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Abstract 
 

Humanity is facing big environmental challenges. Apart from the climate changes, there is 
also an ongoing depletion of the natural resources necessary for our survival in general, 
and for highly electronics-dependant lifestyles especially. At the same time, both 
urbanisation and digitalisation are progressing at a rapid pace. Digitalisation holds a 
potential to decrease environmental impact from cities and urban lifestyles, and many 
cities want to increase their use of digital technologies and services. This is often at least 
partially motivated by environmental concerns. In these cases, it is often the municipality 
that is responsible for strategies and support of increased digitalisation. 

This dissertation places itself in the Smart Sustainable City field, but more specifically 
aims to support municipalities’ work with digitalisation for environmental goals. The 
results are structured around three parts. The first part accounts for six cities’ promising 
digital solutions with possible environmental benefits, and of possible digital tools to 
support two EU directives that can affect municipalities’ environmental work. The second 
part suggests how municipalities can work with digitalisation for environmental goals, and 
especially stresses evaluation and strategic investments. The third part looks at possible 
long-term societal changes in relation to digitalisation, and the risks with a city depending 
on electronics: It is important that a city can remain adequately functional, even in the case 
of a short- or long term shortage of resources and/or energy. 

Finally, I discuss some of the uncertainties in digitalisation for environmental goals. There 
are uncertainties regarding digitalisation’s actual effects, which can make it harder to know 
what investments to make. Implementing digital technologies for municipal aims often 
demands cooperation between actors with different interests, but if the municipality 
relates its decision to environmental goals, it facilitates demanding that digital services and 
tools have environmental benefits. 
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Sammanfattning 
 

Mänskligheten står inför stora utmaningar på miljöområdet. Utöver klimatförändringar 
sker en utarmning av de naturresurser som krävs både för vår allmänna fortlevnad och för 
livsstilar med hög användning av elektronik. Samtidigt pågår både en snabb urbanisering 
och en snabb digitalisering. Digitaliseringen har potential för att minska miljöpåverkan 
från städer och urbana livsstilar, och många städer uttalar en vilja till ökat nyttjande av 
digitala tekniker och tjänster, oftast åtminstone delvis motiverat av omsorg om miljön. 
Ofta är det då kommunen som står för strategier och stöd för ökad digitalisering. 

Den här avhandlingen placerar sig i det fält som berör den smarta hållbara staden, men 
syftar mer specifikt till att hjälpa kommuner i deras arbete med digitalisering för att nå 
miljömål. Avhandlingens resultat är uppdelade i tre delar. Den första delen redovisar några 
lovande digitala tjänster med möjliga miljöfördelar, respektive möjliga digitala stöd för två 
EU-direktiv som påverkar kommuners miljöarbete. Den andra delen ger förslag på hur 
kommuner kan lägga upp sin arbetsgång för att rikta digitaliseringsarbetet mer mot 
miljöfördelar och miljömål, och rekommenderar särskilt att följa upp arbetet med 
utvärderingar och mer strategiska investeringar. Den tredje delen går in på möjliga 
långsiktiga förändringar av samhället i relation till digitalisering, samt riskerna med att en 
stad blir beroende av elektronik: Det är viktigt att en stad kan bevara huvuddelen av sin 
funktionalitet, även vid kort- eller långvarig strypning av resurser och/eller energi. 

Slutligen diskuterar jag något av osäkerheten i digitalisering för miljömål. Det finns stora 
osäkerheter kring vad de verkliga effekterna blir, vilket kan göra det svårt att veta vilka 
investeringar som ska göras. Att införa digitala tekniker och tjänster för att nå kommunala 
mål kräver samverkan från aktörer med olika intressen, men om kommunen tydligt 
kopplar till miljömål underlättar det för att kräva att de digitala tjänsterna och verktygen 
gör nytta på miljöområdet. 
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How municipalities can work with digitalisation for 
environmental aims 

1. Introduction 

1.1. Background 
The lives we live in the rich parts of the world today are leading us towards destruction of 
the stability of the earth system as we know it. With the world population undergoing rapid 
urbanisation and cities standing for 82 % of the world GDP despite hosting only 54 % of its 
population (UN Habitat, 2016), cities can be seen as both the source of and a solution to 
today’s economic, environmental and social challenges (European Commission, 2017). At 
the same time, the world is undergoing rapid digitalisation, as more and more people get 
access to digital technologies (ITU, 2017) – and this digitalisation will likely have a 
profound impact on our societies, including how our cities, and urban lifestyles, function. 
It has been suggested that digital technologies can be used to make cities more energy-
efficient (Kramers et al., 2014) and environmentally sustainable, both in terms of the city 
structures themselves and urban lifestyles (Höjer and Wangel, 2014; Kramers et al., 2014, 
Mitchell, 1999). But if digitalisation is going to fulfil its potential to make cities more 
sustainable, cities need to understand and develop strategies for how to make good use of 
it (Climate Group 2012; Kramers et al. 2014). To acquire such an understanding, creative 
and explorative approaches are valuable. But it is also important to develop more focused 
approaches for how to utilize digital technologies for reaching set goals. Overall, the idea of 
using digitalisation and information and communication technologies (ICT) to work 
towards environmental goals in cities and urban lifestyles can be places within the field of 
Smart Cities or Smart Sustainable Cities, as discussed in section 2.3. 

Although the section above mentions the city, the focus in this essay lies with the 
administrative unit of municipalities. The main reason for this is that while the word “city” 
is relevant to describe a certain type of built environment, when it comes to making 
decisions and executing, in a Swedish and often European context, the municipality is 
normally the actual governmental body of a city (see e.g. Paper 3; Kramers et al. 2016). 
Additionally, the word “city” is full of connotations of how it should look and feel 
(Tunström, 2009). While the problems addressed in this essay are often most prominent in 
urban areas – e.g. related to traffic loads, unsustainable consumption patterns, high waste 
flows, et cetera (Paper 3) – using the term “municipality” also opens up for thinking about 
urban settlements that could perhaps better be described as “towns” or “villages” than 
“cities”.  However, hopefully the conclusions of this essay can also be valuable for city 
authorities that are not municipality-based, should they be more relevant actors for their 
case.   

It can be difficult to draw the line for what to consider municipal projects for 
implementation of digital technology for environmental purposes (see also Paper 1 and 
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Paper 3). Oftentimes digitalisation- and digitisation projects are endorsed or encouraged 
by the municipality, but implemented and carried out by private companies (Paper 1). 
Sometimes such endorsements and encouragement consist of subsidies, sometimes 
through e.g. building requirements, and sometimes simply by the municipality providing 
free publicity for the actor, while being able to promote itself as “smart” (see section 2.3.) 
in return (Paper 1). It can be either part of more abstract sustainability work, or for 
concrete environmental goals, either internally decided or imposed by e.g. EU directives 
(Paper 3).  

Although digital technology offers possible solutions to many urban problems, making 
societies more dependent on digitalisation also entails risks. To begin with, the growth of 
digital technology has come alongside with growing problems with electronic waste and 
resource depletions, as discussed in section 2.1. They are also electricity dependent in 
nature. Along with that, cities tend to be especially vulnerable to disasters, both by the 
physical structure of the city itself and its location, often largely dependent on transports 
for their food (Paper 2). We need to be aware of what to think about in terms of making 
sure that the cities function even with different energy use. 

In conclusion, digital solutions are seen by many as potentially valuable supporters of 
environmental aims in cities. However, how they should be implemented (and supported 
with other actions) for maximum positive effects and minimum negative effects still 
requires further research (Höjer and Wangel, 2015; Kramers, 2014; Paper 1, Paper 2, Paper 
3).  

1.2. Aim 
As mentioned above, digitalisation holds a possible key to a shift towards reduced 
environmental impacts in municipalities. However, realising this potential requires 
consideration, and undertaking the right measures. This thesis aims to finding better ways 
to implement digital technologies in municipalities in order to support environmental aims 
and benefits. The bigger part of this essay lies with understanding how to work with digital 
services for environmental goals, but with an additional look at potential long term risks 
and opportunities with digitalisation in urban societies. 

This is addressed using the following research questions: 

1. What digital services can help municipalities reach environmental goals? 
2. How can municipalities improve their work with implementing digital services and 

digitalisation for environmental goals? 
3. What should municipalities think of in terms of long-term perspectives on digital 

services and the environment?  

1.3. Outline 
The first two research questions have a practical focus; they collect data on policy and 
practice of industry and governmental bodies in order to formulate how municipalities can 
work better with digital technologies to support environmental aims. These draw mainly 
from Paper 1 and 3. The third question draws mainly from Paper 2, and looks from a wider 
perspective at the notion of digital solutions to city problems, and asks what problems that 
may lead to in the long term, and how that can be avoided.   
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The Research context section sets the context that my research is situated in. It starts out 
with a short explanation of environmental concerns, especially climate change, and the 
dependence of resources for the current lifestyles of industrialised countries. After that, it 
explains the differences between digitisation and digitalisation, and how they are both 
related to my research. Finally, it combines the questions of environmental concerns with 
digitalisation, and outlines the idea and field of Smart Cities and Smart Sustainable Cities 
(see also Paper 1 and Paper 2). 

The Methods section describes what research methods that have been used in the thesis. It 
also contains a Methodology reflection section, where I reflect upon the used methods and 
how they may have influenced the research, and possible alternative choices I could have 
made. 

After the Methods section follows three sections, presenting answers to each of the 
research questions: 

• The result in section 4 describes what a number of municipalities are doing in 
terms of installing digital solutions with possibly positive environmental 
consequences (Paper 1). It also gives a couple of suggestions for possible such 
solutions, mainly concerning issues of waste and energy saving in municipal 
buildings, respectively (Paper 3). 

• Section 5 looks closer at how the work with digitalisation is carried out by 
municipalities. It also accounts for suggestions for improving those work processes, 
both for the implementation of digital services (Paper 1) and for how to find digital 
solutions to environmental issues (Paper 3). These suggestions are also 
synthesized. 

• Section 6 takes a more long term approach to digitalisation and the environment, 
focusing on risks regarding digital dependency and resource limitations, but also 
discussing possible positive long-term changes as a result of digitalisation. This 
chapter draws mainly from Paper 2.  

Finally, I discuss these research questions together in their context and draw conclusions. I 
also formulate some questions for future research. 

2. Research context 
The following sections describe the research context for this thesis. Section 2.1. deals with 
the environmental concerns that the thesis is aiming to respond to, and that ICT can both 
help solve and be a part of. Section 2.2. explains the concept of digitalisation and 
digitisation/digitising. Section 2.3. shows how these two concepts are combined by the use 
of digitalisation as part of the solution to environmental problems in urban areas, and how 
this relates to the idea of the Smart Sustainable City. 

2.1. Climate change and resource depletion 
The development of humanity has long depended on a relatively predictable earth system 
(Steffen et al., 2015). However, on a global level human activities have come to push the 
boundaries of this earth system to a point where humanity’s continued thriving and 
development are at risk. This is especially urgent for climate change and biosphere 
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integrity, as each of these two factors could on their own change the entire earth system, if 
they are disturbed beyond repair (Steffen et al., 2015). Excessive emissions of carbon 
dioxide and other greenhouse gases from human activity, mainly energy use from 
transport, buildings and industry, are primary driving factors for the most recent centuries’ 
climate change (IPCC, 2013; 2014).  

Another pressing question for human societies today is that of resources and resource 
depletion. According to data from the Global Footprint Network (2017), humanity uses 
ecological resources and services at a faster pace than nature can regenerate. Oil, metals, 
and most mineral regenerate so slowly that we call them finite or non-renewable, and will 
sooner or later become so hard to mine that we will talk about them as depleted (Smith, 
2012; Nyambuu and Semmler, 2014).  

Limited and renewable resources, respectively, are often discussed in relation to energy 
supplies and climate change. There is a widely spread understanding of the need to 
decarbonise the energy sector and switch to renewable energy, not least to battle climate 
change (Renewable Energy Policy Network for the 21st Century, 2017). However, even with 
a fast expansion of renewable energy production, according to the European Commission 
(2016), cutting our energy consumption is key for achieving the transition to clean energy.  

One industry that requires a large and increasing amount of non-renewable resources, 
including rare earth minerals and rare metals, is the electronics industry (Veit and 
Bernandes, 2015) necessary for ICT products and services, as well as for digitisation and 
digitalisation as described in section 2.2. Extensive and growing use of increasingly 
complex electronic devices affects the environment both through extraction of materials 
for their construction, and through large and growing volumes of electronic waste (e-
waste) whereof only little is recycled (Veit and Bernandes, 2015; Wäger et al., 2015, Baldé 
et al, 2015). Researchers such as Börjesson Rivera et al. (2014) have also discussed 
negative second order effects that can arise as a consequence of ICT products and services. 
Examples of this include increased consumption of goods as they become cheaper due to 
improved technological efficiency and more easily available through online ordering, or 
increased travelling, and thereby greenhouse gas emissions, due to saved time and money 
(Börjesson Rivera et al., 2014). 

On the other hand, ICT has also been put forward as having potential to lead to decreased 
use of resources (Hilty and Aebescher, 2015; Höjer et al., 2015, Börjesson Rivera et al., 
2014, Nyblom, 2014). This includes both resources as in physical materials used for items, 
resources for energy used as a consequence of its production and use. I will expand further 
on how digital technologies can counter environmental problems in section 2.3. 

In conclusion, there is a need to address climate change and resource depletion. Referring 
to recycling materials and using cleaner energy is not enough; destructive travelling, 
consumption and production patterns need to be addressed at their source. Although ICT 
is often part of the problem, it can also be part of the solution. 

2.2. Digitalisation and digitisation/digitising 
If one wants to understand the changes in society that stem from an increased use of 
digital technologies, it is useful to make a difference between providing technological 



5 
 

prerequisites for digitally related societal change, and such change in itself (Tilson et al., 
2010; Brennen and Kreiss, 2016).  

According to the Oxford English Dictionary (OED), digitisation is the name for “the action 
or process of digitizing; the conversion of analogue data (esp. in later use images, video, 
and text) into digital form” (OED, 2014). Tilson et al. (2010) describe digitising as “the 
process of converting analogue signals into a digital form, and ultimately into binary digits 
(bits)” (p. 749). 

Tilson et al. (2010) contrast this digitisation against digitalisation, which they instead 
describe as “a sociotechnical process of applying digitizing techniques to broader social and 
institutional contexts that render digital technologies infrastructural” (p. 749). The OED 
(2014) explains digitalisation as “the adoption or increase in use of digital or computer 
technology by an organization, industry, country, etc.” (OED, 2014). Granath (2016) calls 
digitalisation “a contemporary phenomenon that is taking place in practice (as something 
we talk about), that is under construction (as something we do, e.g. plan for, design, 
develop), and that can be observed (materialised as in various artefacts), and used (as for 
different purposes, e.g. to market, to inform, to communicate)” (p.14). According to 
Stolterman and Fors (2004) we are seeing a world that is “increasingly experienced with, 
through, and by information technology [and undergoing] an ongoing radical digital 
transformation” (p. 689). This also implies that digital information technology (IT) is one 
of the more important types of digital technologies contributing to digitalisation. Drawing 
from e.g. Hilty and Aebischer’s (2015) writings on ICT for sustainability and from 
Börjesson Rivera et al.’s (2014) understanding of societal transformation as a second order 
effect of ICT use, this could be expanded to include not just information technology, but 
information and communication technology (ICT), taking into consideration digital 
technologies as an enabler of communication. 

From these understandings, it seems that digitisation is the practical conversion of 
analogue data into a digital format, while digitalisation is a wider and deeper change of 
how our society works – but with digitisation as a prerequisite for that societal change. One 
type of digital technology that has already had a strong impact on our societies is ICT.  

2.3. Digitalisation for the environment in urban areas, and Smart Sustainable 
Cities 

In sections 2.1 and 2.2, I have concluded a need for lessened strain on the environment and 
the potential for digitising to lead to digitalisation as a transformative force of the society at 
large. This section gives an overview of the research field that aims to combine these two, 
on their own as well as in the context of cities.  

ICT has been argued to be able to make urban environments and lifestyles more energy 
efficient, and lessen its greenhouse gas emissions (Kramers et al., 2014). Höjer et al. (2015) 
formulate four main ways that digital technologies can support a more resource efficient 
city with lessened environmental impact: through replacing e.g. products or transports 
with digital communication; intensifying the use of areas and transports 
products/spaces/travels with the help of e.g. digital booking solutions; leaning processes 
and activities with the help of ICT:s; and digital informing for changed consumption 
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choices. Finally, they also indicate that it may have effects also through long term societal 
change.  

Several authors have lifted that digitalisation in itself does not necessarily lead to 
environmental benefits and increased sustainability. Hilty and Aebischer (2014) write that 
in order to be able to use ICT for sustainability, ”[t]wo things are essential. 1. To stop the 
growth of ICT’s own footprint; 2. To find ways to apply ICT as an enabler in order to reduce 
the footprint of production and consumption by society”. Hilty et al. (2013) also write that 
“[o]nly with targeted efforts on the part of politics, industry and consumers will it be 
possible to unleash the true potential of ICT to create a more sustainable society (p. 284). 
As previously mentioned, Börjesson Rivera et al. (2014) discuss both positive and negative 
environmental effects of ICT use.  

Much of the discussions of the use of digital technology in urban areas for the benefit of the 
environment are formulated in relation to the so-called “smart city” or “smart sustainable 
city”. However, finding a common definition for relevant actors is elusive (Grossi and 
Pianezzi, 2017). At that, oftentimes the field of smart cities or smart sustainable cities 
extends to more than digitalisation for environmental benefits. For example, the United 
Nations’ ITU-T Focus Group on Smart Sustainable Cities (2014) has set a definition of a 
Smart Sustainable City as “an innovative city that uses information and communication 
technologies (ICTs) and other means to improve quality of life, efficiency of urban 
operation and services, and competitiveness, while ensuring that it meets the needs of 
present and future generations with respect to economic, social and environmental 
aspects" (p. 13). Here, digitalisation for environmental benefits is only one of the several 
aspects of the smart sustainable city. Much of the literature and projects that place 
themselves within the smart city or smart sustainable city field focus on other aspects, for 
example convenience or economic growth, or “smartness” including not only digital 
technologies – but also things like clever placement of bicycle lanes, new urbanism, or 
education (Paper 1). In contrast, Höjer and Wangel (2015) formulate a stricter definition, 
stating that “[a] Smart Sustainable City is a city that meets the needs of its present 
inhabitants; without compromising the ability for other people or future generations to 
meet their needs, and thus, does not exceed local or planetary environmental limitations, 
and; where this is supported by ICT” (p. 342). Much of the smart city projects are rolled 
out collaboratively between private and public actors, mainly in the form of industrial and 
municipal actors, sometimes in collaboration with universities or research institutions 
(Paper 1; Grossi and Pianezzi, 2017). When ICT related projects with intent or potential of 
environmental benefits are executed, there is sometimes a lack of proper evaluation of the 
projects’ environmental effects (Paper 1). Höjer and Wangel (2015) formulate challenges 
for the implementation of the Smart Sustainable City: strategic assessment of what 
technologies that should be implemented; mitigating measures to deal with possible 
counter-actions to environmental benefits of smart solutions; top-down/bottom-up 
approaches to Smart Sustainable City development; Smart Sustainable City-related 
competence within the municipality; and governance issues. In essence, they call for active 
decisions to ensure that the effects of digitalisation end up being actually beneficial for 
sustainability issues. This thesis primarily responds to the first challenges, which regards 
strategic assessment of implementation of the Smart Sustainable City as according to 
Höjer and Wangel (2015) and mitigating measures to deal with any negative effects. 
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When I started approaching the question of digitalisation for environmental benefits in 
cities and urban lives, the concept of the Smart Sustainable City as according to the Höjer 
and Wangel (2015) definition above was central to my research. However, while it would 
sometimes be useful as a search word for finding the information I needed, it would just as 
often provide me with information or draw me into discussions regarding completely 
different areas, as explained in section 3.1.2. and 3.1.3. Eventually, I decided to relate to the 
Smart Sustainable City concept without centring on it, and instead be more specific what 
questions I was interested in, even if they could be placed within the Smart Sustainable 
City research field. Consequently, in relation to the papers that this thesis is based on, one 
could paint a timeline of my relation to the Smart Sustainable City concept as follows: For 
Paper I, the idea of the Smart Sustainable City was central for the formulation of research 
questions and the data collection. But as this required additional definitions and 
limitations and still often led to irrelevant information, I started to question its usefulness 
for formulating my further research. Paper II is a more critical discussion of the Smart 
Sustainable City, both when it comes to the expression itself and to its implementation. 
Paper III is perhaps the most hands-on paper when it comes to actually finding better ways 
of using digitalisation to use environmental goals in municipalities, but refrains from using 
the Smart Sustainable City as an expression. These changes over time are also present in 
this thesis. I relate to the Smart Sustainable City concept because I have used it before and 
because my research is relevant to it as an area, but rather than using it as a starting point 
and then making additional formulations to explain what I specifically mean with it, I 
formulate my actual goal more directly. 

In conclusion, the research on digitalisation and environmental issues makes it clear that 
digitalisation has the potential to support environmental benefits. However, their effects 
depend on how they are used, and fulfilling their potential requires thoughtful decisions 
regarding the implementation of both the technologies themselves and of e.g. policies and 
regulations. Governmental bodies (such as municipalities) and industry both want to 
implement digital solutions to solve problems in cities, but currently seem to do so with 
neither clear aims with their work nor proper follow-up procedures, with the risk of the 
implementations ending up having low, or even negative environmental effects. There is a 
need for research that can support implementation and decision-making in this area, and 
my research aim to contribute to filling that need.  

3. Methods 
This section describes what methods I have used to reach the results of this thesis. Section 
3.1. accounts for the methods used, while section 3.2. reflects on the choice of methods. 

3.1. Research design 

3.1.1 Action research, and second and third person research 
Action research is a method where “the research process is explicitly and deliberately used 
as a tool for change” (Elfors and Svane, 2008, p. 2). Note the word research process – it is 
not only the research results that are to indicate change, but the process in itself. This 
thesis aims to make conclusions that are useful for practitioners, but this was not a primary 
goal for the processes themselves. However, another characteristic of action research is the 
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inclusion of co-researchers. These co-researchers are both doing research and the ones 
that are being research. This is partially true for the work with both Paper 1 and Paper 3, 
where representatives from municipalities and industry were included in formulating the 
problem as well as invited to writing the articles. For example, the cities whose smart city 
work my co-author and I investigated were suggested at meetings together with our 
partners, and the final decision of which cities to investigate was made together with them. 
The idea of investigating environmental goals connected to the EU directives originally 
came from municipal partners, who expressed need for understanding their environmental 
challenges in relation to the EU directives. A representative from one of our partners was 
also a writer of one of the papers. However, in neither of these cases were the functions of 
our partners a specific theme for our research, so in that sense it cannot be said that we 
conducted traditional action research. If anything, it is more similar to what Reason and 
Bradbury (2001) refer to as third person research, where practitioners and academic 
researchers collaborate, and second person research in that we as academic researchers 
ask practitioners to scrutinize our work and give feedback on its relevance and accuracy. 

It is also different from action research in the sense that these “co-researchers”, to borrow 
the term, are not study cases for us. We as researchers do gather knowledge from them, as 
they provide paths into the areas we are producing the research for and on, but they are 
not the primary subjects of our investigations. 

3.1.2. Case studies 
Johansson (2005) formulates a definition of a case where it should be “a complex 
functioning unit, /…/investigated in its natural context with a multitude of methods, and 
/…/ contemporary” (p. 31). Paper 1 could be said to carry elements of case study methods. 
The cities that we investigated were complex functioning units and contemporary. It could 
also be said that they were investigated in their natural context, although through the 
collection of secondary data about them, as explained in section 3.1.3.  According to 
Flyvbjerg (2006), the selection of what cases to investigate in case study based research is 
normally either random or information-based. Information-based selection means that 
cases are chosen “on the basis of expectations about their information content” (Flyvbjerg, 
2006, p. 230). As explained in section 2.3., to find good examples of digitalisation for 
environmental purposes in cities, Paper 1 was formulated around the concept of the Smart 
Sustainable City as according to Höjer and Wangel (2015) and we were looking for good 
Smart Sustainable City practices to learn from. We assumed that we would be able to 
harvest more knowledge from looking closer at a few cities that were advanced in terms of 
digitalisation usage and Smart City/Smart Sustainable City development, than to look into 
a larger number of cities that were less forward when it came to digitalisation. This 
motivated information-based selection of cases, and more specifically looking for cases 
that were “extreme” – “unusual cases that [are] especially good” (Flyvbjerg, 2006, p. 230), 
and this was the main guiding principle for our criteria for what cities to look at, as 
described below. However, we also wanted to understand the underlying strategies for how 
the cities in question worked with the Smart Sustainable City or Smart City as a general 
concept, and digital solutions for environmental purposes especially. Because of this, the 
selection could also be seen as “paradigmatic” – “cases that highlight more general 
characteristics of the society in question” (Flyvbjerg, 2006, p. 232). The cities chosen for 
investigation were selected by my co-author and I in collaboration with an extended 
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research team, including both researcher colleagues from KTH and stakeholders from our 
research partners, as discussed in section 3.1.1. 

Criteria for the selected cities were that they should be internationally relevant, with some 
global distribution; that they should be already built rather than completely new building 
projects; that they should be located in industrialized countries; and, most prominently, 
that they would be of specific interest from a Smart Sustainable City perspective. Finally, 
we wanted to look at cities outside of Sweden in order to keep a similar distance to the 
projects, especially since our partners, including our municipal partners, were Swedish. 
During the time of the selection, a first European Union Horizon-lighthouse project called 
Grow Smarter had just been approved, with three leading “lighthouse” cities: Barcelona, 
Cologne and Stockholm. Knowing that this project would mean that the cities in question 
would initiate Smart City projects in some form, we decided to select Barcelona and 
Cologne (Stockholm being excluded because of its location in Sweden). We then held a 
number of workshops together with partners as described above, and together with them 
used a snowballing technique to select cities. Apart from Barcelona and Cologne, we 
investigated San Francisco and Amsterdam because of their well-known interest in ICT 
with relevance for environmental sustainability; Shanghai because of their focus on Smart 
City development and because we thought it would be interesting to look at a city situated 
within a political system very different from that of e.g. Amsterdam; and Seoul, as it is 
well-known for a high level of digital connectivity, and a fast-pace urban development, 
where there is also a growing interest in environmental issues. We eventually gave up on 
Cologne because of language barriers; any more extensive information we could find on the 
city’s Smart City plans was available in German only, a language we did not have a high 
enough proficiency with to be able to understand the materials. 

For Paper 3, representatives from the municipalities Täby and Stockholm suggested to my 
co-authors and me that we should start looking for digital services and technologies that 
could help achieve environmental goals from EU directives, as those often influence 
municipalities’ work with environmental questions.  The choice of what EU directives to 
investigate was made in two steps. Firstly, together with representatives from our 
municipal partners we identified four directives with a strong impact on the municipalities’ 
environmental work:  

1. Directive 2008/50/EC of the European Parliament and of the Council of 21 May 
2008 on ambient air quality and cleaner air for Europe  

2. Directive 2000/60/EC of the European Parliament and of the Council of 23 
October 2000 establishing a framework for Community action in the field of water 
policy 

3. Directive 2008/98/EC on waste 
4. Directive 2012/27/EU of the European Parliament and of the Council of 25 October 

2012 on energy efficiency  

Secondly, we looked for what activities they contained that could be supported by 
digitalisation. This led us to the conclusion that the first two directives in the list above 
were mainly concentrated on monitoring, while Directive 2008/98/EC on waste (WFD) 
and Directive 2012/27/EU /…/ on energy efficiency (EED) contained a bigger span of 
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different types of activities, including activities that could be supported by digital services. 
Therefore, these two directives were thereon further investigated.  

The EU directives we used for Paper 3 are neither complex functioning units, nor have we 
investigated them with a multitude of methods. However, the research has an element of 
case study because we have chosen two different directives as a starting point for finding 
and generating relevant digital services and solutions, under the assumption that if we can 
find ways to do this that are useful for these two directives, they should be for others. A 
help in this is that EU directives are not very complex; while they differ in themes and 
somewhat in focus, they were made with the same purpose and follow a similar structure. 

3.1.3. Data collection 
According to Hox and Boije (2005), secondary data is “originally collected for a different 
purpose of the study at hand” (p. 593), in contrast to primary data that is collected by the 
researchers themselves, for the purpose of the study with which they are working. While 
the collection of primary data can be better tailored to the task at hand, it is generally more 
time-consuming than collecting secondary data (Hox and Boije, 2005). We wanted to 
investigate the results of already ongoing ICT-/digitalisation-based projects in six cities in 
order to understand what practices that could be considered more successful in terms of 
positive environmental effects. For this purpose, it means that it would not have been 
relevant for us to produce our own primary data by formulating and carrying through such 
projects ourselves. According to Hox and Boije (2005), secondary data does not have to be 
collected by researchers, for the purpose of research, but can also be other documentations 
from organizations. The originally formulated aim of Paper 1 was “to explore some 
promising Smart Sustainable City initiatives and solutions, with a focus on environmental 
aspects” (Paper 1, p. 159). However, we found that the concept of the Smart Sustainable 
City and what such initiatives and solutions looked like was not in itself specific enough to 
be in line with our understandings of what it should mean, i.e. in accordance with the 
Smart Sustainable City definition by Höjer & Wangel (2015). (I discuss this discrepancy 
further in section 2.3.) Therefore, we had to make a more specific formulation of what 
services, functions and technologies to look for, and used the following criteria: They 
should be ICT-based; they should aim at creating environmental benefits or have potential 
environmental benefits; and they should supported by the municipality or city authorities. 
We also wanted to look at municipal support for implementing such services, functions 
and technologies, e.g. policies or city programs. 

As one of the primary qualifications for the data that we wanted to look at was that it 
should be somehow connected to the city administration (i.e. the municipality), we decided 
to use the municipalities themselves as starting points for our search, and see what 
information on ICT for environmental purposes, and strategies for becoming “smart”, that 
they themselves made available online. Additionally, we wanted to collect data in cities 
outside of Sweden, with some variation in location and city type (see further discussions of 
choice of cities in section 3.1.2.). This significantly limited our ability to travel to the cities 
to explore the projects ourselves, which further motivated the use of secondary data. 
Except for the cities’ public service websites, we also looked for relevant conference 
presentations, peer-reviewed journals, and academic, industrial or organizational reports. 
Terms we used when searching for academic, industrial and organizational materials were 
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e.g. “smart city”; “smart sustainable city”; “ICT” + “environment”; “sustainable city” + 
“ICT”; “sustainability” + “digitalisation”; and other similar combinations. For 
city/municipal documents, we also looked for mentions of ICT and digital technologies in 
documents regarding environmental and sustainability work in a more general sense. 

By chance, the Centre for Sustainable Communications at KTH was also visited by a 
delegation from the municipality of Shanghai, and we therefore took the opportunity to 
complete our digital data collection with a personal interview with Yan Liu of the 
Department of Smart City Development Promotion at Shanghai Development Research 
Centre of Economy and Informatization. The exact content of this interview did not end up 
in the paper, but it did help provide a clearer picture of the Shanghai Smart City project. 

In order to understand how to identify digital technologies and services that could support 
environmental goals from the EU directives, we examined strategic documents of the EU 
and regarding the directives in question, as well as academic materials that more generally 
discussed the issues raised by the directive.  

For understanding possible long-term implications of embedding digital solutions deep 
into the urban functionality, we conducted an extensive literature review of current 
research on environmental concerns, city development and ICT usage.  

3.2. Methodological reflections 
As previously mentioned, for Paper 1 our choice of cities to investigate was largely 
dependent on the wishes from the participants of our workshops. Initially, we hoped to 
make the selection of cities based on a number of criteria for forwardness in Smart 
Sustainable City development, and via this more quantitative selection system be able to 
find the most digitalisation-forward example cities. We began with searching for already 
existing rankings of how smart cities were, but realized that due to the ambiguity of what a 
smart city actually is, the investigations we could find of the smartness of cities were often 
dependent on completely different parameters than those we were interested in. Making 
our own ranking would on the other hand mean collecting significant amounts of 
information about a large number of cities even before starting our own investigations. 
This meant that we needed to find other ways of choosing the cities. While two of the cities 
were investigated due to having been selected as “lighthouse cities” by the EU, we 
eventually ended up investigating what Smart City and Smart Sustainable City activities 
were going on in some cities mainly based on their reputation as advanced in the area, 
from the perspective of the participants of our workshops. Flyvbjerg (2006) writes about 
how researchers have to motivate their selection of case studies – or for that deal, of their 
choice of overall research area – even though intuition is often a more important reason for 
the choice, especially for paradigmatic cases (see 4.1.2.). This was probably at least 
partially true for the case selected in Paper 1. In the end, after investigating the Smart City 
and Smart Sustainable City operations of the cities in question, we ended up asking 
ourselves if some of these cities were in reality more interested in branding themselves as 
smart and sustainable, than they were in actually carrying out digitalisation for 
sustainability goals, especially environmental goals. It does not seem unlikely that 
precisely this aspect of city branding was successful to the point of actually leading us 
there; that by marketing themselves as very forward-looking in the field, they attracted our 
attentions, whether or not there may actually have been other cities that would have been 
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more suitable for looking at as extreme or paradigmatic cases as mentioned in section 
3.1.2.  

Due to our methodology of looking mainly at documents rather than complementing with 
e.g. interviews, we may sometimes have missed out on opportunities to go deeper in 
understanding the smart city work in different cities. The one interview we did with a 
representative from Shanghai was very clarifying when it came to understand both 
attitudes and practicalities behind the work that the city is doing to “become smarter”. It 
would likely have been at least as interesting to make similar interviews with 
representatives from the other cities that we looked at. On the other hand, just the contact 
that we have had with the cities that are our partners in the project has made us realise 
how hard it is to find one good person to talk to about a city’s smart development work. 
Especially since what we are interested in might not always be the same things that city 
officials consider as within the framework of their smart city strategy. 

Another aspect of this is that we did look for things that had official support and for official 
documents that should be available online. But it may be that they had official documents 
and decisions that we just were unable to locate, either because they could not be found 
online or that we did not have a good enough language proficiency, as several of these cities 
were located in countries with a first official language either of understand very well. Some 
of the more interesting examples we found from Paper 1 were actually not explicitly stated 
as such, but simply did something along the lines of what we later suggest (and which this 
thesis suggests) – finding a problem and solving it, with one of the better solutions 
happening to be some kind of ICT, or have ICT as a central part of it. 

As previously mentioned, we have used qualitative methods for all of the papers included 
in this essay. A different take on Paper 1 could have been to collect and compare 
quantitative data to analyse the actual impact of the measures and technologies we have 
found, but that would require a very different type of study, where quantitative data was 
collected in a similar way before and after the implementation of each of the measures. 
However, a follow-up study of that kind would be interesting in the future. 

In some cases it is not entirely clear where the line should be drawn between secondary 
and primary research data. As previously mentioned, in Paper 1 we used information 
available from the cities that we investigated, about each city itself. That information was a 
source of secondary data. However, the information available was not only used as a source 
to collect secondary data, but also as a study object in itself, in a manner similar to a 
discourse analysis (Bergström and Boréus, 2000) when we discussed what type of projects 
the cities choose to report on, how the information is communicated, and how the cities 
formulate their own work.   

It is also not entirely clear how the method for Paper 2 should be described since it is a 
discussion paper, aimed to provide new perspectives on the Smart Sustainable City field, 
rather than making new results. Although we did go through a lot of literature for the 
paper, its main progression happened through discussions between us, and as a result of 
our reflections on our common research field. 
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4. What digital services can help municipalities reach environmental 
goals? 

4.1. Municipalities and environmental goals 
Municipalities are often affected by several types of environmental goals. In this section, I 
discuss some of the levels of environmental goals that affect municipalities. Although in 
some cases, there might be a special type of goals that is referred to as “environmental 
goals”, I here also include more specific goals that still have a purpose of environmental 
protection. This can be for example goals to not increase car traffic, water preservation 
objectives or having a certain rate of recycling in a city.  

To begin with, there are international agreements of varying legal weight. One type of 
international regulation that can influence municipalities is the European Union (EU) 
directives, even though it is technically the EU member states that are bound to fulfil EU 
directives (Paper 3). For example, as the Waste Framework Directive states that the main 
responsibility for handling household waste should lie with municipalities, its instructions 
on such waste directly affect the municipalities (Paper 3). Another example is supervision 
of water quality in accordance with EU regulations (Sveriges kommuner och landsting, 
2017a). Two directives that I have focused on especially are directive 2008/98/EC on 
waste (the Waste Framework Directive) and directive 2012/27/EU on energy efficiency 
(the Energy Efficiency Directive). 

The European Waste Framework Directive declares waste minimisation as the most 
important objective for member states when it comes to waste. That means that as little as 
possible should enter the state of waste that needs some kind of handling, including 
recycling. If it cannot be avoided that an object becomes waste, it should be restored so 
that it can be reused; if that is impossible, a second option is recycling, thereafter energy 
recovery, and as a last measure the waste should be safely disposed (European 
Commission, 2016a) (see Figure 1). To achieve this, among other things the Waste 
Framework Directive recommends changed consumption patterns. The Waste Framework 
Directive also calls for extended producer responsibility, which puts part of the 
responsibility of a products’ waste on its producer, rather than letting it all fall on the 
municipality in which it is consumed. 

 

Figure 1- The Waste Framework Hierarchy. Source: European Commission, 2016a. 
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The Energy Efficiency Directive focuses on energy efficiency measures. It states that the 
public sector should be forerunners in energy savings, and renovate their buildings 
accordingly. This is required only by the state, but also recommended for other public 
bodies, such as municipalities. The directive prescribes combining traditional renovations 
with measures for behaviour change. 

Secondly, there can be national environmental goals that the municipality has to consider. 
Many Swedish municipalities integrate the Swedish national environmental objectives into 
their own environmental work (Swedish Environmental Protection Agency, 2016). For 
example, the national environmental objectives can be included in municipalities’ planning 
of infrastructure and traffic systems or property and housing development (Swedish 
Environmental Protection Agency, 2016).  

Thirdly, county councils and regions can also affect municipalities’ environmental politics. 
For example, goals regarding accessibility with public transport may be included in a 
municipal plan, although the public transport is operated on a regional level or in 
cooperation between municipality and region (Sveriges kommuner och landsting, 2017b). 
Regional traffic or water policies can also influence a municipality’s work in the same 
areas. 

Finally, apart from local goals formulated in response to regional, national and 
international goals, municipalities can also have its own environmental goals formulated 
through local municipal politics.  

Often, municipalities’ work with Smart Sustainable City development is at least partially 
motivated with environmental sustainability (Paper 1). However, when reviewing six cities’ 
work with digital solutions for environmental benefits, we saw that only one of them 
explicitly linked its environmental goals to digital solutions; San Francisco had a webpage 
where they went through several of their environmental goals and presented digital 
services to fulfil them (Paper 1). For example, an environmental goal about increased 
recycling was connected with an online guide for recycling and a search motor for finding 
nearby recycling stations. 

4.2. Digital solutions for environmental goals 
This section collects existing or suggested digital technologies to serve environmental 
issues (Paper 1, Paper 3). These are listed in accordance with the ways that Höjer et al. 
(2015) have identified that digitalisation can change consumption, as described in section 
2.3. It should however be noted that their Excluded from this is the last way, “societal 
change”, as this is encompassed in primarily section 5 and 6. Although the environmental 
goals may differ between municipalities, the section also includes suggestions of types of 
environmental goals that can be supported by the technologies. 

4.2.1. Replacing 
Replacing some trips with digital communication can be a way to lower emissions from 
travelling and avoid straining a municipality’s transport infrastructure. One example of a 
digital solution that have a potential for supporting this is work hubs that allow for 
working closer to home (Paper 1). These can be either open for workers from different 
workplaces, or focus especially on municipal officers.  
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In the case of changed consumption for addressing waste generation, digitalisation has 
been considered able to partially replace consumption of physical goods through 
dematerialisation (Michel, 2000; Höjer et al., 2015). This is in accordance with e.g. the 
Waste Framework Directive’s recommendation of changed consumption patterns to 
support waste reduction.  

4.2.2. Intensifying 
Digital platforms can facilitate sharing goods, which has the potential to reduce the 
amount of physical goods consumed (Höjer et al., 2015) and thereby the amount of waste 
generated, which is relevant in relation to the Waste Framework Directive objectives. 
Sharing goods can mean both that several users use or own the same objects, and that the 
ownership is passed between users (Schor, 2014). Digital platforms simplify peer-to-peer 
transactions of second hand goods, and can decrease waste generation by supporting a 
second hand economy that may lead to lessened material flows (Fremstad, 2017; the 
European Commission, 2012). 

The city of Seoul actively promotes sharing. An example of this is sponsorship of a website 
that collects services for sharing things, from clothes to housing and parking spaces, with 
varying involvement from the governmental body of Seoul (Seoul Metropolitan 
Government, 2016). Digital applications for enabling sharing spaces are also supported by 
Amsterdam; the app is privately developed but promoted by the city on the Smart City 
Amsterdam webpage. In Sweden, a national programme for the sharing economy in cities 
has just been announced (December, 2017) that will to test and evaluate opportunities and 
risks of the sharing economy (The International Institute for Industrial Environmental 
Economics, 2017). 

4.2.3. Leaning 
To find the best approaches to energy efficiency-focused renovations in accordance with 
the Energy Efficiency Directive, municipalities need to calculate energy savings and select 
the optimal retrofit solutions. This can be done using virtual retrofit models that create 
energy simulations and use multi-criteria decision support systems (Woo and Menassa, 
2014). Smart metering can then be used to follow up the actual results (Paper 3). 

For automatic energy savings in residential buildings, Amsterdam is testing out an 
automated energy grid. The grid is equipped with computer and sensor technology to 
control energy flows, and is designed in a way that enables involved households to feed sun 
panel energy into the grid, in case they have solar panels (Paper 1). For individual 
buildings, sensors and artificial intelligence can be used to collect data on the building and 
adjust its settings to save energy (Paper 3). Computer systems that monitor the building 
can also e.g. give notifications for malfunctions in the building. Seoul uses an Eco-Mileage 
System program to collect volunteer data from energy and gas providers, rewarding 
member households and organizations that have managed to cut back their energy and gas 
use a certain amount with e.g. public transportation card replenishment or gift-cards to be 
used in traditional markets (Paper 1).   

Several cities that we looked at had some kind of transport route planners, which can 
simplify public transport use and thereby make it more attractive, thus contributing to a 
smaller car use. These can be more or less advanced: from simple online time tables to 
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more complex travel planners that lets the user compare several different means of 
transports, book mobility services, and uses sensors and GPS vehicle data to keep the user 
updated on the most efficient route (Paper 1). In San Francisco, to avoid excessive cycling 
when looking for a spot to park, the San Francisco Municipal Transportation Agency 
provides a service for finding an available parking spot with the help of the Internet of 
Things (Paper 1).  

To ensure that the Waste Framework Directive’s objective that waste that is unsuitable for 
reuse or recycling should be used for energy recovery or safely disposed, it is also 
important to keep public trash cans in a good state. Sensors for measuring trash and using 
the data to create an optimized collection route via a monitoring software platform can be 
used for both this and for lessening emissions from the trucks (Paper 1). 

4.2.4. Informing 
As mentioned in section 4.1., the Energy Efficiency Directive recommends combining 
traditional building renovations for energy savings with alternative measures. According to 
Loviscach (2011), this can be achieved through information, persuasion and advice (often 
referred to as nudging) or automation. Information can be given in monitors, augmented 
reality, or using analogue objects (Kramers, 2013; Interactive Institute, 2012). 

Information can also be provided for helping users take care of, or even repair, their things, 
thereby avoiding generation of waste in accordance with the Waste Framework Directive. 
This can for example be done with online guides specific to a certain type of goods (Paper 1, 
Paper 3). The European Commission’s (2012) guidelines for how to support fulfilment of 
the Waste Framework directive also recommend establishing online repair networks for 
household goods. Municipalities can also use ICT for informing households of how to 
minimize their waste generation, either regarding waste in general or targeting certain 
waste fractions (Paper 3). Both San Francisco and Vienna have digital services targeting 
household waste, although these services focus on supporting recycling and composting, as 
well as information such as dates for waste collection (Paper 1).  

While the Energy Efficiency Directive focuses on saving energy, a municipality, region or 
nation may also focus on shifting to cleaner energy. As mentioned in section 4.2.1., 
Amsterdam is testing a smart grid with solar panel functionality; in San Francisco, 
inhabitants of the city are encouraged to install solar panels with the help of information in 
the form of  maps and calculators that estimate potential gains from solar panel 
instalments (Paper 1). 

As mentioned in section 4.1., the Energy Efficiency Directive prescribes inventorying the 
public sector’s building stocks. To overview the data, visualisation can be used, and 
artificial intelligence can be used to combine the building data together with data of 
weather, users et cetera to estimate energy use (Paper 3). Virtual retrofit models can also 
be used to calculate energy savings and support decisions regarding the selection of the 
most optimal retrofit solutions, while sensors can be used to collect data for follow-up 
analysis of the results (Paper 3). 
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5. How can municipalities improve their work with implementing digital 
services and digitalisation for environmental goals? 

5.1. Ways to approach digitalisation for environmental benefits 
To understand how cities’ can implement digital technologies for environmental benefits, 
we looked at six different city authorities’ work with digitalisation (Paper 1). 

While we looked for digitalisation work in connection with environmental benefits, that 
was not always the main focus of the cities’ own digitalisation or Smart City strategy work. 
Several of the Smart City plans focused on becoming a more competitive city, rather than 
using it to achieve environmental goals. Environmental benefits were often vaguely 
formulated. On the other hand, we also saw instances of digital solutions being introduced 
as viable solutions to a problem without being presented as parts of a city’s work with 
becoming a Smart City (Paper 1). 

There were also differences between how municipalities present their implementation of 
digitalisation. For example, Shanghai had a very top-down description of their work with 
providing Internet access in the city, while Amsterdam, which described a flat “platform” 
arrangement of their smart city work, with equal collaboration between different actors. 
Likewise, while Seoul had focused more on actively participating in sharing projects, San 
Francisco focused more on lessening regulations to allow for sharing economy solutions to 
grow (Paper 1). 

Apart from political differences, this could also be related to what focus these respective 
Smart City plans have. The Shanghai Smart City plan was largely focused on providing the 
hardware infrastructure for robust Internet use, while Amsterdam’s had more general aims 
of e.g. becoming more innovative. When it comes to sharing economy solutions, for Seoul, 
it was reported that its inhabitants generally had a low level of trust and knowledge of 
sharing economy services, while San Francisco already had sharing economy businesses 
established (Paper 1). 

5.2. Recommendations  
The recommendations from Paper 1 and Paper 3 on how to strategically work with using 
digitalisation for environmental benefits can be combined. In table 1 I have listed the 
recommendations from Paper 1 and Paper 3, respectively. 

These two suggested lists of action are representative for different stages in the 
municipalities’ work with digitalisation for the environment. The main reason for this is 
that they have been developed in papers approaching the issue from opposite angles. Paper 
1 went through a number of already existing services and formal and informal municipality 
documents to see what was being done, while Paper 3 took its starting point in objectives 
set by the EU directives to be implemented in municipalities. In other words, the right-
hand list of Paper 3 represents an earlier stage of implementation, than the left-hand list of 
Paper 1. When combining the two lists, it seems as if the left hand list would follow the last 
point of the right hand list, resulting in the following combination: 
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Table 1. Recommendations from Paper 1 and Paper 3. 

Paper 1 Paper 3 
Lessons: 

1. Evaluate net effects! 
a. Before and after! 

2. Act after what the evaluations tell 
you! 

 

Suggested list for municipalities and 
industry representatives: 

1. Identify the objective 
2. Identify activities that the objective 

will require or generate 
3. A. Municipality: Formulate and 

support ideas of how digitalisation 
can support targets + how to 
implement them  approach 
providers with the resulting ideas 
B. Provider: Investigate digital 
solution supporting 1 and 2, or how 
existing services can be tweaked to 
support targets  approach 
municipalities 

  

1. Identify the objective 
2. Identify activities that the objective will require or generate 
3. A. Municipality: Formulate and support ideas of how digitalisation can support 

targets + how to implement them  approach providers with the resulting ideas 
B. Provider: Investigate digital solution supporting 1 and 2, or how existing services 
can be tweaked to support targets  approach municipalities 

4. Evaluate expected net effects of implementing alternatives building on the ideas 
from point 3 

5. Test out idea 
6. Evaluate again 
7. Adjust in accordance with evaluations 

6. What should municipalities think of in terms of long-term perspectives on 
digital services and the environment? 

6.1. Digitalisation for societal change 
As previously mentioned, digitalisation has the potential to lead to more far-reaching 
changes in how our societies are organised (Mitchell, 1999; Höjer et al., 2015). For 
example, as mentioned above, digitalisation may have a potential to lessen our 
consumption of physical goods and decrease our travelling. But the Smart City plan of 
Vienna, it proclaims that making the city smarter will be a way to avoid precisely that, and 
that it can be a way to enable continued levels of consumption of travel but with lower 
environmental footprints (Vienna City Administration, 2016). As noted by Gil and Tian-
Cheng (2015), Shanghai on the other hand did not explicitly state environmental benefits 
as a motivating factor for increased digital connectivity, but does consider it part of a 
transformation of the economy, from being largely based on manufacturing of physical 
goods to moving into a knowledge economy. This may in turn have environmental benefits 
in terms of a lowered amount of greenhouse gas per BNP unit emitted from production 
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(Zadek et al., 2011). Lastly, Amsterdam’s Smart City website states an ambition by the city 
to move from a linear to a circular economy, which would also mean a societal change. 

6.2. Resilience and risks 
Although digital technologies may be beneficial to environmental causes, there are also 
long-term risks associated with making cities rely on digital technologies to function. 

As discussed in section 3.1., digital technologies are highly dependent on limited natural 
resources, both for the construction and the use phase. Although there are ongoing 
discussions regarding the need to switch from limited to renewable energy sources, the use 
of rare earth metals for construction and upkeep of digital technologies sometimes seems 
to be forgotten in discussions of ICT’s possible environmental benefits (Paper 2).  

Secondly, as digital technologies are dependent on electricity, their functionality is 
vulnerable to e.g. power blackouts. Additionally, to stop relying on limited energy 
resources, we need to shift to renewable energy without fossil fuels. However, such energy 
is often harder to store, and it is likely that our energy flows might shift depending on 
weather or season (Hilty, 2015; Smil, 2006). This would require more flexibility with how 
much energy we are using, instead of creating societies that are even more dependent on a 
constant energy flow. This is also relevant in case of e.g. economic recession. Just like we 
need to be able to take the stairs instead of the elevator in case the house is burning, we 
need to have backup systems in cities. For example, although cash money might seem old-
fashioned, it is the only currency that can be used during a longer power blackout. A pilot 
study that explored the impact of lowered online connectivity showed that as long as it was 
technically possible to find information in other ways, the participants quickly got used to 
analogue systems even if they normally relied on digital systems (Widdicks et al., 
upcoming). However, that change is still reliant on the existence of such analogue systems.  

Apart from making sure to maintain analogue backup systems, the risks of becoming too 
dependent on digital systems could also be considered within the framework of the 
recommended evaluations of section 5.2. 

7. Concluding Discussion 

7.1. Uncertainties 
There are many factors that will affect the impact of digitalisation. It has potential to have 
both positive and negative effects, both directly and indirectly. Section 4 concentrates on 
what types of digital services that have a potential to help reach environmental goals in 
cities, listing both existing and possible types of services – but in many of the cases, no 
deeper evaluation has been done to see how big their effects are, neither before 
implementation or, when applicable, after.  There were often little or no follow-up 
materials available regarding the various solutions, especially environmental impacts and 
possible improvements. This is the reason that we originally identified a need for 
municipalities to be more thorough in their evaluations before and after implementation. 

And sometimes it may be unclear what consequences a certain technology or similar has. 
This is especially the case for second order effects, as discussed in section 2. The results of 
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implementing a certain technology or service may differ depending on other factors – and 
this is ironically also one of the reasons that it is important to think about before trying 
something, so that possible problems can be countered with other actions. However, in 
some cases this may be politically hard and in conflict with other political goals, such as 
economic growth. 

7.2. Municipalities and other actors  
Even if municipalities and other official city representatives want a city to use digital 
technologies for some benefits, the implementation often lies with private actors. This 
means that the responsibility for thoughtful implementation, and for caution in accordance 
with section 6.2., partially lies on private actors as well. 

One of the main results of this thesis is that municipalities should choose more carefully 
what digital technology to spend their money on and what they want to happen, rather 
than sprinkling their money and politics for smartness. A counterargument to this could be 
that in order to be able to use digitalisation for specific goals in the close future, it is 
important to first create an environment suitable for both creating and implementing 
digital solutions. Thereby, focusing on the infrastructure of digital technologies is a way to 
move from digitisation to digitalisation, and lay the ground for digitalisation as a larger 
picture and possible changer of societies, rather than just a collection of digitisation 
services. This is a complicated question to navigate, as we both need to make sure that the 
digital technologies actually live up to its positive potential rather than lead down to its 
possible risks – which requires regulations and afterthought – and that we create a societal 
atmosphere that is open to digitalisation as a societal process. 

To take waste as an example: As mentioned in section 4.2.2., municipalities normally only 
have a certain responsibility for handling household waste that has already been generated, 
except for when covered by producer responsibility issued by the state. This means that 
waste handling costs money for the municipality, so waste minimisation should lie within 
its interests. However, the measures for this only partially lie in the hands of the 
municipality. A municipality can choose to inform the public about how to generate less 
waste, and campaign for it to happen, but much of the power to actually make it happen lie 
with, except for the consumers themselves, the producers of goods. This is usually not 
within the range of what municipalities can do anything about. Only states can regulate to 
give incentives to companies to minimise the waste they generate, and only companies can 
be the ones to actually do it. 

There is ICT development companies are not experts on cities, nor on environmental 
protection. Therefore, although these can be in their area of interest for business purposes, 
municipalities should not leave the task of formulating digital solutions to environmental 
problems entirely in their hands. For municipalities, letting environmental goals lead the 
way in formulating digital solutions and digitalisation strategies enables knowing what to 
ask for, what to spend money on, and what to scale up if successful.  

7.3. Was the aim of the thesis achieved? 
The aim was finding better ways to implement digital technologies in municipalities in 
order to support environmental aims and benefits. I have formulated results and 
recommendations in line with this aim, and parts of the results of this thesis were used in a 
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guide book for municipalities that want to conduct such work. However, it is not yet 
possible to say if these ways actually are better, as they have not yet been tested and 
evaluated. 

7.4. Future research 
As a reoccurring mentioned  problematic aspect of the development of digital services for 
environmental benefits in cities is the uncertainty of their actual effects, this is a type of 
empirical research that need to be continued and developed in the future.   
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