impacts” of
ICT (Berkhout and Hertin, 2004).
While the mitigation of direct environmental effects of ICT was initially
the focus for Green IT research and practice, the above-mentioned report
also pointed out that ICT could potentially be used as a tool to mitigate and
remove negative side-effects elsewhere (Mingay, 2007). In 2008, the first
report in the SMART series was released by GeSI. Its main message was that
while the ICT industry was indeed responsible for making their own operations more sustainable, they had even more to offer in terms of technological
fixes (techno-fixes) to other industrial sectors. The report was well received
by the industry and, while often criticized for being overly optimistic, it was
read and cited also by academic scholars. The most recent report in the series
states that ICT based solutions have the potential of reducing the global
emissions of CO2e by 20 percent by 2030, thus maintaining the emissions at
2015 levels (GeSI, 2015). Furthermore, they estimate that ICTs have the
potential to boost agricultural crop yields by 30 percent, saving 300 trillion
liters of water and 25 billion barrels of oil on a yearly basis by 2030. Mean21

while, they argue, ICTs will continue to provide sustainable economic
growth for society (green growth), due to a decoupling of economic and
emissions growth through dematerialization, i.e. replacing physical products
with digital alternatives, for example.
According to GeSI, there is also a “trickle-down effect” of sustainable
ICT. Not only will the developed world, where the majority of the ICT products are used, benefit from such technological solutions. It is estimated that
approximately 1.6 billion people residing in developing regions will also be
connected to the knowledge economy in 2030 as a result of technological
development and transfer, providing them with access to healthcare and elearning opportunities. Thus, ICT can help mitigate rural poverty and inequalities, and increase food production to eliminate world hunger (GeSI,
2015). However, the report emphasizes the lack of robust regional and global
climate change policies needed in order to successfully “unleash ICTs potential for sustainability” (Börjesson Rivera, 2015, p. 12). However, it presents
no practical solutions or examples of how such policies would be designed
or implemented.
This arguably more optimistic view of the relationship between ICT and
sustainability tends to emphasize the potential positive long-term effects of
ICT development and use (Börjesson Rivera et al., 2014). As concluded in
Paper I, this has become the favored discourse among policymakers and
industrial actors. According to Rattle (2010, p. 1), ICT is seen as a silver
bullet to many societal and environmental problems, with the potential of
creating “jobs, wealth and prosperity to surpass that of the industrial era
while virtually eliminating greenhouse gases and pollution”. However, there
are also indirect effects of ICT usage that are not positive, and that are hard
to assess before a particular technology is implemented in a certain context.
These effects are usually termed rebound effects or second-order effects
(Börjesson Rivera et al., 2014). Examples of such effects include rematerialization, i.e. when first-order dematerialization effects are reversed,
and induction, i.e. “when an ICT application stimulates increased use of [the
same or another] product or service” (Røpke, 2010).
Sustainable ICT has also become an important topic politically. The European Commission (EC) has recently started to emphasize issues related to
sustainable ICT, focusing mainly on energy efficiency and climate change
adaptation. A first step was taken in 2009, when the recommendation Mobilizing Information and Communications Technologies to Facilitate the Transition to an Energy-Efficient, Low-Carbon Economy was released. While the
long-term goal is to create a policy framework that will unleash the energysaving potential of ICTs, no comprehensive, large-scale results have been
reached as of yet. Rather, the EC is calling on the ICT industry to start finding ways to measure and set their own energy efficiency targets, and develop
ICT based solutions for other polluting industrial sectors, thus largely relying
on the industry to solve their own sustainability-related problems. In 2010,
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the EC released a policy document entitled A Digital Agenda for Europe,
formulating strategies and goals for 2020. In this document, the EC states
that the “overall aim of the Digital Agenda is to deliver sustainable economic and social benefits from a digital … market” (EC, 2010, p. 3). While the
notion of sustainability is used, this document mainly concentrates on social
and economic dimensions rather than environmental (Fuchs, 2017). Politically, ICT is seen not only as a tool to reach many of the Sustainable Development Goals (SDGs) set by the United Nations (UN), but a necessity for a
sustainable society.
The academic discourse on sustainable ICT is based on research from
many different, but interconnected, research areas. While being a marginalized discussion before the introduction of Green IT, this buzzword spilled
over into academia, resulting in new research fields, conferences and journals committed to these issues. Hilty et al. (2011) concluded in 2011 that
there were mainly three fields that showed interest in ICT and environmental
issues, namely Environmental Informatics, Green IT and HCI, but since then
new fields have emerged or started to pay attention to such issues, including
Green IS (Green Information Systems), ICT4S, ICT for Development
(ICT4D) and Computing Within Limits (LIMITS). A sustainability focus has
also become more popular in streams interested in the ethical aspects of ICT.
An organization worth mentioning is the 9th Technical Committee (TC9) of
the non-governmental organization (NGO) International Federation for Information Processing (IFIP), which focuses on understanding the ethical
implications of ICT innovation in a changing society. While these fields
have different agendas, boundaries, perspectives and methods, they share
many topics and assumptions. I will not dwell on their similarities and differences, but I will say a few words about two of them, SHCI and ICT4S, as
it is mainly from these fields I have drawn inspiration and to which I aim to
contribute.
SHCI, which is a subfield of Human-Computer Interaction (HCI), focuses
on the relationship between humans and ICTs in the context of sustainability. Researchers within this stream focus on how humans acquire, use (or
misuse) and dispose of technology in relation to sustainability issues, and
argue that sustainability should be a first-order criterion for the design of any
technology (Blevis, 2007). Mankoff et al. (2007) distinguishes between two
approaches to SHCI, namely sustainability in design and sustainability
through design. The first approach is concerned with the design of technologies that are sustainable in use, while the second is concerned with design
that aims to provoke sustainable behaviors and lifestyles. The most conventional way of doing so, according to DiSalvo et al. (2010) and Brynjasdóttir
et al. (2012), is through visualization (often eco-feedback) and persuasive
approaches (Fogg, 2002) such as nudging (Thaler and Sunstein, 2008) and
gamification (Deterding et al., 2011).
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ICT4S, which started as a conference in 2013, aims to find ways of reducing the environmental impact of ICT products while promoting technologies
that can enable various sustainable practices and behaviors. While the application of traditional tools and models such as LCA is common, the field also
invites social approaches, especially studies of the interaction between design and human behavior. According to Hilty and Aebischer (2015, p. 21)
what differentiates ICT4S from other related fields is the “critical perspective that challenges every technological solution by assessing its impact at
the societal level”.
Sustainable ICT is thus the concern of several different research fields,
with a common ambition to mitigate the negative environmental and social
effects throughout the ICT life cycle, while designing hardware and software
that are sustainable in use, or that promote sustainable behaviors and practices. In the following section, I will provide an overview of the different environmental effects that researchers aim to mitigate, and of conventional approaches to ICT for sustainability purposes, before ending this chapter of the
thesis with a critique of conventional research on sustainable ICT.

Direct sustainability-related side effects of ICT
Due to the abstract nature of ICT, it is often assumed that its social and environmental side effects are negligible considering its immense potential for
generating wealth and prosperity, and even promoting sustainability (Rattle,
2010). However, it is impossible to deny the fact that ICT is, at least to some
extent, material, and that the production, use and disposal of ICT products
contribute to negative environmental and social consequences. Therefore,
the approach to sustainable ICT with regard to its direct effects is often one
of mitigating its negative effects, that is, the greening of ICT. That means
that the goal is to make the extraction of raw materials, and the production,
use and disposal of ICT as efficient as possible with regard to material and
energy use, and to try to mitigate the negative social consequences of these
activities.

Extraction and production
The extraction of raw materials used in ICT products is always associated
with environmental degradation, and more often than not, also negative social consequences. Many different metals are used in ICT products, most
notably iron, copper, tin and gold. The documentary film Stealing Africa
(Gulbrandsen, 2012), shows how the extraction of one tonne of copper produces about 6000 tonnes of waste material, which is not only toxic and can
poison local water supplies for nearby communities of humans and animals,
but also destroys the local environments visually. The extraction of copper is
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also very energy consuming (Pitt and Wadsworth, 1981). Generally, the
processes for refining metal ore also use highly toxic and carcinogenic
chemicals such as fluorine, mercury and arsenic, and large quantities of water are used, which is often taken from the supply of available drinking water
in the local area.
In ICT products, the number of different elements used increases rapidly,
most notably rare earth elements (REEs), which are used to give products
unique properties. The name is used collectively for the Group 3 elements of
the periodic table, as they are very similar chemically and often found together in the Earth’s crust (Kassem et al., 2015). Examples include iridium,
palladium and gallium. While some of them are not as rare as the name implies, they require significant labor to extract, and the process is potentially
both energy-demanding and hazardous, due to radioactive emissions in the
mining process. Moreover, many of the major reserves are controlled by
only a few powerful actors (most notably China), and the limited access to
them risks causing geopolitical tensions in the long run. Naturally, as the
unsustainable extraction of raw material is often conducted in developing
countries, while most of the finished products are used in the developed
world, there is also an aspect of global inequalities tied to this phase of the
ICT life cycle (Lennerfors et al., 2015).
Similar to extraction of raw material, the manufacturing of most ICT
products is carried out in places where occupational health and safety (OHS)
regulations are loose, with working conditions implications (Tanskanen,
2016) that are hard to take into account using conventional models such as
LCA (Benoît et al., 2010). Arushanyan (2016) concludes that the production
phase, which here includes also the extraction of raw materials, is usually the
most energy-demanding phase of the ICT life cycle. Prakash et al. (2012)
suggest that the production of a laptop accounts for approximately 56 percent of its total carbon footprint, but emphasize are also other negative effects beyond CO2 emissions. They suggest that replacing an old laptop with
a new one, which is approximately ten percent more energy efficient, can
only be justify environmentally if the new laptop will be used for between 33
and 89 years. However, when it comes to large, industrial grade products
such as servers, the use phase often consumes more energy than the production phase. While more compact devices are usually more energy-efficient in
the use phase, smaller components are often more complex to produce and
consist of larger number of different materials, many of them rare and hard
to come by.

Disposal, recycling and refurbishing
Increased efficiency and speed of ICT products usually implies increasingly
complex material compositions. For example, while a microprocessor in the
1980s consisted of 12 different elements, it is now produced out of as many
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as 60, more than half of all known elements (Löser, 2015).This increased
complexity of ICT products makes them hard to recycle, as the recycling
infrastructure is not keeping up with the fast pace of this development. According to the United Nations Environment Programme (UNEP, 2015), ewaste is one of the fastest growing waste streams in the world. The global
production of e-waste is estimated to be between 20 and 50 million tonnes,
according to Lepawsky (2015). Furthermore, and perhaps more importantly,
only about 20 percent of all e-waste is being properly managed by the developed world, while the rest is shipped to developing countries as “secondhand
goods” for informal recycling (Umair and Anderberg, 2011). Informal recycling practices include for example manual dismantling of motherboards and
printers, burning copper wires and acid bath extraction of gold from processors. These processes have severe effects not only on the environment but
also on the workers due to their exposure to mercury fumes, dioxins and
cadmium dust (Prakash et al., 2011; Umair and Anderberg, 2011). According to Basel Action Network (BAN), the biggest importers of e-waste are
China, Pakistan and India while the biggest exporters are the US, the EU and
Australia. From the US alone, 50 to 80 percent of all e-waste is exported
rather than being recycled domestically (Lepawsky, 2015).
One way of extending the useful life of worn-out equipment is refurbishing. While this is a very understudied area, it can be concluded that only a
very small portion of ICT equipment is actually refurbished (Lennerfors et
al., 2015). Refurbishers, located in the developed world, often sell their
equipment to countries in Eastern Europe and Africa for example since the
demand for second-hand equipment is generally low in the developed world.
While this prolongs the life of ICT products, many of the countries receiving
the refurbished products often lack the infrastructure required to recycle or
repair these products when they eventually break down, and in the end they
either end up as raw material in informal recycling processes or in landfills.

Electricity consumption of ICT products in use
As briefly mentioned in the introduction to this chapter, the first direct sustainability-related effect of ICT to be taken into account was its electricity
consumption. However, this effect was not considered mainly because of the
environmental impact of electricity production, but started as a reaction to
the 1970s oil crises (Fors and Lennerfors, 2018; Hilty and Aebischer, 2015;
Johansson, 2017). It was then pointed out that despite the implementation of
various energy-saving solutions in commercial buildings, energy demand
was still growing because of the increased use of computers (Norford et al.,
1988). In the 1970s, mainframes owned by large corporations accounted for
the majority of the energy consumption from ICT. Personal computers (PCs)
were introduced in the early 1980s, and while such computers consumed less
electricity than mainframes, they were initially used in order to access the
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mainframes. By the end of the 1980s, when PCs were becoming powerful
enough to replace most mainframes, Norford et al. (1988) found that their
power supplies were over-dimensioned, resulting in huge electricity losses.
Another finding that would revolutionize energy efficiency was that devices
in standby mode consumed a substantial amount of electricity, and that better software could improve the energy efficiency of these devices: “The ‘Reduction of Standby Losses’ became in the 1990s the leitmotif for policy activities in the field of ICT” (Hilty and Aebischer, 2015, p. 79).
While the energy efficiency of individual ICT products was increased
drastically during the 1980s and 1990s, we started to see that such efficiency
gains began slowing down in the early 2000s. As the ICT landscape was
changing rapidly, the focus now shifted towards data centers (Hilty and
Aebischer, 2015), i.e. dedicated rooms or buildings exclusively held available for the placement of ICT hardware, usually servers (Schomaker et al.,
2015). In an average data center, the servers themselves account for about 40
percent of the total electricity consumption, while the remaining 60 percent
is used by the uninterruptible power supply (UPS) unit and the cooling system (13 and 32 percent respectively) (Schomaker et al., 2015). Furthermore,
for security reasons, many data centers are mirrored, which means that the
same data exists in at least one other physical location. According to the
EPA, the electricity demand from data centers worldwide would increase
from 60 TWh per year in 2005 to 250 TWh per year in 2017. This would
imply a fourfold increase in only 12 years, and be in line with data center
expert Ian Bitterlin’s assumption that the energy demand of data centers
would double every four years, despite improvements in storage capacity.
Data center energy-efficiency initiatives have traditionally focused on
mainly two aspects, namely the servers themselves and the cooling system.
A major breakthrough in the first area is server virtualization, which is a
software trend that allows the physical server to run several virtual machines
on the same hardware (Schomaker et al., 2015). In a study on server virtualization at the University of California in Santa Cruz, researchers found that
when 54 virtual machines were hosted on eight physical servers, the servers
ran at 70 percent of their full capacity instead of only five percent before the
virtualization project, reducing their peak energy use by 20 kWh (Green
Building Research Center, 2007). Other case studies have been carried out
with similar results (Leja, 2010), and it is argued that server virtualization is
the most impactful, sustainable ICT initiative concerning energy efficiency
since the 1990s. However, as in the case with the heat recovery system discussed in Paper III, this is also an example of how ICT can be postconstructed as Green IT. Although virtualization is a prime example of energy-efficiency improvements within the ICT sector, the underlying motives to
move from dedicated to virtual servers were not mainly environmental but
economical.
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For cooling system efficiency, different strategies are viable depending on
the location of the data center. Examples include hot and cold aisle containments, allowing higher temperatures (thus reducing the need for cooling),
and free cooling (Cho and Kim, 2016). Free cooling requires low outdoor
temperatures, and is used to great effect in northern climes. Another aspect
that is often ignored is how to make use of the excess heat from the cooling
system. Usually, the heated air is simply expelled into the outside air through
the ventilation system, but there are interesting and innovative cases where
the heat is not wasted but used for heating applications through heat recovery systems. One early example, described in-depth in Paper III is Kommundata’s (now Tieto) data center in Älvsjö in southern Stockholm, where
the excess heat was used to heat nearby buildings and the parking lot in the
winter. In another example, studied by Romero et al., (2014), the excess heat
from cooling the Cray XE6 supercomputer at the Royal Institute of Technology (KTH) in Stockholm was used to heat the nearby laboratories. One
drawback with this approach is that heating is only required when the outdoor temperature is below a certain level. However, in a Swiss case, the excess heat from a data center was used to heat a swimming pool, which required heating all year round (Brodkin, 2008). Another feasible way of recovering excess heat is to transfer it to the central heating system. This, of
course, requires a central heating system to be in place, and as the excess
heat is oftentimes not hot enough, it requires additional heating after being
transferred from the data center.
Since the first computer was built in 1946, the electricity required to carry
out a single operation has halved every 19 months on average. This is natural
given the rapid development of ICT products (Hilty and Aebischer, 2015).
However, despite the recent decades’ radical innovations within the area of
ICT energy efficiency, the total electricity consumption of the ICT sector is
still increasing at an alarming pace. A study of Japanese data centers concludes that if their growth were to continue (without efficiency improvements) until 2030, they would consume 100 percent of Japan’s current electricity supply (Bawden, 2016). According to a recent report from Greenpeace (Cook et al., 2017), ICT equipment consumes approximately seven
percent of all electricity produced worldwide, and is steadily increasing despite energy-efficiency initiatives. This is certainly surprising considering
how such initiatives are discursively produced as central for a sustainable
development.

The use of ICT for sustainability purposes
In the previous section of this chapter, an overview of direct environmental
and social side effects of the ICT life cycle has been presented. Naturally, all
technological products have similar problems. However, what makes ICTs
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unique is the rapidly increasing demand for such products, their relatively
short useful life, and their complex material composition resulting in recycling problems and potential geopolitical tensions. However, the complexity
of such technologies can also be beneficial, as they are very versatile
(Börjesson Rivera, 2018). Most technologies are designed for a certain purpose, but ICT products often have a myriad of possible uses, not only including those that they were designed for. This fact has given rise to a discourse
suggesting that ICT products can be used also to promote sustainability.
Such a discourse, driven by many industrial and political actors but also
many researchers, was initially referred to as greening by ICT. Proponents
argue that ICTs have the potential for making areas including agriculture,
healthcare, mobility and manufacturing more sustainable (GeSI, 2015).
Strategies include optimization, dematerialization and the use of ICT to
promote sustainable behaviors and practices (Zapico, 2014). Below, optimization and dematerialization will be discussed and problematized. The remaining two approaches will be discussed in-depth in Chapter 5, as I have
made more explicit contributions to these two approaches in Paper II and
Paper IV.

Efficiency and optimization
The efficiency of a particular system is the relationship between its input (in
terms of resources, energy, money, etc.) and output (in terms of results).
Optimization is about increasing the efficiency of a particular system
(Zapico, 2014). Reports such as Smarter 2030 (GeSI, 2015) and Greener
and Smarter (Mickoleit, 2010) are based on the idea that existing processes
can be made more efficient by allowing for a reduction of input while maintaining, improving or increasing the output. Proponents argue that as ICTs
have always been used for optimization purposes, such as making work, the
production of goods and everyday life more efficient in terms of time and
money (Hilty et al., 2005), they should have the ability to make systems
more efficient in terms of resource and energy use. Examples of such optimization include reducing the use of water and pesticides in agricultural
processes, and reducing the quantities of raw materials or energy when producing a particular product.
However, critical voices have been raised against the strong focus on efficiency and optimization in the conventional sustainable ICT discourse
(Mann et al., 2018). Hilty et al. (2005), for example, argue that while it is
true that ICT can be used as a tool to increase the efficiency of a system, it is
more often used in order to increase the output (i.e. increase productivity)
and not to reduce the input of energy and resources. While this is of course
not undesirable as such, it is a known rebound effect that gains in efficiency
often lead to lower costs and in turn increased consumption (Berkhout et al.,
2000). For example, as Japanese vending machines became more energy29

efficient, it became economically viable to install them in more areas, resulting in a higher total energy and resource consumption of such technologies
(Hilty, 2012). As cars get more fuel-efficient, we tend to drive them more
often (Allenby, 2006), and when Geller et al. (1983) provided people with
water-saving showerheads, they took longer showers. Many researchers have
come to realize that while efficient technology as such can provide many
desirable things, reduced environmental impact is rarely one of them (Hilty,
2012).
Edward Tenner's (1997) book Why Things Bite Back brings up another
interesting thing about the acclaimed efficiency of ICTs. Here he argues that
while ICTs are expected to optimize many time-consuming practices in offices, it often results in employees having to spend more time on adjusting to
updated software, and are suffering from eyestrain, back problems, tendonitis and cumulative trauma disorders. Also, as computers replace secretaries and other administrative functions, white-collar workers often find
themselves doing routine tasks, reducing the time they had available for performing skilled work, leading to deskilling. While we are now more used to
such a technological environment, the assumption that technologies by default lead to different forms of efficiency when applied to a particular context is thus questionable. Similar tendencies were more recently highlighted
by tech-insider Kentaro Toyama (2015) in his book Geek Heresy. Optimization in general can only be considered valuable for sustainability purposes if
one considers technology to be value-free and deterministic. If we agree that
this perspective is not accurate, optimization must be discussed in relation to
a particular sociotechnical context and the practices carried out in that context (Börjesson Rivera, 2018; Røpke and Christensen, 2012). We also have
to consider that technologies are always imbued with values, worldviews and
lifestyles through their design (Whyte et al., 2017), and that they will have a
mediating effect in use (Ihde, 1990; Verbeek, 2005). These issues will be
discussed further in Chapters 4 and 5.

Resource decoupling and dematerialization
According to proponents of optimized, smart systems, ICT plays a crucial
role in decoupling economic growth from resource use and emissions
through dematerialization. Dematerialization is usually described as a special
form of optimization, namely the optimization of resource use in for example a production process (Berkhout and Hertin, 2004; Graedel and Allenby,
2010). However, at least theoretically, ICT not allows only for optimization,
but in some instances for complete dematerialization, where virtual, immaterial products can fully replace physical products. For example, most people
now rarely travel to a physical store to buy a CD or a DVD, but instead they
buy, rent or stream the same media through various online platforms. Weber
et al. (2010) found that the digital distribution of music through downloads is
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up to 80 percent more energy-efficient compared to distribution through
sales of physical CDs. This truly transformative change is only made possible due to the rapid development of ICT. Immaterial products can be multiplied indefinitely and do not require additional resource input for each new
copy (Hilty et al., 2011). Many now argue that we are starting to see decoupling effects, since the rate of resource extraction increased by a factor of
eight over the last decade, while world GDP increased by a factor of 23.
The argument that the economy is dematerializing is, however, an exaggeration. Moberg et al. (2011) studied the environmental impact of reading
physical books contra reading digital books on e-book readers, and came to
the conclusion that if the e-book reader was used very frequently, and
properly produced and recycled, it would be a slightly more environmentally
friendly option than purchasing physical books. Reichart and Hischier
(2001) found that the environmental impact of reading magazines online for
20 minutes results in CO2 emissions similar to the production and distribution of a physical newspaper (given the Swiss electricity mix). Discussions
about dematerialization have become increasingly more complex since the
surge in audio and video streaming from providers such as Spotify, Netflix,
YouTube and Twitch. Video streaming is a tremendous driver of data demand, and the introduction of such services has changed how we consume
audio and video. A recent report from Greenpeace, which received considerable attention from the media, stated that video streaming accounted for 63
percent of global internet traffic in 2015 (Cook et al., 2017). Netflix alone,
which gained much attention in the report for their unsustainable data center
operations, accounts for one-third of the internet traffic in North America.
More importantly, such on-demand services can promote unsustainable consumption practices (Morley et al., 2018). Thus, the environmental gains from
not producing a physical copy are quickly offset by the energy use from the
ICT infrastructure. Andrae and Corcoran (2013, p. 1) further argue that
"there is a strong trend to push electricity consumption onto the network and
data center infrastructure where energy costs are less transparent to consumers". Thus, Cook et al. conclude, renewable energy production needs to be
accelerated if we want to enjoy the benefits of dematerialization bestowed by
ICT.
ICT can also enable what is termed presence dematerialization
(Bigestans, 2014; Goswami, 2014). Here, ICT can provide virtual services
that were previously only accessible from a particular physical location.
Examples include e-commerce, e-banking, videoconferencing and teleworking (Fuchs, 2008). The idea is that providing these services virtually would
decrease the emissions resulting from transportation, which generates a great
deal of CO2 and nitrogen oxides (NOx) emissions. When it comes to teleworking, videoconferencing and other work-related virtual activities, often
termed e-business (GeSI, 2015), the idea is to decrease the need for physical
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travelling. According to GeSI, e-business solutions have the potential of
saving around 165 billion liters of fuel and 105 billion hours of time (sic).
However, many researchers are skeptical about the potential of such practices (Fuchs, 2008). Schallaböck (2003) found that the overall distance for
commuting is still growing, despite increased opportunities for teleworking.
Helminen and Ristimäki (2007) observed that teleworking in Finland has
decreased the need for travelling by 0.7 percent, and similar results were
obtained in the US by Choo et al. (2005). While a slight decrease in workrelated travel can be observed after 2007, there are many well-known rebound effects related to e-business, which risk offsetting any environmental
gains. A study by the Wuppertal Institute for Austria, for example, concludes
that the growing functionality of ICT and access to the services provided by
ICT is correlated with a growing demand for work-related travel (Fuchs,
2008). Fuchs (2008) argues that teleworking does not necessarily imply a
decreased need for transportation, as this practice may produce new contacts
and thus generate the need for future travel. Furthermore, as concluded by
Börjesson Rivera (2018), most people still consider face-to-face meetings
the only “proper” meetings, and not participating in meetings physically is
perceived as reducing the quality of working life. Despite ICTs potential to
decrease the need for travelling, the overall distance travelled with unsustainable means of transportation is increasing globally (Eurostat, 2018).
Dematerialization is also discussed in relation to consumption, often in
terms of e-commerce. According to GeSI, the potential of e-commerce is
primarily to deliver a more sustainable shopping experience, as the customer
is not required to travel to a physical location in order to purchase the desired product or service (GeSI, 2015). Thus, the transaction cost in terms of
emissions, money and time can be decreased. Also, the customer can easily
choose the product or service most suitable for their purposes, and compare
the product with similar products in terms of costs and environmental impact. However, as the customer can more easily compare prices between
different providers, she can afford to spend more money on other environmentally constraining products or services (Börjesson Rivera et al., 2014).
This is effect is known as the direct price effect. Also, e-commerce provides
endless opportunities for consumption, rather than limiting these opportunities to the time spent in a particular shop.

Critiquing sustainable ICT
As noted by Feenberg (2003), scientific-technical rationality has become a
new culture in mature modern societies, largely replacing other dominant
belief systems. Also, “efficiency serves as the unique principle of selection
between ... technical initiatives” (Feenberg, 2003, p. 51). Computing in general has traditionally been seen as a technological area of expertise, imbued
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with a strong technicism, where ICT is seen as a force that could and should
be used in order to develop and benefit society. From this perspective, it is
not surprising that sustainable ICT often becomes a question of efficient
technology and resource- and energy-optimized processes, where waste and
resource use are to be minimized while the output is adapted to our needs by
technological experts. Within technical research fields in general, the focus
is often put on the development and implementation of technological systems, marginalizing social, “contextual” aspects (Kvasny and Richardson,
2006; Orlikowski and Baroudi, 1991).
As I have suggested in the introduction to this comprehensive summary,
with few exceptions, research on computing in general and on sustainable
ICT tends to be grounded in a positivistic paradigm (Kreps, 2018), and based
on reductionist assumptions of humans as independent and rational, technology as instrumental or deterministic, and sustainability as resource management through systems optimization. Hilty and Hercheui (2010) note that
sustainable ICT is suffering from technological determinism, and although
researchers acknowledge the negative sides of ICT development and use,
they tend to focus on the optimistic narratives, which in this case implies
greening by ICT (Lennerfors et al., 2015). Zapico (2014) further suggests
that, despite the fact that sustainability is a normative concept building on
ideas such as justice, equity and responsibility, research on sustainable ICT
focuses greatly on easily quantifiable aspects, leading to “data blindness”,
rather than on the sociocultural aspects of the phenomenon. According to
Lindahl (2015) it is often assumed among researchers, practitioners and policymakers that sustainability and technology insensitivity must be achieved
simultaneously, even though ICT development is part of consumer culture
with its negative impact on the environment. Bull (2014, p. 22) suggests that
although optimized technologies can certainly result in energy savings, the
development of such technologies, “be it in buildings, transport or cities,
presents a business ... opportunity to simply sell more stuff!” Mercer (2004,
p. 49) concludes that within ICT4D, there is a strong belief that “ICTs will
strengthen civil society by giving voice to the poor and marginalized, widening popular participation, and encouraging information-sharing and alliancebuilding”. However, she argues that technology transfer has thus far resulted
in a wider gap between social classes rather than the opposite. As recently
highlighted ICT4D researcher Unwin (2017), the emergence of disruptive
technologies such as mobile phones and social media is discursively produced as an opportunity for positive change in developing countries, while
the expansion of ICT in peripheral areas has in reality often increased inequalities and benefitted the producers of such technologies much more than
it has the general public. This goes in line with Marx’s ideas that technological development first and foremost benefits a powerful minority in an unequal economic system. In combination with the above-mentioned rebound
effects of ICT for sustainability purposes, it is safe to say that while ICTs
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certainly has the potential to contribute to sustainability, we need to adopt a
more critical stance in order to understand in what way or ways.
During the latter stages of the 20th century, we started to recognize an embryo of a critical turn within IS and related fields (Howcroft and Trauth,
2004), which has
very deliberately set itself against the technical approach of computing, seeing itself, to a large extent, as on the organizational and social science wing,
and this suggests that it offers much more scope for a richer theorization”
(Richardson et al., 2006, p. 268).

Broadly speaking, critical approaches aim not only to understand and explain
the world, like traditional approaches, but also to change it (Horkheimer,
1972). Adorno (2005, p. 73), hailing from this research tradition, explains
that nothing should be taken for granted or be seen as objective, and one
should never simply accept that “life’s like that” when conducting research.
Critical perspectives thus aim to unveil conventional assumptions and understandings and build alternatives (Breit et al., 2015). While critical research is
often associated with the tradition of the Frankfurt School, many scholars
have adopted a more loosely defined perspective. Fournier and Grey (2000),
for example, see a critical approach as something that defamiliarizes us with
our taken-for-granted world. As put by Feenberg (2003, p. 15), critical perspectives on technology can open the way for “greater participation in decisions about design and development ... issues that were formerly viewed as
the exclusive preserve of experts”.
Unfortunately, while such perspectives are becoming more popular within
IS, they are less common within fields such as ICT4S, despite being described by Hilty and Aebischer (2015) as a potentially critical field. By taking a quick look at the Proceedings of the 5th International Conference of
ICT4S, which took place in Toronto in May 2018, some clear tendencies can
be revealed. Many studies put their focus on certain physical or digital ICT
artifacts or systems, and aim to mitigating the environmental impacts of existing systems or artifacts through optimization. One contribution, however,
stands out. Mann et al. (2018), in their paper Shifting the maturity needle of
ICT for Sustainability, present a critique of the current discourse within the
field. Here, they highlight the above-mentioned tendencies in research interested in sustainable ICT, and share their view that most research is focusing
on “optimizing major unsustainabilities” (Mann et al., 2018, p. 222) and
“incremental improvements ... almost entirely in one area: energy efficiency” (Mann et al., 2018, p. 216). Research within ICT4S thus tends to underpin business-as-usual, rather than aim for transformative, and sustainable,
change.
I see this disinterest in critical perspectives within sustainable ICT as deriving from mainly two problematic aspects. First, such research tend to be
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critical towards their “unsustainable” counterparts, i.e. computing, rather
than towards their own practices and the assumptions and understandings on
which they are built. Similar critique has been presented within sustainable
entrepreneurship by Skoglund (2017b). This means that they tend to rely on
cornucopian assumptions of efficiency and growth, not unlike those of conventional computing research (Nardi et al., 2018), rather than to question
these assumptions and find relevant alternatives. Second, I see this disinterest as deriving from a simplified perspective on the sustainable and how the
technological and the social relate to it. Most research on sustainable ICT
tends to adhere to a quite narrow definition of sustainability, which is often
boiled down to resource and energy management (Brynjarsdóttir et al.,
2012). While this reductive tendency alone is alarming, not least for scholars
interested in sustainability, they also tend to individualize these issues, seeing them as complex, but solvable, problems (Bendor, 2017) for individual
“consumers” (Kreps, 2018). This tendency is perhaps most evident within
fields interested in sustainable ICT design, where persuasive approaches
have been dominant for the past decade (DiSalvo et al., 2010), and sustainable ICT entrepreneurship, where the responsibility is put on individual entrepreneurs acting in a competitive environment. Such a strong focus on individual action risks obscuring aspects requiring more radical and transformative change (Brynjarsdóttir et al., 2012; Mann et al., 2018) through collective
action. Third, the concept of sustainable development, which is institutionalized and largely uncritically adopted in research on sustainable ICT, albeit in
a reductionist fashion, is problematic, since it is imbued with underlying
values and ideologies that can prove counterproductive if we want to understand the role of ICTs for sustainability.
Fuchs (2008) suggests that technologies have been turned into destructive
forces through design when mobilized by social forces. This reasonable,
albeit slightly simplified, assumption implies that technological knowledge
alone cannot underpin research on sustainable ICT if we want to change how
technologies are designed and mobilized. While approaches underpinned by
scientific-technical rationality can bring optimized technological systems,
such systems are irrelevant are they not placed in a context other than the
current techno-economic status quo; a status quo that such approaches have
no intention of changing. I argue that because of this, the development of
theories for sustainable ICT research should focus less on seeking technological breakthroughs or on models of adoption of existing technologies, and
more on understanding how we organize ourselves in relation to our natural
and artificial surroundings in order to address sustainability problems. Conventional methods, such as LCA and other quantitative and technically oriented methods, should certainly be used as complements, but what we need
to see more of are theories and methods from the social sciences and philosophy, allowing for a more critical and problematizing approach. Unlike more
technology-centered perspectives on sustainable ICT, such research cannot
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produce seemingly unambiguous answers to technological problems. Neither
can it produce technological breakthroughs that enrich our lives directly.
However, as Feenberg (2003) notes, even in a society that sees the technological as the foundation for its existence, technological knowledge and
know-how itself cannot help us understand our living with and through the
technological aspects of our world. In a sense, such knowledge cannot help
us understand ourselves.
Recent research initiatives, not least within the emerging field of LIMITS,
are criticizing the way conventional research on computing is carried out in
relation to sustainability. Pargman and Raghavan (2014) suggest that research on sustainable ICT, and SHCI in particular, rarely adhere to a meaningful definition of sustainability. Nardi et al. (2018) suggest that researchers
and practitioners within computing often assume that the current trajectory –
of increased speed and growth – will continue indefinitely. This historical
trajectory has resulted in a cornucopian worldview
where the design of new services stimulates demand, which drives growth of
increased infrastructure capacity, which then cycles back to enable the design
of new services in a self-perpetuating cycle (Nardi et al., 2018, p. 88).

They draw on ecological economics and the concept of planetary boundaries
(Rockström et al., 2009) to ask questions related to how computing can help
increasing the well being of people without exceeding ecological limits.
Daly’s ideas of a steady-state economy, which will be described more indepth in the following chapter, are particularly influential for such research.
Daly suggests that economic growth is merely about (unequal) quantitative
progress and not qualitative, and that qualitative progress that can occur
without economic growth should be encouraged. They are also interested in
the future, which they argue should not be seen as determined by the current
growth paradigm. Instead, many different possible futures exist that scholars
need to take into consideration, and this will be a central focus of this thesis.
However, futures (as well as pasts, see Paper III) are malleable, meaning
that an unsustainable status quo can be changed (Mann et al., 2018), and
ICTs and their related practices certainly play an important role here, as emphasized by Börjesson Rivera (2018). As I will make clear in the following
chapters, sustainable ICT design and entrepreneurship practices should not
only strive towards a “more efficient business as usual” (Mann et al., 2018,
p. 217), or towards balancing the tradeoff between profits and “green aspects”, but for societal transformation by the redirection of practices, and by
producing politically charged discourses about our relationships with each
other and with nature (Fry, 2011). This means that we need new theoretical
underpinnings of sustainable ICT design and entrepreneurship, based on a
more nuanced understanding of the relationship between technology, the
environment and socio-political, cultural and economic aspects. This, how36

ever, requires sustainable ICT researchers to pay more attention to the social
aspects of such phenomena.
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Chapter 2: Methodology

This chapter is mainly concerned with the methodology of the papers included in this compilation thesis, but will also briefly mention the research methods used. The methodological approach that unites the majority of the papers
included in this thesis and this comprehensive summary is problematization
(Alvesson and Kärreman, 2007; Alvesson and Sandberg, 2013; Locke and
Golden-Biddle, 1997; Sandberg and Alvesson, 2011), which refers to a way
of unveiling and challenging the assumptions and understandings of a particular phenomenon within a domain of literature or practice. Such an endeavor opens the way for the development of theories and concepts of, and
approaches to, sustainable ICT, based on different assumptions and understandings. The fields and disciplines from which I draw inspiration for the
development of different theories, concepts and approaches are generally the
social sciences and the humanities, and range in this thesis from philosophy
and sociology to political ecology and post-colonial studies.
Theory, in its most general sense is understood as a systematic body of
knowledge about a particular studied phenomenon (Saunders et al., 2015).
Concepts, on the other hand, refer to abstractions of a particular phenomenon. When we conceptualize entrepreneurship as care practices in Paper V
for example, we aim to provide an abstraction of particular entrepreneurial
phenomena, namely the practices sustainable entrepreneurs engage in. When
we develop a theory of entrepreneurial care, this implies a broader framework that includes a set of concepts, such as care practices and private
sphere traits. I see theories and concepts, but also the assumptions and understandings on which they are based, as potentially beneficial for providing
us with ways to figure out what is going on “out there” (Alvesson and
Kärreman, 2007, p. 1265). Thus, theories and concepts should be useful, in
the sense that they should articulate what is happening in our worlds, and
reinforce what is important (Laaksoharju, 2014). However, and perhaps
more importantly, they also play a central role in producing a particular version of the world and the phenomena in it. This is derived from the fact that
research processes as such constitute a constant (re)construction of the studied phenomena through interactions with and interpretations of actors and
practices, creating images of this reality for oneself as a researcher and others through the creation of theories and concepts (Alvesson and Kärreman,
2007).
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Although all papers engage in problematization, two main distinctions
can be made. A first distinction can be made between papers that use a case
study approach and include empirical material collected by the researcher
(Paper III and Paper V) and papers that are purely conceptual (Paper I, Paper II, Paper IV) and engage only with secondary empirical sources. In the
papers where empirical material collected by the researcher is used, two case
studies have been carried out, where methods including interviews, participant observations and archival and document studies have been used. The
material collected here is not mainly used to prove a hypothesis true or false,
nor for bottom-up theory building (Glaser and Strauss, 1967), but for the
purpose of generating and illustrating new theoretical and conceptual insights in an abductive manner (Dubois and Gadde, 2002; Peirce, 1978). A
second distinction can be made between papers aiming to propose new theoretical conceptualizations and normative approaches (Paper II, Paper IV),
new methodological approaches (Paper III, Paper I), and one paper combining these two approaches (Paper V).
This chapter is structured as follows. First, I discuss the most general
thing about all papers included in this thesis, namely the problematization of
sustainable ICT, and the development of new theories, concepts and approaches. Second, I describe how I relate to the empirical material, and how
the empirical material relates to the overall aim of problematization. In this
context, I also discuss the role of case studies for my research. An assessment of the lessons learned from such an approach is discussed in Chapter 7,
where I aim to address the value of problematization for research on sustainable ICT.

Problematization
According to Sandberg and Alvesson (2011) and Alvesson and Sandberg
(2013), an obstacle to overcome for research aiming to develop interesting
and relevant theories and concepts is the preoccupation with research gaps.
They argue that the most common way of designing a study is by addressing
gaps in the literature, i.e. gap spotting. There are three different modes of
gap spotting, namely confusion, neglect and application spotting (Sandberg
and Alvesson, 2011). The first is engaged with searching for contradictory
evidence within a certain research area. In this case, research on the topic
exists, but the evidence seems contradictory or confusing. The second, and
arguably most common mode of gap spotting is engaged with identifying,
often narrow, topics that have been neglected within the said research area.
The third, then, is engaged with finding phenomena that have not yet been
studied using a particular method or theoretical framework. There are also
combinations of the three modes.
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One problem with this overemphasis on research gaps, and why it has to
be overcome, is that it rarely emphasizes the point of filling such a gap, resulting in insufficient motivation for new research (Gustafsson and
Hagström, 2018). It also under-problematizes the relationship to previous
research. More importantly, however, is that it seldom attempts to challenge
any underlying assumptions and understandings of the dominant theories or
methodological approaches, but rather reinforces them, which leaves little
room for extensive rethinking of existing theories (Sandberg and Alvesson,
2011). If we want to develop new theories that build on previous knowledge,
but which arrange this knowledge in ways that unveil contradictions, tensions or paradoxes (Poole and Van de Ven, 1989), it is necessary to introduce new perspectives. According to Sandberg and Alvesson (2011), a reasonable alternative in such cases is problematization.
The way in which problematization has been used methodologically in
the papers included in this thesis is mainly inspired by Sandberg and Alvesson (2011), Alvesson and Kärreman (2007) and Alvesson and Sandberg
(2013). While these scholars cite Foucault, who coined the concept, their
understanding diverges slightly from Foucault’s descriptions. They see problematization as a research methodology aiming to “disrupt the reproduction
and continuation of an institutionalized line of reasoning” (Sandberg and
Alvesson, 2011, p. 32) by taking something that is discursively construed as
good or neutral, such as sustainable ICT or sustainable entrepreneurship, and
to turn it into something problematic. Thus, while their conceptualization is
arguably closer to later interpretations of Foucault than to Foucault himself
(Lemke, 2012), for Sandberg and Alvesson (2011) problematization does not
entail identifying a problematization (seen as a result of a configuration of
various social processes), but to show how a set of assumptions and understandings are problematic in a particular field, and to imagine how and to
what extent it is possible to produce new assumptions and understandings by
restructuring what is known. Thus, problematization can create “critical insights and new ideas of a more radical character” (Sandberg and Alvesson,
2011, p. 33). As “critical questioning and reflexivity is possible only when
the most basic and fundamental assumptions are brought out into the open”
(Jones and ten Bos, 2007, p. 36), problematization is a methodology generally applicable to most critically oriented social science studies aiming to produce interesting new theories (Alvesson and Sandberg, 2013; Sandberg and
Alvesson, 2011).
However, while problematization unveils and challenges problematic assumptions and understandings, and opens the way for the development of
interesting new theories, concepts and approaches, it does not present any
clear answers to how such theories, concepts and approaches should be developed. Instead, problematization “[points] out the need and possible directions for rethinking and developing ... theory” (Alvesson and Kärreman,
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2007, p. 1266). In a sense, it is only a first, but crucial, step towards the development of new and interesting theories, concepts and approaches.

Theory development for sustainable ICT
Generally, there are two ways of developing new theories and concepts after
a phenomenon has been problematized, namely through purely conceptual or
through empirically grounded research. Traditionally, many scholars have
argued that empirical material plays no systematic role in the development of
theories. Popper (2002, originally published in 1934), for example, compared theory development through empirical enquiries with “guesswork”,
and sees unjustified and unrefuted theories as “conjectures”. However, as
stated by Alvesson and Kärreman (2007), contemporary research tends instead to overplay the importance of the empirical material – or data – relying
on what the data says. In the remainder of this chapter, I discuss my relationship to the empirical material and how the empirical material has been
mobilized in order to develop new and interesting theories of sustainable
ICT related phenomena.
According to Eisenhardt (1989), theory development should aim to develop or refine theories so that they “mirror” an empirical reality. If there is
no perfect fit between the theory and the “reality”, the theory needs to be
refined or modified, or there is a need for completely new theories. However, according to Alvesson and Kärreman (2007), this way of perceiving theory makes little sense when trying to unveil and challenge assumptions and
understandings through problematization. Rather, since nothing speaks for
itself within the social sciences (Denzin, 1994), the empirical material
should never be perceived as “‘pure data’ or uninterpreted ‘facts’” (Alvesson
and Sköldberg, 2000, p. 3). The empirical material is always infused with
theory (Alvesson and Kärreman, 2007), and the research process, including
the collection and analysis of the empirical material, is permeated by selective perception and cultural and linguistic aspects among other things
(Alvesson and Sköldberg, 2000). Based on this assumption, Alvesson and
Kärreman (2007, p. 1265) emphasize the potential for mobilizing qualitative
empirical material to encourage critical reflection: “to enhance our ability to
challenge, rethink, and illustrate theory”. When engaging in conceptual development through empirically grounded research, I thus aim to mobilize the
material as a dialog partner (Alvesson and Kärreman, 2007), alongside theories and contributions from previous research within the field, and from philosophy and the social sciences. When aiming for conceptual development
without relying on empirical material collected by me, or first-hand engagement with the particular phenomenon in study, I am engaging with the world
through the eyes of other researchers. Similarly, their interpretation of a particular phenomenon and of the world, as described in various scientific texts,
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are understandings and assumptions infused with values and ideologies that I
aim to unveil and challenge. Thus, while there is a distinction between my
empirically grounded papers and my purely conceptual papers, there is always a problematizing aspect, whether this problematization aims to unveil
and challenge aspects of what respondents say and do, or whether it aims to
identify the ways in which these sayings and doings have been interpreted by
other researchers. While emphasizing the importance of empirical engagement, I argue that “armchair theorizing”, or “speculative thinking” (Alvesson
and Kärreman, 2007) certainly also has a place in sustainable ICT research,
especially as a way of suggesting approaches and theories for future empirical studies, in particular since, as Poole and Van de Ven (1989, p. 564) suggest, theory development is first and foremost a “discursive enterprise”.
As briefly mentioned above, developing theories and concepts of sustainable ICT after the phenomenon has been problematized requires one to draw
on knowledge and ideas not conventionally taken into serious consideration
within related fields. While such knowledge and ideas are generally marginalized in favor of purely technical knowledge, problematization requires me
to draw inspiration from the social sciences and humanities. Such knowledge
and ideas more openly allow for reflection on assumptions and understandings that are often taken for granted, in particular assumptions related to
rational modernity (Feenberg, 2003). Weick (1989, p. 524) suggests that “the
contribution of social science ... lies in ... the suggestion of relationships and
connections that had previously not been suspected”. Concerning philosophy, Jones and ten Bos (2007, p. 14) suggest that it “is a matter of interruption, of breaking open familiar universes of understanding and practice”, and
“stimulates awareness and ... a new way of thinking about a problem” (Jones
and ten Bos, 2007, p. 148).

Relation to the empirical material
A common distinction is often made between two different forms of scientific reasoning, namely deductive and inductive. Deductive reasoning is often described as a top-down approach, where theories are narrowed down to
a set of hypotheses that can be tested, verified or found to be false. Here, one
starts off with the theoretical conceptualizations and empirically test these in
a real-life setting. In the social sciences, however, especially empirically
oriented, inductive reasoning is arguably more common, but often used in
combination with deductive reasoning. Inductive reasoning starts off from
empirical observations of different phenomena, observing patterns and regularities, and proceeds to make generalized claims about these phenomena. In
grounded theory (Glaser and Strauss, 1967), where such an approach is
adopted, the research situation is approached without being constrained by
previously developed theoretical conceptions, and systematically generates
theory from the empirical material.
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Abduction – often described as an alternative to or, perhaps not very accurately, a combination of deductive and inductive reasoning – was popularized by Peirce (1978, p. 216), who described it as “the process of forming an
explanatory hypothesis”, which is “the only logical operation which introduces a new idea”. This kind of reasoning starts off with a set of observations, and seeks to find the most likely explanation using previous
knowledge and imagination. According to Pierce (1978), this process consist
of three steps:
(1) the application of an established interpretive rule
(2) the observation of a surprising—in light of the interpretive rule— empirical phenomenon, and
(3) the imaginative articulation of a new interpretive rule that resolves the
surprise (Alvesson and Kärreman, 2007, p. 1269).

In research that explicitly uses abductive reasoning, such as the empirical
papers included in this thesis (Paper III and Paper V), an original theoretical
framework is chosen and relied on throughout the process, but the framework is continuously adjusted, refined and modified as a result of both empirical and theoretical insights (Dubois and Gadde, 2002). Here, the researcher is advised to enter the research situation with some technical
knowledge (Corbin and Strauss, 1990), but there is no need to do extensive
literature reviews of different theoretical conceptions prior to the empirical
encounter. In fact, doing so may obstruct the theory development process, as
she is then constrained by theoretical pre-conceptions. Instead, this approach
is based on the idea that the researcher moves “back and forth” between the
empirical material and different theoretical conceptions of the studied phenomenon (Dubois and Gadde, 2002, p. 555). Such an approach, according to
Dubios and Gadde (2002, p. 559), creates a “fruitful cross-fertilization” of
empirical understandings and theoretical descriptions or models, where “established theoretical models and new concepts [can be derived] from the
confrontation with reality”.
An abductive and problematizing approach to the empirical phenomenon
has been applied in both Paper V and in Paper III. In Paper V, our empirical
observations inspired our theoretical approach and vice versa, but the longitudinal case (Yin, 1981) presented in the paper is there mainly for illustrative
purposes. In Paper III, we aim to show that methodological and theoretical
approaches used in organization studies could prove useful in disciplines
interested in issues related to sustainable ICT. Thus, the case is not used to
highlight or develop a certain theoretical approach, but a methodological
one.
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A case study approach
According to Creswell (2013, p. 97), a case study is a study of a “real-life,
contemporary bounded system”, e.g. an organization, “or multiple bounded
systems ... over time, through detailed, in-depth data connection involving
multiple sources of information”. Traditionally, researchers have argued that
case studies should only be used at the exploratory stages, as they mainly
lead to unconfirmable conclusions. Weick (1969), for example, argued that
case studies are too context-specific and not very useful for generalizing
phenomena. All social settings are different, ever-changing and evolving,
and because of this, case study approaches risk producing unsustainable
research results according to Weick (1969). However, over the years, this
conception has changed dramatically. Weick (1979, p. 37, cited in Dubois
and Gadde, 2002), in the second edition of the book mentioned above, found
that case studies could be surprisingly effective, as they allowed for “interpretations specific to situations”. This allows researchers to see if and how a
particular phenomenon was inherently linked to the context in which it occurred. The perceived weakness of the case study approach thus became one
of its main strengths (Dubois and Gadde, 2002). More importantly, the case
study approach has proven valuable not only in the exploratory stages of
research, but also as a method for theory development.
Dubois and Gadde (2002) suggest that both deductive and inductive empirical approaches assumes the case study to be a linear endeavor, going
either from theory to empirical data or the other way around. They propose
instead an abductive approach to the case study, which has been the favored
approach also in this thesis. The research situations have been encountered
with knowledge about conventional theories and methods, but without aiming to find a perfect fit between theory and an observed “reality”, through
either adjusting the theory to “reality”, or trying to explain “reality” in the
light and vocabulary of a predetermined theory. Instead, empirical and theoretical insights have been combined in order to contribute to a better understanding of the studied phenomenon and to theory development. Weick
(1979) also suggested that case study research should aim to maintain a close
relationship between case descriptions and theoretical conceptualizations. As
suggested by Dubois and Gadde (2002, p. 555), “investing in theory improves the explanatory power of case studies”. Thus, while empirical insights have been useful in developing theories and approaches, the papers
included this thesis are mainly conceptual.
Dubois and Gadde (2002) suggest that the approach outlined above is
more useful for the “refinement” of existing theories, i.e. extending or
changing them, than for the development of new theories. While I can see
why they would make this claim, it is based on the assumption that a particular theoretical framework is developed and suitable only to describe a particular phenomenon. In my research, I often rely on theoretical conceptions or
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frameworks that originate from other disciplines, and modify them in order
to be useful for the studied phenomena within another. An example is in
Paper V, where a framework from the ethics of care is used to describe sustainable entrepreneurship. Here, the proposed research methodology is used
in order to develop a theory that is new, and to propose a methodology that
is marginalized within sustainable entrepreneurship studies, but builds on
assumptions and understandings from the ethics of care, which is wellknown within ethical theory. Thus, such an approach requires prior understanding and knowledge of the theoretical framework drawn on, while it can
turn “conventional wisdom and assumptions upside down by challenging old
beliefs” (Campbell et al., 1982, p. 21).

Summary
Generally, sustainable ICT tend to be grounded in a technicist and positivist
research paradigm (Kreps, 2018), generally relying on uncritical and reductionist conceptions of the technological, the social and the sustainable and
how these abstractions are related. To counteract these tendencies, I suggest
a critical methodology where assumptions and understandings are unveiled
and challenged, aiming to produce fruitful alternative theories, concepts and
approaches. Such a methodology is suitable not only for empirically grounded research, but also for conceptual research, as neither empirical material
nor theoretical conceptions are seen as a mirror to a “reality” (Eisenhardt,
1989), but as dialog partners in the discursive activity that is theory development.
In the following chapter, based on Paper I, I aim to problematize the
dominant, and within sustainable ICT, institutionalized discourse of sustainable development, in order to open the way for new ontological and ideological groundings for sustainability within sustainable ICT.
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Chapter 3: The sustainable in sustainable ICT

This chapter is concerned with the concept of sustainability, and in particular
the dominant sustainability discourse of sustainable development, which is
institutionalized within research on sustainable ICT, and thus influences how
the sustainable is conceptualized here. Often, sustainability and sustainable
development are concepts used interchangeably. However, as I will show in
this chapter, sustainable development is imbued with underlying values and
ideologies and contributes assumptions and understandings that can prove
counterproductive for sustainable ICT research. The implications of adhering
to such a discourse for sustainable ICT research and practice include contributing to maintaining, rather than breaking loose from, an unsustainable
status quo. I thus suggest that sustainable ICT researchers should either be
more critical of the institutionalized discourse, or adhere to alternative sustainability discourses.

Sustainable development
Sustainable development is often described as an assemblage of complex
and interrelated social, economic, technological and environmental issues.
The concept itself is often recognized as having its origins in the 1972 UN
Conference on the Human Environment, and its underlying assumptions and
understandings are conventionally traced back to the environmental movement and important research contributions in fields such as environmental
science, economics and ecology in the 1960s and 1970s (Boulding, 1966;
Carson, 2002; Daly, 1991; Ehrlich, 1971; Meadows et al., 2012; Trisoglio,
1996), which eventually led to the founding of environmental organizations
such as Greenpeace. The term itself was coined in the early 1980s when
Lester Brown (1981), one of the creators of Worldwatch Institute, introduced
it in his book Building a Sustainable Society, and the International Union for
Conservation of Nature and Natural Resources (IUCN, 1980) in cooperation
with the UNEP and the World Wildlife Fund (WWF) used it in their groundbreaking report entitled World Conservation Strategy: Living Resource Conservation for Sustainable Development. While these publications gained
much recognition within certain fields, the concept was not institutionalized
until after the World Commission on Environment and Development
(WCED) released Our Common Future, also known as the Brundtland Re47

port, in 1987. The commission, led by Gro Harlem Brundtland, gave the
concept its well-known definition, which is still used and relevant today:
Sustainable Development is development that meets the needs of the present
without compromising the ability of future generations to meet their own
needs (WCED, 1987, p. 41).

Arguably, the concept of sustainable development has helped popularize
environmental and social concerns globally and has given rise to a whole
new political and scientific discourse driven not only by researchers and
politicians, but also industrial actors and the general public. It has raised
important ethical considerations regarding the relationship between humans
and the environment (Sneddon et al., 2006), and has provided influential
actors with a common language and foundation for discussions.
However, the concept of sustainable development is controversial. While
the environmental discourse before sustainable development had been dominated by a preservationist stance, emphasizing limits on economic and population growth (Daly, 1991; Meadows et al., 2012) due to physical constraints
(Boulding, 1966) and to prevent biodiversity loss (Carson, 2002), the discourse after the Brundtland Report was not. Rather, sustainable development
emphasizes sociopolitical and distributional issues, and is less inclined to
suggest drastic societal transformations (Robinson, 2004).
Sustainability issues are complex on many levels and often involve different stakeholders with very diverse worldviews and motives, and sustainable development is often described as a “wicked problem”. The lack of consensus is pronounced, in part due to the complexity of sustainability-related
issues (Trisoglio, 1996), but also because of the compromises that have been
necessary to “get everyone onboard” the sustainability bandwagon. Clearly,
different groups mean very different things when they say that they are in
favor of sustainable development (Eden, 1994; Norgaard, 1994). According
to Castro (2004), the definition presented in the Brundtland Report “reflects
a political compromise between growth and environmental sustainability that
the pro growth delegations at the United Nations could accept.” (p. 196).
Lélé (1991) argues that sustainable development is a “metafix” that unites
everyone from the profit-minded industrialist to the equity-seeking social
worker and the vote-counting politician. Evernden (1993) criticizes the
mainstream environmental movement for participating in a discourse on
sustainability very much defined by the industry. While some argue that the
vagueness of the concept preserves “discretionary flexibility and contextual
adjustability” (Gibson, 2002, p. 5), it also opens the way for creative interpretations and hypocritical use of sustainable development language, in order to promote unsustainable activities (Robinson, 2004), i.e. greenwashing.
Escobar (2011) argues that it is clear that sustainable development amounts
to no more than a slightly more sustainable unsustainable status quo.
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We are certainly making some progress. The under-five mortality rate has
dropped by almost 50 percent between 2000 and 2016, and the proportion of
the world’s population with access to electricity has doubled during the same
time period, for example (UN DESA, 2018). But regardless of how we define sustainable development, we have yet to see the necessary, radical,
transformations required in order to sustain a livable world for current and
future generations of humans and non-humans. In 2011, during the UN Climate Change Conference in Durban, Canadian college student Anjali Appadurai summarized the paralyzed state of the global sustainable development
movement by stating that: “You have been negotiating all my life. In that
time, you have failed to meet pledges, you have missed targets, and you have
broken promises” (Klein, 2014, p. 11). While the world is changing rapidly,
it is not only changing for the better (Blewitt, 2015). The main drivers of
environmental degradation, energy and material use, have burgeoned (Sneddon et al., 2006), inequalities between rich and poor countries have increased, and ultra-high net worth individuals hold an astoundingly disproportionate share of the global wealth. In 2013, it was estimated that the level
of CO2 in the atmosphere had increased by over 60 percent since 1990.
While we could see a small decline in CO2 emissions in 2009, attributable to
the 2008 financial crisis, emissions have increased steadily, along with the
output of words pledging to lower them (Klein, 2014). In the annual Global
Carbon Project Report, it was recently discovered that the global CO2 emissions continued to grow in 2018, despite assumptions that they would stagnate. The report Living Planet (2018) from WWF, while disputed, suggests
that between 1960 and 2018, approximately 60 percent of all species have
become extinct. A special report from the Intergovernmental Panel on Climate Change (IPCC) suggests that a 1.5 C° warming could be reached as
soon as 2030, and that a warming above 2.0 C° is very likely and will most
certainly have severe consequences for all life on Earth (Masson-Delmotte et
al., 2018).

Critiquing sustainable development
In this section of the chapter, I present a critique of the mainstream sustainable development discourse promoted by dominant industrial and political
actors, but also adhered to by many researchers on sustainability issues, not
least in fields interested in sustainable ICT. As such, it is not a fully comprehensive critique, but aims to focus on the aspects most relevant for sustainable ICT research and practice. I want to highlight why certain ideas related
to techno-economic growth and expansion have become hegemonic narratives within this discourse, and the implications of such narratives for sustainable ICT research.
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The ideological roots of sustainable development
In Encountering Development, the Colombian-American anthropologist
Arturo Escobar (1994) argues that the formulation of sustainable development was influenced by the development planning discourse, which has a
strong colonial and imperialist heritage. He pinpoints Harry S. Truman’s
speech on January 10th, 1949, concerning a “fair deal” for the entire world,
as a starting point for the modern development planning discourse. In his
speech, Truman addressed the economic and social problems in large parts
of the world, especially in Africa, South America and Asia. The solution he
proposed, simply put, would be to transfer the American way of living, technical expertise and economic system to the “undeveloped” parts of the
world. According to Escobar (1994) and Illich (1981, p. 3), this initiated a
new paradigm for the management of “the less economically accomplished
countries of the world”, or the Third World, by the West. The means by
which this would be accomplished spelled high levels of industrialization
and urbanization, the technicalization of agriculture, the rapid production of
material wealth and the adoption of modern educational and cultural values
(Escobar, 1994). Development planning initiatives thus aimed to directly
translate Western development patterns into Third World contexts, while
ignoring alternative patterns that were not in line with the dominant Western
worldviews, resulting in a “marginalization and disqualification of nonWestern knowledge systems” (Harding, 2011, p. 279). Escobar (1994) suggests that the dynamics of Western discourses and power through such policies shaped the social reality of those who became the subjects of development intervention. He is inspired by Said (1978), who saw how colonized
populations were essentialized and othered by colonizers, where differences
were exaggerated in order to produce a controlling master narrative. According to Escobar (1994) development planning was a similar means of bringing
“abnormalities” into line. These endeavors were governed by the same underlying principles and both served as efficient apparatuses for producing
knowledge about and exercising power over the Third World. As summarized by Fry (2017, p. 49), “the world of the South has in large part been an
ontological designing consequence of the Eurocentric world of the North”.
Despite the assumption that economic growth and technological development in Third World countries would lead to trajectories of development
similar to those in a Western context (Chakrabarty, 2000), it led to very different development paths in different contexts. Not only because these social
contexts diverge in terms of their basic structure, but also because different
societies cannot be assumed to move along the same broad trajectory of development. As pointed out by Chibber (2013, p. 17), “Western theories cannot be grafted onto Eastern realities”, as political actors are motivated by a
different set of concerns in the Third World than they are in the West, the
power relations produced by Western capitalism were unlike the power rela50

tions capitalism generated elsewhere, and the laborers that had to drive this
economic development were motivated by very different needs and values
than Western laborers, e.g. the community, religion and honor, rather than
by individualistic and material interests (Chakrabarty, 2000).
Escobar (1994) suggests that while development planning to a large extent failed to achieve its purposes because of this, even successful initiatives
turned out to be problematic, since they construed the very realities of Third
World populations, and decided the terms for how these people could and
should live, “robbing people of different cultures of the opportunity to define
forms of their social life” (Esteva, 1992, p. 9), thus destroying common culture and identities. Banerjee (1999) further argues that problems related to
environmental aspects escalated with such projects, as conflicts between
indigenous people, poor farmers and peasants on one side, and corporate and
governmental interests on the other arose.
Hornborg (2001) suggested that there was an existential space for radical
criticism in society during the 1960s and the 1970s, with a faith in the capacity of collective social movements. There was widespread concern about the
growth of industrial sectors at the expense of the global environment and
non-industrialized countries. These movements saw the need to regulate
resource use and to decrease or stabilize economic and population growth
(Castro, 2004). In the 1980s, however, the radical discourses concerning the
environment and social inequalities changed drastically, in particular since
the introduction of sustainable development. In a sense, dominant actors
including the International Monetary Fund (IMF), UN, WCED and the
World Bank Group, managed to merge the much-criticized concept of development planning with issues concerning the environment. According to
Escobar (1996, pp. 51–52), “the ... vision expressed in mainstream versions
of sustainable development reproduces central aspects of economism and
developmentalism” inherent in the development planning discourse. This
shift implies that sustainable development was not a natural continuation of,
but instead a reaction to, the perceived radicalism of the environmental
movement (Castro, 2004). This ingenious discursive move effectively hijacked the mainstream environmental discourse and placed it in the context
of neoliberal technological and economic development and globalization
(Pearce and Warford, 1993). Two of the central mechanisms of such development – accelerated and globalized economic growth and technological
development and transfer – are discussed next.
Limits to growth or growing the limits?
Perhaps the most important aspect of the development planning discourse
was that increased economic growth in the periphery would be the solution
to many of the perceived problems in underdeveloped areas. While early
environmental movements emphasized a steady-state economy or declining
economic growth in order to reach a more ecologically sustainable society,
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sustainable development emphasizes rapid and continuous and accelerating
economic growth in order to meet the needs of the poor (WCED, 1987). The
Brundtland Commission suggested that a five- to tenfold increase in industrial activity worldwide would be required (Robinson, 2004; WCED, 1987).
Castro summarizes this mindset:
For the United Nations, poverty was and still is a cause of environmental
degradation. Therefore, environmental degradation will be reduced when
poverty is reduced. To reduce poverty, the countries in the periphery need to
have economic growth. To achieve economic growth, there need to be freer
markets (Castro 2004, p. 197).

Naturally, many have been persistent in their critique of the assumption that
economic sustainability – a term that according to Fuchs (2017) has no
straightforward meaning but is often used synonymously with economic
growth – should be a prerequisite for social and environmental sustainability. Daly (1996) argues that if we want sustainable development to mean
anything at all, we need to give up on the ideal of economic growth entirely,
and develop an understanding of sustainability that does not necessarily entail economic expansion, firstly because, as Daly points out, infinite growth
is impossible in a finite world. Even if a large part of the economy is dematerialized, we need a material infrastructure to mobilize and distribute digital
products and services, as argued in Chapter 1. And second, because economic growth is not necessarily a desirable goal. Stiglitz et al. (2009) argue that
growth is no guarantee for socio-economic equality, as profits often grow
faster than labor income. Thus, capital owners benefit from economic
growth, but not necessarily the rest (Fuchs, 2007), and this has been a clear
trend in neoliberal capitalism since the late 1970s. Stiglitz et al. (2009, p. 2)
argue that if inequalities increase enough relative to GDP growth “most people can be worse off even though average income is increasing”. Economic
growth is also a quite irrelevant measure of overall wellbeing and social
progress. For example, “a natural catastrophe is a blessing for the economy,
because of the additional economic activity generated by repairs” (Stiglitz et
al., 2009, p. 256), and “traffic jams may increase GDP as a result of the increased use of gasoline, but obviously not the quality of life” (Stiglitz et al.,
2009, p. 2).
Parallel to the political discussions on sustainable development, global
free trade agreements and organizations were forming, such as the World
Trade Organization (WTO) and the North American Free Trade Agreement
(NAFTA). Klein (2014) argues that these two parallel processes functioned
as if they were solitary, that each of them pretended that the other one did
not exist, even though they were operated by the same global organizations.
However, given that economic growth is seen as a catalyst for sustainable
development, and sustainable development cannot be achieved without eco52

nomic sustainability, these organizations and agreements could be seen as
necessary steps in order to increase productivity. As Amartya Sen (2002)
recognizes, while there are a lot of things that are worthy of being globalized
– such as democracy, equity and education – globalized capitalism is much
more interested in expanding the domain of market relations through free
trade agreements. As observed by Stiglitz (2006) and Sen (2002), however,
free trade agreements, especially those aimed towards including developing
countries in a global market, often put poor countries in a worse economic
position, further skewing relations between rich and poor countries.
Furthermore, while the economy is becoming increasingly globalized, it
has resulted in a more individualistic culture in places where communal values once had a dominant influence. As pointed out by Vandana Shiva, the
younger generations in India for example increasingly see themselves more
as consumers in a globalized world, and less so as parts of local communities, leading to a more individualized mindset. In a world imbued by this
underlying ideology, it is not surprising that also issues related to environmental concerns are to a large extent individualized. It is often assumed that
individuals, or “consumers”, should make their own sustainable decisions,
for example. Kreps (2018) recently introduced the concept of systemic individualization, meaning that methodological individualism has become a
defining characteristic of our daily life in a neoliberal and globalized world
(see Floridi, 2017). He argues that
[neoliberalism] attempts to persuade us to address climate change through
our wallets, rather than through power and politics, because such a strategy
underlines their individualist agenda (Kreps, 2018, p. 95).

Fortunately, as Kreps (2018) notes, a rethinking of economics in relation to
sustainable development is underway, referring among other things to the 33
Theses for an Economics Reformation, criticizing the dominant neoclassical
perspective on education, research, policy and public debate. In terms of the
environment in particular, these theses address the fact that the economy
should be seen as a subset of nature, rather than an independent entity, and
that social and ecological systems should be seen as central aspects of its
functioning, rather than as external entities. They also emphasize ecological
limits, and suggest that the economy must operate within the viable thresholds of the ecological systems that house it (Macfarlane, 2017).
Another recent example of such a reaction is Kate Raworth's (2017) book
Doughnut Economics, addressing the inability of contemporary, neoclassical
economics to address issues such as poverty, climate change and loss of
biodiversity. The core concept of her book is illustrated as a doughnut, combining the planetary boundaries (Rockström et al., 2009) with the SDGs. It
shows how sustainability can be achieved by living within the doughnut,
which implies ensuring that all human beings have access to required re53

sources, while not overstepping the planetary boundaries. While not completely changing how we think about the relationship between economic
growth and sustainability, it changes the perception of progress as exponential growth to dynamically balanced complex systems (Raworth, 2018). In
Kreps’ (2018, p. 94) words, it “speaks more nearly to common sense than to
the positivist fixation with mathematical rationality”. It is a system that
“generates and restores, rather than depletes and wastes” (Kreps, 2018, p.
94). Furthermore, the model can be used on many different levels, both
global and local, where planners, policymakers and sustainable ICT designers and entrepreneurs can collectively decide on which aspects should be
taken into consideration when making plans for the future (Raworth, 2018).
The role of technologies for sustainable development
Another aspect that needs to be addressed in order to unveil and challenge
assumptions and understandings of the sustainable in sustainable ICT is the
role of technologies in the sustainable development discourse. Kaplan (2017)
suggests that sustainability and technological development are intrinsically
linked, as they are two sides of the same coin. Looking back, we can see that
since industrialization, most severe environmental problems have technological aspects tied to them, and the development and adoption of new technologies have always had both positive and negative social and environmental
implications, distributed throughout the world system. However, according
to York and Clark (2010), a view commonly held is that environmental problems are mainly technical problems that can be solved with technological
means. Proponents of this perspective are termed technology optimists by
Krier and Gillette, and they are described as respected technical experts that
express a strong belief in technology as a silver bullet for various social and
environmental problems:
If the world is running short of food, we can count on technological innovation to increase the productivity of agricultural land and the acreage of arable
land itself, through better seeds, better fertilizers, herbicides and pesticides,
and better irrigation techniques. If environmental quality is threatened, more
effective pollution-control technology can be developed to deal with the
problem (Krier and Gillette, 1985, p. 407).

Even though the negative side effects of technological development are
acknowledged, it is commonly assumed that “the direct effects are enormously positive” (Sachs, 2015, p. 9–10). However, as emphasized by Nye
(2006), technologies alone will never solve any environmental problems,
break down cultural barriers, or bring world peace. While philosophers and
historians of technology have frowned upon such deterministic conceptions
of technology for decades, these conceptions are still widely adopted within
the public, academic and political sustainability discourse (Feenberg, 2003;
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Thompson, 2017). Such reductive perspectives on technology and its consequences tend to ignore the political-economic order that drives environmental degradation, and societal power relationships that affect and are affected
by technological development (Hornborg, 2001).
In The Power of the Machine (2001), Alf Hornborg presents an alternative view of the relationship between modern technology (“the machine”)
and sustainability, aiming to highlight not only the environmental concerns
about technology, but also the power relationships in the political-economic
order that drives environmental degradation. Inspired by World-Systems
Theory (WST) (Wallerstein, 2004), he argues that the basis for technoeconomic growth, often presented as a prerequisite for sustainable development, is based on the transfer of “negative entropy” from an underdeveloped
periphery to an industrialized core or center. While technologies can be both
efficient and sustainable in use, increased efficiency in the core by means of
technologies is often effectively offset by environmental degradation, underpaid labor and the exploitation of valuable raw materials in peripheral areas
(Hornborg, 2001; Thompson, 2017). Thus, a problem with so-called “environmentally benign technologies”, such as sustainable ICT, is that the development and production of the physical products are reliant on unequal and
unsustainable global conditions. Having access to them is thus inevitably a
prerogative of a global, rich minority in a zero-sum world, while contributing to an “unequal distribution of environmental quality, drawing on resources in the periphery to keep the center clean and ‘green’” (Hornborg,
2001, p. 17). For example, electric cars cause less pollution compared to
petrol-driven cars in the core where they are used, but require materials and
components that pollute local environments in peripheral areas where the
raw material is extracted and the components produced. Even the production
of the electricity required in the use phase is now located in peripheral areas
where few (but in the case of Sweden, often native Swedish) people live.
The environmental footprint of green technologies has thus been made invisible, hidden away like landfills, “out of sight, out of mind” (Bull, 2014, p.
20) of the majority of its users.
Insights gained from a perspective that takes world system mechanisms
into consideration not only questions the viability of efficient technologies
used in the core, it also casts doubt on the viability of technology transfer.
As Hornborg (2001) realizes, despite hegemonic, cornucopian conceptions, a
world with finite resources inevitably implies a “zero-sum game”, where the
emergence of new industrial cores require new peripheries to exploit. And,
according to Hornborg,
peripheries are already so high in demand that, looking East, we are seeing
former centers turn into peripheries rather than vice versa (Hornborg, 2001,
p. 11).
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Furthermore, technology transfer initiatives are often based on the deterministic assumption that technologies will provide a certain development trajectory regardless of the social context in which they are deployed. Callicott
studied the introduction of industrial technologies in indigenous communities, and concluded that “to adopt a technology is, insidiously, to adopt the
worldview in which the technology is embedded” (Callicott, 1989, p. 36,
cited in Whyte et al., 2017). Thus, the values and ideologies of the industrialized core are embedded in the technology that is employed in the periphery
(cf. Chakrabarty, 2000; Escobar, 1994; 1996). Alessa et al. (2010) for example, find that the adoption of certain technologies in indigenous communities
through technology transfer facilitates a shift from previously important
environmental values to the dominant worldviews of the industrialized core.
Thus, previous intimate relationships with the environment, and practices
upholding such relationships, can be eroded and replaced by values, ideas
and lifestyles that promote consumerism and wear-and-tear culture for example (Whyte et al., 2017). Also, workers who rely on and derive a living
from using older types of technologies risk being replaced by unskilled labor
receiving a minimum wage when new technologies are deployed. While this
has a positive impact on economic growth due to increased efficiency, the
laborers that subsequently use the new technologies are not among its beneficiaries. After years of research within ICT4D, Unwin (2017, Preface)
found that transfers of technologies aiming to improve the quality of education and healthcare delivery have instead made the rich “very much richer ...
and the poor have become relatively poorer”. He sees that, “in an unequal
world, ICTs are likely to serve the interests of the rich and powerful more
than they do those of the poor” (Unwin, 2017, p. 150). Also, in its recent
report Digital Dividends, the World Bank (2016) concluded that the benefits
of the globalized digital economy have been highly unequally distributed.
In conclusion, despite popular beliefs that technological development will
eventually help solving many sustainability-related problems, we are currently not experiencing this. Unwin (2017) argues that although technologies
in general and ICTs in particular have immense potential to do good, technological development has generally resulted in negative consequences for the
poor and marginalized. While modern technologies such as ICTs certainly
have the potential to contribute to solving environmental and social problems, ICTs are still used mainly for other purposes, such as to achieve economic efficiencies and growth in the context in which they are developed.
As York and Clark (2010) see it, technological innovations often end up
serving those in power even if they are not deliberately developed for this
purpose. These observations are in line with Marx, who saw that the immediate results of industrialization were largely negative for the working class.
Skilled workers who, prior to industrialization, had had the satisfaction of
creating a finished product and could decide when to work, were now subjected to subdivisions of labor and lost control over their working hours
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when they began working in factories. Capital’s control over the means of
production lowered wages and deskilled workers. While Marx was not a
technology pessimist per se, he objected to how technologies were mobilized
by the capitalist class to exercise power over workers and accumulate
wealth.

Summary and the way forward for sustainable ICT
research and practice
This chapter has been concerned with sustainable development, and problematized the concept by focusing on aspects that are relevant for the understanding of the sustainable in sustainable ICT research. I have suggested in
this chapter that sustainable development has hitherto proven to be ineffective for promoting a meaningful sustainable paradigm shift, but effective in
preserving the underlying mechanisms that promote unsustainability. As
research on sustainable ICT often adheres to the sustainable development
discourse, the assumptions and understandings of the sustainable in such
research tend to be very much influenced by the underlying ideology of this
discourse. I have shown this by focusing on the role of techno-economic
growth and transfer for sustainability purposes, as such issues are central
within fields interested in sustainable ICT.
I discussed the ideological roots of sustainable development, which I derived from the development planning discourse, based on Escobar (1994).
Castro (2004) suggests that sustainable development is not a natural continuation of social and environmental movements, but rather a reaction to the
perceived “radicalism” of such movements by dominant political and industrial actors. This explains that sustainable development reproduces central
aspects of economism and developmentalism (Escobar, 1996). Thus, given
that sustainable ICT researchers adhere to sustainable development, their
underlying assumptions and understandings of the sustainable are not based
on central values of social and environmental movements, but rather on neoliberal assumptions of techno-economic growth, development and transfer.
This can be seen in the assumption that sustainability-related problems can
be solved by the development and use of efficient and environmentally benign technologies (see Fuchs, 2008). However, technologies are more than
value-free bundles of material objects and/or digital code, as they are always
embedded in a particular context. Thus, they always affect social behaviors
and practices; also in ways other than intended, or in ways that were in fact
intended, but not properly communicated. I have also argued that while efficient and optimized systems have the potential to be more environmentally
friendly than non-optimized technologies, their development and use still
rely on and reinforce an unsustainable status quo with unequal exchanges of
57

resources and labor, and ecological degradation. Also, due to the constraints
of the globalized economy and the complexity of the technology, most ICT
products simply cannot be produced or disposed of in a sustainable way.
This can be seen in the case of Fairphone, a company that while being fully
committed to producing a smartphone in an ecologically and socially sustainable way, only managed to produce a phone that was “about 15 percent
fair” (Johnsen et al., 2018, p. 408).
I believe that to be able to design and mobilize ICT to promote sustainability, we need more theoretically grounded and problematizing perspectives
on sustainability, which question the taken-for-granted assumptions of how
technologies interact with social practices and behaviors, societies and nature. We need to appreciate and take into consideration the increased complexity and interrelatedness of our technology-mediated world (Barad, 2007;
Escobar, 2018; Orlikowski, 2007). This can be achieved by adopting a critical perspective on sustainable development, or adhering to alternative sustainability discourses. Either way, a different ontological, and ideological,
grounding for sustainability is required in order to understand the role of ICT
in a world which “[secures and maintains] a qualitative condition” (Fry,
2009, p. 43) of human and non-human beings over time.
In line with Hornborg (2001, p. 21), I suggest that because of the decline
in humanist critiques of rationality and the cooptation of the ecological
movement by the industry, as described in the previous section of this chapter, we must also “resume the philosophical scrutiny of technology”. In a
recent book, Kreps (2018) suggests that critical perspectives should delve
into metaphysics and challenge an established status quo because, as argued
by Goeminne, “the technoscientific focus” of
expert-focused technological determinism, embedded in a discourse of ecological modernization [in which] the need for accordant social change is removed from view ... makes sustainability all the less likely to occur in practice (Goeminne, 2011, p. 20).

The next chapter of this comprehensive summary discusses these issues further, focusing mainly on the interrelatedness of the two abstractions the
technological and the social in sustainable ICT research.
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Chapter 4: The technological and the social in
sustainable ICT

Stacy Alaimo (2016) asks in her book Exposed: Environmental Politics and
Pleasures in Posthuman Times if the concept sustainable development has
become articulated too firmly from a technocratic, anthropocentric perspective, and if it is possible to recast sustainability in such a way that it ceases to
epitomize perspectives that render the world as resources for human use.
In the previous chapter of this comprehensive summary, I showed how
the dominant political and academic discourse of sustainability and technology is grounded in the assumption that sustainability problems are mainly
techno-economic problems (York and Clark, 2010), rather than sociopolitical or cultural. Based on such an assumption, developing and mobilizing more efficient technologies seem like reasonable responses to many impending social and environmental problems, including poverty and climate
change. However, while I agree that efficient technologies and systems will
be necessary in a future of resource scarcity and environmental instability,
such initiatives are futile considering how our world is currently organized
and understood. In a sense, contemporary ways of developing and mobilizing sustainable ICT contribute to sustaining an unsustainable status quo, as
claimed in Chapter 3, which I elaborate on further in Chapters 5 and 6. I will
suggest that sustainable ICT must be developed and mobilized in line with,
and in order to create, new ways of being-in-the-world, i.e. new worldviews,
understandings, values and social practices. Contemporary assumptions and
understandings of the technological, the social and the sustainable, which
affect how technologies are designed and mobilized to contribute to sustainability, are unable to support that. Therefore, sustainable ICT must be rethought against a different ontological and ideological backdrop, which provides new understandings of how these abstractions of sustainable ICT are
related.
Technologies are complicated. Weick (1990, p. 789) suggests that they
should be treated as an equivoque, i.e. something that “admits of several
possible or plausible interpretations”, and can therefore be “esoteric, subject
to misunderstandings, uncertain, complex and recondite” and Nye (2006, p.
15) argues that “’[technology]’ remains an unusually slippery term”.
Kallinikos (2012, p. 68) suggests that despite recent developments in technology, with software-based interconnected systems, “the dominant associa59

tions technology invokes still evolve around the object world”. Thus, despite
and perhaps because of the increasingly complex nature of technology, it is
often conceptualized as a bundle of material objects (Winner, 1978), black
boxed, and made ontologically distinct from, but with an influence on, its
surroundings (Orlikowski, 2007; Orlikowski and Baroudi, 1991). Such a
perspective allows value-free and essentialist conceptualizations of technology, and this risks producing deterministic accounts (Mauthner and
Kazimierczak, 2018).
While technology determinism lacks a coherent philosophical tradition, it
remains, as observed by Nye (2006), rather popular. This conception spans
theoretical and disciplinary camps and can be found in both utopian and
dystopian accounts of technological and social development. According to
Miller (1984), technological determinism is a widely held belief that social
structures evolve by adapting to technological change. This means that when
a certain technology is implemented, “the subsequent development of society would be the same no matter what people thought or desired” (Miller,
1984, p. 183). This implies that technological change occurs according to a
naturally given logic, “which is not culturally or socially determined; and
that these developments force social adaption and change” (Bimber, 1990, p.
338). Heilbroner (1967, p. 336), for example, suggests that technological
development prescribes the evolutionary path for society: “the steam-mill
follows the hand-mill not by chance but because it is the next stage in a
technical conquest of nature that follows one and only one grand avenue of
advance”. This grand avenue is only determined by technological development and not by cultural and social practice (Bimber, 1990).
As suggested in Paper IV, the soon century-long debate over technological determinism has been held, for the most part, with straw men. Very few
actually embrace the idea that technologies have their own agency or that
they can be conceptualized as completely autonomous entities. However,
while the idea of technological determinism is often refuted, elements that
reflect such perspectives remain, as Nye (2006) observes, quite popular, not
least in how technological development and transfer is discussed within sustainable development.
The French philosopher Jacques Ellul argues that an abstract technique
has permeated all aspects of society, and has become a new environment, a
milieu, that was substituted for nature in Western societies. For Ellul, social,
political and economic life has been dominated by the adopted goals of logic
and efficiency, which lead to the technological society. Similar perspectives
are presented by Tomonobu Imamichi (2009), who argues that as soon as
technologies started to communicate with each other, a new environment,
the technology-mediated environment, emerged, which exists alongside our
natural environment and has implications for our social life. The technologymediated environment has important ethical implications, according to
Imamichi (2009). Among other things, person-to-person ethics become in60

creasingly complex, as we can now call the entire (connected) world “our
neighbor”; we have lost touch with our natural environment and are turning
into “cogs in a machine”, “into things that associate with other things via
codes” (Imamichi 2009, p. 59). Basically, he argues, in relation to technology, humans are turning into skilled animals responding only to preprogrammed stimuli. Also Marx, according to Mumford, “erroneously assumed that technical forces evolved automatically and determined the character of all other institutions”.
One of the most influential philosophical accounts of technology is presented by Heidegger (1977). He saw technology as an essentially enframing
way of viewing the world, causing things and humans to be seen merely as a
standing reserve. In Heidegger’s view, the essence of technology, not technology itself, has the power to change or alter social systems and cultural
symbols, as shown in the example of the Rhine River (Heidegger, 1977).
Feenberg (2012) suggests that while such a perspective is not deterministic
per se, it attributes an autonomous logic to technologies, an essence. While
the claim that Heidegger’s view is essentialist is disputed (see Thomson,
2000), such conceptions are arguably not uncommon in sustainable ICT
research, where the sustainable is often seen as an inherent attribute of certain technological artifacts. This perspective can be seen in the strong focus
on optimization, and is criticized in Paper III.
Perhaps with the exception of Marx, these philosophers present dystopian
deterministic and essentialist conceptions of the impacts of technologies on
society. However, as I have argued throughout this comprehensive summary,
the main problem of determinism and essentialism is that they permeate
many technology-intensive environments where technologies are in fact
designed and mobilized. In such environments, technology is often seen as
an indispensable enabler of positive transformation (Boudreau and Robey,
2005; Krier and Gillette, 1985), a progressive force (Whyte et al., 2017).
Feldman (1989) argues that the purely material dimension of the technological tends to be idealized and exaggerated in technology-intensive environments, at the expense of cultural, symbolic and interpersonal dimensions.
Orlikowski (2007, p. 1437) argues that such perspectives tend to assume that
technologies are “exogenous, homogeneous, predictable and stable [and]
performing as intended”. The perspective reifies technology and ignores that
technological artifacts are always bound up with historical and cultural influences.
As suggested by among others Mumford (2010, originally published in
1934), a technological artifact cannot be divorced from the larger social pattern in which it is embedded, because this pattern gives it meaning and a
purpose. Nye (2006) suggests that technologies should not be seen as passive
objects whose meaning is revealed simply by their purpose. Rather, they are
parts of systems of meaning and values, and they can express larger sequences of actions and ideas. Verbeek (2005, p. 208) argues that “[in] ful61

filling their functions, [technological] artifacts do more than function – they
shape a relation between human beings and the world”. Technologies are
imbued with the moral and symbolic values prevalent in the context in which
they are produced, and the effects of a particular type of technology in one
context cannot be expected in another. Neither can we expect people to use
technologies in the intended way.
Researchers arguing for a social constructivist perspective on technology
(e.g. Bijker et al., 1987; MacKenzie and Wajcman, 1985; Pinch and Bijker,
1984) oppose views that imply that technologies have an inherent nature or
essence, including features that determine their use and effect (Mauthner and
Kazimierczak, 2018). Rather, the attributes of a particular technology are
derived from the sociopolitical context in which they are designed, developed and adopted. Bijker (1997), for example, suggests that it is not the intrinsically superior design of a particular technology that makes it dominant,
but the negotiation between different relevant social groups. Here, technologies are considered sociotechnical ensembles, where social and technical
aspects interact and mutually shape each other. Thus, capacities embodied in
technologies are products of the social antecedents involved in their design,
development and implementation (Djordjevic et al., 2016). However, this
social process should be seen as somewhat limited by the physical properties
of the technological artifact (Orlikowski, 2007; Zammuto et al., 2007).
While factors related to the materiality of technology, such as affordances, both constrain and enable unintended uses of material objects, such researchers tend to give priority to human actors and their intentional sensemaking processes over the influence of the purely material aspects of technology. The implication of these claims is that we end up in a situation
where society is presumably exercising sovereignty over the technological
conditions of life. Winner (1993, p. 368) argues that such a perspective fails
to address “important questions about technology and human experience”,
and that it is not appropriate if we want to know the effect of technologies on
the world. Orlikowski (2007, 2008) suggests that such perspectives tend to
minimize the role of the material in favor of cultural or historical, “purely
social”, processes. In the preoccupation with the social, the material “vanishes from view” (Orlikowski, 2007, p. 1437).
According to Orlikowski (2007, p. 1437), a key challenge for researchers
interested in technology is to take into consideration the recursive intertwining of humans in technology, and to “transcend conventional distinctions
between the social and the material”. She argues that in order to do so, we
need to consider that social and material aspects share the same register,
rather than treating them as distinct (albeit interacting) spheres. This would
imply a perspective in which technology and humans are not only seen as
interacting and mutually affected and affective (Slife, 2005), but ontologically inseparable. Such perspectives can be found mainly within posthumanistic research, as such researchers propose a complete reconfiguration
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of the humanities that removes the “liberal subject from the center of humanistic inquiry” (Bolter, 2016, p. 7). Perhaps the most established theoretical
field that adheres to such an ontological perspective is Actor Network Theory
(ANT) (e.g. Callon, 1986; Latour, 2005; Law and Hassard, 1999). ANT offers a symmetrical perspective on the relationship between social and technological aspects whereby there are no distinct, purely “social” or “material”, elements with inherent properties, but they can only be understood and
explained in relation to each other (Barad, 2003; Latour, 2005; Slife, 2005).
Human and non-human actors are thus seen as equal participants in symmetrical and heterogeneous networks, temporarily aligned in in order to achieve
a certain effect (Michel Callon, 1986; Law, 2002). While not explicitly adhering to this theoretical perspective, Don Ihde (1990) emphasizes that a
human with a gun (a human-gun), for example, has a different relationship to
another object or human than a human without a gun, and that the gun transforms all kinds of situations where the human-gun is related to other humans
or objects: “[the] individual takes on a different identity, power relations
shifts, and social atmospheres change” (Whyte et al., 2017, p. 45). As put by
Latour:
You are different with a gun in your hand; the gun is different with you holding it. You are another subject because you hold the gun; the gun is another
object because it has entered into a relationship with you (Latour, 1999, p.
159, cited in Whyte et al., 2017).

While the human-gun relationship is a powerful example, it does not exclude
more mundane examples of how human and non-human actors can only be
explained by how they are arranged in relation to each other. An important
implication of this perspective, according to Latour (1987, 2005), is a move
away from seeing agency as something inherent in human actors, towards a
perspective where agency is seen as “a capacity realized through the associations of actors (whether human or non-human), and thus relational, emergent, and shifting” (Orlikowski, 2007, p. 1438). Thus, the agency to act cannot be defined a priori, but is rather a result of a social and material world
structured in a certain way (Cooren et al., 2013).
Hailing from a similar ontological perspective, scholars such as Suchman
(2007), Barad (2003, 2007) and Haraway (1985) take on the endeavor to
unveil the ontologically prior questions of how “technology” and the “social” for example have come to be configured as separate and separable entities in the first place (Mauthner and Kazimierczak, 2018). They aim to destabilize such dichotomies by focusing on the entwinement of the material
and the discursive, of the human and the technological, in practice. In Manifesto for Cyborgs, feminist scholar Donna Haraway (1985) uses the cyborg
as a metaphor to reject the rigid boundaries separating the human from the
animal and the machine. This metaphor is used to capture the ambivalent
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condition of the human being and the body, which is made accessible to
different modifications and interventions by means of technology. Another
feminist scholar, Karen Barad (2007), presents an account of reality that she
terms agential realism in an extraordinary book on physics and philosophy
called Meeting the Universe Half-Way. This “epistemological-ontologicalethical framework” (Barad, 2007, p. 26) aims to provide an understanding of
the role of the human, the non-human, the material and the discursive, the
natural and the cultural factors in different practices. Agential realism rejects
the notion of a relationship between things and the words used to describe
them (representation) as corresponding to how scientific and other discursive
practices relate to material phenomenon. Discursive practices are described,
drawing on Foucault, as local sociohistorical material conditions that “enable
and constrain disciplinary ... practices” (Barad, 2007, p. 147) and produce
(rather than describe) the subjects and objects of such practices.
The ontological fusion of different spheres or entities can be considered
one of the main contributions of post-humanist research. Orlikowski (2008)
places such perspectives under the banner or umbrella of sociomateriality,
where one aim is to address the perceived neglect of the material in broader
social theories. However, there is certainly value in being inspired by such
perspectives also for researchers in more traditionally technically oriented
disciplines such as computing, where the social is often neglected. Sociomateriality is described as a relational ontology, which is contrasted with an
ontology of separateness that implies
a commitment to the idea that the world is made up of atomistic entities that,
even if they should come to interact or combine at some stage, exist and are
given in their nature prior to any such interactions or combinations (Faulkner
and Runde, 2012, p. 49).

Similar to what structurational theory attempted with the structure-agency
divide (Giddens, 1986), within this research, one’s gaze is drawn from discrete material and immaterial self-contained entities that relate to each other
in some way, to a view of sociomaterial composites or assemblages (Latour,
2005). Thus, no social activity, or practice, exists or can be understood in
isolation from its material infrastructure, and vice versa. These positions are
ontologically indeterminate outside of the specific practices in which they
meet. Borrowing an example from Faulkner and Runde:
[The] social position of a footballer presupposes the social position occupied
by the technological object that we call football, and vice versa. The two positions are internally related, and this relation is drawn on and reproduced
(“performed”) in and through the practices of footballers ... The function assigned to the objects we call footballs is community-relative, and so not intrinsic to those objects (Faulkner and Runde, 2012, p. 54).
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Such approaches focus not on the mutual creation of technology and society,
but on how the entities that discursively constitute them are produced and
reproduced through practices. The notions of performativity and practice are
often important for such research, as seen in Barad (2003, 2007), since
boundaries between actors are not given but enacted in social practices. Recent theoretical developments have resulted in a practice turn within many
social scientific disciplines, in particular in management and organization
studies (Nicolini, 2012; Schatzki, 1996, 2002). Reckwitz (2002) suggests
that it is through social practices, i.e. recurring activities or, put differently,
“open-ended spatial-temporal manifolds of actions” (Schatzki, 2002, p. 471),
that “bodies are shaped, objects are handled, subjects are treated, things are
described, and the world is understood” (Reckwitz, 2002, p. 252). Similarly,
Winner (1989) suggests that technologies shape forms of life and encourage
certain patterns of activity that shape the conditions of our social relations
and our existence. As such, reality is seen as shaped through sociomaterial
practices.

Ontological considerations
An ontological perspective built around sociomateriality seems reasonable
given my ambition to break loose from value-neutral and essentialist perspectives on technology, and simplistic understandings of the relationship
between the technological and the social in sustainable ICT research. However, this ontological inseparability can also prove to be practically problematic in empirical research (Tunçalp, 2016). While accepting Orlikowski and
Scott’s (2008) argument that many material and non-material aspects of our
world are relationally entailed, thus denying the existence of the social as
separate from the material, Tunçalp (2016) argues that this creates problem
when studying real life phenomena empirically. It is furthermore often unclear which relationships should be considered in a sociomaterial analysis: If
everything is ontologically indistinguishable to everything else, as Hegel
would perhaps have had it, is it then even possible to make any distinctions
at all between sociomaterial assemblages or specific technologies? For research on sustainable ICT – where normative research is central, aiming for
a more sustainable society through development and the mobilization of
technologies – sociomateriality thus presents both empirical and analytical
challenges, as it requires a satisfactory account of how agency is constituted
in a very particular sociomaterial context (Introna, 2014). This implies that if
we want to normatively challenge existing practices, we need to know “who
(in terms of human and non-human actors) is doing what, when and how”
(Introna, 2014, p. 33) in that context.
In order to overcome these problems, we need to make an analytical distinction between social and technological aspects (Orlikowski and Scott,
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2008), while still treating them as mutually dependent and recursively
linked. As Kautz and Jensen (2012) suggest, Orlikowski and Scott (2008) do
not provide any suggestions on how the acclaimed analytical separation between different actors should take place in practice. The British philosopher
Alfred North Whitehead, who is a central inspiration for Latour, argues that
abstractions are needed to be able to think about different phenomena.
Throughout this comprehensive summary, I have relied on abstractions such
as the technological, the social, and the sustainable. The challenges, according to Whitehead (2010), is to not treat these abstractions as objectively real
entities or aspects (reification), and to be vigilant in continually updating
them. The first challenge is overcome by adopting a perspective of sustainable ICT based on a relational ontology, while the second challenge is approached through problematization, where the assumptions and understandings of these abstractions are challenged. While such a perspective maintains
an ontological standpoint based on their interrelatedness, it sees the value in
using abstractions in order to further our understandings of the world.
In Paper III, we question the essentialist and (historical and technological) deterministic conceptions in sustainable ICT relying on such an ontological perspective. In a study of sustainable data centers within an ICT service
organization, where the implementation of heat recovery technologies has
become a dominant approach, we show how certain historical events have
been renegotiated among organizational actors to construct a coherent narrative of environmental sustainability. We focus in particular on a material
artifact, the 1970s heat recovery system in their oldest existing data center,
and how that technology was discursively rediscovered and imbued with
new meaning in tandem with the Green IT trend after 2007. We suggest that,
as history is malleable, they were able to understand and communicate this
heat recovery system as sustainable, a reinterpretation of their purely economic motives at the time of its development during the 1970s oil crises and
a reification of the sustainable heat recovery system. While we emphasize
the social processes in which this technology was re-imagined as sustainable,
the materiality of the system proved to be vital. First of all, the fact that the
heat recovery system was a material, “real” object proved to be important as
its authenticity could not be questioned (Schultz and Hernes, 2013), improving the coherence and credibility of the organizational narrative
(Czarniawska, 1997). Second, the materiality of the heat recovery system
itself created boundaries for what was possible to imagine within the context
of Green IT. The materiality of the heat recovery system thus provided a
different possible trajectory for future sustainability-related initiatives, but
prevented other potential trajectories. As the heat recovery system was
communicated as the superior technology for sustainable data centers when
this organization made sense of Green IT, they were more or less forced to
start implementing similar systems in their future facilities to stay true to
their narrative, even if they had not worked with that particular technology at
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all for several decades. The consequence of this perspective is that nothing
(i.e. sustainability) is essential about technology, but the materiality of the
technological artifact, in conjuncture with social sense-making processes,
determines what a certain technology is in a particular context, and for what
purposes it is used. This double process allows technology to be many different things in different contexts. In this context, this particular technological artifact was construed or reified as Green IT only after 2007, although
the physical object had remained the same since the 1970s.

Summary
In the previous chapter, I highlighted the simplistic conceptions of technology underpinning conventional understandings of how technologies in general
and ICTs in particular can promote a sustainable society. I also problematized such conceptions, and argued for more relationally aware underpinnings of how the technological relates to the social and the sustainable. In
this chapter, I have proposed a few alternative views that should be considered when sustainable ICT is designed and mobilized, and when researching
such issues. Social constructivist perspectives highlight how technological
trajectories and development patterns are socially shaped, and they provide
valuable anti-essentialist conceptions of technologies. However, they tend to
largely ignore the effects technological artifacts have on the world (Winner,
1993). Post-humanist perspectives, arguing for either a focus on actors, networks and assemblages, agential realism and discursive practices, or sociomateriality, show how social or technological aspects cannot be properly
understood when divided into discrete self-contained entities, but only in
relation to each other. They show how agency is not an inherent human quality, but relational, emergent, and shifting among human and non-human
actors depending on their current relationships. Such an ontological perspective can be extremely useful for studying phenomena in a particular context
with an explicit focus on social practices (Nicolini, 2012). However, while it
“[provides] a useful reminder of the ongoing mutual constitution of social
and technical entities” (Wiltse, 2013, p. 63), it can prove problematic or conceptually confusing when aiming to make normative contributions, especially through empirical research (Tunçalp, 2016). Thus, I have here suggested
that an analytical distinction needs to be made in such research, by relying
on abstractions that need to be continuously renegotiated and updated. Thus,
while abstractions such as the technological and the social can certainly be
useful for such research, we need to avoid the fallacy of “misplaced concreteness” (Whitehead, 2010) of these abstractions. I have presented an example from Paper III that shows how such issues can be approached.
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Chapter 5: Sustainable ICT design for
sustainable futures

In Chapter 3 I argued that research fields with an interest in sustainable ICT,
and also other fields with a normative interest in technology and sustainability, tend to rely heavily on the mainstream sustainable development discourse. This often results in a strong focus on small-scale techno-fixes, such
as the optimization of existing technologies, and radical innovations such as
large-scale CO2 scrubbing and renewable energy technologies. While both
optimization and large-scale technological breakthroughs will be necessary
to sustain us in a future of scarcity, such an exclusive focus is unlikely to
produce a “miracle cure” that will ensure sustainability (Mann et al., 2018).
As they do not contribute to radically different ways of being, e.g. concerning consumption or transportation patterns, an explicit focus on the technological instead risks maintaining existing unsustainable practices, processes
and behaviors. While acknowledging the importance of large-scale technological breakthroughs, I am mainly concerned here with the design of smallscale, consumer ICTs used by individuals, and how such technologies are
and should be designed for sustainability purposes.
The initial sections of this chapter present conventional approaches to
sustainable ICT design. I will focus on what is termed green design and
ecodesign, as well as more recent developments focusing on evoking sustainable behaviors (Deterding et al., 2011; Fogg, 2002; Thaler and Sunstein,
2008). These approaches are critiqued and problematized by drawing on
insights from Paper II and Paper IV. I suggest that relying on ontologically
different assumptions related to the intersection between the technological,
the social and the sustainable, as discussed throughout the previous chapters
of this comprehensive summary, we could imagine other possible vistas for
sustainable ICT design that go beyond conventional approaches.
The concluding sections of this chapter present the results from Paper II
and Paper IV on sustainable ICT design, but go beyond them for
(re)contextualization purposes. For Paper II on sustainable gamification, I
am especially concerned with positioning it in relation to recent developments in worldmaking interactions (Bendor, 2017). Here, I make contributions not only to sustainable gamification, arguing that it should be more
concerned with narratological game elements and negative or neutral affects
to facilitate worldmaking interactions, but also to worldmaking interactions
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design, arguing that it should pay more attention to game elements in future
research. I also argue that an intuition-based approach, as developed in Paper IV, where useful abstractions of wastefulness are artificially reintroduced into ICTs, could provide new opportunities for “transformative
system change” (Mann et al., 2018, p. 216) through collectively producing a
politically charged discourse aiming for redirection (Fry, 2007, 2009, 2011).

Green design and Ecodesign
In 1985, Papanek criticized designer professionals who, he argued, encouraged the consumption of environmentally and socially degrading consumer
products:
Before (in the 'good old days'), if a person liked killing people, he had to become a general, purchase a coal-mine, or else study nuclear physics ... industrial design has put murder on a mass-production basis (Papanek, 1985,
Preface).

Papanek argued that to a large extent design shapes our world, and that designing thus “demands high social and moral responsibility from the designer” (Papanek, 1985, Preface), responsibilities that most designers failed to
take. In the late 1980s, industrial companies started to respond to the emergence of the sustainable development discourse. Early sustainable product
level innovations focused on developing products that were more efficient
than existing equivalents by reducing material consumption – or increasing
the ratio of recycled materials – in the production phase, and by replacing
hazardous materials (Ceschin and Gaziulusoy, 2016). While such an approach, termed green design, was seen as an important first step towards a
more sustainable business and consumption paradigm, green design was
criticized for being “shallow”, “technocentric” and unsophisticated, leading
to greenwashing and “green consumerism” (Elkington and Hailes, 1988;
Madge, 1997).
For these reasons in particular, green design was later replaced by the
concept of ecodesign. While ecodesign was initially used synonymously
with green design, the concept rapidly became more sophisticated, both theoretically and in practice. Methods such as LCA, Cost-Benefit Analysis
(CBA) and Environmental Impact Analysis (EIA) were adopted. However,
as ecodesign did not imply a standardized methodology, the tools used tended to support the views of the company that used them (Madge, 1997). In
2005, ecodesign became institutionalized, and more formalized, as a result of
the 2005/32/EC Directive on ecodesign for energy-related products (later
repealed and replaced by Directive 2009/125/EC). This directive forced
companies to adopt a life cycle approach to all electronic products.
70

While ecodesign is certainly a more sophisticated and theoretically
grounded approach compared to green design, energy and resource efficiency does not necessarily imply sustainability. The focus of such an approach
is generally quite narrow, as it takes into consideration only the use of resources and energy compared to other similar products. As argued by
Mcdonough and Braungart (2002, p. 252), this kind of reasoning supports a
problematic “less bad approach”. Various studies have shown that a technoeconomic approach to sustainable design, as described above, is not very
effective in reducing the environmental impact of technology (Midden et al.,
2007; Murray, 2011), in particular because it pays virtually no attention to
how these products are actually used long term (Binswanger, 2001; Wei,
2017). This may result in paradoxical consequences where undesired effects
may offset any environmental gains, i.e. rebound effects (Börjesson Rivera
et al., 2014). For example, the introduction of energy-saving light bulbs
caused people to install them in places where there were no lights before,
such as in gardens and garages (Wei, 2017). It also fails to address the fact
that 78 percent of discarded products are still functional (Wei, 2017).
Brey (2017) and Fry (2009) see that products designed to be “sustainable
in-themselves” are at best status-quo affirmations of ecological modernization, at worse oversimplified techno-fixes entrenching unsustainable socioeconomic systems. This approach does not aim to produce disruptive or
transformative change in and through practice (Fry, 2009), neither does it
invite ethical consideration of the interaction between the user, the product
and its context-of-use. Fry (2017, p. 100) suggests that an approach that aims
to promote “business as usual with a few token gestures toward ‘sustainability’ is frankly a disposition of collective stupidity”. It furthermore supports
an essentialist view where sustainability is seen as an inherent property of
(certain) technological artifacts.
Brey (2017) argues that while technological reforms and development
will be of some help moving towards more sustainable patterns of consumptions, they should only be seen as a part of a more comprehensive strategy
that includes behavior change through social and economic incentives, and
more importantly, public debates about values, lifestyles and the future of
the planet. He suggests that sustainable consumer products should “promote
sustainable behaviors and lifestyles, as well as [reducing or eliminating]
consumer products that are unsustainable and which promote unsustainable
behavior and lifestyles” (Brey, 2017, summarized by Kaplan, 2017, p. 13;
c.f. Fry 2007, 2009). A common way of approaching such ideas through
design, as proposed by Wei (2017, summarized by Kaplan, 2017, p. 11), is to
design “not only sustainable products, but also sustainable behaviors”.
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Behavior-influencing technologies
The last decade has been characterized by a broadening of the design discourse within the field of ICT to include not only the design of products that
are “sustainable in-themselves” but also the design of sustainable practices
and behaviors (Foth et al., 2008; Midden et al., 2007; Zapico, 2014). The
main argument is that while more efficient technology as such could have an
impact on overall energy and resource usage, studies have shown that it is
more effective to design for how the technology is used (Dietz et al., 2009).
Two major approaches can be observed within this stream, namely visualization and persuasive technologies (DiSalvo et al., 2010). In 2010, approximately half of the publications within the stream of SHCI dealt with some
kind of persuasive approach, while Froehlich et al., (2010) noted that about
40 percent consisted of papers mentioning eco-feedback, which is related to
visualization (Brynjarsdóttir et al., 2012). While some of these papers discussed both persuasion and eco-feedback, since these two approaches are
closely related, the conclusion is that these two approaches were, and still
are, highly influential within the field. I use the term behavior-influencing
technologies (Verbeek, 2017) when referring to this group of technologies
that have been deliberately designed to induce a pre-determined behavior
change, and will refer to them separately (i.e. nudging, visualization and
gamification) when addressing one specific group of such technologies.
Visualization approaches to sustainable design are often based on the assumption that providing information about a certain behavior may eventually
lead to behavior change. This assumption is not new of course. During the
oil crises in the 1970s, Seligman et al., (1978) could show that by providing
households with information about their energy usage, their consumption
decreased by up to 16 percent due to behavior change. With the rise of ICT,
information can now be provided in real-time and in more creative and engaging ways (Fischer, 2008). For example, we can use applications on our
smartphones in order to see the moment-by-moment consumption of all our
home appliances, allowing us to locate and turn off “energy vampires”.
However, the actual relationship between visualization, awareness and behavior change is controversial. Geller (1981) and Geller et al. (1983) conclude that behavior changes only due to increased awareness are often shortlived. After running workshops about water and electricity usage, they could
observe that people fell back into their old habits after some time. They suggest that simply providing raw information about the effects of certain behaviors is probably an ineffective way of evoking long-term behavior
change. This conclusion is in line with Abrahamse et al., (2005), who argue
that there is a low correlation between awareness and behavior change.
Spagnolli et al. (2011), who investigated the effects of a domestic ecofeedback application over a period of six months, could observe that after
strong engagement during the initial period of use (the novelty effect), en72

gagement gradually waned by the end of the period. Katzeff et al. (2013)
experienced similar patterns when trying to implement solutions based on
visualization at workplaces, arguing that energy-conserving practices are
even harder to evoke here than in homes, as there is no monetary gain in
saving energy when you are not the one paying the bill. The studies reviewed above present evidence of similar tendencies: people are engaged at
first when they are approached with new technologies that aim to raise
awareness of sustainability issues, resulting in short-term behavior change.
The few longitudinal studies that do exist, however, suggest negligible longterm effects.
Visualization approaches to sustainable design have changed dramatically
with the introduction of persuasive design. Persuasive approaches are different to visualization, although they too aim to influence or change certain
behaviors. However, explicitly persuasive technologies are now common
within visualization approaches and vice versa. For example, researchers
contributing to the persuasive technology corpus often state that its aim is to
raise awareness of a certain issue by providing information in certain ways,
while visualization approaches often utilize persuasive elements intentionally designed to shape or reinforce a certain pre-determined, sustainable, behavior.
Hans Achterhuis (1995) was concerned that even the smallest details of
everyday life could become a topic of environmental moral reflection, e.g.
the amount of time we spent in the shower every day, or our driving style. At
some point, which we have arguably already reached, such permanent moral
reflection becomes overwhelming, making everyday life impossible (Verbeek, 2017). Achterhuis (1995) suggests that moral reflection could be outsourced instead to everyday technological devices. For example, speed
bumps influence how fast we can drive, and some cars require the driver to
wear a seatbelt in order to start the engine. Such technologies do not require
us to think about how high speed and not wearing a seatbelt affect the risk
and outcome of a car accident. Achterhuis (1995) suggests that moralizing
technologies in terms of pro-environmental behavior can create a material
environment that makes environmentally sound decisions for us (cf. Latour,
2005).
In the late 1990s, Fogg’s (1998, 2003) work on computers as persuasive
technologies became very influential for designers, and such technologies
can be seen everywhere in today’s digitalized society. Drawing on psychology, Fogg (1998, p. 225) defines persuasion as an attempt to “shape, reinforce, or change behaviors, feelings, or thoughts” about a particular issue,
object or action. In a sense, this approach is very similar to Achterhuis’ idea
of implementing ethics in things and technologies, but perhaps framed in
terms of behavior rather than morality. Thus, persuasive technologies are not
by any means new, or applicable only in high-tech contexts. Latour (1990),
for example, explains how a weighted key and a sign are mobilized in a hotel
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chain aiming to persuade guests to leave the key in the reception before leaving the hotel. Shopping carts are equipped with a locking device that requires
the customer to insert a coin in order to use them. It does not stop the customer from stealing the cart or leaving it out in the parking lot, but it is an
effective way of persuading him or her to leave the cart locked in the designated place (a desirable behavior).
The idea behind persuasive design for sustainability purposes is to implement elements of persuasion in systems to evoke what the designers see
as environmentally sound behaviors (DiSalvo et al., 2010). According to
DiSalvo et al. (2010) these behaviors are often related to the conservation of
energy and resources such as water, paper and gasoline. Nudging is related
to persuasive technology and is a way of arranging our material surrounding
so that they influence us to make the desired decisions. Thaler and Sunstein
(2008) suggest that everyday decisions are often made automatically, while
some require explicit reflection and critical distance (c.f. Kahneman, 2011).
They argue that automated decisions are often structured by our material
surroundings. For example, in a canteen, we tend to choose the food that is
within reaching distance rather than food items that are placed far back. The
layout of the canteen thus gives a nudge in a particular direction. If we want
people to eat more healthy food, we can make sure that such food items are
located closer to the cashier, rather than on the bottom floor of the refrigerator in the back of the canteen. In ICT-based behavior-influencing technologies, such nudges are digital, thus not primarily dependent on the material,
but on the digital, infrastructure. Important information (or an advertisement)
on a webpage is usually placed where people tend to look first, and the option to subscribe to a newsletter is often conveniently placed just above or
below the mandatory I agree to Terms of Service checkbox. The epitome
example of a digital “sustainability nudge” is the default two-sided printing
setting on printers, forcing users to manually change to one-sided printing in
those rare instances when this option is actually required.
A very specific type of behavior-influencing technology used for sustainability purposes that I have focused on in Paper II is gamification. Gamification is explained by Deterding et al. (2011) as the use of game design elements in non-gaming contexts, and highlighted as potentially useful for promoting sustainable behaviors (McGonigal, 2011). In a nutshell, gamified
applications used for sustainability purposes exploit rewards often used in
videogames in order to keep the user committed to doing real-life tasks such
as recycling, eco-driving, energy conservation and sustainable consumption
(Fors and Lennerfors, 2016). The idea is to persuade the user into a sustainable behavior change that is persistent even after the user has stopped “playing”.
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Critiquing behavior-influencing technologies
Despite the popularity of behavior-influencing technologies, such approaches to design have been criticized, especially when used for sustainability
purposes. Some of the critique presented in this section targets a specific
technology (e.g. gamification) while some targets behavior-influencing technologies in general. I suggest that intentionally behavior-influencing design,
in contrast to green design and ecodesign, appreciates the value ladenness of
technologies and rejects essentialist view suggesting that sustainability can
be an inherent property of technologies. Unfortunately, however, most such
approaches rely on questionable underlying assumptions and understandings
of how technologies affect behaviors and practices, leading to unintended or
undesirable effects, and a narrow perspective on sustainability. Based on this
criticism, and on ontologically different assumptions of the intersection between the technological, the social and the sustainable, thereafter I explore
alternative paths for sustainable ICT design. This section, however, starts off
with the misdirected ethical considerations of behavior-influencing technologies (Verbeek, 2017), in order to highlight technology mediation.
Berdichevsky and Neuenschwander (1999) suggest that designers of persuasive technologies must think critically about the ethical issues at the convergence of technology and persuasion. In their opinion, the main challenge
for designers is to design persuasive technologies that are transparent, in the
sense that “motivations ... and intended outcomes” are made clear to the user
(Berdichevsky and Neuenschwander, p. 57). According to Verbeek (2017),
transparency and autonomy have become the main considerations for ethical
reasoning within persuasive design. If the technology nudges or persuades
the user to make one (perhaps environmentally sound) decision, the user
must be able to “opt out”, albeit by enduring a somewhat more complicated
or less apparent process. When it comes to nudging, it even comes with “an
explicit political philosophy: ‘libertarian paternalism’” (Verbeek, 2017, p.
81).
The problem with such an approach, according to Verbeek, is that technologies, whether intentionally behavior-influencing or not, are always embedded in ever-changing and unpredictable social contexts. In such a context, designers obviously play a crucial role in determining the boundaries
and possibilities of each behavior-influencing aspect of a technology. However, as Verbeek points out, “as soon as a technology is being used, it helps
to establish a relation between users and their environment, and as a result of
that it will mediate human actions and perceptions” (Verbeek, 2017, p. 86).
This implies that not only behaviors are mediated by technologies, but also
meaning and value. Furthermore, all functions, and not only the intentionally
behavior influencing, contributes to this mediation. Verbeek (2017) thus
suggests that researchers and designers should take these aspects of the interaction between the technological and the social into consideration instead
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of focusing exclusively on not encroaching on the perceived autonomy of the
user.
Brynjarsdóttir et al. (2012), in a well-known paper, raised concerns about
persuasive technologies narrowing our perspective on sustainability. They
argue that such technologies
sense, interpret, and respond to human activity by providing information intended to change the behavior of individual consumers according to a metric
selected in a top-down fashion, usually defined as reducing resource consumption (Brynjarsdóttir et al., 2012, 950).

They argue that the majority of the designs they studied aimed to bring a
few, measurable, aspects of sustainability into sharp focus, while ignoring
the “otherwise far more complex and unwieldy reality” (Scott, 1998b, p. 11,
cited in Brynjarsdóttir et al., 2012) of sustainability. Thus, they are blind to
factors not designed into the system:
Rather than tackling the complex problem of sustainability as a whole, most
persuasive sustainability has chosen a small subset: individual consumer behaviours which have a fairly clear and direct impact on ‘sustainability’ understood as a form of resource management (Brynjarsdóttir et al., 2012, p. 951).

These technologies are modernist as they embody a trust in solving “the
problem of sustainability” (Brynjarsdóttir et al., 2012, p. 950) by means of
scientific and technological intervention. Such designs create a perception of
the problems of, and solutions to, sustainability as clearly defined, known
and stable, and manageable by discrete and rational individuals. Given my
discussion on how research on sustainable ICT tends to adhere to assumptions and understandings of the sustainable development discourse, this is to
be expected. Persuasive technologies thus constitute a practical example of
how – according to Adam Curtis (2011), director of the British Broadcasting
Corporation (BBC) series All Watched Over By Machines of Loving Grace –
technologies and their designers, rather than emancipating us, are distorting
and simplifying our view of the world around us. Just like Curtis’ (2011)
description of how nature was explained in terms of cybernetics (as stable,
self-regulating eco-systems of interrelated living objects), sustainability in
persuasive design is defined in terms of what the technology can measure,
and what kinds of behavior can be evoked within individuals assumed to be
independent and rational. Thus, as Brey (2017) suggests, persuasive technologies that evoke small behavior changes will only lead to a belief in just
another techno-fix, as formulated by Ihde (2017, p. 30), “microsolutions to
macroproblems”. Furthermore, such a perspective risks individualizing sustainability issues in a neoliberal manner, and thus delegates the responsibilities of sustainability to individuals and their rational behaviors (Dourish,
2010; Strengers, 2008). As noted by Fry (1999, 2009), such designs are de76

futuring, leading at best to small behavior changes while simultaneously
contributing to an underpinning of the economic and political status quo,
making economic growth a little less environmentally damaging. At worst,
however, they can promote green consumerism and persuade users that they
are making a significant and sufficient difference through their small-scale
contributions (Mitchell and Ramey, 2011), i.e. individual greenwashing. The
conclusion that behavior-influencing technologies for sustainability purposes
are ineffective for promoting transformative, sustainable change even in the
few instances where they actually work as intended is the point of departure
for the next section, in which alternative approaches to sustainable interactions are discussed.

Towards worldmaking
In the first sections of this chapter, I have problematized contemporary approaches to sustainable ICT design. Concerning green design and ecodesign,
I have focused on the essentialist view of technologies – that they can be
“sustainable in-themselves” – which largely ignores aspects related to the
social. Concerning behavior-influencing technologies, by drawing on Brynjarsdóttir et al. (2012), I have argued that they are based on modernist assumptions of rational homo oeconomicus users who should make their own
individual contributions towards sustainability, and that these assumptions
are narrowing down our perception of sustainability. This means that even if
persuasive approaches have worked as intended for sustainability purposes
and produced a long-term pre-determined behavior change, they also persuade us to believe that carrying out simple, everyday actions is a reasonable
response to sustainability problems. I have also suggested that technologies
always mediate meaning and values beyond their intentionally behaviorinfluencing functions (Verbeek, 2008, 2017).
In this section of the chapter, I argue that in order to overcome the imminent threat of a “global chaos” (Fry, 2011) caused by defuturing design, politics, consumption and transportation patterns, we must instead aim to move
away from contemporary approaches to design and towards a view in which
design helps us imagine and work towards other possible futures. Here, I
would like to discuss the assumptions and understandings that should underpin such an endeavor, based on insights from Chapters 3 and 4, and provide
normative contributions to such approaches, based on Paper II and Paper IV.
In his book Design Futuring, Tony Fry (2009) sees design as a catalyst
for change due to its “influence and relevance to socio-political conditions,
economics, industrialism, technology, consumerism, ecology, globalization,
culture, and community” (Marshall-Baker, 2011, p. 138). However, he is
strongly opposed to the way design is conceptualized in our contemporary
world. As stated by Dunne and Raby (2013, preface), design could be so
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much more “than making technology easy to use, sexy, and consumable”.
Similarly, Verbeek (2005, p. 7) argues that design focuses too narrowly on
the functionality, visual characteristics and symbolic dimensions of the artifacts designed, and if they “work ... and fit people’s lifestyles”. Fry (2009)
presents an extensive critique on conventional design conceptualizations and
practices: its uncritical perspective which lacks an understanding of cultural,
political and social contexts; its focus on appearance and performance; its
lack of understanding between the product and its context of use; its disregard for the complexities of the issues and challenges; and its lack of understanding of how ethics and morality can be embodied in practices and things
(c.f. Achterhuis, 1995; Ihde, 1990; Verbeek, 2005, 2017). These flawed assumptions about design, according to Fry, “[degrade] its power to affect the
development of a sustainable world” (Marshall-Baker, 2011, p. 138). He
argues that conventional design practices are defuturing, which refers to our
way of sustaining ourselves in the short term, while collectively acting “in
destructive ways towards the very things we and all other beings fundamentally depend upon” (Fry, 2009, p. 22). Escobar (2018, p. 117) understands
defuturing as the “systematic destruction of possible futures by the structured unsustainability of modernity”. For Fry (1999), defuturing is a conceptual mindset inherent in many design practices that elevates the instrumental
over the social. He draws on Bourdieu’s concept of habitus, which is understood as socialized norms or tendencies that guide behaviors and thinking,
and argues that unsustainable cognitive schemas prevent us from thinking
and acting in sustainable ways.
Fry argues that “the nature of design practice has to fundamentally change
– it has to be redesigned” (Fry 2009, p. 26). His response is that designers
should draw on their ability to imagine different desirable futures, not dissimilar to Goodman's (1978) world versions, and to design for these futures.
In order to design for another possible future, Fry argues that we need to
adopt a critical perspective on sustainability that transcends conventional
understandings. He suggests that the term “sustainability” (which I refer to
as sustainable development) is based on flawed underlying assumptions
about the world, and attempts to re-frame it as sustain-ability, in his view a
more inclusive and complex concept. Considering his strong rejection of
sustainability, it is surprising that his definition of sustain-ability is actually
not so very unlike the classic Brundlandt definition: “A means to secure and
maintain a qualitative condition of being over time” (Fry 2009, p. 43). However, there is an important ontological difference between the two. Fry’s
view is that in order to start becoming sustain-able, we have to consider the
actions necessary to sustain not only human lives and the ecological aspects
of our world, but also cultures, societies, ideas and imaginations worldwide
(Marshall-Baker, 2011). This project of becoming is termed the sustainment,
which is seen as the process of identifying what needs to be sustained, created and destroyed. The sustainment is based on an underlying assumption of a
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common good, which should not be viewed anthropocentrically or in terms
of what is natural, but as a common good that spans humans and nonhumans, and natural and artificial aspects, as these are all inter-relationally
intertwined.
In my interpretation, Fry’s reconceptualization of sustainability is not particularly unique, although he chooses to introduce new concepts to describe
a transition which is not entirely unconventional. Furthermore, I suggest that
such a reconceptualization of sustainability is perhaps not necessary, because, in contrast to sustainable development, sustainability is already an
inclusive concept into which such conceptualizations can potentially fit.
What is unique, however, is Fry’s interest in design practice and its relationship to sustainability. He suggests that, through rejecting defuturing design
practices, designers are responsible for producing a politically charged discourse about our co-existence in a common future (Fry, 2011; Matyók,
2011). However, this will require a reconceptualization of design based on
the ethical underpinning of a new understanding of sustainability (or sustainability). Here, he introduces the concept of redirective practices, where redirection refers to an ontological “restructuring of habitus by design” (Fry,
2009, p. 47). The starting point for such redirection is a process of selfredirection, based on remaking the ground and content of one’s own
knowledge and assumptions, i.e. problematization, combined with an underpinning of a collective activist-political conceptualization of sustainability.
This is a process that requires an “historical understanding of what has structured one’s practice and oneself as (in the case of design) a designing subject” (Fry, 2007, p. 8). Self-redirection thus requires holistic and critical
thinking, the acquisition and usage of knowledge that transcends solitary
areas of expertise, a complex understanding of the consequences of one’s
actions and the practices one participates in, and an ability to make informed
and responsible ethical decisions. Naturally, Fry (2009) argues, this also puts
a lot of responsibility on design educators, not least in engineering, industrial
design, software development and similar subject areas, which are currently
dominated by “how-to” instrumentalism (Fry, 2017) that aims to get graduates into the labor market.
From the outset of self-redirection, according to Fry (2009) we should
aim to redirect all social practices and trajectories of the currently unsustainable status quo to another – the economy, social structure, culture and political order of the sustainment – through design and other redirected practices.
In conclusion, a redirective practice “serves the cause of retrofitting, by design, our mode of being-of-the-world so as to reduce a crisis of, and beyond,
our current way of being-in-the-world” (Fry, 2007, p. 8). In this sense, “good
design” becomes “an opening (into the future)” (Fry, 2009, p. 118).
In Designs for the Pluriverse, Arturo Escobar (2018) suggests like Fry
(2009, 2011) that because design has become such an important and allencompassing practice, we need new design approaches, methods and ways
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of thinking that are more ethnographically and relationally bound and go
beyond focusing on the task-at-hand. In a critique of conventional approaches to design and to sustainability, respectively, and based to some extent on
his earlier book Encountering Development (1994), Escobar sees conventional design approaches – from consumer goods and ICTs to architecture –
as being deployed and carried out to serve capitalist ends. He argues that
globalization and development discourses see the world as a “global space”
that will inevitably be occupied by modernity. Rather than relying on perspectives provided by such discourses, he suggests that we need to
“acknowledge the radical interrelatedness, openness, and plurality that inhabit [our world]” (Escobar, 2011, p. 139). Thus, a reorientation of design is
required, from its dependence in the marketplace towards “a creative experimentation with forms, concepts, territories, and materials” (Escobar, 2018,
p. xvii). He argues that the modern ontology presumes the existence of a
single world, a universe (Escobar, 2011), and that
much of what goes on under the banner of design, are central political technologies of patriarchal capitalist modernity and key elements in modernity’s
constitution of a single globalized world (Escobar, 2018, p. xiii).

By emphasizing the profound relationality of life, Escobar (2011, 2018) sees
a possibility for new worldviews and ontologies for which the world is seen
as a pluriverse, “a world where many worlds fit”, as suggested by the Zapatistas. In line with my previous discussion concerning technology, he argues
that we need to recognize that objects and other non-human actors create and
interfere with cultures and practices. Worldviews based on relational ontologies (Barad, 2003, 2007; Haraway, 2004; Suchman, 2007) eschew the division between seemingly discrete entities. Thus, design is a two-way process
(Willis, 2006): “we design our world, and our world designs us back—in
short, design designs” (Escobar, 2018, p. 4). In this context, design is always
about creating ways of being, about reinventing the human. By reorienting
design away from the functionalist, rationalistic and industrial traditions in
which it once emerged and still operates and towards a set of practices attuned to this relational ontology, there is an opportunity to design for transitions, i.e. to design mutually enhancing ways of being with each other on
and with the Earth. Escobar’s (2018) approach implies a reconceptualization
of lifestyles, making them more place-based but globally aware, more convivial (Illich, 1973) and participatory, and more in tune with our natural environment. As suggested by Manga (2013), we can either reclaim design and
use it in order to imagine and realize desirable futures, or we can choose to
be unconsciously designed by an unsustainable future.
Sustainable ICT scholars, in particular within SHCI, have recently started
to evoke visions about futures and engage with worldmaking and ontological
design in different ways. The starting point for such endeavors can be traced
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back to what Blevis (2007) has termed Sustainable Interaction Design (SID),
based partly on Fry's (1999) ideas. He stresses the need for a more inclusive
and reflexive approach to sustainability, and sees that designers of sustainable interactive systems should focus on providing a choice of, or informing
about, “future ways of being” (Blevis 2007, p. 503). Another approach that
has increased in popularity recently is backcasting, where a given desirable
future is broken down into different criteria which are used as a guide to
design and implement solutions that facilitate progress toward that particular
future (Robinson, 1982). Design fiction is also a method used extensively for
defamiliarization purposes within HCI, and more recently within SHCI.
Tanenbaum et al. (2016) suggest that fiction in general, and design fiction in
particular, could help us better imagine and engage in different futures. According to Eriksson and Pargman, this approach
invites us to reflect upon and reconsider near-future technologies while encouraging us to question the incremental development of our society. Design
fiction is a tool that can challenge business-as-usual and that pluralizes the
future (Eriksson and Pargman, 2018, p. 3; cf. Escobar, 2018; Fry, 2009).

In their paper, they propose a counterfactual history approach that can help
us to imagine alternative scenarios for a resource-constrained future of computing. Similar methodologies are used by Pargman et al. (2017) in a paper
where they describe an alternative world (the coalworld), and the implications of such a world, where only half the oil ever existed.
Perhaps closer to Fry and Escobar’s conceptions is Bendor (2017), who
suggests that sustainable ICT design should aim to facilitate opportunities
for worldmaking interactions. His point of departure is the assumption that
our approach to sustainability issues is “always-already premised in the way
we understand the world” (Bendor, 2017, p. 232), what entities it consists of
and how they relate to each other. Sustainability is thus an ontological matter
related to our worldview and our capacity to collectively imagine and shape
our future in meaningful ways. He describes worldmaking interactions as an
“experimental, speculative and, unapologetically, ambitious” approach
(Bendor, 2017, p. 232). Similar to Fry, the idea of worldmaking interactions
is to not encounter sustainability as “a complex problem to solve” through
scientific or technological intervention, but through making visible and malleable the relationships between possible sustainable futures and our understanding of the world; “to discern, unpack and reframe connections between
our values, worldviews and beliefs about the very nature of the world, and
our capacity act on it” (Bendor, 2017, p. 232) What differentiates Bendor’s
approach from for example backcasting is that worldmaking interactions do
not aim to present one particular desirable future but to evoke the users’
abilities to collectively imagine futures (Bendor, 2018). This is done by
drawing on research on the importance of playfulness, on productive ambi81

guity (Gaver et al., 2003; Sengers and Gaver, 2006), boredom (Svendsen,
2005) and discomfort, and open-endedness for engaging in sustainability
issues. According to Bendor (2017), the design of interactive systems in this
way can play a significant role in democratizing the future (Candy, 2010), as
it builds on the idea of public involvement, leading to better, more creative,
and mutually agreed on plans and decisions for the future.
In Bendor et al. (2015), the interactive installation Sustainability in an
Imaginary World is presented, based on worldmaking interactions. The installation consisted of three rooms representing three different worlds: the
spirit world, the materialist world and the literary, imaginative world. Moving between these worlds, the participant is presented with open-ended and
non-self-explanatory narratives and immersive graphical experiences. As the
experience of the installation starts off with an account of a dystopian future
with ecological and political problems, it ends by plunging its participants
into a less guided, more abstract and reflexive, state. These aspects are used
to spur the imagination and worldmaking abilities of the participants. As
such, worldmaking interactions design can, as proposed by Fry (2009) and
emphasized by Matyók (2011), mobilize humans and technological artifacts
to produce a politically charged discourse about our co-existence in a common future.

Sustainable ICT design beyond persuasion
In Paper II and Paper IV, we are engaged with the conceptual development
of sustainable ICT design. While being critical towards contemporary approaches to persuasive design, we situate our work within this stream. However, we argue that we go beyond such approaches by problematizing and
providing assumptions and understandings different from the conventional
and based on ideas from philosophy. We suggest that while the kind of technologies discussed within streams such as SHCI are new and are developing
rapidly, fundamental underlying themes such as persuasion, ethics – and in
the case of gamification, games and play – have been discussed by philosophers for centuries (Kaplan, 2017; Polterini, 2014). This approach is also
suggested by Fry (2009, p. 27) among others, who argues that redirection is
dependent on the “development of new knowledge, interpretative skills …
and critical reflection” – aspects that are essential to philosophy.
I will first present the intuition-based approach to sustainable ICT design,
and then move into a lengthy discussion of narrato-ethical sustainable gamification, as I also aim to recontextualize this particular type of sustainable
gamification within worldmaking interactions, as presented in the previous
section of this chapter.
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An intuition-based approach
In Paper IV we contribute conceptually to sustainable ICT design by suggesting that technological artifacts should be designed so that their essential
attributes become intuitively intelligible (Laaksoharju, 2014). We suggest
that with earlier technologies, such as machinery placed in factories, we
could intuitively tell that they were potentially harmful to our surroundings
and ourselves. However, with ICT and other complex technologies in our
globalized world, where undesired effects are systematically displaced, such
intuitions are now either superfluous or misleading. As a clarification for
these arguments, I would like to present a mundane example raised by Kathlyn Cox-Shrader:
I, like many of us, live in a ‘de-natured place’, where the ecologies and technologies that shape my world are mostly hidden from my view. I have little
understanding of the designs that bring the meal to my plate, the heat to my
home, the light to my computer screen. I drive a car with only a vague understanding of how it runs, and no idea what ancient organic matter is burning in
my engine, or what distant underground place it came from. I live most of my
daily life ignorant of the designs that form it, and thus distracted from my
own role in those designed systems. It is easy to forget the exhaust when I
know so little about the fuel (Cox-Shrader, 2011, p. 173).

Another example that highlights the unequal distribution of environmental
effects (see Hornborg, 2001; Lennerfors et al., 2015) is raised by Nicholas
Makelberge:
Today when we get a car, the global economy has taken us far from the real
impact and consequences of our decision. The gasoline, the plastics, the rubber, the fabrics that go into making and maintaining a car is not derived from
our backyards where we can see the direct consequences of our decision.
They are derived from some place else, often poorer nations with little chance
to raise their voice or organize themselves politically. It’s often their backyard and therefore [their] problem. Billions of people on this planet consume
junk with no apparent clue on how it affects someone else’s surroundings
(Makelberge, 2003, p. 181).

The fact that many complex technologies and the systems producing them
are opaque, and that most of their users are, if not unaware of, at least unaffected by many of the environmental and social side effects of everyday
interactions with technologies, led us to explore how such effects can be
properly taken into moral consideration. Cox-Shrader (2011) suggests that
we should design our world in such a way that reconnects us to its living
systems. While she certainly has a point with this claim, no further step is
taken to indicate how such a reconnection should take place. This is the
starting point for our intuition-based approach to sustainable ICT design.
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Just like Thaler and Sunstein (2008), we are inspired by the work of behavioral economists Kahneman and Tversky, but we see it in the light of
technology mediation by turning to the late Japanese philosopher Tomonobu
Imamichi (2009). The approach aims to exploit the automated thinking system not in order to nudge you towards a particular behavior, but rather towards a particular productive feeling or intuition. We believe that this approach is more useful, as it helps to create abstractions based on intuition
about the functionality and the consequences of ICT in everyday life, and it
does not require a full understanding of the functionality of the technology
or the consequences of its use (visualization), or pre-determined responses to
nudges or other types of persuasion. Instead, it can be explained as a way of
reintroducing abstractions similar to those that we (used to) rely on in our
natural environment (Imamichi, 2009). As in the case of nudging, these abstractions are not only useful in the particular situation in which the user is
nudged toward a certain decision, but rather for long-term moral interactions
with and through technology within the technology-mediated environment.
Ironically, we argue, bringing back what we would consider the “natural”
into the “artificial”, and designing for “skilled animals”, may actually make
us act more like humans in relation to ICT, including taking moral responsibility for how our actions affect other people and our environment.
In Paper IV, we mention the Power Aware Cord (the PAC) in relation to
an intuition-based approach. The PAC is a re-design of a standard power
board that visualizes the electricity passing through it by means of glowing
electroluminescent wires molded into its cord (Gustafsson and Gyllenswärd,
2005). The design is described as an “intuitive [means] for better understanding of energy consumption”, as “light is a more natural and intuitive
way of symbolizing energy than Watts on a numerical display ... Watts are a
symbolic construction that can be hard for users to relate to” (Gustafsson and
Gyllenswärd, 2005, p. 1423). We are largely sympathetic towards this approach, which to some extent is in line with our intuition-based approach.
For example, one of the test users of the prototype insightfully stated that
this is what “power cords look like on the inside” (Gustafsson and Gyllenswärd, 2005, p. 1425), and while this is not objectively true, it is one
thing that an intuition-based design aims to do; to intuitively show the basic
functionality of the product without having to grasp its “inner workings”
(Imamichi, 2009). However, our main critique of the design is that it does
not invite reflection on and discussions of contemporary ways of producing
and consuming electricity, or the imagining of alternative futures. In Paper
IV, we use an imaginative, and radical, example of an intuition-based design,
inspired by a Facebook post by Arnold Schwarzenegger in 2015. Here, we
place the exhaust pipe inside the cabin of a petrol-driven car. While being an
unrealistic example, it shows how technologies can be designed to mediate
meaning and values rather than influencing behaviors. By not being provided
with an obvious alternative aiming to change your behavior in an expected
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way, an intuition-based approach instead leaves you with an abstraction of
an unsustainable transportation system where you have to imagine other
options, and futures in which these options are viable.

Rethinking sustainable gamification
As previously mentioned, gamification has been suggested as a promising
approach for tackling sustainability-related problems. However, the viability
of conventional approaches to gamification has been criticized in Paper II
and in this chapter, as gamification is often used for persuasive purposes.
Despite this criticism of sustainable gamification, I believe that it can play a
role in contributing to a more sustainable future, if problematized and rethought. In this section, I present the results of Paper II, where such a rethink is attempted.
Inspired by the philosophy of Søren Kierkegaard (1843, 1844), and the
debate between the narratological and ludological perspectives in videogame research (Dymek, 2010), we arrive at a typology, or framework, of
four different possible approaches to sustainable gamification. These range
from ludo-aesthetic, which refers to contemporary approaches where game
elements are exploited in order to produce short-term commitment to sustainability related activities by evoking positive affects such as fun and enjoyment (Nicholson, 2015); to narrato-ethical, our suggested approach to
gamification, which has the potential to evoke sustainable values and practices long-term by exploiting a wider palette of affects and narratological
game elements that invite moral reflection. While we question the fit for the
market of narrato-ethical gamification in Paper II, I will recontextualize here
our conception of sustainable gamification, from a base in persuasive design
to a base in worldmaking interactions (Bendor, 2017). I will argue that narrato-ethical gamification – although still only explored conceptually – could
prove fruitful for facilitating worldmaking interactions, as it has the possibility to target sustainability on a deeper level than just making rational, “sustainable” decisions given a number of pre-determined possibilities. It can
allow for a collective, radical reconceptualization of sustainable futures, and
evoke actions and redirective practices that are aligned with such co-created
futures.
A typology of sustainable gamification
In order to produce the aesthetic-ethical dimension of our typology, we draw
on Either/Or (Kierkegaard, 1992, originally published in 1843), where two
ways of life, or modes of being, are presented: the aesthetic and the ethical.
In Ancient Greek, aisthesis (αἴσθησῐς) is the word for perception or sensation. The fictional character representing an aesthetic mode of being in Either/Or is described as a person guided by her senses, enjoying short-lived
passions and encounters. The focus for the aesthete is thus temporary en85

joyment. One might suppose that the aesthete is leading a happy and truly
joyful life, but this is not always the case in Either/Or. Rather, the aesthete’s
writings show signs of constantly present depression and cynicism. The fear
of losing these sources of enjoyment is answered by constantly “rotating
crops” in order to find the next source of temporary satisfaction.
The aesthetic mode of being is contrasted with the ethical. The fictional
character representing such an ethical mode of being takes full responsibility
for her life. She feels the weight of responsibility and understands the infinity of ethical demands. She feels that she constantly fails, because of the infinity of demands and because of the intrusion of the ideal into reality. Clearly, the ethical mode of being is a constant struggle with anxiety, but for
Kierkegaard anxiety is basically a productive feeling. In The Concept of
Anxiety (Kierkegaard, 2014, originally published in 1844), he suggests that
anxiety (or dread) can potentially have emancipatory and productive effects.
Anxiety informs us of our choices, our responsibilities and self-awareness,
and causes us to reflect (cf. Sartre, 1992). Thus, it makes us aware of our
potential. A complete absence of anxiety, which is inherent in the aesthetic
mode of being, therefore precludes the possibilities of human beings becoming what they really are, namely something more than themselves.
The narrato-ludo dimension is perhaps more self-explanatory. We turn to
a debate between two major discourses in videogame research: the ludological and the narratological (Dymek, 2010). The ludological claim is that rules,
game mechanics and gameplay aspects constitute videogames. Aspects related to narratives and character development are important in some games but
– as stated by John Carmack, former CEO of id Software – “[the] story in a
video game is like story in a porno. Everyone expects it to be there, but it’s
not really important” (Kushner, 2003, p. 120). While appreciating that such
aspects are central to what makes videogames enjoyable and distinct from
any other form of traditional media, we aim to take up arms for the narratological conceptualizations of sustainable gamification, which has been marginalized in favor of ludological elements such as badges, leaderboards,
achievements and points (BLAP, see Nicholson, 2015). According to this
stream, videogames should be seen as an extension of traditional media such
as books and movies (Murray, 1997). Janet Murray, a proponent of this perspective, suggests that storytelling in general is a powerful agent for personal
transformation, and that stories can open up our hearts and change who we
are. Digital narratives, as present in videogames, add another powerful element to this potential “by offering the opportunity to enact stories rather than
to merely witness them” (Murray, 1997, p. 170). Such enacted stories, according to Murray, have a transformative power that exceeds conventional
narratives as we assimilate them as personal experiences.
According to Brown (2016, 8:13), games’ “participatory nature make
them the perfect medium for asking tough and uncomfortable questions
about ourselves”. While Achterhuis (1995) argues that morality can be de86

signed into technological devices, narrative-driven games have the ability to
provide experiences that test and challenge the players’ moral standpoints.
However, the devil is in the detail. The conventional approach to morality in
triple-A games, the karma system, is reductive, as it flattens out the complexity of human morality into distinct choices (Brown, 2016). Recently, we
have started to see that morality can be embedded into the very mechanics of
the game, with much higher levels of complexity and nuance, resulting in
increased emotional engagement with the game’s narrative. This approach
can have a significant impact on how the player decides to play the game,
and better reflects the impact of morality in real life.
In Life is Strange (Dotnod Entertainment, 2015), for example, you play as
the art student Max who has the power to turn back time. In a particularly
confronting sequence, you find yourself up on a roof with a friend, Kate,
who is threatening to commit suicide. You are able to stop her, but only if
you have paid close attention to her problems prior to this particular situation. This means that saving her is not a choice that is made up on that roof,
because you must involve yourself with her problems prior to this particular
situation arising, without knowing that she would eventually try to kill herself. In Darkest Dungeon (Red Hook Studios, 2016), you are the leader of a
team of heroes in a Lovecraftian nightmare (Brown, 2016). While the physical health of your heroes heals after each encounter, their psychological
wounds are permanent, and must be treated with care. However, the only
things free in this game are human lives, so you can throw your heroes out of
your party at any time, replacing them with more for free. The attentive
player will soon recognize the game’s references to contemporary business
practices, and as put by game pundit Jim Sterling (2016) in a review of the
game, “you start having a much easier time the moment you stop thinking
like a hero and start embracing the cold, calculated sociopathy of a would-be
corporate CEO”. In Papers, Please (Pope, 2013) you play as a border control
guard, checking people’s passports as they enter your country. Provided you
make the right call, you get paid, and can spend money on rent, food or medicine for your family. As the game progresses, more complicated rules are
introduced, making it virtually impossible to provide for your family by the
end of the day, unless you become corrupt. In a sense, the game forces the
player into corruption and immoral decisions due to systemic failures and
poverty, but the player decides the extent of that corruption (Brown, 2016).
Similar ways of designing morality into the mechanics of the game can be
found in the upcoming game Hypnospace Outlaw (Tendershoot et al., 2019).
Rather than providing a more fun gaming experience for those who make the
“correct choices”, like in most triple-A games, these innovative game designs cause you to feel genuinely emotionally connected with the game and
its choices and consequences by adding more layers of complexity to the
deliberations surrounding different moral decisions.
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Narrato-ethical gamification for worldmaking interactions
While roleplaying games (RPGs) and massive multiplayer online roleplaying
games (MMORPGs) in particular aim to facilitate worldmaking within the
game world, researchers and designers of gamified applications have not yet
reflected on how such activities could potentially be facilitated in real life.
There are many indications that narrato-ethical gamification could potentially facilitate worldmaking interactions for sustainability purposes (Bendor,
2017), and these will be presented here in order to provide suggestions and
directions for future research and practice. These conclusions are based on
my review of worldmaking interactions in combination with the conclusions
from Paper II presented in the previous sections of this chapter.
First, the participatory and collective nature of videogames makes them
the perfect medium for starting to ask uncomfortable questions about ourselves and our worlds (Brown, 2016). Videogame designers have recently
started to explore and focus on how games can facilitate moral reflection in
more sophisticated ways than through systems that provide a good or a bad
alternative. Rather, moral decisions are more accurately presented as a “grey
area” that you are forced to navigate by reflecting upon your own moral
values. This approach to morality, which invites moral reflection rather than
the player simply picking whichever alternative she desires, results in an
emotional engagement in the game’s narrative (Brown, 2016). As I have
argued, such reflection is essential in sustainability-related issues, not least
when reflecting on and discussing which world or future that we want to live
in.
Second, narrative-driven games have the potential to facilitate worldmaking interactions for sustainability purposes, since they are able to make use
of playfulness, imagination, and open-endedness (Bendor, 2017) in ways
that often surpass those of traditional forms of art and media (Murray, 1997).
As gamification refers to the inclusion of game elements in a non-gaming
context, the use of different forms of media is preferred. This is attempted in
Bendor et al. (2015), but without any emphasis on the role of game elements.
In this way, both narratological and ludological elements that make use of
such aspects can be used to hint at possible futures, but without completely
articulating them, which is often the case in design fiction for example
(Eriksson and Pargman, 2018; Tanenbaum et al., 2016).
Third, worldmaking interactions draw on research that emphasizes the
productive role of ambiguities, uncertainties and discomfort for interaction
design (Bendor, 2017). One main contribution from Paper II is our claim
that, by drawing on Kierkegaard’s Either/Or and The Concept of Anxiety, the
resulting exclusive focus on positive affect is very limiting for the power of
transformative change through gamification. Both ludo-ethical and narratoethical gamification instead suggest that evoking anxiety for example could
be more productive when aiming for personal and societal change. Success88

ful games often evoke anxiety and frustration, as these feelings also keep the
player engaged and committed (for a notable example, see From Software,
2011). As argued by Svendsen (2005), moments of confusion, disappointment, and boredom are also important triggers for reflection and creativity.
These feelings also certainly keep people engaged and committed to sustainability issues, and they need to be evoked in applications that aim to facilitate worldmaking interactions.
Fourth, understood from the perspective of a relational ontology, sustainability is predominantly about our capacity to co-imagine and shape the future in meaningful ways. It is about collaborative futurescaping (Bendor,
2017). Naturally, public involvement in futures not only increases the likelihood of a desirable future occurring, but also the quality of future plans.
More importantly, the collaborative aspect is a way of democratizing the
future (Candy, 2010), and it allows us to reclaim the future rather than relying on defuturing design practices (Fry, 2009). Sustainable gamification
designers certainly realize that this “social aspect” is important, but usually
interpret it as a need for competition through leaderboards and the use of
achievements that can be shared and boasted about on social platforms.
While competition is not necessarily a bad thing, we need a broader perspective on how social interaction is and can be facilitated to shape collaboration
in sustainable gamification, rather than the underlying assumptions of individualism expressed in conventional approaches.

Summary
In this chapter, I have been concerned with the design of technological artifacts and applications that aim to contribute to sustainability. The first section of the chapter aimed to describe what I find problematic with conventional approaches to sustainable design, largely based on the insights gained
in Chapters 3 and 4. Recent decades have seen a shift from designing technological artifacts that are supposed to be “sustainable in-themselves” towards designing for sustainable behaviors. Such approaches often draw on
Fogg's (1998, 2003) concept of persuasive technologies, or Thaler and Sunstein’s (2008) nudge. Based mainly on Brynjarsdóttir et al. (2012), Fry
(1999, 2008, 2009, 2011, 2017), Ihde (2017), Verbeek (2007, 2011), and my
own research, I have problematized such approaches. I suggest for example
that persuasive technologies tend to individualize societal problems, assume
rational homo oeconomicus users, adopt a narrow and anthropocentric perception of sustainability, are unable to deal with long-term transformative
change, and risk greenwashing an unsustainable status quo. There are also
other ethical issues associated with persuasive technologies, as they are intentionally or unintentionally mediating values and meanings, but the discus-
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sion about such issues tends to be misguided by the uninformed assumption
of a completely autonomous user (Verbeek, 2007).
As an alternative to behavior-influencing approaches, I suggest that researchers and designers interested in issues related to technology and sustainability should familiarize themselves with a recent stream of literature
proposing an ontological reconceptualization of design towards worldmaking. Fry and Escobar suggest that conventional sustainable design practices
are defuturing means of serving capitalist ends that are maintaining an unsustainable status quo. In order for design to serve all inhabitants of the
Earth, collaborative and placed-based approaches are needed, based on a
relational ontology rather than anthropocentric perspectives based on ontological separateness. Design should therefore aim towards facilitating a politically charged discourse about our co-existence and the future we want.
Bendor (2017) suggests a new approach to interaction design – worldmaking
interactions – an approach which aims to spur our imagination and creativity
for this purpose. In an attempt to position my own research in relation to
such an approach, I present the results from my two papers on sustainable
ICT design (Paper II and Paper IV), and suggest that narrato-ethical sustainable gamification can help to facilitate worldmaking, and that worldmaking
interactions should perhaps pay more attention to game aspects, in particular
narrative-driven games and the recent surge in games exploring morality in
creative and productive ways (Brown, 2016). I have also presented an intuition-based approach, developed in Paper IV.
While I have suggested a way forward for researchers and scholars who
aim to think beyond persuasion for sustainable ICT design, it is important to
remember that an interesting design concept is not something that is automatically transferrable to a real-life setting, nor is it guaranteed to succeed. It
is not developed, adopted or used in isolation, but in a context consisting of
different human and non-human actors engaged in certain practices, many of
them conventionally perceived as business-related. In the following chapter,
I will briefly discuss the assumed mechanisms of this context with a focus on
sustainable ICT entrepreneurship. I will suggest that sustainable ICT design
practices are more likely to emerge from entrepreneurial endeavors; however, to be able to promote such endeavors we need a new understanding of
what sustainable ICT entrepreneurship entails. I will describe sustainable
ICT entrepreneurship as a way of mobilizing sustainable ICT through redirective practices and the disruption of styles rather than commercializing it.
Such a new understanding is developed in the following chapter, where Paper V is contextualized.
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Chapter 6: Sustainable ICT entrepreneurship
and mobilization

Wassrin (2018) argues that it is surprisingly difficult to come up with new
and innovative ICT designs, despite innovation being on everyone’s lips and
technological development being more rapid than ever. She argues that most
organizations have difficulties making use of novel technologies, and thus,
that many innovation processes produce systems and products very similar
to already existing ones. She claims that most customers demand technologies that are basically the same as they already have (cf. Fornstedt et al.,
2015; Sköld et al., 2018) – only faster, more efficient or less expensive. Furthermore, ICT innovations often seek to automate or digitalize existing practices, but rarely aim to reimagine or redesign them. According to Dorst
(2010), organizations want technologies that can solve problems in rather
conventional ways, instead of radically changing how things are done or
how problems are framed. This kind of resistance, she argues, exists in most
corporations and other organizations, but also in society at large. In a time
when it is assumed that novel technological innovations are required in order
to solve a plethora of environmental and social problems, this kind of resistance is often seen as a problem: If no one demands radically innovative
technologies, who would then develop them?
Traditionally, researchers have argued that large corporations have the
upper hand on smaller companies when it comes to innovativeness, as they
can utilize economies of scale and invest heavily in research and development (R&D). A discourse that has become more popular in recent decades,
however, is that smaller, “entrepreneurial” firms are more versatile and can
adjust more easily to market changes. Such a discourse has led researchers to
believe that entrepreneurial firms are more likely to also respond to the increasing demand for sustainable products and services, and to push a sustainable paradigm shift in the predominantly unsustainable business environment (Hockerts and Wüstenhagen, 2010; Schaper, 2002; Schlange, 2009;
York and Venkataraman, 2010). It is argued that entrepreneurship is a significant source of radical innovation that can promote sustainable development
in different ways, not least by developing new, more efficient, ICT products
and services (Ahmed and Mcquaid, 2005). Sustainable entrepreneurs, sustainability-driven entrepreneurs or ecopreneurs are understood as a “new
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breed” of entrepreneurs (Pastakia, 1998) that see social and environmental
aspects as their “core objective and competitive advantage” (Gerlach, 2003).
This section starts off with an introduction to the innovation landscape of
Green IT, based on an overview presented by Herzog et al. (2015), and subsequently move into a discussion about sustainable ICT entrepreneurship. In
order to problematize sustainable entrepreneurship, I will draw on insights
from Chapters 3 and 4, in combination with insights from critical research
and our own research in Paper V, based on a Swedish case of a sustainable
ICT entrepreneur. I seek to position our research in relation to recent developments in the field that see sustainable entrepreneurship as the disruption of
style (Johnsen et al., 2018). This particular theory of sustainable entrepreneurship has been developed by drawing on yet another case of sustainable
ICT entrepreneurship, namely Fairphone. I suggest a reconceptualization of
sustainable ICT entrepreneurship that is not based on the reductionist and
atomist assumptions of a rational and independent individual who commercializes more efficient technologies, but sees sustainable ICT entrepreneurship as basically a relational endeavor, aiming for the mobilization of sustainable ICT through the disruption of styles and redirection of practices
(Fry, 2009, 2011) that, similar to sustainable ICT design, allow for a collective rethinking of what sustainability implies and entails.

The sustainable ICT business and innovation landscape
Herzog and Pierson (2015) identify seven main actor groups involved in the
innovation and commercialization process of Green IT, which they divide
into innovators and support functions. Standardization bodies, influential
groups, academia and companies are identified as the main innovators,
while funding agencies, technology-transfer offices (TTOs), business angels
and governments are identified as the most important support functions. As
emphasized by the authors, these actor groups are very diverse by nature,
and their motivations for innovating and commercializing sustainable ICT
solutions differ. Furthermore, they usually participate in very different kinds
of practices and have very different motives (Bertilsson Forsberg, 2018).
Standardization bodies are organizations that develop technical standards
that aim to address different needs or problems. These standards are often
voluntary and can range from very narrow technical details of a product to
general production processes. They are often suggested by and developed in
collaborations between industrial actors, NGOs, public agencies and technical experts. Within the context of sustainable ICT, there are several organizations that actively develop and promote standards. Herzog and Pierson
(2015) mention three important actors: the International Standardization
Organization (ISO), the International Electrotechnical Commission (IEC),
the Institute of Electrical and Electronics Engineers Standards Association
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(IEEE-SA) and the UN International Telecommunications Union (UN ITU).
As discussed in Paper V, the Swedish Standards Institute (SIS) has also recently released a standard on sustainable ICT, SIS TK 550.
Influential groups include industrial associations such as the Green Grid
and GeSI, and environmental groups such as WWF, Greenpeace and the
Swedish Society for Nature Conservation (SSNC). While industrial associations aim mainly to enforce the development of sustainable ICT solutions by
collaborating with companies and standardization institutes, environmental
groups are identified as playing a decisive role in the formation of sustainable ICT policies, and to some extent also innovations.
Academic actors also play important roles in the development and commercialization of sustainable ICT initiatives. While their input is highly valued in these endeavors, they are often criticized for not participating in discussions outside of academia and for publishing in journals that are not easily accessible to industrial actors (Herzog and Pierson, 2015). However, researchers often contribute in other ways, such as by providing input to
standardization and policy development.
Herzog and Pierson (2015) also emphasize the role of support functions
for innovation purposes. Funding agencies and programs, such as The European Framework Program 7 and Horizon 2020, provide funding for projects
in line with their sustainable development agenda. Horizon 2020 is the biggest EU research and innovation program to date, with approximately €80
billion in funding available between 2014 and 2020. Its focus is on driving
economic growth and on job creation, but with a special interest in “smart
and sustainable”, “green” growth. The program connects research and innovation in different areas and aims to support research that corresponds to
dominant conceptions of sustainable development. TTOs act as the “interface between industry and research institutions” (Herzog and Pierson, 2015,
p. 57), and help universities to identify and exploit commercializable research. Governments also play an important role in supporting desirable,
while limiting or prohibiting undesirable, technologies at the national level.
In the USA, one important example is the previously mentioned Energy Star
program, which was developed by the US EPA in order to increase the energy efficiency of ICT products.
Companies are often seen as the main innovators of sustainable ICT.
While standardization bodies and researchers often provide the theoretical
foundations of what is possible and desirable, incumbent companies usually
develop actual products and services. Companies range from entrepreneurial
firms to international multi-billion dollar corporations that mainly aim to
make a profit based on the demand from individual consumers and industrial
partners. While Herzog and Pierson (2015) do not make an explicit distinction between entrepreneurial and incumbent firms, and do not take sustainable ICT entrepreneurs into consideration in their review of the field, research
suggests that such entrepreneurs are perhaps more likely to contribute to
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disruptive change towards a sustainable business paradigm (Gerlach, 2003;
Hockerts and Wüstenhagen, 2010; Kirkwood and Walton, 2010; Pastakia,
1998). Also policy makers have identified such entrepreneurs as key drivers
towards “green” and “low-carbon” economies (Davies and Mullin, 2011;
O’Neill and Gibbs, 2016).

Sustainable ICT entrepreneurship
Sustainable entrepreneurship in general, but in technology intensive sectors
such as ICT in particular, is described as an efficient way of producing products and services that support sustainable development (Ahmed and
McQuaid, 2005). Kirkwood and Walton (2010) argue that while existing
companies struggle with “going green”, new entrants have the ability to
shape their company from the outset and adopt a proactive approach to sustainability issues. According to the literature, incumbent firms have been
slow to react to the increased demand for sustainable products and services,
resulting in an imperfect market with opportunities for new entrants. Hockerts and Wüstenhagen (2010) argue that incumbent firms are also often less
ambitious in their sustainability initiatives than sustainable entrepreneurs,
but that sustainable entrepreneurship can “spill over” into incumbent companies, resulting in more proactive approaches to sustainability issues also
within such companies.

Critiquing sustainable entrepreneurship
While appreciating the value of alternative forms of organizing (PainterMorland and ten Bos, 2016, p. 59) which “allow for new forms of sociality
and environmental responsiveness to emerge”, I suggest that contemporary
understandings of sustainable entrepreneurship do not represent such an
organizational form. As it is understood, studied and carried out, sustainable
entrepreneurship instead maintains a slightly less unsustainable status quo
rather than contributing to a sustainable business paradigm shift. In Paper V,
we suggest that the underlying assumptions and understandings of such research and practice need to be rethought to support such a shift. In a problematization of sustainable entrepreneurship, we derive many of the flawed
underlying assumptions and understandings of sustainable entrepreneurship
from mainstream conventional entrepreneurship research. In this section, I
give a brief account of these assumptions and understandings, and also address the assumptions and understandings of sustainability that can be derived from the sustainable development discourse.
In Paper V, we suggest that research on sustainable entrepreneurship assumes an independent, rational and stable sustainable entrepreneur, motivated by sustainability-related values, ontologically separated from the world
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and the pre-existing opportunities that are supposed to exist in it. Thus, research treats the individual entrepreneur, the context and the opportunities as
distinct entities, rather than as intrinsically interlinked and interdependent.
We suggest that basing sustainable entrepreneurship research on such assumptions prevents us from taking relational aspects, and entrepreneurial
practice, into consideration. We believe this approach tends to produce reductionist representations of sustainable entrepreneurship realities.
In the paper, we furthermore suggest that the sustainable entrepreneurship
discourse is overly optimistic, and derives its rose-tinted glasses of optimism
from the mainstream conventional entrepreneurship discourse. Within such a
discourse, it is commonly assumed that entrepreneurship is inherently good
and should be encouraged and facilitated, as it generates economic value for
society (Hitt et al., 2011). Sustainable entrepreneurship research, on the other hand, thrives on a critique of conventional entrepreneurship practice, as
social and environmental aspects are often neglected. Thus, sustainable entrepreneurship practice is seen as the solution to many of the problems
caused by conventional entrepreneurship, while sharing similar underlying
assumptions and understandings. As summarized by Phillips (2005, p. 3):
‘[sustainable entrepreneurs] are often cast as exemplary models or ecoheroes”.
However, some of the overly optimistic conceptions of sustainable entrepreneurship practice can also be derived from the sustainable development
discourse, in particular the reductive understandings of it that many researchers tend to adopt. Despite the fact that sustainability lends itself to a
myriad of interpretations, and the concept itself is contested (Starkey and
Crane, 2003), many researchers tend to reduce sustainability to resource and
energy management, not unlike many researchers on sustainable ICT design
(see Brynjarsdóttir et al., 2012). Wright et al. (2013) suggest that existing
corporations can maintain an illusion of compromise between sustainability
and profitability by adapting the meaning of concepts such as sustainability
and CSR to fit their existing corporate agendas, and similar tendencies can
be revealed in sustainable entrepreneurship research. Moshina (2015) finds
in a recent literature review that 23 out of 27 reviewed articles on ecopreneurship argue that sustainable entrepreneurship contributes to sustainable development. When sustainability is reduced to “green aspects” or practices that are slightly more sustainable than business-as-usual, it is questionable whether any of the investigated cases of sustainable entrepreneurship
aim to push the sustainable paradigm shift allegedly promoted in research
and practice.
Johnsen et al. (2018) realize this and find it questionable that a process of
“discovery and exploitation of opportunities” (Shane and Venkataraman,
2000, p. 219) would help overcome the conflict between economic growth
and ecological sustainability within the current economic system; in particular given that these conceptions of sustainable entrepreneurship fail to
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acknowledge fundamental conflicts between capitalism and sustainability
(see Böhm et al., 2012). Phillips (2012, p. 795) argues that we cannot simply
assume that such a transcendence is even possible within the current economic paradigm, in particular because “[the] amalgam of the words ‘ecological’ and ‘entrepreneur’ signals the combination of concerns that are often
regarded as inherently incompatible”.
Johnsen et al. (2018) also suggest that a too optimistic reading of sustainable entrepreneurship is problematic as it is grounded in a neoliberal ideology “that refuses to acknowledge the need for governmental intervention and
implementation of environmental policies” (see Chapter 3). Researchers
tend to suggest that, since sustainable entrepreneurship practice can potentially push a sustainable paradigm shift, external obstacles such as governmental intervention must be kept to a minimum (see e.g. Kuckertz and
Wagner, 2010; Lourenço, Jones, and Jayawarna, 2013; Pacheco, Dean, and
Payne, 2010; Tilley and Young, 2009). As put by York and Venkataraman:
[Despite] the massive increase in regulation which has occurred over the past
thirty years, environmental degradation persists and, in many areas, has consistently worsened (York and Venkataraman, 2010, p. 451).

In a recent book review of Handbook of entrepreneurship and sustainable
development (Kyrö, 2015), (Skoglund, 2017a) finds that the majority of the
chapters in this anthology are based on similar assumptions, especially concerning the discrepancy between entrepreneurs and bureaucratic systems,
where these systems are seen as closing off any attempts by the entrepreneur
to act flexibly. Johnsen et al. (2018) argue that such assumptions lead to an
“individualization of sustainability”, where individual entrepreneurs are considered able to solve problems that are not only complex, but also collective
and global (cf. Wright et al., 2013).
In the next section, I present our theory of entrepreneurial care, which
aims to counteract the reductionist tendencies of sustainable entrepreneurship research.

A theory of entrepreneurial care
Our reconceptualization of sustainable entrepreneurship is based on the
foundations of the ethics of care (Gilligan, 1993; Noddings, 1984; Ruddick,
1995; Tronto, 1993), and resulted in an individual-care nexus for sustainable
entrepreneurship research. In contrast to conventional ethical theories, and
also to conventional conceptualizations within sustainable entrepreneurship,
the ethics of care is based on the assumption of relationally embedded ethical subjects whose actions, motivations and emotions are dependent on the
situation of a human or non-human cared-for others, i.e. vulnerable entities
for which the ethical subject cares. This perspective destabilizes the sustain96

able entrepreneur, who is seen as an emotionally driven human being bound
up in relationships, rather than in control, making rational sustainable choices in the face of a set of alternatives in an individualistic manner (Binder and
Belz, 2015). Through caring practices, especially mothering (see Ruddick,
1995), the sustainable entrepreneur establishes and maintains various relationships with these actors (e.g. stakeholders, ideas and ideals, and to the
venture that she has created) and thus entrepreneurial practices are shaped in
those relationships.
Inherent to these relational practices, but manifested in the entrepreneur,
are motivations and emotions that are traditionally “feminized” or dismissed
as being “irrational” in conventional entrepreneurship research (Ahl, 2002).
Situating motivations and emotions within entrepreneurship practice implies
that while many entrepreneurs state that they are motivated by “green values”, this does not mean that the entrepreneur is motivated by these values at
any given point in time. Rather, motivations and emotions constantly change
and largely depend on the situation of cared-for others in different relationships in practice. Thus, the theory is processual, as motivations, emotions
and care practices are dynamic and temporal.
A theory of entrepreneurial care also suggests that there are entrepreneurial traits that are valuable for entrepreneurship practice, but that are often
dismissed as strictly private-sphere traits (Ruddick, 1995; Tronto, 1993), and
rationalized within the dominant business and entrepreneurship discourse
(Mol et al., 2015).
Concerning overly optimistic conceptions of sustainable entrepreneurship,
we suggest that while such conceptions have been frowned upon in conventional entrepreneurship research (Johnsen and Sørensen, 2017), the assumption of the highly concerned sustainable entrepreneur, with extraordinary
abilities to balance ethical reasoning and green values with business-related
values, remains intact within the sustainable entrepreneurship research discourse. We have tried to nuance this aspect of the sustainable entrepreneurship discourse by following a sustainable entrepreneur within the ICT sector
who managed to make a big impact on the industry without having any “underlying green values” whatsoever, but was instead more often motivated by
keeping ideas of organizational change and efficiency, materialized within a
Green IT consultant model, alive in a competitive and hostile environment.
In conclusion, our theory of entrepreneurial is relationally and contextually aware and processual, while debunking the conception of sustainable entrepreneurship practice as the identification and exploitation of pre-existing
market opportunities by a rational eco-hero motivated by green values.
However, while this theory produces a different entrepreneurial reality than
conventional theories, it does not specifically aim to address how sustainable
entrepreneurship can contribute to sustainable ICT. Below, I will delve in
such a discourse by positioning our theory of entrepreneurial care in relation
to recent developments within sustainable entrepreneurship.
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Recontextualizing sustainable ICT entrepreneurship
Johnsen et al. (2018) suggest another fruitful perspective based on assumptions and understandings similar to those of our theory of entrepreneurial
care. Their theory is based on the concept of style, originally developed
within entrepreneurship studies by Spinosa et al., (1997). Following
Deleuze, they understand style as the production of social relationships that
form and organize society (Colebrook, 2003). Thus, style is concerned with
how we think, talk and act within different social settings, and gives form to
our lives and mediates our social relationships (Johnsen et al., 2018). Drawing on Spinosa et al. (1997), they see that style has the capacity to preserve
an order of interconnected practices (Scott, 1998a), making them durable by
means of organization, but also a capacity to disrupt that order by means of
entrepreneurship. Spinosa et al. (1997) describe this process as the location
of disharmonies and anomalies in a style, resulting in a breakdown or an
identity crisis (Chia and Holt, 2006) in which new practices emerge and
“new possibilities of life” (Deleuze, 1995, p. 91) can be realized.
While most organizations aim for a high durability of their style, protecting their practices from radical change, social systems always leak, as pointed out by Deleuze and Guattari (1988), and all organizations and styles contain cracks that reveal disharmonies and anomalies (Johnsen et al., 2018).
Drawing on Agamben (2007), they suggest that play – in the sense that objects are put into new use or practices are carried out in different ways, enacting possibilities that were previously unavailable – is crucial for a change
of style. Through play, there is a “return to use”, from which a particular
new style can be enacted in practice. However, new styles are not created by
an individual entrepreneur alone, but they are co-created in relationships
where new uses are afforded by play and existing organizational practices. In
this conceptualization, the role of the individual entrepreneur is thus marginalized in favor of a collaborative act of style reimagining.
This perspective on entrepreneurship and organization as two interacting
forces where durable styles can be disrupted when ambiguities, disharmonies
and anomalies are identified and acted upon through playful interactions has
interesting and important implications for entrepreneurship in general, but
for sustainable ICT entrepreneurship in particular. Rather than perceiving
sustainable ICT entrepreneurship as the innovation and commercialization of
digital and physical ICT products, services and production methods that are
on the one hand environmentally and socially friendly and on the other hand
competitive on the market, it becomes a process in which different styles are
imagined and negotiated that changes the conception of what is sustainable.
This allows for a disruption of current understandings of sustainability and
of existing styles and practices, and the introduction of new practices.
Here, I show that a merger between such a perspective and a theory of entrepreneurial care could potentially be fruitful for future research on sustain98

able entrepreneurship in order to mobilize sustainable ICT. I will also bring
Fry’s (2007) concept of redirective practice, as discussed in the previous
chapter, into the discussion to suggest that caring sustainable entrepreneurs
should aim for the introduction and enactment of such practices in particular.
While the concept of redirective practice was initially introduced in a design
context, it also has implications for sustainable ICT entrepreneurship. Fry
suggests that
any discipline with a prefigurative or analytical relation to the form and operation of the material world could find ways to create cooperative working relations with redirective action (Fry, 2009, p. 55).

In Fry’s design theories, redirective practices are contrasted with defuturing,
in which the time dimension is ignored. For sustainable ICT design and entrepreneurship, this implies an instrumental focus on aesthetics and functionality, while ignoring long-term or indirect effects that risk materializing at a
later stage. This does not imply that redirection requires practitioners to “see
into the future” (Fry, 2009, p. 58), but a sensibility to aspects of the future
positive or negative possibilities of a certain design, and a collaborative decision about which practices should be enacted, and what they should entail.
Thus, a redirective practice aims for a particular desirable future rather than
preserving the current status quo. In future research on sustainable entrepreneurship as style, a style that entails defuturing practices can be disrupted in
favor of redirective practices through sustainable entrepreneurship, which
can be made durable through organization. In the light of such a perspective,
sustainable entrepreneurs have similar responsibilities as designers to introduce and enact redirective practices that discontinue institutionalized ways
of thinking, talking and doing sustainability. Furthermore, redirective practices are more likely to be introduced and enacted in alternative forms of
organizations, where styles are less durable and less protected from different
forms of disruption.
There are also several possible implications of a perspective on entrepreneurship based on Johnsen et al’s. (2018) conceptualization of sustainable
entrepreneurship in combination with a theory of entrepreneurial care that
should be investigated further in future research. They build on similar assumptions of the entrepreneurial practice as a relational endeavor rather than
a market-based activity carried out by rational actors, and emphasize the
importance of adopting a contextually and relationally aware, and social,
perspective on entrepreneurship.
More importantly, these two theories operate on different levels. A theory
of entrepreneurial care arguably adopts a more micro-oriented perspective
while a perspective based around style is more macro-oriented, which further
facilitates their merger (Poole and Van de Ven, 1989). While a theory of
sustainable entrepreneurship based on the concept of style emphasizes that
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sustainable entrepreneurship is basically a relational endeavor, it does not
pay explicit attention to the dynamics of such relationships in practice, and
how they should be conceptualized. A theory of entrepreneurial care aims to
capture the nitty-gritty, everyday activities carried out in the relationships in
which the sustainable entrepreneur is invested. Thus, while there are certainly many different possible relationships between an entrepreneur and other
human/non-human, material/immaterial actors in her vicinity, a theory of
entrepreneurial care suggests a theoretical framework based on the ethics of
care which allows researchers to see if and how the entrepreneur is emotionally invested and engrossed in, and motivationally displaced by, such relationships in practice.
Focusing on the emergence of new styles and redirective practices in interactions between different actors in caring relationships allows for a perspective in which not only homo oeconomicus with “green values” that can
identify and exploit pre-existing market opportunities in a rationalistic manner are seen as sustainable entrepreneurs. Rather, it captures a plethora of
endeavors carried out in a collective and relational manner with the aim of
challenging pre-existing styles and redirecting existing practices towards a
common future that has been collectively decided. It also destabilizes the
conventional sustainable entrepreneur, and is sensible to the actual relationships in which sustainable entrepreneurship is fostered. At the same time,
such a definition of sustainable entrepreneurship disqualifies many defuturing initiatives that merely aim to promote less unsustainable products and
services to the market. Moving away from initiatives that risk promoting
green consumerism and greenwashing an unsustainable status quo (Wilk,
2013) is essential in order for entrepreneurship to be a valuable concept for
mobilizing sustainable ICT towards transformative change. In that sense,
sustainable ICT entrepreneurs, similarly to designers, should be worldmakers rather than agents maintaining a defuturing status quo and “sustaining the
unsustainable” (Fry, 1999, p. 9).

Summary
This chapter has been concerned with how sustainable ICT can be mobilized, focusing in particular on the recent phenomenon of sustainable entrepreneurship, which is discursively construed as a silver bullet to a plethora of
environmental and social problems, not least through innovation and commercialization within technology-intensive environments. In order to problematize sustainable entrepreneurship, I have drawn from insights presented
in Chapters 3 and 4 and from various other critical sources, in combination
with research results and empirical insights from Paper V. In Paper V, we
argue that conventional approaches to sustainable entrepreneurship research
are reductionist, in the sense that they boil down sustainable entrepreneur100

ship to the discovery and exploitation of pre-existing, sustainable, market
opportunities by individual, sustainability-minded, entrepreneurs. We derive
these assumptions from mainstream conventional entrepreneurship research,
and problematize them in order to develop a new theoretical framework
more in line with our empirical observations of sustainable ICT entrepreneurship. Our framework is based on the ethics of care, and suggests among
other things that sustainable entrepreneurship is a relational and emotional
practice, emphasizing the role of the caring relationships in which the entrepreneur is embedded. Many of our ideas are in line with Johnsen et al.
(2018), Phillips (2005, 2012) and (Skoglund, 2017a, 2017b) among others.
The second half of this chapter has been concerned with positioning our
theory of entrepreneurial care in relation to a recent stream of sustainable
entrepreneurship research that emphasizes the dual process of disrupting and
making style durable within an organizational context. What our theories
have in common is that they question taken-for-granted assumptions of entrepreneurship practice and entrepreneurial individuals, and deliberately try
to move away from such perspectives. I argue that they can complement and
contribute to each other in several ways in future research, in particular because they share many underlying assumptions and understandings of sustainable entrepreneurship. The most central aspect is perhaps that while they
both emphasize that sustainable entrepreneurship is an inherently relational
endeavor, a theory of entrepreneurial care can contribute a conceptualization
of such relationships in practice. Furthermore, I am sympathetic towards the
idea of sustainable entrepreneurship as the disruption of style, leading towards new organizational practices through organization. However, it is not
clear what kind of practices should be enacted or rejected in this theory. For
this purpose, I have suggested that Fry’s (2007, 2009) concept of redirective
practice could prove useful for sustainable entrepreneurship. In conclusion,
for future research on sustainable ICT entrepreneurship, I suggest a perspective based on the idea of the collective disruption of styles and defuturing
practices towards the enactment of redirective practices, with an explicit
focus on the caring relationships that determine this process. In this sense,
sustainable ICT designers and entrepreneurs have similar possibilities and
responsibilities in enacting and mobilizing styles and practices that aim to
disturb an institutionalized way of thinking, talking and doing sustainability
in their respective disciplines. Thus, while sustainable entrepreneurship
plays an important role for sustainable ICT, it should perhaps be seen less in
the light of commercialization, and more as a way of mobilizing new sustainable ICT (styles, practices, discourses and artifacts).
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Chapter 7: Problematizing Sustainable ICT

Problematization, as described in Chapter 2 on methodology, is a concept
with a variety of connotations. According to Bacchi (2012), the concept of
problematization was coined by Foucault in his later writings in order to
capture, in retrospect, the analytical intentions behind his earlier works. Foucault describes problematization as a process that seeks the answer to why
certain things, such as behaviors, phenomena or processes, became seen as
problems: why, for example, certain forms of behaviors were classified as
“madness” (Foucault, 2006). Here, a problematization is something that occurs as a result of a particular historical configuration, i.e. a problematization
is seen as an object of analysis (Barnett, 2015). A second interpretation is
referred to as a methodology of problematization (Howarth, 2013). According to Barnett (2015), this interpretation is quite attractive to social scientists,
as it refers to a style of social critique, which can be broadly understood as
“putting [something] into question ... as a way of problematizing something”
(Geuss, 2002, p. 211). While there is a clear distinction between these two
interpretations of problematization, some scholars argue that they are related.
Lemke (2012), for example, sees problematization as a two-step process.
First, a problematization, such as a particular behavior, phenomenon or process, is revealed neither as given nor objective, but as an effect of social
processes. Then, a problematizing approach is adopted, with the ambition of
exposing contingencies of apparently stable and taken-for-granted definitions of that particular problematization (Barnett, 2015).
While appreciating the Foucauldian heritage of the concept, there are also
other scholars who have adopted a looser definition. Locke and GoldenBiddle (1997), for example, have a very generous definition of problematization, described by Sandberg and Alvesson (2011) as a way of critiquing the
existing literature within a certain research area in order to spot a gap. However, my interpretation and use of problematization in this thesis has mainly
been inspired by Sandberg and Alvesson (2011) and Alvesson and Kärreman
(2007), who suggest that problematization is an approach which aims to take
something (e.g. a phenomenon, process, behavior or practice) that is often
perceived as good or neutral, and turn it into something problematic in order
to unveil and challenge the underlying assumptions and understandings underpinning these optimistic or neutral perceptions.
Throughout the chapters of this comprehensive summary, I have been
concerned with many different issues that are discursively produced as op103

portunities rather than as potential problems for sustainability. Within the
sustainable development discourse, it is commonly assumed that sustainable
technologies will not only contribute to increased and better-distributed economic growth, but also to ecological sustainability through the optimization
of unsustainable processes and systems. Sustainable ICT research and practice, which often adheres to the sustainable development discourse, is conventionally seen as having enormous potential for removing or reducing the
need to travel, making other industrial sectors more sustainable, and for generating new jobs (GeSI, 2015).
Despite a discourse within sustainable ICT that perceives sustainable ICT
design and entrepreneurship as potential sources of a radical transformation
towards a sustainable paradigm shift (Schaper, 2002), most contemporary
approaches do not aim to contribute to meaningful, transformative change
(Mann et al., 2018). Instead, ICTs are mainly deployed for other purposes
unrelated to sustainability, which further contributes to environmental degradation and inequalities (Fuchs, 2017; Unwin, 2017), and alienates us from
each other and from our natural environment (Imamichi, 2009; Kreps, 2018).
Through problematization, I unveil and challenge the assumptions and
understandings of three abstractions, namely the technological, the social,
and the sustainable that underlie overly optimistic conceptions of sustainable
ICT in research and practice. A problematizing approach to sustainable ICT
research and practice is sensible to the values and ideologies underpinning
such initiatives, and highlights problems rather than opportunities. I suggest
that such assumptions and understandings prevent us from imagining sustainable ICT solutions other than the design and commercialization of products aimed at increasing (resource and energy) efficiency through optimization and dematerialization. I suggest that contemporary initiatives generally
produce less unsustainable alternatives (Mann et al., 2018), which can result
in greenwashing and maintaining an undesirable and unsustainable status
quo (Fry, 2009). Thus, rather than keeping on hoping that the potential of
sustainable ICT will eventually materialize, I construe such assumptions and
understandings of the technological, the social and the sustainable as potential obstacles to imagining other sustainable futures.
Through interdisciplinary research, I challenge conventional assumptions
and understandings of sustainable ICT research and practice should aim to
pay equal attention to materiality, values, culture, social practices and discourses, rather than treating them as belonging to separate but unidirectional
interacting spheres. The only way I see that this can be realized is by proposing a social theoretical underpinning for sustainable ICT based on theories,
ideas and insights from the social sciences and humanities, and especially
from philosophy. The value of drawing on philosophy in order to contribute
to other fields has been discussed in Chapter 2. For research on sustainable
ICT in particular, philosophical accounts prove to be especially valuable for
problematization and for suggesting alternative assumptions and approaches,
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not least since the intersection between humans, technology and the environment has been studied philosophically for decades, if not centuries
(Kaplan, 2017). However, few researchers within areas related to sustainability and ICT actually engage with philosophy, and they only occasionally
engage with theories from the social sciences, such as ANT or practice theory. However, as I also argued in Chapter 2 on methodology, while a problematizing approach to sustainable ICT is a central contribution of this thesis, problematization should not be seen as an end in itself. Instead, it opens
the way to new theories, concepts and approaches to sustainable ICT. Such
theories, concepts and approaches have been presented in Chapters 5 and 6.
The value of such an approach, where assumptions and understandings
are first unveiled and challenged and then replaced by drawing on social
theories and philosophy, can be seen throughout this thesis. In Chapter 3, the
conventional sustainability discourse of sustainable development was problematized based on results from Paper I, Marxist and post-colonial scholars
and post-structuralists. In combination with the following Chapter 4, on
ontological perspectives, it provides an alternative foundation for the following chapters, based on assumptions of relationality and technological valueladenness (Van den Hoven, 2007) and value and meaning mediation (Ihde,
1990; Verbeek, 2005). In Chapter 5, I problematized conventional approaches to sustainable ICT design, and suggested new theoretical underpinnings based on insights from philosophers such as Søren Kierkegaard and
Tomonobu Imamichi. Another approach to sustainable ICT design was proposed in Paper IV, where we problematized contemporary approaches such
as visualization and persuasion, and proposed an intuition-based design approach based on Imamichi’s (2009) ethical framework Eco-ethica. These
approaches are based on very different assumptions of the technological and
the social than visualization or nudging for example. In Paper V, discussed
in Chapter 6, a problematizing research approach resulted in a critique of the
conventional theoretical underpinnings of sustainable entrepreneurship, and
this comprehensive summary from the sustainable development discourse.
Based on this, we argue in Paper V for a complete reconceptualization of
sustainable entrepreneurship based on the ethics of care. In Chapter 6, I put
this reconceptualization into the context of sustainable ICT mobilization by
arguing for a perspective based on the disruption of durable style (Johnsen et
al., 2018; Spinosa et al., 1997) and the redirection of practices (Fry, 2007,
2009). In Paper III, we problematized assumptions related to historical and
technological determinism and essentialism in sustainable ICT, and suggested a perspective on sustainable ICT as post-produced in a sociomaterial context.
I would like to pause here in order to engage with a central question: why
bother with problematization? There is, of course, no clear cut answer to this
question, as there are certainly instances where gap spotting is exceptionally
powerful, in particular for the development and refinement of theories that
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prove to produce interesting and valuable research results. And after all, as
concluded by Sandberg and Alvesson (2011), gap spotting is not just easier
and highly encouraged in academia, but will probably also get you published
more often.
However, as claimed by Kreps
the early 20th-century philosophical grounding or today’s digital revolution is
culpable in digital’s (growing) contribution to the ecological catastrophe unfolding in the 21st century (Kreps, 2018, p. 102).

This also has implications for how sustainable ICT is perceived, studied and
practiced. What Kreps is referring to is among other things positivism and
structural individualism and the cornucopian worldview at the heart of neoliberalism and neoclassical economic theory. In this thesis, such aspects
have been problematized. I have also unveiled and challenged the ontological separateness inherent in the sustainable development discourse, leading
to disinterested and value-neutral conceptions of the technological and reductionist perspectives on the social and the sustainable. Of course, such
philosophical groundings are not inherent only in research on computing, but
underpin many beliefs, practices or knowledge that constructs reality in general, and provides shared understandings of the world (McCloskey, 2008).
For example, the attentive reader might realize that much of the critique I
have aimed at persuasive technologies also applies to sustainable ICT entrepreneurship: from the individualization of sustainability problems to the
overly optimistic discourse and the objective of successfully merging environmental sustainability with profit maximization (Johnsen et al., 2018).
One might intuitively assume that research on sustainable ICT and sustainable entrepreneurship is inherently critical of such assumptions, but as I
have shown in this comprehensive summary, this is generally not the case.
Instead, such research often thrives on a critique of their “unsustainable
counterparts”, i.e. computing and conventional entrepreneurial practice,
while remaining largely uncritical of their own research practices and their
implications for society at large. This is surprising, as the approaches suggested in such research are generally based on similar philosophical underpinnings, and thus also assumptions and understandings (Skoglund, 2017b).
While mature fields exist for both critical studies of computing and entrepreneurship, respectively, the critical ambitions of their “sustainable counterparts” are either not as pronounced, or non-existent. While ICT4S, for example, is described as a field providing a “critical perspective that challenges
every technological solution by assessing its impact at the societal level”
(Hilty and Aebischer, 2015, p. 21), the lack of profoundly critical perspectives and problematization in such research is surprising (Mann et al., 2018).
There are, however, glimmers of hope for future research on sustainable
ICT. Kreps (2018, p. 2), for example, questions the philosophical grounding
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of computing, and suggests assumptions based on process philosophy in
order to “reshape the digital revolution to support strategies to counter [the
unfolding catastrophe]”. Another inspiration is Fuchs (2006, 2008, 2009,
2017) who has arguably popularized Marxist critique of sustainable ICT and
research on information and communication in general. He is also an editor
of the open access journal triple-C, where critical contributions to sustainable ICT are occasionally published (see e.g. Jacobsson, 2019; Robbin, 2011).
I am also sympathetic towards the recently established research field LIMITS, which problematizes conventional, cornucopian, assumptions in computing research concerning exponential (economic and technological)
growth, and presents more realistic assumptions about the future where scenarios based on resource scarcity and a steady-state economy, or de-growth,
are adopted. Nardi et al. (2018, p. 88), for example, suggest that research on
sustainable ICT needs to challenge assumptions about the “exponential
growth of computing capacity and an ever-expanding infrastructure”. Such
assumptions and understandings of future conditions give rise to fruitful
discussions about technological development. For example, Raghavan and
Hasan (2016) question the assumption concerning the increased speed and
complexity of the internet for supporting various resource-demanding activities. They discuss the essential values of the internet, and how these values
can be maintained by a low-tech internet that can be supported in a future of
scarcity. Patrignani and Whitehouse (2018) question the assumptions of
growth – i.e. of storage, processing power and transmission speed, represented by Moore’s law – and draw on Andrew Price’s (2009) concept of
Slow Tech in order to figure out how ICT can be developed and used in a
socially desirable, environmentally sustainable and ethically acceptable way
based on moral, equitable and environmental limits. Such contributions are
rare, but highly valuable for future research – not only critical research, but
also for research aiming to make normative contributions to sustainable ICT.
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Concluding discussion

In this thesis, I have been concerned with sustainable ICT in a broad sense,
but with an explicit focus on how sustainable ICT is and should be understood, designed and mobilized. Design and entrepreneurship are central for
the emergence of sustainable ICT, but should not be seen as the only relevant practices for this purpose. However, despite being central practices,
they are often discursively reduced to the design and commercialization of
sustainable physical and/or digital ICT products and services. Thus, while it
is commonly assumed that such practices currently promote and produce a
more sustainable society through the use of ICT, they often end up promoting defuturing practices that reinforce an unsustainable status quo. One of
the contributions of this thesis is therefore a problematization of conventional approaches to sustainable ICT, their underlying assumptions and understandings, and the ideologies and worldviews underpinning them. I have
argued that there is value and potential in practices such as design and entrepreneurship, if they are understood differently and against a different philosophical backdrop. These new assumptions and understandings that have
been laid out in this comprehensive summary will be summarized in this
chapter, and constitute another contribution of my research. The last main
contribution is to present the normative implications of such new assumptions and understandings, i.e. approaches to how sustainable ICT design and
entrepreneurship could be studied and carried out in practice.
The chapters of this comprehensive summary have made use of the individual papers included in this compilation thesis as follows. In Chapter 1
and Chapter 3, the results from Paper I have played a crucial role for my
problematization of sustainable ICT and sustainable development respectively. In Chapter 4, Paper III has been used as an example of how the relationship between the technological, the social and the sustainable can be conceptualized in sustainable ICT. In Chapter 5, results from Paper II and Paper IV have been used in order to add new perspectives to the design of behavior-influencing technologies for sustainability purposes that go beyond
persuasion. In Chapter 6, results from Paper V have been used to argue for a
reconceptualization of sustainable entrepreneurship for sustainable ICT mobilization. In Chapter 7, I concluded that problematization is a central research approach in my papers on sustainable ICT, and should be more widely considered, not just for explicitly critical studies of sustainable ICT.
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This concluding chapter addresses the two research questions raised in the
introductory chapter, and thus wrap up the thesis.
What are the underlying assumptions and understandings of the technological, the social and the sustainable within sustainable ICT (design and entrepreneurship), and how do they affect the potential of ICT to promote sustainability?

It is conventionally assumed that sustainable ICT, despite the negative direct
social and environmental effects of the technologies that facilitates it, can
potentially make our society more sustainable. They can allegedly make us
less dependent on fossil fuels by making other industrial sectors more efficient and thus more ecologically sustainable. ICT is also said to have the
potential to dematerialize the economy, largely replacing physical products
and services with digital ones, thus decoupling economic growth from GHG
emissions through reducing the need for production of goods and transportation (GeSI, 2015). Furthermore, ICTs can assumedly be transferred to peripheral areas to foster growth, and thus decrease poverty, for social sustainability. Following this logic, ICT-based solutions can also, in turn, open up
commercial sustainable opportunities for incumbent and entrepreneurial
firms, leading to new jobs.
However, despite the seemingly perfect fit between sustainable development and ICT, the “greening potential” of ICT has yet to be unleashed (Börjesson Rivera, 2015). While it is virtually impossible to unravel whether ICT
contributes to a net positive or net negative impact on sustainability, it has
not been in my interest to attempt this. Rather, in particular because we are
moving towards global warming of up to between 2.6°C and 4.8°C by the
end of the century (UN, 2017), with severe consequences such as extreme
weather conditions and food shortages, we need to determine whether contemporary approaches, and the assumptions and understandings underpinning them, are suitable given the dire need for a transformation towards a
more sustainable society. Throughout this thesis, I have made a contribution
to research on sustainable ICT by, through problematization, unveiling and
challenging assumptions and understandings underlying sustainable ICT
research and practice concerning the interrelatedness of three central abstractions, namely the technological, the social and the sustainable.
Concerning assumptions and understandings of the technological, in
Chapters 3 and 4 I have argued that research on sustainable technologies,
including much research on sustainable ICT, tends to exaggerate the “purely
technical” aspects of ICT in terms of what they can achieve in relation to
sustainability, i.e. their potential, and thus often falls into value-neutral, deterministic, and fetishistic conceptions of technology, where the technological is reified. For example, when sustainable ICT is discussed in terms of the
optimization of technologies and sociotechnical systems, it is assumed that
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an increase in efficiency will eventually lead to a lower environmental impact of that or other technologies or systems. Through extensive literature
reviews and my own research, I have shown how conventional approaches to
sustainable ICT lead to rebound effects that often offset any environmental
gains. Optimization often improves the efficiency with which some output
can be produced from a particular resource, which results in lower prices that
increase the demand for and consumption of that output rather than reducing
the input. When sustainable ICT is discussed in terms of technological transfer, it is often assumed that the adoption of ICTs in a particular context allows for social developments similar to those previously experienced in a
Western context (Whyte et al., 2017). For example, Toyama (2015) shows
that Western institutions and organizations aim to facilitate the development
of the internet in authoritarian societies, based on the assumption that this
technology will make such societies more open and democratic, like it has in
the West. However, the internet is used and promotes very different practices
in different societies, as Toyama shows, and can very well have the opposite
effect, making it easier for authoritarian governments to control their populations through the spread of propaganda among other things. Furthermore,
technology transfer risks eroding previously close relationships with nature
and the community, and lead to unexpected and undesirable effects that go
beyond discussions of rebound effects, such as individualism and consumerism (Alessa et al., 2010; Callicott, 1989; Whyte et al., 2017). I have also
shown, in Paper I, how sustainable ICT is reliant on an unequal exchange of
environmental, social, and economic effects. While sustainable ICT products
are used with great effect to keep the core “green and clean” (Hornborg,
2001), the negative direct effects of extraction, production and disposal often
affect populations in poor countries where such ICTs are used to a much
lesser extent.
Concerning assumptions and understandings of the social, as previously
suggested, research on sustainable ICT often tends to downplay such aspects
in favor of the so-called “purely technical” aspects of sustainable ICT. However, when social aspects are seriously taken into consideration, as within
SHCI, they are often discussed as peripheral or contextual to the technological artifact, and are thus ontologically separated from the materiality of ICT
as shown in Chapter 4. Furthermore, in such research, the assumptions are
imbued with a neoliberal ideology in which every individual is responsible
for adopting their own sustainable behaviors. The social is often reduced to
independent and rational individual homo oeconomicus, which is an assumption underpinned by systemic individualism (Kreps, 2018), i.e. the atomistic
view of society as a mere aggregate of individuals and their own actions
(Floridi, 2017). Given the limited choices, incentives and impacts of individual sustainable action, and the risk of individual level greenwashing
(Mitchell and Ramey, 2011), such approaches rarely lead to meaningful
change towards sustainability, but instead to individualist conceptions of
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sustainability. The epitome example is sustainable gamification, where the
social is often reduced to competition between individuals carrying out “sustainable actions” through the use of leaderboards and achievements.
Concerning assumptions and understandings of the sustainable, in Chapter 3 I have first and foremost focused on the institutionalization of the sustainable development discourse within sustainable ICT. Such a discourse,
discussed and critiqued in this thesis, is not only reinforcing many of the
underlying assumptions and understandings of the technological and the
social mentioned above but is also imbued with a pro-growth, technologyoptimistic and Western-centric, neoliberal and thus individualistic ideology
(Escobar, 1994; Haque, 1999), which many would argue is inherently incompatible with sustainability. Sustainable development is thus not inclined
to support necessary radical transformations of how our society is organized,
but tends to favor change that does not challenge the mechanism that contributes to unsustainability (Fry, 1999). In combination with the scientifictechnical rationality that has become a new culture in most modern societies
(Feenberg, 2003), sustainability issues instead become subjects for technological intervention. Sustainability problems are therefore seen as mainly
technological problems. Thus, researchers in sustainable ICT and other fields
interested in the intersection of technology and sustainability would benefit
from either adopting more critical perspectives on sustainable development,
or adhering to alternative sustainability discourses with different ontological
grounds. Furthermore, I have in Paper III, criticized essentialist conceptions
that sees the sustainable as properties potentially inherent in ICT products.
When these assumptions and understandings of sustainable ICT have
been unveiled, it is not surprising that a focus on rapid technological development and commercialization, which contemporary perspectives on sustainable ICT design and entrepreneurship promote, are presented as reasonable responses to the impending social and environmental collapse. Conventional approaches tend to give a false impression of sustainable progress
through small steps, while maintaining and reinforcing an unsustainable
status quo (Fry, 2009). Smart, ICT-based solutions will certainly be required
in a future of scarcity and environmental strain, but an explicit focus on such
techno-fixes will merely slightly delay the inevitable, and risks obscuring
other significant values realizable through the use of such technologies.
Thus, while ICT can, and in many cases does promote a less unsustainable
society, I suggest that contemporary approaches are largely insufficient for
promoting sustainability. Conventional approaches to sustainable ICT, based
on such assumptions and understandings, are thus currently not geared towards sustainability. Rather, as argued by Kreps (2018, p. 5, italics in original), “the underlying philosophy and much of [the outcome of computing]
runs counter to the health of the environment: it is against nature”. This,
naturally, leads us to my second research question.
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What new assumptions and understandings of the technological, the social
and the sustainable within sustainable ICT (design and entrepreneurship) are
appropriate for sustainable ICT to promote sustainability through research
and practice?

Unveiling the assumptions and understandings underlying the technological,
the social and the sustainable in sustainable ICT opens the way for a radical
rethinking of the theoretical and philosophical underpinnings of sustainable
ICT, which in turn affects how sustainable ICT is understood, researched,
designed and mobilized. Challenging such assumptions and understandings
within sustainable ICT by imagining alternatives is another contribution of
this thesis, and requires one to suggest vistas that would not have been suspected with conventional research approaches (Weick, 1989). Such an endeavor cannot be based on technological knowledge alone. Rather, I have
suggested that such research should be more concerned with methodological
approaches, ideas and theories from the social sciences and philosophy. Philosophy, in particular, can help defamiliarize researchers from their takenfor-granted world of expectations and knowledge. Furthermore, philosophy
stimulates awareness and new ways of thinking about different problems
(Jones and ten Bos, 2007), and is useful for theory building and concept
development (Alvesson and Kärreman, 2007).
Ontologically, in contrast to assumptions and understandings within sustainable ICT research mentioned above, such a new theoretical and philosophical underpinning emphasizes the inherent interrelatedness of the technological and the social when studying such phenomena. Such a perspective
sees that the social operates in the same registry as the material aspects of
technologies, and that we need to acknowledge that technologies cannot
exist or be understood in isolation from the social world, and vice versa. It
implies that while abstractions such as the technological and the social are
useful abstractions for sustainable ICT research; they are not as “real” as
much research implicitly implies. Thus, there is no intrinsic sustainable potential in ICT, or any other essence for that matter. As shown in Paper III,
the sustainable can never be determined a priori for a certain technological
artifact, or sociotechnical system, but is negotiated and (post-)produced
through processes which involve human and non-human actors. It takes into
consideration, but goes beyond, the measurable effects of technologies-inuse and acknowledges the physical limits constraining the development of
future sociotechnical systems. It sees sustainability as a sociocultural and
political problem rather than a technological one, implying that technological intervention alone will never be able to redirect contemporary societal
trajectories. The sustainable, rather than being seen as a complex problem to
solve through behavior change and resource management, or a property inherent in ICT artifact, becomes an ontological matter; as put by Bendor
(2017), it becomes a matter of deeply held beliefs about the world. There113

fore, through emphasizing the value-ladenness, and the value and meaning
mediatory aspects (beyond persuasion), of ICT, sustainable ICT design and
entrepreneurship should aim to influence collaborative action and futurescaping through the mobilization of politically charged discourses about
our co-existence in futures of scarcity and environmental strain, and practices that aim to change how we relate to and dwell in them.
Based on these new assumptions and understandings, I have proposed two
alternative approaches to sustainable ICT design, and a new perspective on
sustainable ICT entrepreneurship. These are the normative contributions of
this thesis. For sustainable ICT design, we have first suggested an intuitionbased approach, developed in Paper IV and recontextualized in this thesis.
We suggest that as technological artifacts and the systems producing them
become more complex and opaque, and as their side effects are systematically moved away from the users in time and space, the average user cannot be
expected to take these into moral consideration when consuming and using
technologies. I agree with Cox-Shrader (2011), who claims that we should
design our world in a way that reconnects us to living systems. An intuitionbased approach is built on the assumption that natural intuitions are deemed
redundant in a technology-mediated environment (Imamichi, 2009), but that
technological artifacts could be designed in such a way that side effects become intuitively intelligible, thus mediating intuitions and values.
Another approach, developed in Paper II, is a reconceputalization of sustainable gamification that draws inspiration from a wider palette of game
aspects to exploit and affects to evoke. While we question the commercial
potential of a narrato-ethical approach to sustainable gamification in Paper
II, this approach is recontextualized towards worldmaking interactions in
this thesis. Worldmaking interactions differ ontologically from persuasive
design, in which gamification is often assumed to reside. This implies that
rather than aiming for influencing behaviors on the individual level, it seeks
to mobilize new sustainability-related discourses and practices through invoking playfulness and imagination for example.
In Paper V, we develop a theory of entrepreneurial care as a counterargument to the reductionist tendencies within sustainable entrepreneurship
research. Rather than boiling down sustainable entrepreneurship to the discovery and exploitation of sustainable, pre-existing, opportunities by individual, sustainable entrepreneurs, we propose a perspective based on assumptions and understandings from the ethics of care (Gilligan, 1993;
Noddings, 1984; Ruddick, 1995; Tronto, 1993). In our theory, we emphasize
the role of the caring relationships with human and non-human actors in
which the entrepreneur is embedded in and reliant upon, and the practices
that occur in these relationships. In Chapter 6 of this comprehensive summary, I have positioned our theory of entrepreneurial care in relation to recent developments in sustainable entrepreneurship research, where Johnsen
et al. (2018) further developed the idea of entrepreneurship as disruption of
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style (Spinosa et al., 1997). Such a recontextualization of a theory of entrepreneurial care has implications for how sustainable ICT entrepreneurship
should be approached and promoted. Rather than as the commercialization
of sustainable ICT products and services, it implies a focus on the disruption
of styles and defuturing practices, aiming to enact redirective practices that
disturb an institutionalized way of thinking, talking and doing sustainability.
Thus, similar to sustainable ICT design, it aims to mobilize sustainable ICT
through redirecting practices, styles and discourses about our collective being in the world, rather than to only commercialize digital or physical products and services.
In conclusion, I believe that ICT can and should be able to promote sustainability, but in ways other than those conventionally imagined. Conventional design approaches include process optimization, dematerialization and
behavior-influencing technologies (Zapico, 2014), and it is assumed that the
development and commercialization of such technologies can be facilitated
by means of sustainable ICT entrepreneurship. While these approaches are
not necessarily defuturing as such, they are not sufficient or even desirable in
an unsustainable status quo, where they risk underpinning stability rather
than aiming towards a sustainable paradigm shift (Fry, 2009). We need ways
to facilitate collective imagining and action towards sustainable futures, and
this thesis has aimed to take positive steps towards such a development within sustainable ICT.
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