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ABSTRACT

ICT for Sustainability is a growing research area looking at the
potential of information and communication technologies for
contributing to sustainability. The existing work in this area can be
grouped in four main categories: The optimization of existing
systems using ICT, the dematerialization of cultural assets and
presence, the use of technology for behavioral change, and the
support of sustainability practice and research. Within this research
area, this thesis focuses on exploring how new technologies and
approaches of working with data, such as APIs, mashups,
crowdsourcing, open data, and dynamic visualizations, can be

applied to sustainability and sustainability practice.

This thesis follows a research through design method, where
applications, prototypes, and events were created and released
following an iterative design process. Five different design artifacts
or “hacks” are presented and analyzed together as a portfolio. This
collection of artifacts is a practical exploration of the research

questions and it embodies the results.

Based on the created artifacts, this text argues that the new
technologies and paradigms coming from ICT can transform how
sustainability work is performed, by changing the way that
sustainability data is created, shared and visualized. This new
“data-driven” approach is characterized by a bottom-up way of
data gathering, automatic data collection and crowdsourcing, a real
time orientation, a focus on transparency and openness, dynamic
and interactive visualizations, and new approaches to innovation.
These characteristics create new opportunities for making
sustainability practice more effective and broaden its impact, but

they also create new problems and increase existing risks.
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Finally it is argued that while information and communication
technologies are usually treated as tools, these innovations in ICT
for Sustainability are not only technological, but also cultural. The
hacker ethic values connected with computer technologies, such as
an open way of sharing knowledge, the focus on creativity as a
driving force, and a hands-on approach, are key for understanding
this research area and an important part of the contribution from

ICT to sustainability.
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SAMMANFATNING

IKT for hallbarhet &r ett nytt forskningsomrade som undersoker
hur information- och kommunikationsteknologier (IKT) kan bidra
till hallbarhet. Befintlig forskning kan kategoriseras inom fyra
omraden: effektivisering, avmaterialisering av medier och fysisk
ndrvaro, beteendeforandring, samt stod till hallbarhetforskning och
praktik. Med detta som utgdngspunkt utforskar avhandlingen hur
ny teknik och sitt att jobba med data, sisom API:er, mashups,
crowdsourcing, Oppna data och nya visualiseringsteknik, kan
anvindas inom hallbarhetsomradet. Avhandlingen anvander
designbaserad forskning som metod i vilken prototyper, tjénster
och events skapats i en iterativ designprocess. En portfolj med fem
utvalda prototyper eller “hacks” presenteras i texten och ger

konkret form till resultat och forskningsfragor.

Med resultaten fran prototyperna som grund argumenterar texten
att nya teknologier och paradigmer fran IKT kan paverka hur
hallbarhetsarbete utfors, genom att fordndra hur hallbarhetsdata
skapas, delas och visualiseras. Detta nya sétt karakteriseras av en
anvandning av data baserad pa automatiskt datasamling, feedback i
realtid, 0ppenhet, dynamiska och interaktiva visualiseringsverktyg,
och dppen innovation. Detta ’datadrivna” tillvigagangssétt ger nya
mojligheter att forbattra hallbarhetsarbete, men det skapar ocksa

nya problem och kan 6ka befintliga risker.

Slutligen argumenterar texten att &ven om IKT ofta behandlas som
bara ett verktyg, ar innovationer inom IKT for hallbarhet inte bara
teknologiska, men ocksa kulturella. Viarden kopplade till
hackeretik sdsom Oppenhet, kreativitet som drivkraft, och fokus pa
handling, ar centrala for att forstd detta forskningsomrade och kan
ses som ett bidrag fran IKT till hallbarhet.
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INTRODUCTION

Information and communication technologies have transformed
society and become a main driver of development (Castells, 1996;
Van Dijk, 2012; Ensmenger, 2012). Computers have developed
exponentially, from being expensive machines taking up whole
rooms and confined to research institutions and companies in the
forties, to powerful and affordable laptops and mobile devices. A
key component in this revolution has been the transformation from
individual computers to connected devices. Internet, the global
network connecting computers, has grown to become a global
network with more than 2 billion users (ITU, 2011), and in some
countries such as Sweden almost all the population has access to
internet services. This development has changed both the way we
work and how we live our everyday life, from how global markets
work, to how we communicate with friends.

At the same time, we are facing global environmental challenges.
The concentration of greenhouse gases in the atmosphere is at
historical high level due to human activities such as fossil fuel use
and land-use changes, driving rapid climate change (IPCC, 2007).
Changes in the nitrogen and phosphorus cycles, mainly due the use
of artificial fertilizers, are polluting water systems and creating
eutrophication problems in oceans and freshwater ecosystems

(Rockstrom et al. 2009). The exploitation of natural resources and



HACKING FOR SUSTAINABILITY

land-use changes reducing natural habitat, combined with a
changing climate and pollution, is creating a loss of biodiversity as
extensive as previous big extinctions (WRI, 2005). These are
examples of the growing impact of human activity in the natural
environment (Rockstrom et al, 2009). These environmental
challenges, together with the need for reducing poverty, led to the
development of sustainability as a political discourse and a
research area, as an answer to how society has to change for

ensuring the wellbeing of future generations (Brundtland, 1987).

There is a growing amount of research focusing on the interaction
between these two developments, the information and
communication technologies revolution and the need for
sustainability, both exploring the negative impacts of the
technologies, and their possible positive impacts. ICT for
Sustainability is a research area that focuses on the use of these
technologies with a sustainability purpose, looking at how
information technologies can have a positive impact in working

towards sustainability.

This thesis explores the research area of ICT for Sustainability
following a research through design approach, where the ideas for
how ICT can work for sustainability are put into practice and tested
as software applications. The hacking in the title is a reference to
the hacker ethic (Himanen, 2001), which defines a hacker as
someone that programs enthusiastically'. This thesis follows a
“hacker approach”, not only discussing the impacts of ICT, but
working proactively by developing applications, services and

events.

Before continuing, it is needed to briefly explore these previously
mentioned terms of sustainability, ICT, hacking, and ICT for

1 Not to be confused with the use of “hacker” in popular media as a computer criminal.
More discussion about hackers and the hacker ethic can be found in point 1.3 and in
chapter 4E.
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Sustainability, and to clarify how they will be used throughout the
text.

11 SUSTAINABILITY

While it is beyond this text to define and discuss sustainability in
depth, it is important to introduce the main concepts and clarify
how the term is used in this text.

Sustainability and sustainable development has its roots in the
political discussion during the last part of the twentieth century,
from the UN Conference on the Human Environment in Stockholm
1972, the Brundtland Commission formed in 1983 and the Earth
Summit in Rio in 1992 (for a more detailed description of the
history of sustainability see Dresner, 2002). The most cited
definition comes from the Brundtland's report for the UN World
Commission on Environment and Development: “development that
meets the needs of the present without compromising the ability of
future generations to meet their needs” (Brundtland, 1987). The
key point in this definition is bringing together environmental and
humanitarian concerns under the concept of equity (between and
within generations). It includes the concept of needs, human well-
being, in particular focusing on the world's poor, and the idea of
limits on the environment ability to meet these needs. Brundtland's
definition also points out the possible ambiguity, mentioning that
“Interpretations may vary, but must share certain general features
and must flow from a consensus on the basic concept of
sustainable development and on a broad strategic framework for
achieving it” (Ibid).

Sustainable development is a normative and anthropocentric idea.
It frames the environmental problems not as something external to
human society, but as a basis for our future well-being. It includes
the realization that the social and economic systems are not

independent of the environment, but embedded in it, and that these



HACKING FOR SUSTAINABILITY

systems have to take into account that we live on a limited planet.
While sustainability and sustainable development are used many
times with equivalent meaning®, this text uses sustainability to
indicate that it does not focus directly on questions of
development. This work focuses more on the environmental
concerns that jeopardize sustainability, such as climate change,
resource depletion, human toxicity, land use patterns, and the
human activities that creates these concerns such as the use of
fossil fuel, waste production, and emissions of toxins to air and

water.

In particular this text focuses on climate change, energy use and
greenhouse gases emissions. Climate change refers to the global
warming induced by the increased greenhouse effect created by
human greenhouse gas emissions. This warming is now
unequivocal, with increases in global average air and ocean
temperatures, melting of snow and ice, and rising average sea
level, connected with anthropogenic greenhouse gas emissions
from fossil fuel use, agricultural and land-use changes (IPCC,
2007). Carbon dioxide is the most important greenhouse gas and
used as the main metric for measuring climate change emissions, in
cases where other greenhouse gases are relevant they are usually
transformed into CO, equivalents as a measure of global warming
potential (Ibid). The focus on climate change can be argued both
by the urgency and the scale of the possible consequences (Stern,
2007), but also because it is a representative problem for our
current sustainability concerns, a problem that is global,
distributed, not a result from a failure in the system, but an

2 Dresner (2002, pp 65) points out two different views: the Brundtland report
(Brundtland, 1987) and Agenda 21 (UNEP, 1992) argue that is important to avoid
making a distinction between the sustainability and sustainable development, while
others such as O'Riordan (1988) argue that sustainable development prioritizes
development, while sustainability is primarily focused about the environment.
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unavoidable result of the current resource use patterns (Allenby,
2006).

In this text, the discipline of Industrial Ecology is used as the main
approach for framing the sustainability aspects. Industrial Ecology
is a mean to deliberately approach and maintain sustainability
(Graedel and Allenby, 2010). It is an interdisciplinary research
area, having a strong focus on system studies, and while its origins
are in industrial systems, it extends onto more general techno-
sociological systems. Industrial Ecology has a proactive approach,
not only studying the systems, but with the aim of changing them
towards sustainability (Jelinski et al. 1992). It uses ecology as a
metaphor for analyzing systems: their use of resources, material
and energy metabolism, the impacts and the ways of restructuring
and creating symbiosis between different elements for enabling
sustainability. One important component of Industrial Ecology is
assessing the environmental impacts of products, services, and
systems, and there are a variety of tools used such as Life Cycle
Assessment (LCA), Material Flow Analysis, Environmental
Impacts Assessment, Footprint Analysis, Input-Output Analysis
and Cost Benefit Analysis (Finnveden and Moberg, 2004). These
tools are used with aims such as supporting decision-making,
auditing, policy compliance, and improvement of existing or future
systems. This thesis refers many times to LCA as a representative
of sustainability practice. LCA is a framework for estimating the
environmental impacts of a product or service with a system
approach (Baumann and Tillman, 2004). It follows four steps: first
it defines the aim and scope, including the functional unit to be
studied. The inputs, outputs and processes of the whole life cycle
are analyzed, from the raw material extraction to the end-of-life.
Then the environmental impacts such as global warming potential,
eutrophication, eco-toxicity and human toxicity are calculated, and
finally the results are analyzed and discussed. This thesis focuses

mostly on the application of ICT to sustainability practice and
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research, exploring how it can be used for empowering Industrial
Ecology work such as environmental impact analysis and LCA.

12 1CT

Information and communication technologies (ICT) is an
overarching term for the various digital technologies used for
manipulating information, such as computers and mobile phones.
These technologies allow a radical increase in volume, speed and
complexity for processing information (Hilbert and Loépez, 2011),
and as mentioned before, they are central parts of the current
dominant technological paradigm (Castells, 1996; Van Dijk, 2012).
While ICT is a quite generic term, in this text the term is used
mainly to refer to computers (including equivalent mobile devices),
and internet (including the network infrastructure). Information
technologies (IT) or computers are sometimes used in the text as

synonyms of ICT.

Much of the work and discussion in this text focuses on internet
and the world wide web. Internet is a decentralized global
computer network used by billions of users. It connects different
networks under a standard internet protocol TCP/IP. It supports
different services, from serving hypertext documents, file systems,
email to voice (VoIP) or television (IPTV). Internet has its origins
in defense oriented research during the 1960s and it became more
widespread during the 1980s, lead by academic and research
institutions and followed by private networks. Internet has
followed a fast growth trend, reaching 2.2 billion users worldwide
in 2011 (ITU, 2011). The world wide web, www, or simply the

web, is the collection of interconnected hypertext’ documents

3 Hypertext is a computer document including links connecting to other documents. It
may have text and other multimedia content. HTML is markup language used on the
web for publishing hypertext documents and HTTP the protocol used for accessing
them. A web browser is needed for interpreting the HTML to a human readable format.
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accessible through internet' using unique addresses. The basic
structure for the web, including the HTML and HTTP protocols,
the first web server and the first web browser, was created by Tim
Berners-Lee at CERN in 1992 (Berners-Lee, 2000). In the last
twenty years the web has grown to become one of the most

important ICT services, used by billions of users.

It is important to also mention the trend towards mobile
computing. Mobile phones have in a short time become the most
widespread technological device in human history, with more than
5.6 billion subscribers or 70% of the global population (ITU,
2011). There is an ongoing convergence trend between mobile
phones and computers. Mobile phones are getting bigger screens,
having more power and capabilities, and they are increasingly used
to access internet. Computers are getting smaller and adding
mobile connectivity, while tablet computers and other hybrids are
also becoming popular. When mentioning “computer”, this thesis

refers to this variety of connected computer devices.

Computers, internet and mobile computing have transformed how
we work with data and information. There are some technologies
and trends dealing with how data is created, shared, and visualized,
that are needed to be mentioned as they play an important role in

this work:

* Machine-readable data: Machine-readable data is data
intended for, and understandable by, computerss, in
contrast with data that is intended for humans to read. This
is important as machine-readable formats enable the
automatic processing and reuse of existing information.

Web APIs are examples that make machine-readable data

4 It is worth reminding that while many times internet is colloquially used for referring
to the web, the web is only a subset of the internet.

5 See for more information: http://www.data.gov/developers/blog/primer-machine-
readability-online-documents-and-data



HACKING FOR SUSTAINABILITY

available. API stands for Application Programming
Interface and it is an interface of a software program that
enables other software to interact with it. It contains
routines, data structures, classes and protocols that a
developer can use to access services from another
software. The popularization in recent years of public APIs
in web services have transformed the approach of how
applications are created. Linked data is another key
concept of how the web is becoming more machine-
readable. Linked data® is a web publishing standard
readable both for human readers and computers’, which
uses RDF® to describe data in triples containing subject
predicate and object. RDF can then be either accessed by
computers, or visualized for human readability.

* Open Licenses: Open licenses allow data, content and
computer source to be “free to use, reuse and

redistribute”™

. Free/Open source software (F/OSS) is
software that allows the user access to the source code, and
freedom to copy, modify and improve it'’. F/OSS software
has demonstrated to be a successful model for software
development (Lakhani et al 2003) and open software is
widely used. For instance F/OSS provide some key
components of internet, such as the LAMP'' web server
stack that builds on Linux as operative system, Apache as
server, MySQL as database and PHP, and popular web

browsers such as Firefox and Chrome'’. Open data is

10
11

http://www.w3.org/Designlssues/LinkedData.html

More detailed information about Linked Data can be found in the Footprinted chapter
4B.

http://www.w3.org/RDF/

See http://opendefinition.org/

See http://opensource.org/docs/osd and http://www.fsf.org/about/what-is-free-software
See http://onlamp.com/pub/a/onlamp/2001/01/25/1amp.html

http://firefox.com and https://www.google.com/intl/en/chrome/browser/
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usually applied to non-textual information, for instance
statistics. Open data has been embraced by governmental
institutions, with initiatives from the EU", US', UK"® and
the World Bank'®. Inspired by F/OSS, Creative Commons
is an organization that has created a set of copyright
licenses that allow the free distribution of cultural
knowledge17 such as books, text, movies, music or
photographs. The licenses can have certain limitations such
as exclusively for non-commercial use, retribution to the
author and the possibilities of modification. For instance,
the online photo service Flickr hosts now more than 200
million creative common licensed pictures™. While
machine readable data simplify the access from a
technological point of view, open knowledge licenses work

towards the same goal from a juridical one.

¢ Pervasive Sensing: There is a growing distributed
network of both dedicated sensors and of embedded
sensors in other devices such as mobile phones that allow
automatic data gathering. Mobile phones are growingly
used for data gathering (sometimes without the users even
knowing it'’). Mobile devices are powerful as pervasive
sensors because they are with us all the time, always on,
and aware of their context with an increasing number of
embedded sensors such as microphones, GPS,

accelerometers, camera, etc. Mobile phones can also be

14
15
16
17
18
19

EU has a directive (PSI) for the opening of public information.
http://ec.europa.eu/information_society/policy/psi

http://data.gov

http://data.gov.uk

http://data.worldbank.org

See http://creativecommons.org/ for more information.

See http://www.flickr.com/creativecommons/

In 2011 it was uncovered that Apple's iPhone saved detailed location data of their users
without consent: http://techland.time.com/2011/04/20/hidden-iphone-file-records-your-

location-coordinates
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enhanced with other external sensors, such as Lapka®, an
add-on that provides sensors for humidity, radiation,

electromagnetic fields and traces of synthetic fertilizer.

* Crowdsourcing: Crowdsourcing is a model of
participative online activity in which the public voluntarily
undertakes a task such as creating or curating content
(Estellés-Arolas and Gonzalez Ladron de Guevara, 2012).
The most well known example is Wikipedia®, a free
online encyclopedia that is collaboratively edited with 24
million articles. It is one of the top ten most visited
websites worldwide, and is not supposed to have more
errors than the traditional Encyclopaedia Britannica (Giles,
2005).

* Mashups and remixing: The availability of machine-
readable and open content allows the creation of new data
by automatically remixing existing sources. This is known
as a “mashup” approach, as it is used in web design
context, and it has been one of the defining trends in the
so-called web 2.0 (Murugesan, 2007). Mashups can be
seen as a paradigm innovation, they are not a technology,
but a new way of doing things made possible by the
technological affordances™ created by APIs, and the legal
ones created by open licenses. This mashup approach is
becoming increasingly relevant, as more and more
information connected to the physical world is available in

a digital format.

* Dynamic visualizations: Visualizations are key for
making data understandable (Tufte, 1990;1997;2001), ICT

20  https://mylapka.com/

21  http://en.wikipedia.org/wiki/Wikipedia

22 Affordances of a technology can be understood as the possible actions that it allows the
user to perform (Norman, 1988).

10
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allow making these visualizations dynamic, based on real
time data, and interactive. Some of the key technologies
for visualization of data include new web standards, such
as HTML5 with CSS3” that allow the creation of
advanced graphics natively on websites, and the use of
AJAX* and jQuery”, that allow the non-obtrusive
modification of the visualization. Libraries such as D3
are making the visualization of data easy, transforming
web  documents using data. Finally, dedicated
programming languages such as Processing® are being
used for generating more complex graphics and

interactions.

The technological trends and paradigms presented above, centered
around working with data, are the main ones explored throughout
this text.

1.3 THE HACKER ETHIC

When looking at the development of information and
communication technologies and their impact, it is important to not
only look at the technologies themselves, but also to understand the
culture and values that foster them. In the core of ICT, hackers and
the hacker ethic have been central to its development. Being a
hacker is being someone that “programs enthusiastically and who
believes that computing and information sharing is a positive
good”, and that it is “their ethical duty to facilitate access”
(Himanen, 2001; Wark, 2006). This is not to be confused with the

use of the term in media and popular culture, where it is used

23 Standards by w3c: http://www.w3.org/TR/html5/ and http://www.w3.org/Style/CSS/

24 Using asynchronous Javascript to modify the content of the websites without reloading.
http://www.adaptivepath.com/ideas/ajax-new-approach-web-applications

25 A Javascript library for easy development of AJAX applications http://jquery.com/

26 A Javascript library for visualizing data using web standards http://d3js.org/

27 A programming language for creating images and interactions http://processing.org/,
also available to use as a Javascript library at http://processingjs.org/

11
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mostly connected to cybercriminals, computer experts that steal
credit card numbers and break in to security systems (Nissenbaum,
2004). The hacker ethic originated at MIT and developed in
academia during the second half of the twentieth century (See
Levy's (1984) historical account and Raymond's (2000) brief
history of hackerdom), and it contains a set of values and norms

that were embodied in the work of the early hackers™:

1. Hands on imperative focusing on practical skills and results.
2. A believe that information should be free.

3. Mistrust in authority and promotion of decentralization.

4. Hackers should be judged by their hacking, not by "bogus"

criteria such as degrees, age or race.
5. You can create art and beauty on a computer.
6. Computers can change your life (and the world) for the better.

This is not a uniform set of values shared by all ICT practitioners,
nor all “hackers”, and it should not be treated as singular code
(Coleman, 2012). But it is an important component of the culture
of information technology either implicit or explicit, and the hacker
ethic is present in many of the information technologies. Coleman
(2012) provides an updated analysis of the contemporary hacker,
focusing on the Free/Open Source Software (FOSS) hackers and
their connection with legality and intellectual property. While the
definition and characteristics of what makes a hacker has changed
and evolved, the principles above still capture the main ethical
values such as openness, meritocracy and a tinkering and hands-on
approach, which Coleman describes in connection with how
hackers work in FOSS projects.

During the last years there has been a resurgence of the term hack,

using hack and hacker in the sense of sharing information,

28 The hacker Jargon. Available at: http://www.catb.org/~esr/jargon/html/index.html
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tweaking, hands-on change, and being used not only to computer
related activities, but also to things such as personal development,
furniture design or gardening. These communities may not “hack”
in the traditional perspective, but they share the principles of
openness and creativity of the hacker ethic. The hacker ethic as
defined by the jargon file, its master document, does not exclude
this, but it welcomes any kind of non computer activity as part of
the hacker community, defining a hacker as “an expert or

enthusiast of any kind” (See footnote 27).

Pekka Himanen (2001), in his book “The hacker ethic”, argues that
the hacker values represents a different work ethic that challenges
the dominant protestant work ethic. Himanen discusses the current
dominance of the protestant ethic as defined by Weber (1905),
tracing its origin to the monastery. In this ethic, work is seen as a
duty that must be done for itself, the purpose of the work is not to
get something done, but "to humble the worker's soul by making
what he is told". Some of the defining characteristics are the
emergence of the clock and fixed hours as control, money as the
main motive, being busy as a status symbol and playfulness being
removed from work. This protestant ethic is now secular and
central in the capitalist system. The book defines the hacker work
ethic in opposition to this protestant ethic, pointing its origins to
the academia. The defining characteristics are being able to
organize one's own time, and passion being the main motivation,
instead of money. Not working for work's sake but for creating
something valuable or just for fun. This work ethic does not
oppose work, as Himanen presents the pre-protestant work ethic
that was leisure-centric, but abandons the duality of work/leisure,
again focusing the motivation around passion, and driven concepts
such as openness of information, freedom of speech, privacy, and

creativity.
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1.4 ICT AND SUSTAINABILITY

The relationship between ICT and environmental sustainability can
be roughly classified in two areas, the first-order or direct impacts
and the second-order or indirect impacts® (Hilty, 2008). The first
order impacts of ICT are the negative environmental consequences
connected with the production, usage and disposal of the computer
equipment itself’. There are a growing number of studies looking
at these impacts using LCA and other environmental assessment
methodologies, as explored by reviews such as Arushanyan et al
(2013), Yao et at. (2010) and Teehan and Kandlikar (2010). The
results from different studies show quite a big variability and
uncertainty (Weber et al, 2010b). This can be explained by the
rapid pace of development, the complexity of the systems, lack of
available data, and the influence that defining how the products are
used has in the results. Even if the results differ, the main impacts
in the life cycle (production, use, disposal) of ICT usually point to

three areas:

* The energy and resources used during the production of

hardware.

* The energy consumed by the equipment, both personal
devices, such as computers, and the infrastructure, such as

network equipment and servers.

¢ The toxicity and social impacts of the disposal of

electronic waste.

The indirect impacts are the secondary effects that the usage of
technology has as it changes the way we interact with each other,
the way we work, and the way we organize society. These indirect

29 Hilty (2008) also makes a distinction of third-order, or systemic, impacts pointing out
to the more long term impacts of the availability of technologies in society.

30 The studies available focus mostly on the hardware and do not include the software.
The design phase of the hardware is not included either.
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impacts can be negative or positive, planned or unplanned. Hilty
(2008) separates the indirect impacts in three effects:

¢ Substitution: replacing the use of a product or service
using ICT.

*  Optimization: ICT used for increasing the efficiency of a

system.
* Induction: ICT promoting an increase in use of a service.

As Hilty argues, these three effects are usually interdependent. For
instance ICT can substitute the use of paper (by reading in
electronic devices), optimize the use of paper (for instance using
print by demand) and induce the use of paper (by making printing

easier).

This work focuses on ICT for Sustainability, the use of information
technologies with a sustainability purpose. The important notion is
the “purposefulness” in the use of technology; ICT is used with a
planned attempt to increase sustainability. This text uses ICT for
Sustainability or ICT4S as a general term encompassing ongoing
research that may use different or more concrete terms such as
sustainable HCI, greening through IT, cleanweb, ICT for
environmental sustainability and environmental informatics (Hilty
et al. 2011). A clarification can be made regarding ICT for
development (ICT4D) and GreenlT. ICT4D is an established
research area looking at the use of information technologies for
social sustainability. It explores using technology as a tool for
empowering disadvantaged populations and reducing poverty,
focusing on low-income countries. Examples of topics include e-
learning, e-agriculture and e-health (Heeks, 2008). While there are
many common points and shared interests with ICT4S (see for
instance Ospina and Heeks, 2010), the focus of ICT4D is on the
development and not on the environmental aspects of
sustainability. GreenlT is a term sometimes used with the same
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meaning as ICT4S, or by specifying “greening by / through IT”.
But most generally it is used in the IT industry meaning the work
of increasing efficiency and decreasing energy use of IT equipment
itself (Murugesan, 2008). These technical aspects of GreenlT,
while touched upon by some of the created applications, are not the

research focus in this text.

The concept of ICT for sustainability, the state-of-the-art of the
research and examples of existing applications will be further

presented in the second chapter.

1.5 RESEARCH QUESTIONS

This thesis is an inquiry in the field of ICT for Sustainability,
exploring the application of new ICT concepts to sustainability.
This thesis explores the use of new technologies and approaches of
working with data (crowdsourcing, mashups, machine-readable
data, open licenses, pervasive sensing, and data visualization) in a
sustainability context, and try to understand how they can
transform sustainability practice and research. The main research

questions are:

* How can these new technologies and approaches for working
with data be wused in ICT for Sustainability and in

sustainability practice?

* What are the main opportunities and risks in the use of these
technologies and approaches for sustainability?

* What is the role of the cultural “hacker” values in these

opportunities and risks?

Based on these questions and aims, a research through design
approach was followed, developing artifacts or “hacks”
(prototypes, events, software applications) to explore the research
questions. These artifacts are proofs of concept for specific

opportunities or interventions working on a specific area. They
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work as an exploration of different ICT for Sustainability ideas,
and a practical way of identifying opportunities and problems
when implementing them. A selected collection of artifacts is
presented as a cohesive portfolio that embodies the results from the
research inquiry. The results are a contribution to advance ICT for
Sustainability as a research area, but also to media technology and
human computer interaction, as the technologies and practices
coming from these fields are practically applied in the domain of

sustainability.

1.6 BACKGROUND

The research presented in this thesis was conducted at the Center
for Sustainable Communications (CESC) at KTH The Royal
Institute of Technology’'. CESC is an interdisciplinary research
center looking at the relationship between ICT and sustainability,
with a team comprising computer scientists, sustainability
researchers, sociologists, anthropologists, designers, and urban
planners. With undergraduate studies in computer science and a
master in sustainable technology I started my research for bridging
together these two apparently unrelated fields. This
interdisciplinary environment and background is key to
understanding the motivation of this thesis and its interdisciplinary
research approach. This thesis and the research that lead to it is to
be seen as a part of a wider effort at CESC for understanding the
effects of ICT in sustainability, studying the possible risks, and
exploring the opportunities for making ICT a positive force

towards a more sustainable society.

31 A Vinnova Centre of Excellence formed as a collaboration between the departments of
MID (Media technology and Interaction Design), and FMS (Environmental Strategies
Research), together with a number of industrial, media and societal partners (including
Ericsson, TeliaSonera, City of Stockholm and COOP) and other research groups and
institutions. More information at http://cesc.kth.se

17



HACKING FOR SUSTAINABILITY

1.7 STRUCTURE

This thesis is divided in six chapters:

The first chapter introduces the topic of the thesis, the aim

and the structure of the text.

Chapter two presents an analysis of the current research on

information technologies for sustainability.

Chapter three discusses the research approach and
methodological questions.

Chapter four presents the selected artifacts or “hacks”.

Chapter five brings together the artifacts as part of a
cohesive portfolio and it discusses the opportunities, risks,
and the influence of the hacker ethic in ICT for

sustainability.

Chapter six wraps up the final conclusions and proposes
further research opportunities.
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ICT FOR SUSTAINABILITY

ICT for Sustainability can be defined as the planned use of ICT
with a sustainability purpose (Hilty, 2011). This is still not a fully
consolidated area, as there is different, and sometimes overlapping,
research coming from different established disciplines such as
Human Computer Interaction (HCI), Industrial Ecology, Geo-
informatics, Material Science and Computer Science. Other
existing communities and terms in this space, beside ICT for
Sustainability, include sustainable HCI or sustainable interaction
design (Goodman, 2009; Di Salvo et al, 2010), environmental
informatics (Avouris and Page, 1995), greening through IT
(Tomlinson, 2010), and cleanweb™. Hilty and Lohmann (2013)
provide a comprehensive bibliography of the existing conceptual
frameworks that span across the different communities. This text
does not dwell on the differences and uses ICT for Sustainability
(or ICT4S) as a general term encompassing these different research
efforts. Even if the perspectives, boundaries and goals may vary

between them, many of the topics are common.

This chapter will discuss four of the main topics in this research

arca:

32 Cleanweb is a non-academic interest group and movement looking at the intersection
of web technologies and cleantech, see : http://www.cleanweb.org.uk/manifesto.html
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* Efficiency and optimization

¢ Dematerialization

¢ Behavioral change

* Tools for sustainability practice.

These four areas are discussed to give an overview of the research
in ICT4S and to provide background information for the practical

applications and discussion in this thesis.

2.1 EFFICIENCY AND OPTIMIZATION

Efficiency is the relationship between the amount of input and
resources needed for producing a result, and optimization is the
process of increasing the efficiency of a system. ICT has always
been used to increase efficiency, specially time-efficiency,
accelerating existing processes (Hilty et al, 2005). This
acceleration is the defining characteristic of the impact of ICT in
society, and as Castells (1996) argues, one of the pillars of the
information society. In the context of ICT for Sustainability,
efficiency usually means the use of ICT for optimizing a system or
a process with a sustainability purpose, for instance reducing the
amount of energy and materials required for delivering a service or

the greenhouse gases produced when creating a product.

Efficiency is one of the key concepts that are heavily mentioned in
the literature of ICT for Sustainability. Reports such as Smart2020
(Climate Group, 2008), and Greener and Smarter (OECD, 2010),
point out efficiency as the most important contribution that ICT
can make to sustainability, and even as a central part in achieving a
more sustainable society in general. Much of this discussion uses
the terms smart or smarter and argues that ICT can improve and
tune existing systems, reducing emissions and resource

consumption while maintaining or increasing utility. Examples of
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this include: smart cities, smart grids, smart appliances, intelligent
transport systems and smart logistics.

Smart grid is representative for how ICT is being applied for
sustainability related efficiency. Information technologies are used
to improve the actual electricity grid system, for instance routing
power more efficiently, reducing the need for excess capacity and
allowing two-way real time information exchange between
producers and customers for real time demand side management.
Smart grid has been suggested as the single most important
application of ICT for reducing greenhouse gas emissions
(Climate Group, 2008).

Intelligent transport systems (ITS) is also a very active research
area where the optimization potential of ICT is being explored,
including the optimization of storage and transportation of goods
(ibid). ICT applications that are suggested to increase efficiency
include inventory reduction, eco-driving, route optimization and
intermodal shifts. A particular example is the computer models
used by Japan National Institute of Informatics for calculating the
best possible delivery route between different stores and providers,

creating both economical and environmental savings (Satoh, 2008).

Efficiency measures are also being applied to other fields, such as
agriculture. For instance ICT based smart irrigation systems to
reduce water usage and carbon emissions by context-aware
watering schedules, using weather data and/or soil moisture and

evapotranspiration sensing (Mutchek and Williams, 2010).

Hilty et al. (2005) problematizes the focus on efficiency, pointing
out that the main effect of ICT has been in increasing productivity,
meaning that the efficiency gains of time-efficiency has resulted in
increasing output, not in reducing input. This is a classical rebound
effect (Brookes 1990); a rebound effect is the lost gains in
efficiency of technological progress due to that cost reduction

generates increased consumption of the same service, and/or
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increases spending in other areas due to higher income and
systemic macro-economic effects (Berkhout et al 2000). This is not
exclusive to ICT, but endemic to efficiency. A classical example is
provided by Allenby (2006), where he shows how cars have
increased in fuel efficiency, but the total impact of cars have grown
as cars are bigger and faster, there are many more cars and we
drive them more. Hilty argues that using ICT for efficiency
measures is not enough precondition for saving resources, and that
that measures restricting input and output (aiming for sufficiency)
are needed in order to avoid rebound effects (Hilty et al. 2005).

2.2 DEMATERIALIZATION

Dematerialization is a reduction in the quantity of physical material
required to provide a service (Berkhout and Hertin, 2004; Fuchs
2006). While from an Industrial Ecology perspective,
dematerialization is usually seen as optimization of materials used
in production (Gradeel and Allenby, 2003), in the context of using
ICT for Sustainability, dematerialization is a more radical change,
pointing out the transformation of physical products and services to

virtual digital services.

Much of the early discussion about how information technology
would transform society and contribute to lessen environmental
impact was based on this dematerialization potential of technology,
being able to move “bits instead of atoms” (Negroponte, 1995).
Based on my observation of existing research, there are two main
assets that have been the subject of dematerialization: cultural and

knowledge assets, and physical presence.

Culture and knowledge artifacts such as music, books, magazines
and journals, have been one of the fastest areas subject to

33 Sufficiency can be seen as a limitation of needs in order to avoid overconsumption,
focusing on the total amount that is needed instead of on the efficiency ratio (Princen,
2003).
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dematerialization. For instance, music delivery has been
transformed during the last decade, with a move from physical
devices such as CDs towards purely digital formats downloaded
online and listened through dedicated players or general devices
such as computers or mobile phones. This decoupling of content
from a physical container reduces the energy needed for creating
and transporting the product. From an energy and CO, perspective,
Webber et al (2010) found that digital delivery of music is up to
80% more efficient, after accounting for the emissions of internet
and computer usage. Books and printed media are also moving
towards digital formats, both using dedicated low-energy electronic
devices for reading text with new generation e-ink screens™, and
general use devices such as tablets and mobile phones™. While not
a straightforward answer, the environmental impact of reading
electronically is usually less per book versus reading in paper, as
soon as the initial hardware production impact is offset (Moberg et
al 2011). It is interesting to note that the environmental impact for
e-readers per book decreases with usage, in comparison with paper
books where the impact is constant per unit.

Presence  dematerialization  includes  virtual  presence,
videoconferences, and services such as e-banking or e-government.
These can be seen as creating a dissociation of presence and
physicality. One everyday example is financial institutions. Bank
services have been moving away from paperwork and physical
visits to bank offices towards fully electronic interactions.
Economical reasons and user's comfort can be seen as the main
drivers for this change, but there are environmental impacts too.
Dematerialization of banking decreases the need of office space,

reduces the clients’ need for traveling to bank offices and

34 For instance Amazon Kindle https://kindle.amazon.com/ or Sony Reader
https://ebookstore.sony.com/reader/

35 Such as Apple's ibook application http://www.apple.com/apps/ibooks/ or Readmill
http://readmill.com
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eliminates the paper and logistics of many transactions. This has a
direct impact in reducing environmental impacts. For instance, in
Sweden, having electronic invoices instead of physical ones sent
by post could halve the carbon impact of the invoicing and reduce
a total of around 40,000 ton CO, (Moberg et al 2008a).

The use of mediated communications as a substitution for traveling
has been pointed out as an opportunity of ICT for reducing
greenhouse gas emissions (Climate Group, 2008). One example is
the case where a high quality videoconference system for the
public employment services was installed in a Swedish rural area,
which succeeded in reducing car traveling and emissions (Moberg
et al 2008b).

While the energy use, and its connected environmental impact, of
creating and moving bits (even if still existing) is usually smaller
than the impact of transforming and moving material or people,
dematerialization is also effected by rebound effects as explained
above. Some classical examples of failed dematerialization due to
rebound effects are the increase in paper consumption with the
introduction of the computer, instead of the promised paperless
office (Sellen and Harper, 2001) and the increase in total distance
traveled by teleworkers in some cases as they could live further
away (Fuchs, 20006).

2.3 BEHAVIORAL CHANGE

Another central theme of ICT for sustainability is the use of
technology for supporting or triggering behavioral change towards
sustainability. This include research on eco-feedback, persuasive
technologies, ambient awareness and pervasive and participatory
sensing. In sustainable HCI this kind of research is most
prominent. Di Salvo et al (2010) in their survey of the research
area found that 70% of the publication corpus on sustainable HCI

was on persuasive and ambient awareness.
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A main concept in research about behavioral change is using
technology for “making the invisible visible”. Information
technology is used to visualize and communicate data that is
relevant for sustainability such as energy use, water use or carbon
dioxide emissions (Froehlich, 2000). This is seen as a precondition
for acting and increasing sustainability: if it's visible, it's actionable

and then it can be made sustainable (Bonanni, Busse et al, 2011).

Some examples of applications and research looking at these topics
include:

* [Interactive Institute Energy Studio: A research group
which created pioneer projects making energy visible, such
as transparent screens showing a metaphorical tree
representing energy consumption, power cords that make
electricity consumption visible, and lamps that reward low
energy use (Maze, 2008; Broms et al 2008).

e Show me: A visualization of water usage at home using a
LED lights display in the shower (Kappel, 2009).

e Good guide®®: A service using mobile devices for
providing environmental information about consumer

products.

Many of the applications do not only present the information in a
neutral way, but they have a persuasive intention to change
behavior towards sustainability, making use of psychology theories
such as the guidelines presented by B.J Fogg (2003) on persuasive
technologies. Some of the persuasive techniques used with an
environmental purpose include competition, collaboration, goal

setting, simulation and facilitation (Zapico et al, 2009).

The focus on using technologies for changing behavior is not free

of problems. Brynjardsdoéttir et al (2012) present some of the most

36 http://www.goodguide.com/
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relevant criticisms, arguing that the persuasive approach used in
HCI for sustainability is narrowing too much the concept of
sustainability to single metrics, that it focuses mostly on
individuals and not on practices or context, and that it assumes

rational actions based on the information provided.

2.4 ICT FOR SUSTAINABILITY PRACTICE

Another area where ICT is used for sustainability is in facilitating
sustainability practice itself. By sustainability practice it is meant
the research and applied work of sustainability as a discipline, such
as the work in the Industrial Ecology research area. Information
technologies are a main component in sustainability work,
allowing the analysis, modeling, control and communication of
environmental information. This has been advanced in the research
area of environmental informatics (Hilty et al, 2006), which
focuses on using technology for the creation and processing of
environmental information in traditional environmental disciplines
and in institutions such as environmental agencies. Examples of
this research include wusing web technologies for -creating
customized sustainability reporting (Siipke et al, 2009) or using
data warehousing for working with environmental data of

companies (Burnmann, 2007).

Another important use of ICT in sustainability practice is in the
modeling of environmental impact assessment. Hilty et al (2008)
argue that ICT is central to promote life cycle thinking, providing
tools for supporting decision making. Complex modeling studies
such as life cycle assessments are made possible by the use of
computer tools and databases. Modeling software that are widely
used for creating environmental impact assessment include
SimaPro®’, OpenLCA™ (Ciroth, 2007) and Umberto®. Databases

37  http://www.pre-sustainability.com/simapro-lca-software
38 http://www.openlca.org/
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and repositories of environmental information include Ecoinvent™®
and CPM". There are also new tools applying internet
technologies to environmental impact assessments, such as
Sourcemap®, a web based visualization of supply chains for
products (Bonanni, 2011) which make use of a distributed and

crowdsourced way of presenting the life cycle of products.

Finally, the increased availability of freely available tools and data,
such as geographic and satellite information, is also allowing other
groups than governmental institutions to monitor the environment.
Examples include Forest Watchers”, a citizen science service
where the monitoring of land use changes in the Amazon forest is
crowdsourced, and Grassroots Mapping™, where users create maps
using DIY* balloons with cameras, for instance for tracking and

visualizing oil spills*.

2.5 SUMMARY

The research in ICT for sustainability is still fragmented, with new
communities such as Sustainable HCI, that are quite active creating
discussion, interventions and applications, converging with older
communities such as Environmental Informatics, which has
worked with computer-based environmental information since the
seventies. In the middle there is a lot of interdisciplinary research
coming from other established areas, such as computer science or
Industrial Ecology. There is also a growing interest from the

government and industry, with a number of reports being published

39  http://umberto.de

40 http://www.ecoinvent.ch/

41 http://cpmdatabase.cpm.chalmers.se/

42  http://sourcemap.com

43 http://forestwatchers.net/

44 http://grassrootsmapping.org

45 Do It Yourself.

46  http://grassrootsmapping.org/gulf-oil-spill
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outside academia, such as Smart2020 (Climate Group, 2008), and
grass-root initiatives such as cleanweb.

This chapter gave an overview of the existing research and
activities, focusing on four areas that give a good overview of the
state-of-the-art:

* ICT is being applied to optimizing existing services for
saving resources, making existing systems such as

transportation, housing, and cities, more efficient.

* ICT is argued as potentially reducing the environmental
impact of existing services by dematerializing physical
assets such as books, bills, music, and activities that used
to require physical presence, such as meetings or visits to
the bank office.

¢ ICT is being used for providing feedback to users by
making invisible variables, such as energy use, visible with
the aim of increasing awareness and affecting the users
behavior.

* ICT is used in the work of sustainability research and
practice, being central to the measurement, modeling and
analysis of data, for instance when making environmental

impact analysis such as LCA.

As presented before, there is also work looking at the risks and
possible negative aspects of these areas. The most relevant is the
importance of rebound effects, the loss of efficiency gains because
the saved resources are invested in making more with the same (or
even more) resources, instead than doing the same with fewer
resources. This is especially relevant for ICT as these technologies
are used for the acceleration and optimization of different systems,
and to ICT for Sustainability, where many of the argued

opportunities are based on efficiency and dematerialization. The
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rebound effects may counter the positive effects if there is no

sufficiency measure in place to avoid a growth in the total impact.

This overview of the state of the art in this research field provides
background information for this thesis. Optimization, efficiency,
dematerialization, persuasion, eco-feedback, environmental
information systems, rebound effects, etc. are representative terms
of the ongoing work in ICT4S and provide the context where the
applications created in this thesis are positioned.
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RESEARCH APPROACH

Both sustainability and information technologies are complex and
interdisciplinary fields. The research on ICT for Sustainability,
which explores the relationship between the two, creates
methodological challenges requiring the understanding and use of

different domains, disciplines and methods.

In this thesis, Industrial Ecology® provides the frame for
discussing sustainability and the domain for the practical work,
while interaction design provides the practical tools and the frame
for discussing the use of technology in sustainability. Interaction
design is the process of deciding and creating the user oriented
qualities of digital artifacts®™: structural, functional, ethical and
aesthetical (Lowgren and Stolterman, 2004). This interdisciplinary
area focus not only on the technology but also on how it is used
and its consequences, and it has a practical approach of working

with the design and creation of artifacts.

47  See information and references about Industrial Ecology in the introduction chapter.

48 An artifact means just anything made by humans (Simon, 1969). A digital artifact is
one whose core functionality is made possible by information technologies (Lowgren
and Stolterman, 2004). “Artifact” is used in design theory as a general term and it is
used throughout this text in that sense. Examples of concrete digital artifacts are a
piece of software program, a website, a digital photograph, an interactive display, etc.
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Research through design is used as the method of inquiry, bringing
the different pieces together. Design allows to work in an
interdisciplinary way, to have a more holistic and proactive
perspective on complex problems such as sustainability, and to

create and use artifacts as a way of inquiry.

3.1 RESEARCH THROUGH DESIGN

Research through design (RtD) is a research approach that uses
design processes as legitimate method of inquiry (Zimmerman et
al. 2007, 2010). Design artifacts (Ulrich, 2011) are used as
outcomes to transform the world from its current state to a
preferred state (Frayling, 1993), and the artifacts can function as a
showcase for this preferred state, or to open up new design and
research spaces (Zimmerman et al, 2010). Fallman (2003, 2007)
discusses how design is used in interaction design and human
computer interaction and makes a distinction between design-
oriented research and research-oriented design. In design-oriented
research, design activities are a mean, while the aim is to produce
new knowledge. In research-oriented design, research is used for
driving a design process, while the aim is the creation of a design
artifact. Other areas that relevant to, or share elements with,
research through design are design research (Buchanan, 2001),
which focuses on research about the design process and practice
itself, and the action research tradition coming from the learning
sciences (Brown, 1992; Barab and Squire, 2004), which focuses on

the design of practical interventions.

The main characteristics that define research through design (and

why they make this method a good fit for this research) are:

¢ It focuses on creating. The design and creation of artifacts
is central to the research process. The artifacts work as
concrete embodiments of theory. They are used as tools for

exploring and moving forward the theories and existing

32



HACKING FOR SUSTAINABILITY

knowledge. In the case of this thesis, the research is
conducted by creating innovative digital artifacts (such as
software and web services). Artifacts are created in
iterative cycles and are used for exploring and developing

new knowledge.

* It has a normative stance. With the introduction of
artifacts with goals and “oughts” (Simon, 1969), RtD
wants to affect the world and transform it. This normative
approach also changes the focus to research of the future,
instead of the present or the past (Zimmerman et al, 2010),
and on how to affect it. This thesis has a normative stance
where sustainability is acknowledged as a desirable state
for the future.

* It addresses wicked problems. Wicked problems are
problems that contain paradoxes, conflicts, changing
requirement, and that cannot be easily modeled by
traditional scientific approaches (Rittel and Webber, 1977).
Solutions to wicked problems are not right or wrong, but
better or worse. This thesis addresses sustainability,
probably one of the wickedest problem we have right now,
or as Levin et al (2009) used referring to climate change, a
“Super Wicked” problem. Sustainability involves
conflicting interests, it does not have a fixed end,
sustainability is not a true or false state but only better or
worse, the requirements change with time, and it includes
complex interdependencies at a global level. Examples of
these problems have already been brought up in the

discussion on the previous chapter on rebound effects.

3.2 PROCESS

The research process followed is adapted from Zimmerman et al

(2007) and it is a quite generic iterative design process with four
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different stages: grounding, ideation, iteration, and reflection. The
design process starts with grounding the work with the
investigation of the problem, gathering different perspectives and
exploring the current state of the art. A comprehensive study is
important for the design process, as the contribution must
constitute a significant invention (Zimmerman et al, 2007). The
ideation and iteration phases involve the generation of many
possible different solutions based on the grounding stage and a
cyclical process of refining the concepts. The design artifacts are
iteratively improved, moving from early stages such as paper
prototypes or ideas from a brainstorm, to later stages where they
become more functional and are even released for public usage.
During the different iterations diverse ideas are tested and
discarded, different stakeholders may participate in the process,
prototypes are released to be tested by users, new challenges are
identified, new directions are found. The final process is the
reflection on the outcomes of the process, the synthesis of the
knowledge created by the designed artifacts and the analysis of the
relevance and impact. This reflective action is not only a final
stage, but it is part of each iteration as new experiences are gained

in the design process.

In this thesis this process of grounding-ideation-iteration-reflection
was used both on micro and macro level. Each of the applications

created followed this design process:

*  Grounding: the identified problems were framed and

existing literature and relevant projects were reviewed.

* Ideation: innovative digital artifacts were developed to

explore the problem.

e Jteration: the artifacts were developed in an iterative
process where they were refined from ideas to being
functional software products, that were in most cases

released to public use.
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*  Reflecting: the outputs and the process were analyzed and
the results published usually in the form of academic

publications.

The thesis as a whole can also be seen to follow this process. It
starts with an overview of the ICT for Sustainability field for
grounding. In the ideation phase different artifacts and “hacks” are
presented, which can be seen as iterations that build upon each
other. It finishes with a final reflection process bringing together
all the artifacts, the experiences and knowledge gained in a

comprehensive discourse.

The artifacts created are an important result of this thesis, but the
main result is the combination of the different artifacts in what can
be seen as an annotated portfolio (Gaver, 2012). An annotated
portfolio consists of individual artifacts that, while they can be
seen independently, together “articulate the ideas and issues that
join them and differentiate them” (ibid). While each individual
artifact or hack presented in this thesis embodies an idea or
explores a new opportunity in ICT4S, it is in the view of all the
artifacts as a whole that the new ideas and results can be presented

in a stronger and more articulated way.

3.2 DISCUSSION

Research through design is still an emerging research approach.
Zimmerman et al (2010) point out that it can be seen more like an
attitude of how to do work than a systematic method, and they
discuss some of the challenges of this approach, including a
suggestion for more formal development of the method. On the
other hand, Gaver (2012) argues that standardization of RtD would
go against the strengths of the method, and that we should “take
pride in its aptitute for exploring and speculating, particularizing
and diversifying”.
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One relevant problem mentioned by Zimmerman et al (2010) is
how to document and evaluate the knowledge emerging from this
kind of research, as it can be mostly implicitly contained in the
created artifacts. As mentioned before, Fallman (2007) discusses
that design-oriented research and research-oriented design have
different aims and should be evaluated with different perspectives.
In research, the generation of knowledge is the important aim
while the created artifacts are many times only a mean and usually
only developed as prototype that is not fully functional. While this
thesis aims also to create knowledge, the process has been a
combination between design-oriented research and research-
oriented design, where the artifacts are primary contributions and
they are developed to a more complete level. Fallman (2007)
mentions that trying to do both, a good functional design, and good
research on it, may be too much. This thesis tries to handle this
tension between the generation of designs and generation of
knowledge, presenting the design artifacts as important
contributions and annotating them (Gaver, 2012) as a way of
bringing forward the embodied knowledge they created.

Finally it is also worth mentioning the similarities between
research through design and the aforementioned hacker ethic, and
how they are used in this thesis. Both have a clear hands-on
approach, focus on creation, and are highly embodied, using the
artifacts or hacks as a way of showcasing principles in practice.
This text uses research through design as the inquiry method, but it
borrows both vocabulary and approaches from the hacker ethic,
using terms such as artifacts and hacks as mostly interchangeable

in the context of this work.

The next chapter will present the five individual hacks or artifacts,
presenting both the process and results. Afterwards, chapter five
will discuss all the hacks as a portfolio, exploring the common

concepts, opportunities and risks.
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THE HACKS

This chapter presents the empirical work. As presented in the
previous chapter, this thesis follows a practical design
methodology and the research takes form in different digital
artifacts or “hacks”. These are functional proofs of concept
expl