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Abstract

Embedded in the research fields of energy policd/environmental behavior, this thesis examines
drivers, barriers and opportunities of business eteotbr renewable energies and the underlying
motivation of municipalities and households striyiior energy self-sufficiency. The first of three
articles systematically reviews the current stdtehe emerging field of research on business
models for renewable energies, with industrialiaed developing countries as the main unit of
analysis. The study reveals key differences betwiseloping and industrialized countries: In
developing countries, there is a lack of quantieatiata; business model opportunities are mainly
driven by unfulfilled basic needs or micro-finanesid corruption and weak electricity grids are
the main barriers. In industrialized countries, appnities are driven by climate change mitigation
policies and energy efficiency improvements. Higlsts of energy storage are important barriers
and cooperating across industry borders is keytaré business models in handling increasing
complexity. Based on empirical data, the secondlarinvestigates economic, ecological, social
and energy system related factors explaining whyionpalities strive for energy self-sufficiency
with a focus on electricity. The results suggest #gnvironmental awareness, tax revenues, and
greater independence from private utilities aretpaty related to mayors’ attitude towards the
realization of energy self-sufficiency. In additjaritizens, the political environment, the mayor’s
political power, and financial resources are kegtdes for a municipality striving for energy self-
sufficiency. Based on empirical data from houseotte third article examines the underlying
motivational factors that drive private householids purchase renewable energy system
components with the purpose of partial energy safiply. Results show that perceived financial

and autarky benefits are the strongest attituginedictors of the purchase intention, followed by

VI



environmental awareness and technology affinitybj&iive norm and perceived behavioral
control are two additional important predictorgafchase intention. The article contributes to the
literature by explaining underlying behavioral farstand linking them to policy recommendations
that apply a behavior-policy framework. By propasia morphological box for energy self-
sufficiency, the second and third article are categd according to their focus within the research
on energy self-sufficiency. In sum, the findingdlué dissertation help policy makers and industry
to set the adequate framework and enable businedslmpportunities for renewable energies. It
also supports them, if desired, to increase theestfarenewable energies using the trend towards
energy self-supply by precisely addressing motoveti factors of municipalities and households

striving for energy self-sufficiency.



Kurzfassung (German abstract)

Ziel der vorliegenden Arbeit ist es mdgliche Gesidmiodelle, deren treibende Faktoren,
sowie etwaige Hindernisse fur die Anwendung errigarer Energien zu untersuchen. Die zentrale
Fragestellung lautet, welche Faktoren Haushalte@egheinden dazu bewegen, Energieautarkie
anzustreben.

Der erste von drei Artikeln gibt einen systemate&chiberblick tber die derzeit stetig
wachsende Literatur im Bereich von Geschaftsmoddlie erneuerbare Energien. Hierbei wird
zwischen Entwicklungslandern und industrialisieséeglt differenziert. Die Ergebnisse zeigen in
Entwicklungslandern einen Mangel an quantitativeratddgrundlage. Chancen fir
Geschéaftsmodelle ergeben sich hier vor allem dwmoérfillte grundlegende Bedirfnisse und
Micro-Finance. Korruption sowie instabile Elekttétisnetze sind die gré3ten Hindernisse. In
industrialisierten Landern entwickeln sich neue chéfismodelle aufgrund der Klimapolitik und
steigender Energieeffizienz. Dem gegentber stelwe Kosten flr Energiespeicherung als
zentrales Hindernis. Weitere Geschéftsmodelle engelich durch Kooperationen Uber
Industriegrenzen hinweg, was zunehmend komplexeeel@ftsmodelle ermoglicht.

Basierend auf empirischen Daten untersucht dertewetikel 6konomische, 6kologische,
soziale und auf die Energieversorgung bezogeneofakt die erklaren, weshalb Gemeinden
elektrische Energieautarkie anstreben. Die Ergsbnigeigen eine Korrelation zwischen
Umwelteinstellung, Steuereinnahmen, einer héheneabbéangigkeit von Energieversorgern und
dem Wunsch von Birgermeistern Energieautarkie alisreren. Zudem sind die Meinung der
Birger, das politische Umfeld, der Einfluss desg@iimeisters, sowie die finanziellen Ressourcen

zentrale Faktoren fir eine Gemeinde auf dem Wedenargieautarkie.



Basierend auf empirischen Daten untersucht detedAttikel die Motivation privater
Haushalte fur den Kauf von Systemkomponenten zgenein Energieerzeugung mittels
erneuerbarer Energien. Die Ergebnisse zeigen,di&as#/unsch nach mehr Unabhangigkeit und
finanziellen Vorteilen die Hauptfaktoren sind, dénen Kauf solcher Systemkomponenten
beeinflussen. Dem folgen Umweltbewusstsein und A@cgieaffinitdt. Weiterhin erweisen sich
die subjektive Norm und Verhaltenskontrolle alshtige Kriterien flir die Kaufintention. Dieser
Artikel tragt zur bestehenden Literatur bei, indendie zugrundeliegenden Faktoren identifiziert
und darauf basierend Handlungsempfehlungen fur Haditik gibt. Mit Hilfe eines
morphologischen Kastens lassen sich der zweiteduittg Artikel hinsichtlich ihres jeweiligen
Fokus kategorisieren.

Die Ergebnisse dieser Dissertation sollen poligscEntscheidungstragern dabei helfen die
richtigen energiepolitischen Rahmenbedingungen =mizes. Der Industrie konnen die
vorliegenden Ergebnisse weitere mdgliche Geschafisite im Energiesektor aufzeigen.
Entscheidungstrager von Gemeinden erhalten Empfghtu zur Steigerung des Anteils

erneuerbarer Energien Uber den Weg der Energigatéar ihre Gemeinden und Privathaushalte.
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INTRODUCTION

1 Introduction

Tremendous transformations have already happen#dnwihe energy sector; but the
fundamental upheaval still lies ahead. Policy mslemost industrialized countries and several
developing countries have declared renewable erggggration technologies to be fundamental
for their countries’ future energy system and ghficlimate mitigation. In December 2015, 195
participating countries unanimously agreed to thalfglobal pact, the Paris Agreement, at the
2015 United Nations Climate Change Conference @dnMations, 2015). The members reached
the agreement to limit global warming to a maximah® degrees Celsius with an aspiration of
1.5 degrees Celsius via a reduction of carbon aulfhe outcome has been celebrated as a major
breakthrough. This is an enormous challenge arsl asabitious goals for the transition of the
energy sector. In Germany, the share of electrigéigeration based on renewable energies has
increased from 10% in 2005 to over 31% at the éradd5, which makes them the most important
source of energy (BMWi, 2016).

The transition of the energy sector is charactdrlae major changes: from centralized to
decentralized energy generation and from a coabd| stable, and predictable to a fluctuating,
instable and unpredictable energy generation. lydra share of renewable energies is constantly
increasing. The scale and impact varies among desrdand depends on the extent of the actual
transformation of the energy sector and on the ofggeneration technologies used. These changes
lead to new and innovative business models in imidlized and developing countries (Koirala,
Koliou, Friege, Hakvoort, & Herder, 2016; Richt&013a). Despite enormous progress and
investments in the clean tech sector, renewableggrmisiness models still struggle to take off

(Richter, 2012). Policy makers and the industrystantly challenge the status quo of energy



INTRODUCTION

policy, questioning how to incentivize market plesyand how to adjust the regulatory framework
to support renewable energies to become economigeble. Therefore, in my first paper, |
reviewed the current literature to identify drivdoarriers and opportunities of business models for
renewable energies. One opportunity for businesgefsan industrialized countries, in particular
in Germany, aroused my interest and shaped thendeand third study: The trend towards
decentralized energy generation facilitates severahicipalities and private households to
generate their own energy and to strive for pasiargy self-sufficiency, also called ‘energy
autarky’.

Overall, with a share of 12%, renewables contrikatthe generation of primary energy.
However, to reach about 100% renewable electrggtyeration and 80% overall renewable energy
generation in the European Union, a long way k& ahead (European Commission, 2011). To
achieve political goals for climate change mitigativarious technical, economical and policy-
related questions need to be answered. Three tiyrkéorant research streams address some of
these questions and build the area of researd¢hddhree studies of this dissertation: the litmet
streams orbusiness models for renewable energ@msenvironmental behavioand onenergy
self-sufficiencyArticles two and three also touch on the disarssif concepts fodecentralized
energy generatianThe research question of the first article adseshe field of business models
for renewable energies. It caught my interest beeatable business models are key to the long
term success of renewables, thus, the transitidheoénergy sector. The research questions from
my second and third articles are embedded in tiearsis of environmental behavior and energy
self-sufficiency. Energy self-sufficiency in thelid of municipalities and also households might

be a promising business model opportunity.



INTRODUCTION

1.1 Research questions

In the following, the research questions of eatlarwill be shortly derived and embedded
into their field of research, starting with thesfiarticle on business models for renewable engrgie

A constantly rising number of articles apply busmenodel frameworks to research the
current transformation of the energy sector (segptr 2.1). It is a vibrant field of research, and
scholars use the framework in multiple ways. Someuss the perspective of certain stakeholders
(Andersen, Mathews, & Rask, 2009; Christensen, $V&lICipcigan, 2012; e.g. Richter, 2013a).
For example, Andersen et al. (2009) explain thabngt governmental support through tax
incentives is a key driver for business modelsdiectric vehicles. Others focus only on certain
technologies, such as photovoltaic (PV) (Chang,, Hsy & Hsiung, 2011; Rai & Sigrin, 2013).
In general, scholars apply the concept to bettelerstand driving forces and impeding factors
explaining when and how business models in theggnezctor become viable. However, current
research provides a fragmented picture of the t&tidies pick specific cases and diverse regions
and apply the business model framework heterogeahteolihey emphasize varying drivers,
barriers, and opportunities they have identifidte Guestions to be answered in the first articte ar
the following: (1) How do researchers apply theibess model concept to the area of renewable
energies? (2) Which methodologies and theoreticalcepts are applied in connection with
research on business models for renewable ener@¢d®hat are the drivers and barriers for
business models for renewable energies, and wagtramising opportunities in different regions
of the world?

Among the identified opportunities for business eledin the area of renewables and
sustainability, energy self-sufficiency caught mierest and builds the foundation for the second

and third articles of my dissertation. It is basaedhe trend towards decentralized and local energy
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generation and leads to an active role and engagesheonsumers. These so called prosumers
(producers and consumers at the same time) arengei passive players in the energy system.
Households and municipalities are becoming prossirbgrincreasingly striving for local energy
generation and relative energy self-sufficiency Kdona, Jager, & Fichtner, 2014, trend:research,
2013). Schmid et al. (2012) and Mduller et al. (20discuss the potential of this development in
becoming a key pillar of the transformation of #mergy system. They conclude that energy self-
sufficiency is a strong vision of many regionalastand has economic and ecological advantages,
but also additional costs for certain stakeholdBesed on their work, research on energy self-
sufficiency (sometimes also called autarkic enexggtems or energy autarky) has developed into
its own stream of literature. It can be embeddébeintersection of studies on community energy,
environmental behavior and research on decentdaépergy generation. Energy self-sufficiency
can be understood as the capability to cover eneegygls using local energy sources. It can be
distinguished between relative and absolute energjf-sufficiency. Relative energy self-
sufficiency indicates a local energy supply, whidbes not necessarily require direct self-
consumption. The proportion of locally-generate@rgy to local energy demand defines the
degree of energy self-sufficiendy contrast, absolute energy self-sufficiencycdiégs the ability

of a region to fully supply itself with its own latenergy sources, allowing it to disconnect from
the trans-regional energy grid and other energyomsp The overwhelming majority of
organizations, regions, municipalities and indiatiustrives for relative energy self-sufficiency
(Abegg, 2011; Kiraly, Pahor, & Kravanja, 2013). Eneself-sufficiency is rather understood as a
path to a high amount of locally-generated enengy the desire to disconnect from the nationwide
energy supply. This development offers interesbnginess model opportunities but also several

challenges, for example, for the electricity grid.
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So far, scholars have described the concept ofgrsetf-sufficiency and studied individual
cases from regions or municipalities striving foerggy self-sufficiency (McKenna et al., 2014,
Miuller et al., 2011). Previous research lists atlges based on case studies, such as a decrease in
environmental pollution, a rising number of locab$, a boost in the regional attractiveness, and
lower costs for the energy system (Abegg, 2011n&es & Hansson, 2007; Muller et al., 2011;
Rae & Bradley, 2012; Schmidt et al., 2012). Casdiss on municipalities that strive for energy
self-sufficiency from Germany, Austria and Switzerd hypothesize a set of underlying drivers,
such as local value generation or environmentaetse(Busch & McCormick, 2014; Fuchs &
Hinderer, 2014; Schmuck et al., 2013). Howevengheno clear picture of the underlying beliefs
or motivational factors that drive decision makiarsnunicipalities. Only by understanding these
factors, are policy makers and the industry ablkediress this trend. Policy makers might support
or control this development. The industry can tadgeision makers specifically and offer suitable
concepts. This raises the research question esktt@nd article: Which factors drive municipalities
to strive for energy self-sufficiency?

The third paper focuses on households’ purchaseig\ior of renewable energy system
components. On the level of private householdsivatbdns and circumstances differ. By the year
2013, households in Germany primarily invested hotpvoltaic on their own rooftop to feed in
electricity and receive a guaranteed and predietaedtiurn on investment via the German EEG
surcharge. Partly because of decreased costs, Hudsehave started to purchase certain
components of renewable energy systems, suchtasage or photovoltaics, to generate their own
energy and become partly self-sufficient. Thiseaithe research questions of the third article:

Which factors determine private households’ purtitabehavior of renewable energy system
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components and how can policy makers and the indusirease residents’ intention to invest in

these technologies?
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1.2 Theoretical foundations and research context

After deriving the research questions of my thdsis, chapter embeds them into their key
fields of research. The research questions ofdlgsertation can be located in three fields of
research: research on business models, resear@neargy self-sufficiency, and research on
environmental behavior. The first article involves research on business models and its

application to energy research, on which | willogleate first.

1.2.1 Research on business models

The scientific community has started to apply thsilbess model concept to the energy
sector (Balachandra, Nathan, & Reddy, 2010; FunkbquBlackburn, Magee, & Rai, 2015; Jolly,
Raven, & Romijn, 2012; Richter, 2013b; Schleichappeser, 2012).

Being confronted with the terminology business nhadel broad areas of applications
raises the question of a precise definition. Theirless model concept allows for the analysis of
an organization, how it is functioning and how éngrates and captures value. In particular, it is
valuable to depict changes within business modedstheir interactions with the outer world.
Magrette (2002) describes business models as sthae explain how an organization or business
works. Due to Timmers (1998, p. 3) a business m@dé&n architecture for the product, service
and information flows” that includes a descriptiofh (a) “the various business actors and their
roles”, (b) “the potential benefits of the variobssiness actors” and (c) “the resources of
revenues”. Chesbrough and Rosenbloom (2002, p. 8@Bne it as “the heuristic logic that
connects technical potential with the realizatibe@nomic value”. According to Amit and Zott
(2001, p. 511) it “depicts the design of transactiontent, structure, and governance so as toecreat

value through the exploitation of business oppatiest. In the context of this dissertation, | i
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the definition of Osterwalder (2004), which comlgnenany common definitions very
comprehensively: A business model consists of fmsic elements: the product, the customer
interface, the infrastructure management and tiential aspects. The product describes the area
of business and the value proposition the compdfeysoto the market. The customer interface
explains which customers are targeted, how the enmpelivers the product and services, and
how the customer relationship looks. The infragdtites logistical approach, and network a
company needs to deliver its value is defined sagtructure management. The revenue model
and cost analysis are addressed within the finhasgects (c.f. Osterwalder 2004). This structure
of four basic elements makes up one unit of anglgsexamine the literature on business models
for renewable energies in the first article.

The successful application of the business modatet in analyzing changing industries
has motivated researchers to apply this concepitdacenergy sector as well. Over the last two
decades, research theoretically and practicalljudsed various aspects and applications of the
business model concept in the areas of e-busimessyation, technology and strategy (Amit &
Zott, 2001; Prahalad & Hart, 2002; Seelos & Mabp?2; Thompson & MacMillan, 2010; Zott,
Amit, & Massa, 2011). The rise of e-businesses wa®gvealing application in studying the
fundamental changes of a whole industry (Zott et28l11). A similar market transformation has
started to evolve in the energy sector. Ambitiolimate mitigation targets driven from policy
makers and societies worldwide have led to intensiwport of renewable energy technologies.
Their installations and market share have increaseer the last decade through market
liberalization, subsidies, and extensive resedrahtas led to technological progress. Several new
market players have arisen and begun profiting ffteermarket transformation, whereas traditional

market players such as utility companies in Germfaawe struggled (Richter, 2013a).



INTRODUCTION

This market transformation comes with a numbereskearch questions and scholars are
trying to understand, describe and forecast futleneelopments that apply to the business model
concept. Strupeit and Palm highlight that the cledigwards distributed renewable technologies
requires not only technological but also organmal innovation in order to engage broad
segments of the private consumer market” (Strup&lalm, 2016, p. 124). New types of business
models are inevitable in making businesses focusmewables successful (Hellstrom, Tsvetkova,
Gustafsson, & Wikstrom, 2015). For example, utiitympanies in the industrialized world are
trying to move from an energy provider to a senpeavider, which is a fundamental change in
the business model. Besides studying changes itbubmess model, the concept also enables
scholars to examine drivers, barriers and oppdiasiand to give policy recommendations to
support business models for renewable energiedirBharticle of this thesis focuses, in particula
on these drivers, barriers and opportunities dsetisn the existing literature. In sum, the bussnes
model concept is a valuable tool or framework tareie the transformation of an industry such
as the energy sector. Zott and Amit (2011, p. 1@884#marize aptly that the “business model can
be a vehicle for innovation as well as a subjeahnbvation”. In a still highly-regulated market,
policy makers need to set the right stimuli andarathnd how to support innovative business
models.

Following the broad and global view on the curretiatus of research on business models
for renewable energies, the field of energy seffigancy offers one highly-revealing business
model opportunity. Therefore, in the following, livexplain how my second and third article are

embedded into this stream of literature.
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1.2.2 Research on energy self-sufficiency

Influenced by the system change towards decergthlenergy generation and rising
environmental awareness, people and municipalaies striving for their own local energy
generation in several industrialized countries,chliias become a topic of research in recent years.
In Germany, a large number of people invest in comiby energy projects, which have become a
relevant part in renewable energy generation. SX66 over 718 energy communities have been
founded (DGRYV, 2014). Also, private households hstegted to consider certain components of
renewable energy systems such as photovoltaiageoor solar thermal to generate their own
energy. In the past, German households considdreyoltaic to be an investment vehicle with
a calculated steady return rate. Consequentlyelatitricity generated was fed into the grid.
Khalilpour et al. (2015) calculated that it would &conomically viable for households to partially
supply themselves with their own electricity getiera Between 2013 and 2015, over 17,000
electricity storage systems have been installgulirate German households (Kairies et al., 2015).
In the past years, a rising number of municipaitiie Germany, Austria and Switzerland have
propagated the political goal of local energy irglegence or energy self-sufficiency, as often
referred to (McKenna et al., 2014; McKenna, Herl&s;ichtner, 2015; trend:research, 2013).
Scholars have started to discover this phenomendrbagun to study the trend towards energy
self-sufficiency (Hauber & Ruppert-Winkel, 2012; N&i et al.,, 2011; Rae & Bradley, 2012;
Ruppert-Winkel & Hauber, 2014).

The question remains what energy self-sufficienteynds for. This thesis, as most other
studies, refers to locally-generated energy that aetually or theoretically cover a certain
percentage of energy self-consumption. The conakephergy self-sufficiency has already been

studied in a number of publications with very heggmeous backgrounds or approaches and,

10
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therefore, needs to be clarified. Researchersrafeo to energy self-sufficiency with the terms
energy autarkyenergy autonomyandenergy self-reliancewhich do not have the exact same
meaning (Hauber & Ruppert-Winkel, 2012; Miller & 2011; Rae & Bradley, 2012; Ruppert-
Winkel & Hauber, 2014; Spath & Rohracher, 2010).lIstiet al. (2011) use the term autarky,
which is a synonym for self-sufficiency explainegits origin: Autarky, derives from the Greek
word ‘autarkeia’, which refers to ‘economic indedence or self-sufficiency’ according to the
New Oxford American Dictionary (2010). In contrastergy autonomy focuses on the concept of
‘self-governance’ and ‘freedom from external cohtoo influence’ (New Oxford American
Dictionary, 2010). A wide spectrum of gradations lewolved in practice and in the scientific
literature. In general, all related interpretatiaggee, that to a certain extent, energy is geeerat
locally. Despite this commonality, several dimensimeed to be considered to precisely describe
the kind of local energy generation. For exampl&idl kind of energy? On which spatial extent?
Relative or physical self-sufficiency? Is the Idgajenerated energy actually consumed locally or,
for example, fed into the grid? Table 1 providesoaerview of the most relevant aspects. My
second paper focuses on electricity and the spatieht of municipalities (see Table 1). The third

paper sheds the light on both electricity and at#te household level (see Table 2).
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Table 1:Morphological box to structure the key aspectsnargy self-sufficiency and the categorization ef th

second paper of this dissertation (grey areas niiackis of the second study)

Characteristic values

Type of energy usage Electricity Heat Mobility
Spatial extent Household leve Organization- /| Municipality State-/country
company level level

Type of self-sufficiency / Relative self-sufficiency Absolute self-sufficiency

strictness of term interpretation

Degree of relative self- Continuum: from 0% to >100%

sufficiency Defined as the proportion of locally-generated gyeto the local energy
demand.

Degree of self-consumption Continuum: from 0% tO%0

Proportion of local energy self-consumption to lbganeration.

Table 2:Morphological box with the categorization of thé&dhpaper of this dissertation (grey areas markusof
the third study)

Characteristic values

Type of energy usage Electricity Heat Mobility
Spatial extent Household level | Organization-/ | Municipality State-/country
company level level

Type of self-sufficiency / Relative self-sufficiency Absolute self-sufficiency

strictness of term interpretation

Degree of relative self- Continuum: from 0% to >100%

sufficiency Defined as the proportion of locally-generated ayyeto the local energy
demand.

Degree of self-consumption Continuum: from 0% tO%0

Proportion of local energy self-consumption to lbganeration.

1.2.3 Research on environmental behavior
The field of research on environmental behavior @saldp the second major stream of

literature my second and third article relatesltadates back to discussions, for example, on
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recycling behavior or general pro-environmentalasédr in the seventies to nineties (Arbuthnot
et al., 1976; Grob, 1995; Kaiser, Wolfing, & Fuhr#899). From there on, it has developed into a
vibrant field because it is fundamental for climatgigation policies and business in the areas of
sustainability and renewables to understand whw, laad when people pursue pro-environmental
behavior.

In the field of research on environmental behavgmholars apply, test, and propose
different theories to explain human behavior inaas contexts. Based on the theory of reasoned
action, the theory of planned behavior (TPB) haanbepeatedly tested and extended in the field
of environmental behavior {Ajzen:1991hc, Steg:2@09ilt sets the theoretical basis for the
extended models of the second and third articléhisf thesis. The TPB tries to understand the
underlying motivational factors behind thoughtbghavioral intention, and the resulting behavior.
The core of the TPB describes three factors, d#itgubjective norm, and perceived behavioral
control, that influence the intention, which itsedfa strong predictor of actual behavior. The
following examples show the diversity of motivatadriactors depending on the specific context
of pro-environmental behavior and are relevantlierresearch questions of my second and third
paper.

One type of study focuses on electricity savingamergy efficiency behavior in the context
of households (Botetzagias, Malesios, & Poulou,42@'Oca, Corgnati, & Buso, 2014; Estiri,
2015; Fornara, Pattitoni, Mura, & Strazzera, 20@&&denne, Sharma, Kerr, & Smith, 2011; Scott,
Jones, & Webb, 2014; D. Webb, Soutar, Mazzarola&l&is, 2013) or work environment (Dixon,
Deline, McComas, Chambliss, & Hoffmann, 2015; Zhaw@ang, & Zhou, 2014). For example,
Zhang et al. (2014), in particularly, study attinal factors of energy saving behavior in the work

environment of Chinese office workers in Beijindiey show that environmental benefit,
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organizational benefit, enjoyment, and organizati@bectricity saving climate are key predictors
of attitude and, indirectly, of intention.

A second type of study analyzes general pro-enmental energy generation-related
behavior (Huijts, Molin, & van Wee, 2014; Read, ®rg Thorsteinsson, Morgan, & Price, 2013).
These studies differ because people do not neelaioge their individual behavior within their
households or at work but are affected rather @udly within their community. In the case of
people opposing or agreeing with wind farm develepts, Read et al. (2013) reveal the
importance of proximity, visual perception, and sef place as additional factors to the core
theory of planned behavior constructs (attitudejesttive norm, perceived behavioral control). In
the case of the acceptance of a hydrogen fuebstatiuijts et al. (2014) present personal norm,
affect, perceived technology effects, and trusttlas most important predictors of pro-
environmental behavior.

A third type of study analyzes peoples’ purchasang adoption behavior of renewable
energy generation technologies or green electritigenheer, de Nooij, & Sheikh, 2011, Litvine
& Wistenhagen, 2011; Woersdorfer & Kaus, 2011). &xample, Litvine and Wistenhagen
(2011) found that targeted information to incredise perceived benefit of green electricity
increases households’ green electricity adoption.

Striving for energy self-sufficiency or purchasirenewable energy system components is
one type of pro-environmental behavior, which paréllates to energy-saving behavior, general
pro-environmental behavior, and purchasing or ddoptbehavior of renewable energy

technologies.
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1.3 Research approach and contribution

My dissertation consists of three studies witheti#ht methodological research approaches.
Research design and methodologies were driven lngs®arch interest and the identified research
guestions. While the first paper purely reviews andlyzes the existing literature, the second and
third papers follow empirical research methods.{dllesa clear focus on quantitative methods, |
combined them with qualitative approaches. Theegfory dissertation acknowledges the call for
methodological pluralism in research (Onwuegbuzieefch, 2005).

My first article systematically reviews the liteued on business models for renewable
energies. | contribute to the scientific literatbrestructuring the existing literature by presegti
the key drivers, barriers, and opportunities taress models for renewable energies and, finally,
by proposing promising avenues for future reseaftt® methodological approach follows the
procedures of a systematic literature review suggely Webster and Watson (2002) and vom
Brocke et al. (2009). The scope of this approadb igentify a conceptual framework that helps
to depict the field of research and identify whigsearch spots. While developing the conceptual
framework, industrialized countries and developaagintries turned out to be the core unit of
analysis. The analytical process of the review @ost five steps: defining the review scope,
conceptualizing topics, searching literature, amaly and synthesizing the literature, and
developing a research agenda. The review is claizetl by a systematic approach searching the
existing literature via keyword search on a prardef set of journals.

My second and third articles contribute to the badliterature by answering which
underlying factors drive municipalities to striver fenergy self-sufficiency and which drive
households to purchase renewable energy systemoc@nis. To the best of my knowledge, both

articles are the first of their kind to empiricakbyudy these topics. They also contribute to the
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literature by extending the theory of planned b&bva\l PB), a well-established theory explaining
various behaviors, to the fields of electric enesgly-sufficiency in municipalities and energy self
sufficiency of households. Both studies are basethe methodological approach of Fishbein and
Ajzen (2010). Self-collected data from surveys malgzed based on a pre-developed research
model. In a first step, qualitative and structueggert interviews, in particular among the targeted
research population, are conducted to identifytasenderlying beliefs that influence a person’s
behavior. In combination with variables from theséixg literature and based on established
categories, hypotheses and the final research nawddbrmulated. After a pre-study to test the
survey items, the main studies are conducted. énsttond article of this dissertation, | have
gathered 109 fully-completed surveys online ortel@ephone mainly from mayors in Germany.
Mayors are a busy and difficult to reach reseampufation, which makes the conducted primary
data set very valuable. For the third article,udgathered 395 surveys from household owners in
Germany. Finally, the collected survey data is usdést the main research model in each article.
In the third article, | have combined the methodalal approach of Fishbein and Ajzen (2010)
with a policy framework of Steg and Vlek (2009) aardadditional round of expert interviews to

draw policy recommendations and to assess thenfysdi

16



INTRODUCTION

1.4 Dissertation outline

Table 3 provides an overview of this dissertatidroveing the objectives, scientific
methodology, and theoretical approach of each stlidhe remainder of this dissertation is
structured as follows. Chapter 2 presents the fiiegter of the dissertation “Comparing drivers,
barriers, and opportunities of business modelsdnewable energies: A review”. This article has
been accepted for publication by the journaReinewable and Sustainable Energy Reviews
December 2015. Chapter 3 contains the second obsedicle with the title “Transforming the
energy system: Why municipalities strive for enesgyf-sufficiency”. It has been accepted for
publication by the journal dnergy Policyin August 2016. Chapter 4 comprises the thirdaege
article “Revolutionizing the energy system: Whyzgns strive for energy self-sufficiency”, which
is submitted for publication. To conclude, | bneBummarize this dissertation with the main
theoretical and practical contributions, limitatspmand future research (chapter 5). References to

the research articles can be found at the endabf esapter, respectively.
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Table 3:0verview of this dissertation

General introduction

Article 1
Global level:
Drivers, barriers and

opportunities

Article 2
Municipality level:
Striving for electric energy
self-sufficiency

Article 3
Household level:
Purchasing renewable energ
system components

Study objectives

Categorizing the literature or
business models for
renewable energies based g
several units of analysis;

Understanding the systemati
and key differences betweer|
business models for
renewable energies in
industrialized versus
developing countries

Analyzing and discussing
drivers, barriers and busines
model opportunities;

Identifying white research
spots based on a research
framework

>

(2]

Understanding the underlying
motivation of municipalities
striving for energy self-
sufficiency

Providing policy
recommendations on how
municipalities could be

supported

Proposing a morphological
box to structure different
aspects of energy self-
sufficiency and to categorize
the present study

Understanding households’
desire for their own energy
supply by studying their
purchasing behavior of
renewable energy system
components

11%

Providing one comprehensiv
model that explains
households’ behavior in the
context of renewable energy
self-supply independent fron
the technology necessary td

achieve it

Understanding households’

willingness to pay a premiunm

for renewable energy self-
supply

Linking behavioral factors to
accurate energy policy
interventions

Scientific
methodology

Systematic literature review

Qualitative-empirical

(Survey: N =19) and

quantitative-empirical
(Survey: N=109)

Quantitative-empirical
(Survey: N = 395) and expernt
interviews

Theoretical

approach

Business model theory

Theory of planned behavior,
theory of reasoned action

Theory of planned behavior,
theory of reasoned action,
behavior-policy framework

General conclusion
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