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Abstract

The energy industry as a whole and the oil & gas industry in particular is
experiencing changes under the influence of a variety of trends and the changing
needs of society. Current social, economic, environmental and climate challenges
are raising sharp questions for the established principles of energy production and
consumption, increasingly arguing for sustainable trajectories in the development
of the global energy system. There are significant international efforts to improve
energy sustainability, and powerful trends are being established. However, the
change in the global energy system is happening at a slower pace.
The oil & gas industry has been a substantial part of the global energy system for
decades. While it has significantly contributed to global development and enabled
industrialization, it has also affected the environment. Currently, the role of the oil
& gas industry is shifting, while it continues to satisfy more than half of global
energy demand. Simultaneously, the relationship between the oil & gas industry
and the sustainable development of the global energy system is largely overlooked.
This thesis questions the validity of such neglect, and raises the importance of
exploring sustainable development of the global energy system with its
relationship to the oil & gas industry.
Through the perspectives of sustainability transitions and industrial dynamics
domains, this thesis aims to explore the role of the ‘socio-technical regime’ in
sustainability transitions of socio-technical systems. This thesis focuses on three
particular aspects: (1) the factors of change in the regime; (2) the way the regime
responds to these factors of change; and (3) the relationship between the
sustainable development of the socio-technical system and the regime. This thesis
is based on two interrelated studies, devoted to certain aspects of change within
the oil & gas industry, and an in-depth investigation of the case of Arctic offshore
oil and natural gas resources exploitation.
The thesis provides an insight into the critical aspects of change within the global
energy system through analysis of the oil & gas industry, and reveals an
understanding of how sustainable change in the global energy system can be
facilitated. From a theoretical perspective, this thesis contributes to sustainable
energy transitions and industrial dynamics literature on sustainable change of large
socio-technical systems with an emphasis on the regime. Theoretical implications
underline the need to revise the existing links and connections between socio-
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technical system levels in order to facilitate change, show the need for typologies
of factors of change, and suggest more attention to qualities and capacities of
regimes. Finally, this thesis employs system thinking and a multidisciplinary
approach in energy related and sustainability transitions research.
From a practical perspective, this thesis provides analytical frameworks, tools and
concepts to be useful for policy makers, strategy consultants, governmental
organizations, and industry, as well as suggests some insights into the
development and change in the global energy system.

Keywords: global energy system; energy industry; oil & gas industry; Arctic
offshore; change; transformation; sustainable energy transition; industrial
dynamics; multi-level perspective; development blocks
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Sammanfattning

Energibranschen som helhet, och olje- och gasindustrin i synnerhet, upplever
förändringar under påverkan av olika trender och samhällets förändrade behov.
Nuvarande sociala, ekonomiska, miljömässiga och klimatrelaterade debatter
utmanar de etablerade principerna för energiproduktion och konsumtion genom
att argumentera för hållbarhet i utvecklingen av det globala energisystemet. Det
finns betydande internationella ansträngningar för förbättrad hållbarhet, men
förändringen i det globala energisystemet sker i långsam takt.
Olje- och gasindustrin har varit en väsentlig del av det globala energisystemet i
årtionden. Även om den har bidragit märkbart till den globala utvecklingen och
möjliggjort industrialiseringen, har den också påverkat miljön. För närvarande
förändras olje- och gasindustrins roll medan den fortsätter att möta mer än hälften
av det globala energibehovet. Samtidigt förbises förhållandet mellan olje- och
gasindustrin och en hållbar utveckling av det globala energisystemet till stor del.
Denna avhandling ifrågasätter giltigheten av sådan försummelse och belyser
vikten av att utforska en hållbar utveckling av det globala energisystemet med dess
relation till olje- och gasindustrin.
Genom perspektiven hållbarhetsövergångar och industriell dynamik syftar
avhandlingen till att undersöka ‘socio-tekniska regimens’ roll i hållbarhets
omvandling av socio-tekniska system. Avhandlingen fokuserar på tre särskilda
aspekter: (1) faktorerna för förändring i regimen; (2) hur regimen svarar på dessa
förändringsfaktorer; och (3) förhållandet mellan en hållbar utveckling av det
socio-tekniska systemet och regimen. Avhandlingen är baserad på två
sammanhängande studier, ägnade åt vissa aspekter av förändringar inom olje- och
gasindustrin, och en djupgående undersökning av fallet med utnyttjande av oljeoch naturgasresurser under den arktiska havsbotten.
Avhandlingen ger en inblick i de kritiska aspekterna av förändringar inom det
globala energisystemet genom analys av olje- och gasindustrin och avslöjar en
förståelse för hur hållbar förändring i det globala energisystemet kan underlättas.
Ur ett teoretiskt perspektiv bidrar avhandlingen till hållbara energi och industriell
dynamik om hållbar förändring av stora socio-tekniska system med tonvikt på
regimen. Teoretiska implikationer understryker behovet av att revidera de
befintliga länkarna och kopplingarna mellan socio-tekniska systemnivåer för att
underlätta förändringar, visa behovet av typologier för förändringsfaktorer och
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föreslå mer uppmärksamhet till regimens kvaliteter och kapacitet. Slutligen
använder avhandlingen systemtänkande och en tvärvetenskaplig strategi inom
energirelaterad och hållbarhetsövergångs forskning.
Från ett praktiskt perspektiv tillhandahåller avhandlingen analytiska ramverk,
verktyg och koncept som kan användas av beslutsfattare, strategikonsulter, statliga
organisationer och industri, samt insikt i utvecklingen och förändringen i det
globala energisystemet.

Nyckelord: globalt energisystem; energibranschen; olje- och gasindustrin; Arctic
offshore; förändring; omvandling; hållbar energiövergång; industriell dynamik;
flernivå perspektiv; utvecklingsblock
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1. Introduction

The energy industry1 is a huge conglomerate of industries involved in extraction,
transportation and distribution of energy, including manufacturing, refining and
sales. In a broader sense the energy industry also incorporates technical, social,
economic, and political elements (Fuso Nerini et al., 2018, p. 10), altogether – a
complex integrated entity, which can be identified as an energy system.
Energy issues and aspects of the global energy system development have always
been in the focus of policy makers, industry, academia, and society. It is hard to
overestimate the importance of the energy industry, as it underlies the global
economy and sustains the welfare of society (The World Bank, 2019).
Global energy demand is rapidly increasing due to population and economic
growth (IEA, 2019a). Global average daily primary energy consumption
comprises 38 million tonnes oil equivalent (mtoe), while annual primary energy
consumption in 2018 reached 13865 mtoe, which is 3 times more than 50 years
ago (BP, 2019a).
Following such dramatic growth, society has faced new challenges related to
energy: increased energy security concerns (IEA, 2019b; Sovacool, 2012); energy
efficiency and access to energy (UNDP, 2020a, 2020b); related climate and
environmental issues (United Nations, 2019). Current environmental and climate
challenges raise questions regarding possible changes to the established principles
of production and consumption, arguing for choosing sustainable trajectories of
the development of the global energy system, which in a simplified manner means
finding a balance in the ‘energy trilemma’ between energy security, energy equity,
and environmental sustainability (World Energy Council, 2019a).
The oil & gas industry has been a substantial part of the global energy system for
decades, and currently supplies almost 56% percent of global energy demand (BP,
2019b). It is subject to the influence of a variety of trends and the changing needs
of society. On the one hand, there are sustainability and climate change issues, on
the other hand is a need to satisfy growing global energy demand and sustain
economic growth. Moreover, the global energy industry, and in particular the oil
& gas industry, are undergoing rapid technological development (KPMG, 2018;
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For definitions and abbreviations see Appendix 1.
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UN, 2019) and are being challenged by geopolitical issues (Goldthau et al., 2019).
All these issues are strongly affecting the global energy system in general, and the
oil & gas industry in particular, signalizing that the ‘business-as-usual’ mode is no
longer possible (Pinto and Kennedy, 2019).
When many factors are opposing each other or showing a converse effect on the
development of the global energy system, this creates unnecessary constraints for
the sustainable energy transitions, which can be expected to proceed at a slower
pace (World Economic Forum, 2019). At the same time, the oil & gas industry has
the potential and the resources to facilitate and contribute to change, as well as the
capabilities to re-shape the traditional energy business (IEA, 2018a; UN, 2017).
Therefore, it is reasonable to look at how the oil & gas industry relates to the
sustainable development of the global energy system.
1.1 Aim and research questions
In energy research, a large body of literature focuses on renewable energy
technologies (Agostino et al., 2011; Gielen et al., 2019), ‘green innovations’, their
wider adoption (cf. Karakaya et al., 2014; Smith and Raven, 2012), and sustainable
energy transitions from different perspectives (Geels et al., 2017; Markard et al.,
2012; Smith et al., 2010; Sovacool, 2014). Many current studies show that the
sustainable change in the global energy system is taking place at a much slower
pace than expected (Sovacool, 2016). Simultaneously, the energy sector is
considered to be one of the largest CO2 emitters (IEA, 2018b, 2018a) as well as a
primary target for climate change mitigation goals (UN, 2017).
Indeed, the global energy system requires more sustainability, and the change
cannot wait due to the global climate and environmental issues (Laestadius, 2018).
However, the global energy system is a large and complex entity – a sociotechnical system, which contains technological artefacts, engineering practices,
and social processes, while its functioning is based on the extensive infrastructure
(Markard, 2011; Turnheim and Geels, 2019; Unruh, 2000). A better understanding
of the existing state of the global energy system is of particular importance for its
successful change towards sustainability (Smith et al., 2005).
In sustainability transitions literature, some of the aspects of the global energy
system are investigated through a concept of a ‘carbon lock-in’ – a condition,
which “… arises through a combination of systematic forces that perpetuate fossil
fuel-based infrastructures in spite of their known environmental externalities and
the apparent existence of cost-neutral, or even cost-elective, remedies” (Unruh,
2000, p. 817). Other attempts focus on a variety of factors as social processes
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(Miller et al., 2013), geopolitics (Goldthau et al., 2019), and other factors (cf.
Stirling, 2014). Sustainability transitions literature also discusses the ‘sociotechnical regime’ – interlinked technologies, engineering practices and ‘cognitive
routines’ (Geels and Schot, 2007) – in the context of a broader socio-technical
change (cf. Grubler, 2012; Smil, 2012). Some studies investigate the regime from
the perspective of its destabilization in order to create new sustainable systems
(Geels, 2014; Turnheim and Geels, 2013). However, the nature of the existing
regimes, their structure and functioning, do not receive enough attention in the
current literature tackling change (Berggren et al., 2015; Genus and Coles, 2008;
Turnheim and Geels, 2019).
For these reasons, the overall aim of this thesis is to explore the role of the regime
in sustainability transitions of socio-technical systems. To achieve this aim, the
thesis poses the following three research questions:
RQ1: What are the factors of change in the regime?
RQ2: How does the regime respond to these factors of change?
RQ3: What is the relationship between the sustainable development of the
socio-technical system and the regime?
Empirically, the thesis is focused on the sustainable development of the global
energy system, where the regime is represented by the oil & gas industry. The
thesis is based on the two interrelated studies – certain aspects of change within
the oil & gas industry (Study A), and the case of Arctic offshore oil and natural
gas resources exploitation (Study B), which is a specific case of development of
the oil & gas industry. The choice of the empirical studies is inspired by the
previous studies within the author's licentiate thesis (Morgunova, 2015). Further,
the oil & gas industry and the case of Arctic offshore oil and natural gas resources
exploitation are rarely investigated cases within sustainability transitions studies,
thus here they provide valuable insights into the relationship between the
sustainable development of the socio-technical system and the regime.
The theoretical contribution of the thesis lies in the fields of sustainability
transitions and industrial dynamics, and reveals an understanding of how the
sustainable change can be facilitated, and what enables or hinders sustainable
development of a socio-technical system from the perspective of a regime.
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For practitioners, the thesis may provide useful analytical frameworks and tools,
as well as insights into the development and change of the global energy system
and the oil & gas industry.
1.2 Thesis structure
The thesis consists of the cover essay and five appended papers. Following the
introduction in Section 1, Section 2 presents a background to the current state of
the energy system and recent development trends in the oil & gas industry. Section
3 is dedicated to the theoretical foundation of the thesis. In particular, it addresses
the development and change in large socio-technical systems, including
conceptual discussion of the notion of change. It focuses on the theoretical
frameworks used in the thesis as ‘development blocks’ and ‘the multi-level
perspective’. Further, it discusses the role of the regime in sustainable energy
transitions from the theoretical perspective. Section 4 introduces the research
approach and methodology of the thesis, and describes the data collection and
analysis, as well as limitations of the studies. The summary of the appended papers
is presented in Section 5, including an overview of the authors’ contribution. It is
followed by a synthesis of the results in Section 6, which subsequently answers
the research questions of the thesis. Further, Section 7 provides a discussion of
theoretical and policy implications of the thesis from the broader perspective, and
also includes suggestions for future research. This is followed by conclusions in
Section 8. Figure 1 illustrates the structure of the thesis.

4

Figure 1. Structure of the thesis
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2. Background

2.1 The changing global energy system
The growth in annual global primary energy consumption averaged 1.5% during
the latest decade (BP, 2019b), while in 2018, energy demand reached record
growth of 2.3% (IEA, 2019c). Meanwhile, the future average in 2017-2040 is
estimated to be 1.2-1.3% annually (BP, 2019c; IEA, 2018c). However, there are
projections of up to 50% increase in global primary energy consumption by 2050
(EIA, 2019a). Importantly, economic growth and energy are still strongly
positively correlated on the global scale, even though some, predominantly OECD
countries, have achieved a plateau in energy consumption with increased energy
productivity (BP, 2018, p. 3).
At the same time, the global energy balance is still to a large extent dominated by
hydrocarbons. In 2018, almost 58% of total primary energy consumption was
supplied by hydrocarbons, with oil accounting for 34%, and natural gas 24% (BP,
2019b). Nevertheless, there are visible shifts towards renewable energy sources,
even though currently their share constitutes nearly 4% excluding hydro (Figure
2).

Figure 2. World total primary energy supply fuel shares (data from BP, 2019a)
Within the energy industry, power generation attracts much more attention these
days for several reasons. First, electricity demand mainly generated by emerging
economies is expected to grow at a rate even greater than that of general energy
demand (IEA, 2018c). Second, for the third year in the row it has attracted greater
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investment than the oil & gas sector (2016-2018), even though investments in coal
supply and upstream oil & gas have increased (IEA, 2019d). Third, the power
sector accommodates larger volumes of renewables (Figure 3). Finally, despite the
ongoing changes, globally it still has a high share of hydrocarbons in the fuel mix
(Figure 3), and the power sector is still one of the largest greenhouse gas emitters
(41.4% in 2017, IEA, 2020a). Additionally, the power sector showed itself to be
most resistant to the change of the fuel mix, specifically due to the stable presence
of coal (around 38% through the studied period, Figure 3).
,

Figure 3. World electricity generation fuel shares (data from IEA, 2020b)
The alarming changes were reported with relation to carbon dioxide (CO2)
emissions. Before 2017, there were three years of insignificant or no growth in
CO2 emissions in the energy sector. During the 2017, the reverse situation was
observed with CO2 emissions growth of 1.6%, while in 2018 they rose 1.7% to
historic highs (IEA, 2019e). The International Energy Agency (2018c) underlines
the possibility of further increase.
However, changes towards sustainability in the global energy system relate not
only to CO2 emissions mitigation, but rather to a much broader spectrum of issues,
including but not limited to social, welfare, governmental, institutional and other
interrelated goals (Fuso Nerini et al., 2018; United Nations, 2019).
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To summarize, there are significant global efforts to improve energy sustainability
and powerful trends are becoming established. However, a significant change in
global energy consumption and specifically the power sector did not occur yet.
The recent failure to make changes in the fuel mix, primarily in the power sector
in 2018, showed an inconsistency of effort (BP, 2018).
2.2 The changing oil & gas industry
The oil & gas industry has a much longer history than it is often presumed
(Podobnik, 2006; Smil, 2010). Its current status as an important element of
complex socio-economic and political systems began already in the nineteenth
century with the internal combustion engine (Tordo et al., 2011, p. 15). From the
first oil well drilled back in the 1850s until the present day, oil and, later, natural
gas have evolved into global commodities. The historical track of global energy
consumption shows a number of changing and also challenging trends in the oil &
gas industry, specifically related to the dominance of a certain energy resource –
coal, oil or natural gas, where the key shifts were towards more energy intensive
technologies and industries (Podobnik, 2006; Smil, 2005).
Currently, the role of the oil & gas industry is shifting, while it continues to satisfy
the larger share of global energy demand. On the one hand, there are factors
negatively influencing the development of the industry. First, the industry’s global
capitalization is decreasing, moving from one of the highest level of capitalization
in the world before the economic downturn in 2014, to 6th and 7th in 2018 and 2019
respectively (PwC, 2019, 2018). Decreasing capitalization and unstable
investments slow down the upstream projects and may affect supply, thus creating
the deficit in the future (IEA, 2018c). Second, even though the price of crude oil
is still a main indicator for the oil & gas industry, influencing market capitalization
of the oil & gas companies, investment flows, technological development and
consumer choices (IEA, 2019d), it is not the only one anymore (World Energy
Council, 2019b). Interestingly, the price of oil is shown to have a significant
influence on energy transitions (World Energy Council, 2019b, p. 10). Finally, the
oil & gas industry is under significant pressure due to increasing environmental
and climate concerns (Global Gas & Oil Network, 2019). This is also related to an
ambiguous public attitude to the oil & gas business, as it is considered to be the
main cause of environmental and climate issues (Pinto and Kennedy, 2019;
Pohjolainen et al., 2018). On the other hand, there are positive factors of change.
First, the development of the oil & gas industry is stimulated by continuously
growing energy demand. Second, new technologies and innovations in the oil &
gas industry encourage business and production process improvement, as well as
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allowing exploitation of unconventional oil and natural gas resources (IEA, 2018a;
Mitchell et al., 2012). Finally, the oil & gas industry is showing more engagement
in contributing to climate change mitigation (OGCI, 2020), as well as diversifying
its assets within and outside the energy industry (Gould and Al-Saffar, 2018; IEA,
2018a), though some of those activities are criticized for being superficial (Rack,
2020). To summarize, the whole production chain in the oil & gas industry
(upstream – exploration, development and production activities, midstream –
transportation, and downstream – trading, refining, petrochemistry and
distribution) is undergoing change. In the new period of changing norms and
paradigms, there are some key trends for the oil & gas industry to highlight.
End of cheap oil. The challenge of satisfying growing energy demand in the future
is being met by the oil & gas industry with uncertainty. In 2019, the world proved
reserves increased by 0.1% for oil and 0.4% for natural gas, while the average
during the last decade for both oil and natural gas was 1.9% (BP, 2019a). These
cause constraints on exhaustion of traditional reserves. As consumption is growing
and new technological advances are becoming available, oil and natural gas
exploration is taking place in geographically remote areas, difficult environments,
and from unconventional sources (Greene et al., 2006). This is the case with presalt deposits in Brazil, deep water, Arctic offshore, oil sands, shales, etc., some of
which are already regarded as conventional (Sorrell et al., 2010). However, these
resources are more costly, thus signaling the ‘end of cheap oil’ (Chapman, 2014).
Changing supply-demand geography. The traditional geographical layout of
producers and consumers of oil and natural gas is changing due to re-direction of
export-import flows, changing supply-demand order, new ways of sourcing
energy, distributed and community-based energy supply (IEA, 2018c). One of the
brightest examples is the United States, which while being the largest consumer,
shifted from net importer to net exporter due to the ‘shale gas revolution’ (cf. Lack,
2018), and growing liquefied natural gas (LNG) export (EIA, 2019b). The shifts
of energy trade flows towards growing Asian markets are having a long-lasting
impact on global energy production and consumption (Aguilera et al., 2014).
Technology and innovations. New technologies have been key enablers in the oil
& gas industry throughout history, opening new frontiers, providing ways of
improving the processes along the production chains, etc. (Mitchell et al., 2012, p.
63). Technologies have also transformed the transportation sector, enabling gasto-gas competition (competition of pipeline gas and LNG), while also further
optimizing it (Royal Dutch Shell, 2015). Technology and innovations will
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continue to influence the development of the oil & gas industry by making new
resources available, increasing efficiency, safety and sustainability of operations.
Climate change and the environment. International climate negotiations
(UNFCCC, 2018) are intense, and seriously influence the oil & gas business. The
industry is facing stricter environmental and climate constraints. Efficiency and
environmental performance are being improved in many facets, including
processing and transporting, utilizing CO2 for enhanced oil recovery or carbon
capture and storage technologies (IEA, 2018c, p. 6, 2018a). Further, the oil & gas
industry is initiating change towards sustainability (cf. OGCI, 2020).
Simultaneously, the impact of climate action frameworks has recently decreased
(World Energy Council, 2019b). Additionally, there are many ecological
concerns, which include leakage, air pollution, water usage, noise and vibration
(e.g., Alvarez et al., 2012; Xu and Chen, 2016).
New types of resources and oil-avoiding technologies have appeared through the
development of new processes of the same products within the oil & gas industry
(Mitchell et al., 2012), bringing competition, namely LNG, gas-to-liquids, and oilavoiding technologies such as biofuels, fuel cells, electric cells and other.
Business diversification. International oil & gas companies are developing new
technological products and services (Shuen et al., 2014; U.S. Department of
Energy, 2015). In addition, they are diversifying their portfolio to acquire other
energy assets in electricity generation, distribution, and renewable energy
production (Shojaeddini et al., 2019), while also undergoing rebranding (BP
‘Beyond Petroleum’ campaign of 2000 (Macalister and Cross, 2000), Statoil to
Equinor (Equinor, 2018)).
Society, policy and regulations. Policies and social acceptance are becoming
critical for the oil & gas industry, as society is more sensitive to oil & gas activities
and possible consequences (Davidson and Gross, 2018). Some examples of this
are the Exxon Valdez oil spill and the Macondo well incident in Gulf of Mexico
(Leahy, 2019) which raised public awareness and radical criticism of petroleum
activities (Lilley and Firestone, 2013). The oil & gas industry has to perform to
the highest environmental standards and norms (UN, 2017), while it will more
likely receive increased attention in the future, demanding more transparency and
stricter regulation, specifically due to climate change mitigation issues.

11

2.3 Arctic offshore oil and natural gas resources
The Arctic is an area north of the Arctic Circle covering approximately 11% of the
world’s surface. It has extreme climate, sensitive nature and low population
density, but significant industrial activities generating 0.5% of global gross
domestic product (Glomsrød et al., 2015; Jungsberg et al., 2019). Territories of
eight countries extend into the Arctic Circle, namely Canada, Finland, Greenland
(Denmark), Iceland, Norway, Russia, Sweden and the United States, and five of
them have an outlet to the Arctic Ocean (e.g., the offshore Arctic).2
Oil & gas activities in the Arctic are not something new, rather they existed since
early onshore discoveries in the 1920s (AMAP, 2007). More than 550 oil and
natural gas fields have been discovered in the Arctic basins (Budzik, 2009), where
the area with the most potential for future discoveries is offshore (Gautier et al.,
2009). Currently, there are four Arctic offshore oil and natural gas fields in
development, and 13 are in production (Morgunova, 2020), while total offshore
Arctic oil and natural gas production comprises less than 1% of global volumes
(Morgunova, 2015).
Even though the macroeconomic situation has dramatically changed since the
main rush to discover potential offshore Arctic oil and natural gas resources
(Cressey, 2008), these activities clearly ‘falling out’ from the global climate
agenda being ‘unburnable reserves’ (Mcglade and Ekins, 2015), and despite the
fact that exploitation of these resources is extremely technologically and financial
demanding (Harsem et al., 2017), the development in certain areas is ongoing. The
high potential for new offshore oil and natural gas discoveries in the Arctic is
considered to be one of the strongest incentive towards the ongoing development
of the region (cf. Johnston, 2012; Koivurova, 2015, and many others).
2.4 Research context: the role of the oil & gas industry in sustainable energy
transitions
Powerful multidirectional trends are occurring in the global energy system.
However, most of the data and forecasts indicate that fossil fuels will dominate the
global energy balance for at least the two upcoming decades (BP, 2019d; EIA,
2019c; IEA, 2019a). Additionally, the existing regional and country differences in
the profiles of energy consumption and energy efficiency are significant (for
example, see IEA, 2020c; OECD, 2020), where energy security, reliability and
More detailed description is available in the appended papers and the author’s
licentiate thesis (Morgunova, 2015)
2
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independence are critical elements in the shaping of the regional energy systems
(Bielecki, 2002; Correljé and van der Linde, 2006). Besides, the change attempts
show some ‘cracks’ in the key energy pillars of energy affordability, reliability
and sustainability, causing many concerns and ‘energy security dilemmas’ (IEA,
2019a, p. 2). Specifically, there are mismatches in renewables and oil pricing, oil
and natural gas supply risks, as well as access to electricity, and fluctuations in
yearly CO2 emissions, technology costs, and others. The rapidly growing energy
demand continues to stimulate energy resource exploitation, moving from the
easily accessible to the unconventional and hard to access. Global climate
discourse is putting more pressure on the energy industry to find a shortcut to
environmentally friendly and sustainable energy supply. Meanwhile, the ongoing
exploration of conventional energy resources is seen as a key controversy to the
sustainable transformation of the global energy industry.
Even though society’s interest has clearly moved beyond the questions of simply
economic growth and allocation of natural resources to more complex issues
involving technology, economics, and society (Sovacool et al., 2015), the analysis
in this section demonstrates that it is not an easy task to perform change in the
global energy system. So far, from the global perspective, changes towards
sustainability in the global energy system are rather incremental, while longerterm changes are not that significant on the global scale. So how can a change
towards sustainability in the global energy system be facilitated? What is the role
of the oil & gas industry in this? The complexity and importance of sustainable
change in the global energy system demands a systematic analysis.
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3. Theoretical foundation

This section addresses the theoretical foundation of the thesis and its contextual
aspects related to the global energy system. The following sub-sections are
focused on the conceptual framework of large socio-technical systems, the
understanding of the notion of change, and specific theoretical frameworks used
in the thesis as development blocks, the multi-level perspective, and the ‘salient –
reverse salient’ approach. The final part of this section synthesizes these towards
the regime and its relations with sustainability transitions in the global energy
system.
3.1 Large socio-technical systems
The industrial development of the twentieth century stimulated the development
of larger entities of engineers, managers, technological artefacts. Specific
industries or technologies started to define the historical periods of development.
The interest in evolution and development of industries – industrial dynamics –
originates from the works of Marshall, Schumpeter, Nelson and Winter (Carlsson,
1989), and suggests a cross-disciplinary framework for a comprehensive analysis
of industrial change processes, searching for a reason for industrial development
and economic growth. It was further developed by Dahmén (1991; 1950),
Forrester (2011), Carlsson (2016), and others.
Many scholars underlined the importance of the comprehensive and complex view
of industrial transformation processes and their relationship to economic growth
(Carlsson, 1989; Dosi, 1982; Hughes, 1989), which was realized in the
development of the ‘system approach’ directed at analyzing the complex
interactions between the elements of the system. Large technological systems
(LTS) is the one widely applied, defined by Hughes (1989) as an entity of a variety
of components, which are physical, managerial or scientific elements and
artefacts. Further, the discussion transformed from mainly looking at
technological artefacts (Carlsson, 1989, p. 2; Dahmén, 1984, p. 25) under a
technological deterministic view, where technological development is thought to
be autonomous, to introducing a broader focus on the influence of society and
institutions on technological development, which Bijker et al. (1989, p. 10) call “a
seamless web of technology and society”. The metaphor of a ‘seamless web’
underlines the important aspect of interconnectivity between the elements of any
system. For example, Unruh (2000, p. 819), in relation to energy, defines
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technological system as “…inter-related components connected in a network or
infrastructure that includes physical, social and informational elements”, linking
it to the broader definition of a techno-institutional complex (TIC).
More or less since the 1990s, the focus has shifted from the evolutionary
perspective on the process of change in LTS (e.g., Hughes, 1983) to exploring the
ways of facilitating that change in the desired direction (Kemp, 1994; Rip and
Kemp, 1998; Unruh, 2000). LTS enlarged and incorporated social and institutional
aspects (Summerton, 1994, p. 3). Later definitions of LTS were further
conceptualized by transition scholars, e.g., Geels (2005, p. 446, 2002), and Geels
and Kemp (2007, pp. 441–442) as socio-technical systems, while highlighting the
cluster character of these and putting stronger emphasis on the social aspect.
Currently, sustainability transitions research looks for managing and facilitating
radical transition shifts in LTS to tackle ‘grand societal challenges’ (Köhler et al.,
2019, p. 2).
However, there was no uniformity in the understanding of both nature and power
of social and technical factors influencing LTS, as well as their interactions
(Ziman, 2000). It is still lacking today in the growing body of literature on
sustainability transitions (Geels et al., 2017; Markard et al., 2012; Smith et al.,
2010; Sovacool, 2014), which makes it more difficult to understand and manage
change.
LTS, born with the growing complexity of socio-technical organization for
studying the emergence and development of the systems, is nowadays widely used
in various research areas with a dominant meaning of a complex and interrelated
socio-technical entity – a socio-technical system. This is also the meaning for an
LTS as a conceptual framework utilized in this thesis. Specifically, LTS is applied
in the investigation of the global energy system, as it highlights its heavy
infrastructural component that has a significant meaning in studying the
sustainable development of infrastructure sectors (Markard, 2011, p. 107).
Before continuing to the specific theoretical frameworks to study change in LTS,
it is necessary to clarify the understanding of the concept of change and its use in
this thesis.
3.2 The concept of change
Change is a key context of the thesis. The different aspects of change in a variety
of industries have been under the scrutiny of scholars for decades, and the energy
industry has not been an exception. As a classical example, Hughes described the
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evolution of industries, exemplified by the development of electric power systems
(Hughes, 1989, 1983). According to Hughes (1989), an LTS during its ‘loosely
defined’ evolution pattern goes through the following seven stages (not necessarily
in this order) - invention, development, innovation, transfer, growth, competition,
and consolidation, while Dahmén (1984) simply described the change in LTS as
the introduction of the new and a scrapping of the ‘old’ parts of a system.
The global energy system is constantly being influenced by a variety of factors
causing change. The change is present not only in the application to technology,
but also in policies, financing, market mechanisms, social aspects (e.g., consumer
behavior) and infrastructure (Hof et al., 2019). In general, socio-technical change
can be viewed as an interrelated process of social, technical, economic and other
activities, leading to a different state of the system. For instance, sustainability
transitions literature underlines the focus on change from one system to another
(Geels, 2005, p. 446).
However, the change itself can be understood and interpreted differently. The
conceptual difference occurs due to the approaches used to analyzing the change
(Turnheim et al., 2015), while there are also differences in the underlined
processes causing change. Berkhout et al. (2003) define purposive transition,
endogenous renewal, reorientation of trajectories and emergent transformation.
Within socio-technical change and MLP there are reproduction, transition and
transformation (Geels, 2002), later elaborated into five types – transformation,
reconfiguration, technological substitution, and dealignment/re-alignment (Geels
and Schot, 2007). The latter was adapted from different types of environmental
change by Suarez and Oliva (2005), where the change processes differ in character
from being regular to being turbulent, shock alike, disruptive or avalanche.
Additionally, there are somewhat similar concepts in the definitions of change by
Rogema et al. (2012). Child and Breyer (2017) review concepts of change,
specifically related to the energy industry. Following their conclusion, the two
main concepts for describing change in the energy industry today are
transformation and transition. In some cases they overlap and are used in literature
interchangeably, and in the other cases they represent completely different types
of change.
In sustainability transitions literature (e.g., Geels et al., 2017; Sovacool, 2016), the
concepts of ‘transformation’ and ‘transition’ have a rather clear definition, where
the key difference is in the intensity and depth of change. As suggested by Geels
and Kemp (2007, pp. 445–446), transformation is “a shift from one sociotechnical system to another”, while transition is about a “re-orientation of an
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existing trajectory” and is an irretrievable process, thus representing the different
mechanisms in change processes. Further, Markard et al. (2012, p. 956) suggest
transition is a much longer process, incurring a broader spectrum of changes
through the socio-technical system. Sustainable energy transitions literature
predominantly uses the concept of transition to describe the radical switch to
renewable energy sources or decentralized energy supply, which also implies
radical changes in the socio-technical systems (Hof et al., 2019).
The understanding of those conceptual differences in the notions of change is
extremely important for this thesis. It focuses on the regime exemplified by the oil
& gas industry, which in sustainability transitions literature is seen as rather stable
and not eager to change (cf. Geels, 2014). This means the opposite to transition.
Thus, to be consistent with the sustainable energy transitions literature, this thesis
uses the concept of transformation in order to describe the currently occurring
transformative changes within the existing LTS, while discussing how these
transformative changes relate to the potential sustainable transition of the energy
LTS.
3.3 Theoretical frameworks
Industrial dynamics and sustainability transition studies are very much interlinked.
Sustainability transition studies are also seen in the domain of industrial dynamics,
while originating from evolutionary research (Carlsson, 2016). Throughout the
growing body of literature within industrial dynamics (Carlsson, 2016) and
sustainability transitions studies (Köhler et al., 2019), the thesis identifies two
theoretical frameworks. They are very much interlinked and are similar to a certain
extent, though one – development blocks – is rooted in classical industrial
dynamics, and another – the multi-level perspective (MLP) – originates from
sustainability transitions studies. The combination of these helps to avoid
oversimplification of the analytical material (Carlsson, 1989, p. 14), and facilitates
theoretical and methodological ‘pluralism’ (Hopkins et al., 2020).
3.3.1 Development blocks
A ‘development block’ (Dahmén, 1989, p. 109) can be pictured as a system or
network with rather fuzzy boundaries and a certain flexibility when looking at the
relationships between the elements involved. The concept was initially designed
for deeper understanding of change aspects of industry and trade (Dahmén, 1988),
though more than just resource allocation. It suggests far more than describing
possible system boundaries on the different stages of system development – modes
of a balanced condition of a system and its disequilibria (Figure 4). It analyses the
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connections between entrepreneurial activities, resources and capabilities
(Carlsson, 1989, p. 3), which can be realized in the form of price and cost signals,
new markets or entrepreneurial activities. Within the development block
framework the factors and their effect on the system can be analyzed in the form
of ‘structural tensions’ (inner forces, a ‘depressive pressure’ (Dahmén, 1989, p.
111)), and ‘transformation pressures’ (outer forces of negative or positive
character). Structural tensions and transformation pressures cause ‘disequilibria’
or the unbalanced condition of a system, which opens opportunities for innovation
‘gap filling’ by entrepreneurs (Dahmén, 1984). Such innovations, coming also
from other sectors, are capable of stimulating larger and deeper changes in the
large socio-technical systems. The development of the system occurs through
different stages of equilibria and disequilibria, imbalanced by structural tensions
and transformation pressures, and stabilized by innovative ‘gap fillers’. It is
assumed that any development block always strives towards a certain balanced
condition (or relative balance).
The concept of development block was found helpful in conducting strong
empirical and methodological analysis of the technological and institutional
changes and their effects (Erixon, 2011), as well as bringing together economic
history, geography and theory (Carlsson and Henriksson, 1991). Even though it
gives a more descriptive than normative analysis of the factors which influence
the system and make it transform, it takes a certain niche in between micro and
macro analysis, showing the connections between the micro and macro level, as
well as outer and inner forces of change (thus ‘locates’ the factors). Dahmén also
incorporated endogenous changes, societal factors, the composition of industries,
and relations between industries and companies within this framework. The
concept was found useful in analyzing complex, multidimensional and interrelated
factors in the transformation processes (Carlsson and Henriksson, 1991).
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Figure 4. The change process of a development block

3.3.2 The multi-level perspective
The multi-level perspective (MLP) is a conceptual framework in the domain of
sustainability transitions, suggesting higher focus on the inter-level analysis of
socio-technical change. MLP suggests mapping out complex systems, e.g., LTS,
hierarchically in three interacting levels of socio-technical landscape, sociotechnical regime and niche (Geels, 2002) (Figure 5).

Figure 5. Graphical representation of the multi-level perspective (adapted by the
author from Geels, 2002; Geels and Schot, 2007)
The landscape level is described as a form of outer environment –
macroeconomics, (geo)politics, international governance and culture (Geels and
Schot, 2007, p. 400). This level cannot be directly influenced, is rather stable
(except for political landscape (Geels and Kemp, 2007, p. 443)), and has a system
formatting character. Some authors, e.g., van Driel and Schot (2005), define
different types of landscapes – almost no changes (nature environment), long-term
changes (industrialization), and rapid changes (oil price change). The meso-level
represents the combination of interlinked technologies, engineering practices and
‘cognitive routines’ (Geels and Kemp, 2007, pp. 442–3; Geels and Schot, 2007, p.
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399) in the form of, for example, companies and governments. Additionally, it
includes routines and practices of other interlinked groups such as scientists and
policymakers. The dominance of interconnected routines and practices keep the
regime stable and not eager to change, while prevailing over the factors of change
(Geels and Kemp, 2007, p. 443; Walker, 2000). The niche level is the micro-level
directed towards birth of radical innovation (Geels and Schot, 2007, p. 400; Rip
and Kemp, 1998). In the earlier MLP research niches took the central part in
production of innovations, as well as their diffusion, and was seen as a key to
initiating transition (Geels, 2005, p. 451).
According to the earlier MLP framework, which strongly emphasizes the role of
niches (Hoogma et al., 2002; Markard et al., 2012), the change occurs through a
few mechanisms, such as, for example, a ‘window of opportunity’. It appears due
to inside tensions or negative externalities, while governed by the regime and
landscape (Geels, 2005, p. 451,457, 2002, pp. 1261–62). Simultaneously, the
regime needs to function under landscape pressures and manage the niche to
facilitate innovations. The explicit focus on innovation niches received much
criticism, including the criticisms of a lack of attention to the political aspect of
transition (for instance, Meadowcroft, 2011), oversimplified division into three
levels (Berggren et al., 2015), a lack of attention to existing the regime (Genus and
Coles, 2008; Smith et al., 2005). Current studies based on MLP meet some of these
criticisms by focusing on aspects of MLP other than niches. Also regime actors
from the resistance perspective (Geels, 2014; Turnheim and Geels, 2019), politics
and power (Köhler et al., 2019), institutional processes (Roberts and Geels, 2019),
and governance (Rosenbloom, 2018) are gaining increasing attention within MLP
studies.
3.4 Factors of change, and salient – reverse salient approach
In industrial dynamics and sustainability transitions studies researchers define a
different interplay of factors affecting LTS under a variety of frameworks. The
factors of influence (drivers and barriers, etc.) are usually classified in several
groups according to their character. For example, Hughes (1989) and Dahmén
(1989) distinguish three types – technological, economic and societal. Mokyr
(1992) classified the factors by five groups – technological, economical,
ecological, geographical, and socio-political. The geographical factors, according
to Mokyr (1992), are either strictly necessary or sufficient, while also permissive
rather than causal. This finds connections with current research in sustainable
energy transitions, such as, for example, availability of energy resources
(Essletzbichler, 2012). Scarcity or excess of energy resources in many respects
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shapes the technological and industrial development as in the case of Japan
developing gas hydrates (Oyama, 2017), and the United States extracting shale gas
(IEA, 2019f).
In sustainability transitions literature more emphasis is put on creating and
facilitating innovations and their further deployment in the desired direction
(Geels and Schot, 2007). It is often connected to such characteristics as investment
climate and market conditions (cf. Karakaya and Sriwannawit, 2015; Lawrence et
al., 2019), even though it has been shown historically that market signals rarely
take the leading role in initiating change (Dosi, 1982, p. 156). There is an example
of the oil-powered combustion engine, where even the increasing pressure of
changing oil prices did not result in technological shifts. Freeman and Perez (1988,
p. 58) suggested that in order for the change of a technological paradigm to occur,
there are three preconditions to be fulfilled: “falling costs, rapidly increasing
supply, and pervasive applications”, as well as changes in institutional and social
frameworks. Currently, the main factor of change becomes sustainability, which
includes environmental and climate issues, and sustainable economic growth
(World Energy Council, 2019b).
Even though there are differences in focus within the research themes in
sustainability transitions and industrial dynamics, most of the approaches and
frameworks emphasize the fundamental meaning of innovations as a driving force
for technological change. Innovations are a part of ‘the creative destruction’
(Schumpeter, 1939), technological trajectories (Dosi, 1982; Dosi and Orsenigo,
1988), development of LTS (Carlsson, 1989; Dahmén, 1989; Hughes, 1989),
innovation management (Utterback, 1996) and sustainability transitions (Kemp,
1994; Köhler et al., 2019). However, the issue of more detailed analysis and
classification of factors of change remains open.
Among historical studies and cases in the industrial dynamics domain a salient –
reverse salient approach has been proposed by Hughes (1989). It was borrowed
from the military terms for analyzing the factors that drive or hinder the
development of an LTS. A ‘salient’ is such a component of an LTS that is ahead
of the system development. It drives the system forward by suggesting higher or
improved system performance, thus also creating a tension. A ‘reverse salient’ is
an opposite concept, describing components of a system that “… have fallen
behind or are out of phase with the others” (Hughes, 1989, p. 73). When defined,
a salient or a reverse salient becomes a ‘critical problem’ – the most critical
component to be solved in order for the system to develop (Figure 6).
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Figure 6. Salient – reverse salient approach
The concept of a reverse salient has close analogues in literature, such as
‘bottleneck’ or ‘technological imbalance’ (Dedehayir, 2009, p. 575). However it
has a certain degree of conceptual freedom and can be used for both technological
artefacts and other components of a system, for example landscape pressures or
salient knowledge (e.g., Smith et al., 2005, p. 1497,1506).
The salient – reverse salient approach has not been that widely applied in
sustainability transitions studies despite its usefulness and conceptual clarity. It
was used predominantly in historical studies of LTS evolution, and in deep
conceptual analysis (Dedehayir, 2009). Nevertheless, it seems to be efficiently
applicable in other contexts of investigating LTS (Dedehayir and Mäkinen, 2011,
p. 1111), as it helps to understand the system dynamics, future evolution trends
(Dedehayir and Mäkinen, 2011), and can be applied to analyze and characterize
factors other than technological ones. Therefore, it is seen as a viable approach to
investigating the factors of change further than descriptive analysis.
3.5 A regime and its role in sustainable energy transitions
As this thesis specifically focuses on the regime (as from MLP, section 3.3.2), it
is of particular importance to understand its role in sustainable energy transitions,
and regime qualities and characteristics.
The concept of the currently persisting regime and its relation with LTS in the
industrial dynamics and sustainability transitions studies mainly occur as ‘path
dependence’ or ‘lock-in’ (Liebowitz and Margolis, 1995; Unruh, 2000), in form
of ‘technological trajectories’ in works of Dosi (1982), defined as ‘(technological)
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momentum’ and ‘inertia’ by Hughes (1989), and ‘dominant design’ by Utterback
(1996).
This condition of dominance, though it has somehow differing context in different
areas of research, is based on a certain development stage of an LTS when it grows
and gains mass through a demand for a product or service (Bijker et al., 1989;
Hughes, 1989), technological artefacts, and interrelated socio-economic and
institutional links (Summerton, 1994; Unruh, 2000; Utterback, 1996), or certain
historically determined decisions (Liebowitz and Margolis, 1995). Reaching this
state influences further development of the system making it more stable and
resistant to changes. When the actors involved have an interest in sustaining
development and growth of the system, it also expands through the corresponding
policies, assets, technological artefacts, labor, and co-evolving institutions
(Nelson, 1998; von Tunzelmann, 2003). Resistance of the existing regime is often
referred to in the current sustainability transitions literature (Geels, 2014; Schot
and Geels, 2008; Unruh and Carrillo-hermosilla, 2006), while there is the recently
established research topic of destabilization and phasing out of existing systems
and regimes (Köhler et al., 2019, p. 6).
Indeed, dominance in application to the global energy system in general and
specifically the oil & gas industry has some particular examples. One of the most
widely used is the combustion engine, around which the whole transportation
industry and infrastructure was created (Dosi, 1982; Kemp, 1994). Another
example is the aforementioned issue of oil and natural gas resources allocation,
which has initiated a path dependence at a certain point in the historical past for
oil and natural gas exporting countries (Smil, 2010). Additionally, since the energy
sector is no longer merely a business that supplies an important commodity but is
rather a phenomenon whose roots are deeply embedded in society, there is a strong
dependency between the energy sector and the institutional layout. This takes the
form of laws, regulations, policies and institutions framing the industrial
transformation processes deliberately or unintentionally (Carlsson, 1989;
Meadowcroft, 2011; Unruh, 2000). The dominant institutional regime in the oil &
gas producing countries significantly affects the change processes through a
variety of policies, e.g. subsidies (IEA, 2018a).
Nevertheless, the notion of dominance or dependence can have a more intricate
meaning for sustainability transitions. Some examples are given by David (2001),
suggesting incremental path-constrained actions of actors towards change. More
‘active’ path dependence process is seen by Garud et al. (2010) in path creation
possibilities through the bigger engagement of (incumbent) actors into a change,
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ongoing action, and in general – the willingness to shape the emerging processes.
Further, incumbent actors from neighboring regimes can initiate and create
innovations (Turnheim and Geels, 2019). Simultaneously, innovations which give
rise to new technologies are often seen as a part of the dominant socio-technical
systems due to engineering and management practices (Dosi and Orsenigo, 1988;
Geels, 2002; Nelson and Winter, 1982). There are also other parallel evolution
processes which can be considered as dependent, including, but not limited to,
institutions co-evolution, the formation of new elements (governmental bodies,
agencies, and markets), new technical societies, journals, or even new fields of
science (Genus and Coles, 2008; Nelson, 1998, pp. 327–8; Schot and Geels, 2008).
Therefore, the regime qualities can be different.
However, there is not only the dominance of certain technologies and engineering
practices, but also there are path dependent approaches and methods for studying
the dominance of LTS (Hopkins et al., 2020). Such practices may limit the
understanding of how the existing regime relates to the sustainable development
of an LTS. According to some scholars, regimes can contribute to sustainability
transitions (Berggren et al., 2015, p. 1027) and actually drive radical innovations
(Essletzbichler, 2012). Therefore, better understanding of the regime of an LTS
can contribute to knowledge on how to facilitate sustainability transitions. In
energy research, this can contribute to understanding of the way the existing global
energy system functions, where and why resilience to change occur, what can be
the optimal structural changes, and how deep they can occur in the global energy
system.
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4. Research approach and methodology

This section addresses the methodology of the thesis. It includes the overall
research process behind the thesis, and the sub-sections focusing on each of the
two thematic studies, providing a discussion about data collection and analysis,
and limitations. The section also contains information about the timing of the
research process and research quality.
4.1 Overall research design
This thesis targets certain aspects of the global energy system change which means
it is of an interdisciplinary nature while also encompassing in-depth empirical
cases combined with theoretical perspectives. Along with the nature of a
compilation PhD thesis, this has affected the methodological choices. As the aim
of the thesis is to explore the role of the regime in sustainability transitions of large
socio-technical systems, the interaction and influence of a variety of factors and
actors involved, the research possesses an explorative character.
At the initial stages of the thesis, no predefined theoretical perspectives were used
to collect and analyze qualitative data, while at the midpoint and later stages of the
data collection and exploration a determined theoretical basis emerged (Yin,
2009), allowing the creation of a theory (Saunders et al., 2009, p. 489). Thus, while
the research approach of the thesis has an inductive character and exercises a
comprehensive perspective on the aspects of transformation in large sociotechnical systems with relation to the regime in order to contribute to existing
theoretical gaps, it also possesses an ‘abductive’ component (Timmermans and
Tavory, 2012), which includes a “continuous interplay between theory and
empirical observation” (Dubois and Gadde, 2002, p. 559).
The thesis is based on two studies, where the first one is a literature review-based
study (Study A), and the second one is a case study (Study B). Correspondence of
studies and appended papers, as well as key aspects of research design are
summarized in Table 1.
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Related RQs

Purpose of
the paper

RQ1, RQ2, RQ3

RQ1

Integrative literature
review, historical
framework

Method

Provide a comprehensive,
updated, and refined
analysis of the challenges
and opportunities facing
Russian natural gas
exports

LTS, development
blocks

Theoretical
perspective

Analyze the state of
Arctic offshore
hydrocarbon (oil & gas)
resources development
according to its many
facets due to the ongoing
changes in the related
areas – economic,
geopolitical and
ecological

Analytical qualitative
study with elements of an
integrative literature
review

Petroleum industry
transformation from a
global perspective

Unit of
analysis

Contribute to the
understanding of
industrial dynamics of
the petroleum (oil &
gas) industry through a
theoretical framework
of development blocks,
and give an insight to
its current state and the
global energy system
development
RQ1, RQ2

Literature review-based
case study with elements
of discourse and
geopolitical analysis

Russian natural gas
exports

I. Structural change in
the petroleum Industry

Paper

II. Russian natural gas
exports: an analysis of
challenges and
opportunities

III. Offshore hydrocarbon
resources in the Arctic:
from cooperation to
confrontation in an era of
geopolitical and
economic turbulence?
Economic, geopolitical
and ecological issues of
exploitation of Arctic
offshore resources

RQ1, RQ2, RQ3

RQ1, RQ2, RQ3

Gain better understanding
of the resistance and
stability in the energy
LTS

Factors influencing the
Arctic offshore resources
exploitation, their
interaction and effects
LTS, MLP, salient –
reverse salient
Single embedded case
study based on semistructured interviews and
triangulation

National perspectives of
Arctic offshore oil and
natural gas resources
exploitation
LTS, MLP, typology of
environmental change
Single embedded case
study based on semistructured interviews and
triangulation
Understand a challenging
complexity of the global
energy system
transformation through
the cases of Arctic
offshore oil and natural
gas resources exploitation
in Norway and Russia

V. The role of the regime
in energy system
transformation: a case of
the Arctic

IV. Arctic offshore oil
and natural gas
exploitation: a multi-level
perspective on the cases
of Norway and Russia

Study B: The Arctic case

Table 1. Research design summary and correspondence of the studies and the papers
Study A: The oil & gas industry

4.2 Research process
The research began in 2013, with a broader perspective on the Arctic case. A wider
historical framework was applied to investigate technological, economic,
environmental and social aspects of Arctic offshore oil and natural gas resources
development. The study resulted in a licentiate thesis (Morgunova, 2015), which
specifically addressed the case of the Arctic.
Studies A and B of the current thesis took place during 2015-2019, and included
three major data collection efforts distributed along this time period, and described
in detail in the following sections. The data and results from the aforementioned
licentiate thesis served as a base for further studies, and were specifically used in
the preparation of Paper III.
The papers were not written chronologically, but rather structured in such a way
as to provide a logical sequence for answering the research questions of the thesis.
It should be seen like a multi-stage rocket, moving from the broader perspective
and macro analysis to specific issues, with a further attempt to bring the outcomes
of the narrower cases to the broader theoretical level. Paper I is a book chapter and
has a high theoretical focus. It establishes the theoretical framework of the thesis
(investigating change in industrial dynamics domain) and describes its macro
setting. Paper II is the last one designed, aimed to broaden the empirical setting of
the thesis and also to shed light specifically on the natural gas sector. Paper III has
a deep empirical focus on the Arctic case, and is also a natural continuation of the
licentiate thesis. Papers IV and V are following each other. Paper IV extends the
analysis of the Arctic case using the MLP framework, puts forward rich empirical
data on two national examples of Norway and Russia, and concludes with
generalizable empirical and theoretical implications. Paper V has an extended
theoretical perspective, while suggesting a broader view on the global energy
system change, and the role of regime therein.
4.3 Study A: The oil & gas industry
Study A is focused on the change occurring in the oil & gas industry through two
connected studies of the different levels. There is a macro perspective on the
historical changes and the contemporary state of the petroleum industry (e.g., oil
& gas industry), and a perspective on the development of the national natural gas
sector – papers I and II respectively.
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4.3.1 Overall approach
Study A is based on the two non-correlated iterations of an integrative literature
review that has been defined as “a form of research that reviews, critiques, and
synthesizes representative literature on a topic in an integrated way such that new
frameworks and perspectives on the topic are generated” (Torraco, 2005, p. 356).
Literature reviews can be organized based on different characteristics (Cooper,
1988). The reviews conducted target gaining an update and reconceptualization
driven by an approach (Paper I), and a defined point of view on the unit of
investigation (Paper II). In both cases of papers I and II, the integrative literature
review approach was enriched with other methods.
In Paper I the historical framework was utilized. The historical approach proved
its efficiency when addressing longitudinal changes in the energy industry (cf.
Grübler et al., 1999; Hepbasli and Kalinci, 2009; Höök and Aleklett, 2009), as it
provides an opportunity to extract findings from existing data and adequately deals
with complex phenomena, while also helping to explain changes over time (Smith
and Lux, 1993). The historical method also showed its applicability and efficiency
in the in-depth investigation of change processes in the oil & gas industry during
the licentiate studies conducted by the author (Morgunova, 2015).
Paper II represents an analytical study based on qualitative and quantitative data,
and an integrative literature review. The analytical design of the paper aimed at
providing a comprehensive, updated, and refined analysis of the latest changes in
the natural gas industry to enrich the empirical setting of the thesis.
The chosen approaches are based on the purposes of these papers, but also suggest
a number of distinct features. First, they facilitated a greater understanding of the
phenomena under investigation through the process of ‘matching’ (Dubois and
Gadde, 2002, p. 556), which is an iterative way of “going back and forth between
framework, data sources, and analysis”. Second, it was possible to approach the
aspect of change in the global energy system from a higher level analytical
perspective, instead of focusing on ‘static representations’ of certain aspects or
areas of change (Berggren et al., 2015, p. 1027). Finally, the methods applied
helped to gain a richer empirical description of the past and present state of some
parts of the global energy system, thus allowing further investigation (Torraco,
2016, p. 422).
4.3.2 Literature review and analysis
The literature review for Paper I was conducted during November 2015 – March
2016, and June 2019 – August 2019 for Paper II. In line with the abductive
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character of the thesis, there were several iterations of more in-depth literature
searches focused on specific aspects of those investigations. As data collection,
analysis and further research steps are very interrelated and interactive, as both in
frames of inductive (Saunders et al., 2009, p. 488) and abductive research (Tavory
and Timmermans, 2014), the analysis of data collection occurred during the
literature reviews as well as after them.
The literature search for both Paper I and II was conducted using Google Scholar,
Scopus, and KTH Library databases. The time period of publications for Paper I
was not critical, instead, due to the longitudinal character of the investigation, the
search encompassed all kinds of available publications. Both primary and
secondary data sources were used. The structuring of the literature search was
based on an approach to studying the change in the oil & gas industry (e.g., the
Hotelling approach – the economics of exhaustible resources; the approaches
based on costs, technology, geopolitics, the historical perspective, and a market
approach). The key words encompassed aspects of the history of the development
(evolution) of petroleum (oil & gas) industry, different factors influencing this
process and implications to its future transformation.
The literature review for Paper II targeted a specific empirical point of
investigation, and thus was performed via a keywords search, and at a later stage
it was enriched with forward and backward snowballing (Kiteley and Stogdon,
2014). The search was conducted in both English and Russian languages (for
corporate information and news), since the paper targets a national perspective on
natural gas exports. The search also implemented a specific timeframe of 20162019 to cover the latest developments within the topic. The corporate and
government data were triangulated by secondary sources to avoid bias connected
to corporate or state interests, as energy as a subject is strategic in character.
4.4 Study B: The Arctic case
Study B encompasses Papers III, IV and V, and has a focus on offshore Arctic oil
and natural gas resources exploitation.
4.4.1 Study design
Study B research design is a single case study (Yin, 2009), which was chosen in
line with the exploratory character of the thesis and its contemporary nature. The
choice is supported by the ability to gain a rich understanding of the research
context and processes under investigation (Eisenhardt, 1989; Saunders et al., 2009,
p. 146) through combining the empirics, understanding of real life context and
multiple sources of evidence (Robson, 2002). The rationale for the single case
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study strategy corresponds to two out of the five suggested by Yin (2009, p. 47,49)
– the unique or extreme case, and a longitudinal character of the case. The single
case study has an embedded character, as it includes different countries and actors,
representing the embedded units of the case (Yin, 2009, p. 50).
The case study strategy choice was also inspired by the previous studies within the
licentiate thesis, as this experience resulted in providing a source for generating
new research questions. Further, in this study it was possible to utilize the
previously generated data and knowledge, while expanding the understanding of
the phenomena under investigation. The ‘non-linear’ process of this research was
realized in different ‘intertwined’ research activities, and clearly benefits from the
case study research strategy (Dubois and Gadde, 2002, p. 555).
4.4.2 Data collection
The data collection techniques, as recommended by the literature (Saunders et al.,
2009; Yin, 2009), were various, and included interviews, observations, document
analysis and were also triangulated through primary and secondary sources. Use
of the mix of quantitative and qualitative evidence (Yin, 2009, p. 19) made it
possible to investigate complex issues of change in the global energy system
covering a longer time frame, and to perform data triangulation.
The data-gathering period for Study B was relatively long and continuous, even
though there are some defined periods of data collection related to the production
of appended papers. This made it possible to consider different aspects of offshore
oil & gas activities in the Arctic, including technical, economic, geopolitical,
social, climate and environmental aspects. The particular periods of data collection
were before 2016 in line with the author’s licentiate thesis, during 2015-2016 at
the time of working on Paper III, and during 2018, while the author was preparing
for data collection, gathering and analyzing data for Papers IV and V. The
extended time frame of the data collection and analysis also allowed enough space
between data collection attempts, its processing and analysis, before proceeding
to the next steps or next data collection rounds (Saunders et al., 2009, pp. 488–
489). It provided more opportunities for evaluating the need for additional data
and quality of results. Table 2 summarizes the various data collection activities.
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Table 2. Summary of data collection activities in Study B
Data collection
method
Desk research

Literature review

Interviews

Other

Data collected
Data collection and analysis from primary and secondary sources
identifying the scope of oil & gas activities in the offshore Arctic, and
detailed information on identified projects (fields). Resulted in the
database and complementing qualitative materials.
100 books, peer-reviewed scientific papers, and online sources (including
but not limited to journal, magazine and news publications) related to
economic, geopolitical and ecological issues of Arctic offshore oil and
natural gas resources exploitation.
Two rounds of the total 16 interviews (total length of 480 min) with
representatives of the oil & gas sector, the energy sector and academia,
also are/were spread out geographically.
- primary and secondary sources for additional data verification and
validation;
- complementing data collection activities including participant observation
during the conferences, seminars and workshops. Data gathered in form of
notes, bullet points and/or quotes on presentations, speeches, or interactions
with other participants and speakers.

The initial data collection round was organized as document analysis desk research
based on a country-by-country approach (Morgunova, 2015). The data search
included primary and secondary sources both in English and Russian. The data
collection was conducted in the following way. First, an extensive search for oil
and natural gas fields was conducted using primary official sources from the
governmental institutions responsible for mineral resources extraction in the
identified countries. The data from official governmental sources were verified
and supplemented by primary corporate public sources of oil and gas companies.
Missing data were acquired from primary and secondary sources such as pressreleases, public media sources and academic peer-reviewed publications.
Additionally, publicly available internet databases were used. All the sources were
carefully treated paying great attention to their credibility. The detailed list of data
collection sources is available in Appendix 2.
The second round of data collection related to Paper III targeted qualitative aspects
of Arctic offshore oil and natural gas resources exploitation, specifically related to
economic, geopolitical and ecological issues. This iteration of data collection
included more than 100 books, peer-reviewed scientific papers, and online sources
(including but not limited to journal, magazine and news publications). The data
search occurred via the aforementioned databases and also included a database of
the German Institute for International and Security Affairs, where, at the time of
writing, a research visit took place. The search for relevant sources occurred via
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keywords and also using snowballing method (Kiteley and Stogdon, 2014). The
keyword search was related to the thematic scope of the paper and included the
following, but not limited to: Arctic, governance, geopolitics, sanctions,
delimitation.
The third round of data collection of in-depth and semi-structured interviews was
aimed specifically at Papers IV and V. It was conducted during several months in
2018, including the preparation activities (February-March 2018), first round of
in-depth interviews (March 2018), data processing and analysis (April-June 2018),
preparation for the second round of interviews (June-July 2018), second round of
interviews (July-September 2018), followed by the next round of processing and
analysis (November-December 2018). In total, 16 interviews of a total length of
480 min were conducted.
The interview process was designed and conducted according to the guidelines by
Rubin & Rubin (2005) and Saunders et al. (2009). The first round of interviews
was aimed at acquiring rich data, and was made in a conversational form with no
predetermined questions, aiming to remain open and adaptable to possible
findings. The general guide approach was made to ensure all of the same areas of
interest were covered in each of those interviews (Saunders et al., 2009). During
the second round of interviews the semi-structured interview protocol was used
(Saunders et al., 2009, p. 328). The key issues during the interviews were to sustain
a degree of freedom and adaptability in the interview process. All the interviews
were conducted in person, recorded and transcribed to allow further data analysis.
The selection of interviewees occured based on their expertise and ability to
provide relevant information, but also to ensure representation diversity.
Interviewees represented the oil & gas industry sector, the energy sector and
academia, and were geographically widespread (China, Norway, Russia, USA,
and other European countries). The careful choice of the interviewees with
relevant expertize made it possible to obtain extensive data. Within the frames of
the work conducted for Papers IV and V, the interviews went through additional
data verification and validation using primary and secondary sources (Yin, 2009)
to enable triangulation (Eisenhardt, 1989).
The long data-gathering period for Study B made possible the complementing data
collection activities (Appendix 3), such as participant observations during
conferences, seminars and workshops, which also served as the source of primary
and secondary data, as well as enabling triangulation. These resulted in one to
several pages of notes per activity, bullet points and/or quotes on presentations,
speeches, or interactions with other participants and speakers.
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4.4.3 Data analysis
Data analysis was conducted following the data collection rounds. Data obtained
from document and literature analysis was summarized and categorized.
Within the initial round of data collection (document analysis via desk research),
the focus was on identifying the scope of Arctic offshore oil & gas activities, and
detailed information on identified projects (fields). In total, fifty-five fields were
identified. The data was organized in database-like table form, including the
following information: country, area, field name, resource type (oil, natural gas,
condensate) and volume, date of discovery, date of development start, date of
production start, current (known / estimated) project costs, operator, license
holder, number of wells drilled and host type (development concept). All the data
was referenced to the source(s) it was obtained from. Other relevant information
was stored in a text format in additional files organized by field’s (or project’s
name), complementing the database.
The second round of data collection and analysis was organized as an interactive
process in order to recognize important patterns (Corbin and Strauss, 2008a). The
elements of discourse analysis were used (Saunders et al., 2009, pp. 511–513) in
order to understand the state of the Arctic offshore oil & gas activities, as well as
their effect on the society and the global energy system. The data was organized
by thematic groups and sub-categorized according to the focus themes. Co-authors
worked together in an iterative way in order to structure and evaluate the data, thus
minimize bias.
During the third round, interview data was processed twice for the purposes of the
two papers – IV and V. For Paper IV, after accomplishing the data collection and
its transcription, the data was structured and analyzed from different perspectives
and levels (Miles and Huberman, 1994) – within each interview, with relation to
each focus country (Norway and Russia), and within the structural level of analysis
(regime and landscape levels). The data was structured by the factors of influence
and organized according to MLP levels (landscape or regime). For Paper V, the
data analysis was performed through an analytical process including coding. The
transcribed interviews were examined to assign the codes to the corresponding
evidence (in a total of six labels). Further, the coded data was structured according
to the labelling and was categorized according to the theoretical framework
(salient and reverse salient), followed by the next stage of structuration into
specific factor groups. The data for both papers was enriched through
complementary data collection activities, including participant observations.
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4.5 Limitations
The most important limitation of Study A relates to the parameters of literature
search, e.g., databases and keywords. Nevertheless, it is believed that this
limitation was overcome by the clear structure of the literature review and by the
conceptual structuring of the topics under investigation (Torraco, 2005). The
authors’ bias was mitigated through working sessions and discussions at KTH, as
well as externally at national and international workshops and similar events.
Also, it was challenging to evaluate certain quality parameters of some literature
sources (Saunders et al., 2009, p. 69), especially during the first round of data
collection within the frames of Study B. Significant amounts of information
regarding the Arctic offshore oil & gas projects is confidential or is of strategic
importance for the relevant countries. There was no uniformity in the data
available for all the investigated countries, while information provided in
corporate reports of the companies was mostly of a general character, not
providing enough details. Additionally, not all the sources were available in
English, and extra translation activities were needed. Recognizing the limitations
of the literature sources themselves, the data were verified and triangulated. The
results are considered to be credible by the authors, as they were presented at
various seminars and workshops, and also published.
One of the limitations in Study B is related to the generalizability of findings, since
Study B focuses on a rather specific empirical case and is based on a limited
number of data collection attempts. However, according to Yin (2009, p. 15),
“case studies are generalizable to theoretical propositions”, thus allowing
analytical generalization also in the single case studies. Even though literature
suggests other methodological considerations to the generalizability of findings in
qualitative research and single case studies, e.g. that generalization can be claimed
not to be the purpose of qualitative research (Corbin and Strauss, 2008b), and
generalizability can be alternatively viewed as “validation of generalizations
about regularities” (Donmoyer, 2009, p. 47), the corresponding issues of the
generalizability of findings has been carefully addressed in this thesis (also see
section 4.6). The limitations concerns, including the ones with regard to the limited
number of conducted interviews, are believed to be met by the embedded character
of the case study, which represents diverse empirical context and addresses current
development, as well as contributions both to theory and practice (Flyvbjerg,
2006). Further, the presence of personal contact with the carefully selected
interviewees is significant in that it also increases the quality and value of the data,
suggesting less response bias and more in-depth discussions, adding to the rich
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understanding of the phenomena. Additionally, the findings of the thesis seem to
be in line with other studies on energy issues (Berggren et al., 2015; IEA, 2018a;
Unruh, 2000), and no contradictory evidence has been found.
Nevertheless, the thesis propositions need to be validated with further studies.
Specifically, a multiple case study or a questionnaire-based study can add value
and contribute to generalizability of the thesis findings, both within the energy
industry, and in other large-scale industrial sectors (further discussed in section
7.3).
Finally, the applied theoretical frameworks and approaches suggest a certain angle
for looking at the issues investigated. Even though the most contemporary way of
analyzing change in energy industry is connected to sustainability transitions and
innovation studies, there are other frameworks and approaches (also within the
industrial dynamics domain), which can be equally relevant.
4.6 Research quality
The credibility of research findings is usually associated with their reliability,
validity and generalizability. Reliability refers to the robustness of data collection
techniques and analysis procedures, as well as to the possibility of replication
(Robson, 2002; Yin, 2009). Reliability is also associated with objectivity. Validity
refers to how well-founded the research is in relation to data collection, analysis,
composition and overall research design (Yin, 2009, p. 41). Generalizability of
findings is associated with the extension of research findings (discussed in the
previous sub-section). Additionally, different studies define other criteria to
evaluate research quality, criteria such as transferability, objectivity,
confirmability, dependability, integrity and so on (Anney et al., 2015; Flick et al.,
2004; Guba, 1981; Guba and Lincoln, 1994; Wallendorf and Belk, 1989).
The overall research design and methodology of the thesis and the appended
papers may be considered rigorous, supported by a significant amount of data
gained through a variety of methods, clearly described research structure and
logical flow, and supported by different theoretical frameworks. Nevertheless, for
the purpose of evaluating research quality, the selected criteria were applied to the
each paper appended to the thesis based on the combined research paradigms
suggested by Guba (1981) and Wallendorf and Belk (1989). The summary of the
corresponding measures to assure research quality is presented in Table 3.
In addition to the summary of the research quality evaluation, there are some more
detailed elaborations about the research quality later in this section.

37

38
- researcher selfreflection;

Confirmability (ability to
trace a researcher's
construction of an
interpretation by following the
data and other records kept)

Integrity (extent to which the
interpretation was unimpaired
by lies, evasions,
misinformation, or
misrepresentations by
informants)

- triangulation across
sources and coauthors;

- detailed presentation of the data
interpretation supported by interview
citations (Easterby-Smith et al., 2008;
Robson, 2002);
- confirmability and dependability audit
(provided by the supervisor and the cosupervisor);

- detailed presentation
of the data
interpretation
including visual
sources;
- triangulation of data
collection by the coauthors;

- detailed description of
study supported by
methodological
literature;
- detailed presentation of
the data interpretation;
- triangulation;

- prolonged
engagement /
persistent observation;
- debriefings by peers;

- debriefings by peers;
- triangulation of data
collection by the coauthors;

- careful planning and preparation including
general guide approach and semi-structured
interview protocol (Saunders et al., 2009, p.
328);
- selection of interviewees and literature;

- purposive literature search used to maximize
the set of relevant information (secured via
research design);

- based on synthesis of
methodological
approaches;

Dependability (extent to
which interpretation was
constructed in a way which
avoids instability other than
the inherent instability of a
social phenomenon)

- developed interviewing technique;
- safeguarding informant identity
(anonymity, confidentiality);
- being open with interviewees on research
aims;
- triangulation of methods.

- some results found
corresponding evidence
in relevant literature;
- diverse ways of data
collection;

- no contradictions
found via
triangulation;

- embedded
single case
study strategy;
- diverse ways
of data
collection;

- supported by thick data
and methodology
description;
- not necessarily
applicable due to the
situation and timedependability of the
study (Marshall and
Rossman, 2016);

- triangulation of sources and methods;
- recording of interviews;
- detailed complementary notes of
interviews, other complementing data
collection activities;

Paper V

Transferability (extent to
which working hypotheses can
also be employed in other
contexts, based on an
assessment of similarity
between the two contexts)

- prolonged
engagement /
persistent observation;
- triangulation across
sources;
- debriefings by peers;
- thick descriptive
data collected;
- thick results
description developed;
- not necessarily
applicable due to
time-dependability of
the study (Marshall
and Rossman, 2016);

Paper IV

- triangulation across
sources and
researchers;
- debriefings by coauthors;
- review process;

Paper III

Respective measures to address the criterion
Paper II

- debriefings by peers;
- review process;
- no contradictions found
via triangulation;

Paper I

Table 3. Summary of the research quality evaluation (based on Guba, 1981; Wallendorf and Belk, 1989)

Credibility (adequate and
believable representations of
the constructions of reality
studied)

Research quality criterion
with explanation (Wallendorf
and Belk, 1989)

The aspects of reliability and quality of research also relate to the issue of gaining
access to data, which is of particular importance for this thesis, since the areas
described are mostly of strategic governmental interest with many security and
sovereignty issues involved. In this particular piece of research, this is important
in Study B and related interview data collection (Papers IV and V), where access
means not only physical access to representatives of companies and academia in
the respective field, but also cognitive access. Cognitive access, as defined by
Saunders et al. (2009, p. 170), is a precise data researcher needs to receive from
the intended participants. Having physical access to the data sources thus does not
mean cognitive access to the interviewees, giving a precise and unbiased answer
to the interview questions. Many researchers underline the importance of
continuing access to data (cf. Saunders et al., 2009; Wallendorf and Belk, 1989),
meaning the ability to gain access not only once, but to have the opportunity to
come back and repeat data collection. In order to secure continuing physical and
cognitive access to data, the following was done. In the preparatory stage, efforts
was made to ensure in-depth understanding of the topic and design of the
interviews. During the particular interviews the clear purpose and aim of the data
collection was explained. During the data collection, the existing contacts were
used to ensure access to new contacts. The reliability and credibility of data were
assured through the careful choice of interviewees, who have relevant expertise
and knowledge covering all the topics in focus but also to secure diversity in the
affiliation of the interviewees.
The important aspect of improving research quality is triangulation. This has been
assured via use of multiple data sources. The majority of sources were in English
and in the application to the Arctic case and national examples, in other languages
including Russian. Co-authors were also able to access important sources in
German (with application to Paper III) and Swedish. The ability to retrieve data in
different languages provides better credibility and transferability of the thesis
through more intense comparison of data and findings, as well as through
providing additional insights in analyzing data.
During data collection and analysis, including data interpretation, as well as
reporting, ethical issues should be taken into account. This includes the general
principle of non-maleficence, the confirmation of accurateness and completeness
of data collection, the way personal data and data collected are stored and treated.
These issues were assured throughout in accordance with the KTH ethical policy
(Royal Institute of Technology, 2016).
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5. Summary of appended papers

This section briefly presents summaries of the five appended papers. The
distribution of work among the authors for each paper is described in Table 4.

Paper

Authors

Table 4. Authors’ contributions to the appended papers
Authors’ contributions

I

Morgunova,
Kutcherov

Morgunova and Kutcherov developed the initial idea and
theoretical positioning. Morgunova collected and
analyzed the data, while Kutcherov contributed with
reflections. The paper was co-written by Morgunova and
Kutcherov, with Morgunova as the main contributor.

II

Kutcherov,
Morgunova,
Bessel,
Lopatin

The initial idea of the paper belongs to Kutcherov.
Morgunova and Kutcherov carried out data analysis and
writing. Morgunova took the lead in contextual
positioning of the paper. Bessel and Lopatin contributed
with data collection and writing of some of the sections.

III

Morgunova,
Westphal

The idea of the paper belongs to Morgunova. The study
design and planning were carried out by Morgunova and
Westphal. Morgunova carried out the data collection and
analysis. Both authors contributed to writing of all
sections of the paper.

IV

Morgunova

Morgunova, as a single author, developed the idea of the
paper, carried out data collection and analysis, and is
solely responsible for theoretical positioning and writing.
The work was done under supervision of Blomkvist (cosupervisor), who contributed with valuable ideas and
reflections.

V

Morgunova

As a single author, Morgunova developed the initial idea,
carried out planning, data collection and analysis, as well
as actual writing of the paper. Theoretical positioning
belongs to Morgunova. The work was conducted under
supervision of Blomkvist and Kutcherov (co-supervisor
and supervisor), who contributed with valuable ideas.
Blomkvist took active part in discussing the idea of the
paper at its initial stages.
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The theoretical and empirical focus of the five appended papers are graphically
presented in the Figure 7.

Figure 7. Graphical overview of theoretical and empirical focus of the papers
and research questions
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5.1 Paper I. Structural Change in the Petroleum Industry
Purpose. The purpose of this paper is to contribute to the understanding of
industrial dynamics of the petroleum (oil & gas) industry through a theoretical
framework of development blocks, and give an insight into its current state and
development of the global energy system.
Methodology. The study builds on an integrative literature review of several
studies of the development of the petroleum industry and applies a historical
framework. The qualitative and quantitative data on the factors influencing the
petroleum industry was acquired from the World Energy Council (2015). The
further analysis was conducted using the Dahménian approach. The 15 defined
factors in the areas of economics, geopolitics, technology and ecology were
grouped according to the three levels of tension by Dahmén – technological,
industrial and societal, – and analyzed according to the character of their influence
on the development block of the petroleum industry (structural tensions,
transformation pressures and the gap-filling innovations).
Findings. The study identifies the major periods of transformation of the
petroleum industry and describes them in detail. The findings suggest that
although the majority of the tensions and pressures influencing the petroleum
industry are well known and documented, the impact of the ones occurring within
the latest transformation period have not been investigated well enough. The
analysis shows that the petroleum industry is in a disequilibrium stage, though
reacting with resilience. The relatively new pressures are gaining strength, (energy
price and volatility, and the climate framework being the strongest ones), but the
majority of pressures have existed for decades. This study underlines the
complexity of the petroleum industry and the non-linear character of its
development.
Research implications. The study shows the usefulness and timeliness of the
development block theoretical framework for sustainability transitions studies,
specifically for the understanding of dynamics of complex industries, and also
provides arguments for the broader use of the development block framework. The
clarity of this framework and results generated may help decision makers better
understand the change processes within the petroleum industry, and they may use
it for analyzing other complex industrial systems.
Originality/value. The paper suggests an updated and clarified view on the
development block theoretical framework through its application to a rarely
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investigated case of the petroleum industry within sustainability transitions and
industrial dynamics studies.
Contribution to the thesis. The paper contributes to RQ1 and RQ2 by providing
an understanding of key factors of influence on the regime, analyzing them as
structural tensions and transformation pressures. Empirically, the paper provides
an overview of transformation periods of the petroleum industry, and its
transformation complexity. Through the use of the development block framework
the paper contributes to the analysis of LTS, and highlights the importance of an
interdisciplinary view on sustainability transitions studies.
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5.2 Paper II. Russian natural gas exports: an analysis of challenges and
opportunities
Purpose. The purpose of the paper is to provide a comprehensive, updated, and
refined analysis of the challenges and opportunities for Russian natural gas
exports. Empirically, the paper addresses the lack of continuity within the topic in
the peer-reviewed literature.
Methodology. The paper is built on the qualitative analysis of primary and
secondary sources, complemented with the latter statistical data. The
complementary qualitative data was acquired via an integrative literature review,
addressing the latest publications (published 2016-2019, and further broadened
using backward snowballing), and by synthesizing the current state of scholarly
research on the topic. The results of the quantitative analysis are presented in
graphical and table forms, where the qualitative analysis was enhanced with the
Strengths-Weaknesses-Opportunities-Threats (SWOT) technique.
Findings. The study re-evaluates the key directions of natural gas export strategy
for Russia, and pinpoints a number of key challenges and opportunities related to
future Russian natural gas exports on the global natural gas markets. Additionally,
it underlines the ambiguous role of natural gas in the global energy markets in the
future and the ongoing changes in the global energy system.
Research implications. This empirical study can serve as a basis for further indepth investigations of a variety of factors influencing the global energy industry
in general, as well as Russian natural gas exports in particular. The analysis of the
challenges to and opportunities for Russian natural gas exports may be useful for
policymakers and industry practitioners when continuing investigations within the
topic, and also for scenario and planning purposes.
Originality/value. Compared with earlier literature, this analytical paper has
updated and more refined data on the current state of the largest natural gas
markets, as well as Russian natural gas exports and export strategies, thus
addressing the lack of continuity within the topic in the peer-reviewed literature.
Additionally, the paper proposes analysis based on the SWOT technique, and
underlines the critical challenges for the development of the Russian national
energy system.
Contribution to the thesis. The paper contributes to the thesis through RQ1 by
highlighting the key challenges and opportunities related to development of the
natural gas industry from the national and regional perspectives. The empirical
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results of the paper also contribute to a deeper understanding of the national LTS,
regime and regime actors.

46

5.3 Paper III. Offshore hydrocarbon resources in the Arctic: from
cooperation to confrontation in an era of geopolitical and economic
turbulence?
Purpose. The study aims to analyze the state of the development of Arctic offshore
hydrocarbon (oil & gas) resources due to the ongoing changes in the related
contexts – economic, geopolitical and ecological.
Methodology. The study is based on a vast literature review of the three
dimensions of offshore hydrocarbon resources exploitation activities in the Arctic
– economic, geopolitical and ecological. Quantitative data derived from the public
corporate sources of the oil & gas companies, and reports on offshore Arctic oil
and natural gas exploitation activities, serve as a basis for in-depth analysis of
these activities. The paper incorporates elements of discourse and geopolitical
analysis. The literature review and quantitative data collection originate from the
licentiate thesis by Morgunova (2015) based on historical method and desk
research.
Findings. The findings show that the ‘race’ for Arctic hydrocarbons has not
contributed to geopolitical rivalries as expected but has rather resulted in economic
and political cooperation to ensure a stable environment in the region. However,
other geopolitical issues have begun to transform cooperative relationships into
more confrontational ones, also affecting the exploitation of oil and natural gas.
The authors observed a “loss of a cooperative spirit” in the energy field, which
further eroded political relations, and resulted in a security dilemma for many
actors involved. The prevalence of geopolitics with relation to Arctic issues,
including but not limited to exploitation of offshore oil and natural gas resources,
also affects governance issues and environmental security.
Research implications. Through the in-depth empirical investigation, the study
proposes a different angle on the interrelations and interdependency of factors
influencing the global energy system. The paper demonstrates that there is no
direct relationship between the factors, while underlining that some important
issues and consequences may be overlooked or simplified.
Originality/value. By means of the thick empirical description, the paper provides
a rare empirical example of the case of the exploitation of Arctic offshore oil and
natural gas resources, while contributing to a better understanding of the
interrelationships between factors influencing changes in global energy system.
Contribution to the thesis. The paper provides a rich empirical basis for the
investigation of the Arctic case, which makes it possible to study interrelations
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between the regime and the LTS, while also discovering the differences in national
perspectives. It contributes to RQ1, RQ2 and RQ3 through in-depth empirical
investigation of economic, geopolitical, and ecological factors, their interplay, the
way factors affect the regime transformation, and the corresponding reactions of
the energy LTS.
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5.4 Paper IV. Arctic offshore oil and natural gas exploitation: a multi-level
perspective on the cases of Norway and Russia
Purpose. The purpose of this paper is to understand the challenging complexity
of the transformation of the global energy system through the cases of Arctic
offshore oil and natural gas resources exploitation in Norway and Russia.
Methodology. The study design and methodology are inspired by MLP
framework applied to LTS, supplemented by the typology of environmental
change (Suarez and Oliva, 2005). The paper is based on an embedded in-depth
case study of Arctic offshore oil and natural gas resource exploitation, providing
two national examples of Norway and Russia. The background and motives of the
two countries for those activities are investigated through two rounds of semistructured interviews. The interviews were transcribed and analyzed using
procedural qualitative techniques. The data analysis was conducted from different
perspectives and levels (Miles and Huberman, 1994) – within each interview, with
relation to each focus country, the structural level of analysis (regime and
landscape) and factors of influence.
Findings. The paper underlines that despite the ongoing global energy system
transformation and climate change mitigation issues, the extensive exploitation of
conventional oil and natural gas resources is ongoing. It was found that the
identified landscape pressures both facilitate and constrain Arctic offshore
hydrocarbon resource exploitation. However, there is no uniformity in the way
they affect the regime. This is illustrated by the two national cases – Norway and
Russia – which act differently under the same landscape pressures and adjust to
the regime level according to national goals. It leads to the conclusion that
landscape does not shape the regime equally. Moreover, the findings show that
regime dominates over the landscape, which complicates transformational
processes in the global energy system. Further, some landscape pressures show a
limited effect on the regime.
Research implications. The MLP analysis conducted shows that the landscape
pressures, despite their similar character, cannot penetrate and shape the regime
level equally due to national goals. Moreover, the study shows strong evidence
that the regime level objectives dominate over those of the landscape. Thus, the
current view on the formatting function of the landscape level is imperfect and
may slow down the transformational processes towards sustainability in the oil &
gas industry and in the global energy system, where it also has important
theoretical implications on the relationships between the landscape and regime.
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Originality/value. The paper contributes to the domains of sustainability
transitions and industrial dynamics with an in-depth case study of the oil & gas
industry in the Arctic. The paper suggests theoretical implications on the
interactions between the regime and landscape levels in the MLP framework, as
well as presenting a different analytical perspective for scholars of Arctic studies.
Empirically, the study is based on a phenomenon that has not been studied in the
corresponding domains before, building on extensive rich data.
Contribution to the thesis. The study provides a deeper understanding of the
changes at the regime and landscape levels of the MLP framework by investigating
the background and motives of Norway and Russia for Arctic offshore oil and
natural gas resources exploitation. The study proposes a deeper factor analysis,
shows the differences and similarities between national approaches, and
investigates the quality of interaction between the landscape and regime levels.
The paper contributes to RQ1, RQ2 and RQ3.
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5.5 Paper V. The role of the regime in energy system transformation: a case
of the Arctic
Purpose. The purpose of this investigation is to gain a better understanding of the
resistance and stability in the energy LTS.
Methodology. The study design and methodology are inspired by MLP
framework to LTS. Given the exploratory nature of the study conducted in the
paper, a case study strategy was adopted. The Arctic case is investigated through
a salient – reverse salient approach also originating from the LTS analysis. The
study is based on empirical data collection conducted in three steps – background
data gathering, interviews consisting of two rounds, and verification and data
triangulation from additional data collection activities (Eisenhardt, 1989). The
data analysis was performed through an analytical process including coding.
Findings. The study identifies 27 salients and reverse salients of Arctic offshore
oil and natural gas resources exploitation, and shows the mismatch between the
landscape pressures and the regime level activities, as independently from global
sustainability goals and strong landscape pressures, the exploitation is ongoing.
The results show the lack of alignment between the different levels of the global
energy system, since global frameworks and policies do not penetrate the regime
level or do so unevenly between the countries, thus showing inconsistency
confronted with dominating priorities of national energy industries. The landscape
reverse salients seem to have weaker influence on the regime level, than the actual
regime salients. The important finding is connected to the recognition of the inertia
and dependency of the industry by the regime actors, as well as the competition
from alternative energy sources and business diversification, where the latter two
signalize on the existing capacity for change in the regime.
Research implications. The paper shows the importance and efficiency of
theoretical and methodological ‘pluralism’ in sustainability transitions studies
(Hopkins et al., 2020). The results suggest deeper understanding of the capacities
and qualities of the regime and its ability to contribute to the global energy system
change. The paper contributes to the important ongoing discussion on the
possibility of ‘unlocking’ the regime through greater attention to its inertia and
momentum, as, if treated in a right way, it can significantly contribute to change.
Originality/value. The Arctic case presents a different angle for transition
scholars on change of the global energy system rarely investigated within the
sustainability transitions research, and also shifts the attention to the regime. The
combination of theoretical frameworks and approaches from the two closely
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related domains of industrial dynamics and sustainability transitions enable new
theoretical perspectives on the sustainable development of large socio-technical
systems.
Contribution to the thesis. This paper contributes to RQ1, RQ2 and RQ3 through
in-depth investigation of the case of the exploitation of Arctic offshore oil and
natural gas resources. It provides a detailed structured analysis of the factors of
change, sheds light on the transformational aspects of the global energy system
and highlights the role of the regime in it.
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6. Synthesis of the results

The overall aim of this thesis is to explore the role of the regime in sustainability
transitions of socio-technical systems. This section synthesizes the thesis findings
in order to address this aim and the three research questions. Research question 1
is addressed in all the five appended papers. Research question 2 is answered in
Papers I, III-V, and research question 3 is examined in Papers III-V.
Table 5 suggests the overview of correspondence of appended papers and the
research questions.
Table 5. Overview of correspondence of appended papers and research questions
Research questions

Paper I

Paper II

Paper III

Paper IV

Paper V

RQ1: What are the factors of
change in the regime?

RQ2: How does the regime
respond to these factors of
change?
RQ3: What is the
relationship between the
sustainable development of
the socio-technical system
and the regime?

This section is structured according to research questions 1, 2 and 3, while
highlighting empirical, methodological and theoretical contributions of the thesis.
6.1 Factors of change in the regime
RQ1 is addressed by all the five appended papers. The overview of the factors
identified for the oil & gas industry and the exploitation of Arctic offshore oil and
natural gas resources is presented in Table 6 (summarized by categories), while
the more detailed description of factors is available in each of the corresponding
appended papers.
Overall, the factors identified throughout the five appended papers are very much
correlated, even though the focus of the papers varies from local and regional to
the global level (Figure 6). However, the overall findings show that the character
of these factors and their influence on the oil & gas industry, Arctic offshore oil
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and natural gas resources exploitation, and the global energy system may
significantly differ, even showing a divergent to contrary effect.

Factors

Focus

Table 6. Overview of the factors identified and analyzed in the five appended
papers
Paper I

Paper II

Paper III

Paper IV

Paper V

Petroleum
industry
development

Russian
natural gas
exports

Arctic
offshore oil
and natural
gas resources

Arctic offshore
oil and natural
gas development
in Norway and
Russia

Energy system
transformation:
a case of the
Arctic

- growing energy
demand
- oil price
- geopolitics
- climate change

- governmental
- technological
- economic
- ecological
- geopolitical
- other

- technology
- industry
- society

- economic
- geopolitical
- security
- market
- infrastructure
- policy

- economic
- geopolitical
- ecological

In the two following sub-sections, the factors and their effects are discussed
consequently with the application to the oil & gas industry (Study A, Papers I and
II), and the case of Arctic offshore oil and natural gas resources exploitation (Study
B, Papers III-V).
6.1.1 The factors of change in the oil & gas industry
Paper I investigates the transformation of the oil & gas industry from a global
perspective through the application of LTS and the theoretical framework of
development blocks. It concludes on the two transformation pressures of the
highest impact for the oil & gas industry – energy price and its volatility, and the
climate framework, where the latter is gaining increased importance.
Simultaneously, technological innovations play a contradictory role for the oil &
gas industry – stabilizing the oil & gas industry development block and also
producing structural tensions, thus bringing it to ‘disequilibrium’. The other
factors are considered to be of lesser influence (in total 15 are described in detail
in Paper I).
The character of the factors influencing the development of the natural gas
industry from the national perspective is different (Paper II). While there are
significant challenges in the face of economic and geopolitical constraints, the
natural gas industry has immense opportunities to expand due to dominating
security and infrastructural factors. Further, climate change mitigation factors are
having an ambiguous influence on the national natural gas industries. On the one
hand, they restrict the industry’s development because of climate policies and
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corresponding regulations, and, on the other hand, they facilitate the industry’s
expansion as natural gas is seen as a ‘transition fuel’ to replace other less polluting
energy sources. Therefore, the results argue that the national perspectives and
strategies have significant importance on how factors affect the regime.
6.1.2 The factors of change for the exploitation of Arctic offshore oil and
natural gas resources
Papers III, IV and V focus on the exploitation of offshore Arctic oil and natural
gas resources, which is a specific case of the development of the oil & gas industry.
They go deeper into understanding the factors of influence and their interplay.
Paper III investigates three groups of factors without their detailed specification
and classification, which are the economic, geopolitical, and ecological. In turn,
Paper IV has more detailed elaboration defining four bigger groups of factors,
while Paper V explicitly focuses on identification, definition and classification of
the 27 factors.
Paper III revealed contradictions between the changing international dynamics
towards exploitation of the Arctic offshore oil and natural gas resources, and actual
activities. The results show that the nature of interactions between the actors in the
Arctic around the oil and natural gas resources exploitation transformed from
cooperative spirit to political deterioration due to ‘the spilling’ geopolitical issues.
This was accompanied by growing political mistrust, increasing dominance of
national priorities, and political and regulatory unpredictability.
Paper IV goes deeper into analyzing the factors influencing the oil and natural gas
exploitation offshore Arctic using the MLP framework and the typology of
environmental change (Suarez and Oliva, 2005) applying these to the two national
examples of Norway and Russia, as these countries have the highest socioeconomic interest and level of activity in the Arctic region. The findings show the
diverging effect of the factors on the exploitation of Arctic offshore oil and natural
gas resources due to the differences in the countries’ approaches (for example in
regulatory measures), despite similar prerequisites and the similar landscape
pressures. Climate issues and oil price show weak and slightly diverging effects
on the activities of Norway and Russia. However, geopolitical pressures and their
impacts are much higher and affect the two countries differently. This finding
relates to those in Paper III on diverging to contrary effects of the same factors.
Additionally, these results, along with previous conclusions in Papers II and III,
show the differences in strength and influence of different factors at the national,
regional and global levels.
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As the findings of Paper V indicate, governance and institutional setting play
significant roles in the scope and intensity of the exploitation of offshore Arctic
oil and natural gas resources. The results show the most influential factors are
strategic interests, growing energy demand, demand for oil and natural gas
resources, and resource competition / alternative energy resources. Interestingly,
the most influential factors within the Arctic case (Paper V) do not fully
correspond with the ones for the oil & gas industry (Paper I), which supports
previous findings of Paper IV on the differences in the influence of the factors at
the national, regional and global levels. The findings also indicate that geopolitical
factors (e.g., geopolitical concerns, energy security and governmental strategic
interests) limit the influence and effects of climate frameworks and policies.
Furthermore, regionalization is playing a far bigger role in the exploitation of
Arctic offshore oil and natural gas resources (also corresponding with Papers III
and IV), than some other factors. For example, the development of more secure
and accessible energy resources is preferable, even though they may be less
sustainable.
To summarize the thesis results with regard to RQ1, the findings are as follows.
First, there is a significant difference between the factors and their effects at the
national, regional and global levels. Despite the national, regional and global
perspectives being very evident within sustainability transitions literature, most of
the studies are limited to only one of these perspectives (e.g. most common are
single country cases) (cf. Carlsson, 2008, p. 23; Raven et al., 2012, pp. 3–4), which
increase the chance of simplistic assumptions. This may also cause less attention
to be paid to national differences in the factor analysis, leading to simplified views
on possibilities of sustainability transitions (as in the study by Mortensen et al.,
2017). The national perspectives and strategies show significant importance for
sustainability transitions to take place.
Second, geopolitical factors limit the influence and effects of climate framework
and related policies, which may have considerable meaning for facilitating
sustainability transitions. This conclusion corresponds with the recent literature
tackling low carbon energy transitions underlining the critical importance of
geopolitical factors (Goldthau et al., 2019; Tagliapietra, 2019). The factor of
geopolitics is heavily overlooked in classical sustainability transitions literature of
niche management and innovations fostering.
The factors of change influencing the regime were identified and studied through
different theoretical and analytical approaches in the domains of sustainability
transitions and industrial dynamics, which provided a more comprehensive
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analysis. There is no uniformity between the factors and their effects within the
regime. Based on this, the methodological conclusion was made on the need to
revise the ways factor analysis within LTS and regime is conducted.
Methodologically, the thesis proposes combining approaches within the closely
related domains of sustainability transitions and industrial dynamics in order to
identify and structure the factors of change. Specifically, those are the salient –
reverse salient approach, development blocks framework (specifically structural
tensions and transformation pressures), and typologies of change, such as the ones
of environmental change suggested by Suarez and Oliva (2005). Their
combination shows decent results allowing additional structuration and
classification of factors. These conclusions lie within the latest call for more
theoretical and methodological pluralism (Hopkins et al., 2020).
6.2 Regime response to the factors of change
Paper I defines the six periods of transformation of the petroleum industry, which
were driven by technological, industrial and social changes. In particular, Paper I
showed that the oil & gas industry has been highly imbalanced from approximately
2008 onwards due to numerous structural tensions and external pressures,
produced in particular by incoherent transformation of the complementarities.
Further, some deeper structural tensions in the oil & gas industry and in general in
the global energy system are expected to significantly affect the overall trend of
oil and natural gas consumption, which will further transform the industry.
The oil & gas industry is being greatly affected by geopolitics and increasing
geopolitical tension (Paper III), which produce many unexpected negative
externalities. Based on the findings it is possible to conclude that the geopolitical
factors are not only negatively affecting the development of the oil & gas industry
(which is a positive aspect from the perspective of destabilization of the existing
regimes (Geels, 2014; Turnheim and Geels, 2013)), but also limiting its
transformation capacity towards sustainability. Paper III reveals an interplay of
the factors influencing the development of the oil & gas industry. Factors
combined under different circumstances produce a different effect on the industry
than each of these factors alone. In particular, geopolitical issues aimed at limiting
the oil & gas industry expansion to the Arctic offshore possibly driven by security
and environmental issues, have affected the technological cooperation at the
international level. Limited technological cooperation increased environmental
risks, as well as collaboration in other spheres within the oil & gas industry and
outside it. Thus, the pressures imposed produced a contrary effect. This empirical
finding calls attention to the possibility of the artificial creation of resistance to
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change within the regime, which may have considerable theoretical implications
for the way scholars look at facilitating sustainability transitions (cf. Roberts and
Geels, 2019; Schot and Geels, 2008; Turnheim and Geels, 2013). Additionally,
Papers IV and V confirm the previously drawn conclusion that the oil & gas
industry seems to behave or react to factors differently depending on the level of
their application (global, regional or national).
To summarize, the results in all the appended papers show that the development
of the oil & gas industry is ongoing despite being extremely imbalanced, and also
being continuously affected by a variety of factors (significant transformation
pressures and structural changes). This controversy calls attention to the qualities
and capacities of regimes, which require more interdisciplinary investigation. This
theoretical and methodological challenge is addressed in this thesis by combining
the theoretical frameworks to analyze the regime, e.g. LTS, development blocks,
and MLP. Specifically, the thesis contributes by highlighting the core system
elements of LTS as infrastructure (Markard, 2011; Turnheim and Geels, 2019;
Unruh, 2000), and re-focusing towards a more ‘systematic’ perspective in
sustainability transitions studies (Köhler et al., 2019), which is realized through
incorporation of the industrial dynamics approaches. Additionally, this conclusion
is in line with the latest sustainability transitions research on incumbent actors and
heavily infrastructure-loaded systems (e.g., LTS) such as by Turnheim & Geels
(2019, p. 1413), where authors are paying greater attention to the systems of
‘Hughes’s tradition’ with a significant infrastructural component. However, the
significant difference between the infra-systems such as tramway systems studied
by Turnheim & Geels (2019, p. 1413) and the oil & gas industry is that the latter
is on a much greater scale than the local. This fact lends even greater significance
to further investigations of the regimes.
Further, the development of the oil & gas industry and the exploitation of Arctic
offshore oil and natural gas resources are rarely investigated cases within
sustainability transitions studies. They significantly deviate from traditionally
studied ‘discrete artefacts’ of renewable or decentralized energy (Turnheim and
Geels, 2019, p. 1413), thus providing valuable insights into the relationship
between the sustainable development of the socio-technical system and the
regime.
Finally, the thesis findings on RQ2 argue for the ambiguous effects of certain
factors depending on regime qualities and the level of their application, also
producing unexpected externalities such as additional resilience of the regime.
Based on the thesis findings it is possible to conclude that there is a real possibility
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of artificial creation of regime resistance by wrong application of pressures on the
regime.
6.3 The relationship between the sustainable development of the sociotechnical system and the regime
Paper III shows how the current offshore Arctic oil and natural gas exploitation
activities predominantly depend on national priorities, which is also in line with
the findings in Paper II. Therefore, the landscape shows limited effect on the
regime. Further, the effect of the aforementioned ‘geopolitical spill-over’ is visible
on the overall development of the Arctic region. Specifically, it negatively
influenced the environmental safety of the region due to less technological
cooperation between the companies and countries. Additionally, Paper III shows
that the spill-over also affected the climate change mitigation, energy security
issues and regional stability on the global scale. Therefore, the results in Paper III
signalize the indirect relationship of factors of change and their effects between
the levels, which limits the transformation capacity of the oil & gas industry, thus
also constraining the transformation of the global energy system.
Based on the findings of Papers IV and V, the interactions between the landscape
and regime level of the energy LTS, where the regime is the oil & gas industry,
are much more complex. First, the landscape pressures do not always penetrate the
regime level of the oil & gas industry, or have diverging effects depending on
national priorities. Second, the findings of Paper V show that the regime level
objectives dominate over those of the landscape, thus the changes occurring
diverge from the expected ones as national governance and institutional setting
prevail (Paper V). As a result, these constrains limit the transformation capacity
of both the oil & gas industry and the global energy system.
Based on the findings on RQ3 it is possible to conclude that ongoing changes and
processes in the oil & gas industry with relation to the global energy system
transformation are non-linear and bilateral. Specifically, the results pinpoint a
number of key challenges and opportunities related to the development of the
national oil & gas industry, which are actually shaped by the ongoing changes in
the global energy system, but are also significantly affecting the global energy
transformation.
Further, a lack of transformative alignment in the global energy system can be
observed. From the theoretical perspective, this observation signals a rather high
mismatch between the landscape and regime level factors in the energy LTS, and
as a result a weak link between the MLP levels. Even if some systems activities
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can be better coordinated, this seems not to be the case with energy LTS. This
finding highlights the need for more investigation of the qualities of the systems
and their potential differences (e.g., local ones such as tram-systems (Turnheim
and Geels, 2019) and cross-border ones such as the oil & gas industry; heavy
infrastructure loaded systems and the ones with dominating social dimension).
Based on the findings of the appended papers, and specifically the inability of the
landscape pressures to penetrate and shape the regime equally, it is possible to
argue that the complexity of regimes has been overlooked, and that the
understanding of the relationship of the MLP levels has been oversimplified,
which in turn is limiting understanding of LTS development. Overall, these
findings support the conclusions of some authors who emphasize the importance
of studying the regime, incumbent actors and their abilities to contribute to
sustainable transition of an LTS (Berggren et al., 2015; Genus and Coles, 2008).
Therefore, it is important to put more emphasis on investigating the regime and its
qualities with relation to the sustainable development of socio-technical systems.
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7. Discussion and implications

This section discusses theoretical, policy and practical implications of the thesis
findings, as well as proposing some areas for future research.
7.1 Theoretical implications
First, the present findings contribute to an understanding of interactions in LTS
through in-depth focus on characteristics and qualities of factors of change, also
referred to in industrial dynamics and sustainability transitions literature as
‘barriers’ and ‘drivers’ (cf. Berkeley et al., 2017; Karakaya and Sriwannawit,
2015; Lawrence et al., 2019 and many others). However, the findings call for more
elaboration of the character and characteristics of the factors of change, going
beyond descriptive studies. As the findings in Papers IV and V show, a similarkind of factors of change may carry a transformative, transitive, or passive impulse
(or many others) to an LTS. Consequently, further research should not only aim at
understanding the “critical trade-offs, enablers and constraints” along the
transformation or transition (Hof et al., 2019, p. 6), but pay greater attention to the
qualities of factors of change on different levels and in different contexts.
Furthermore, the findings show the need for typologies of factors of change,
similarly to the typologies for socio-technical transitions (cf. Geels and Schot,
2007) or the typology of environmental change (Suarez and Oliva, 2005).
Second, the thesis findings lead to the conclusion that there is a need to revise the
existing links and connections between the MLP levels of an LTS in order to
facilitate sustainability transitions. Chaotic movements and uncoordinated
activities (e.g., geopolitical ‘spill-over’, Paper III) negatively affect the
transformation of regimes thus systems. This conclusion also corresponds to some
previous findings by transition scholars (Meadowcroft, 2011; Smith et al., 2005)
on the need for coordinated activities along transition processes.
Third, this thesis challenges the view of the regime within transition studies,
specifically based on the conclusions of Papers IV and V. As discussed in the
theoretical foundation part of the thesis (section 3), the focus of sustainability
transitions studies is predominantly on how to ‘speed up’ sustainable transitions
(Turnheim and Geels, 2019; World Economic Forum, 2019), even though the
agenda is much broader (Köhler et al., 2019). The findings of the thesis raise
questions about the rationale of ‘removing’ incumbents and the regime from
sustainability transitions studies. This conclusion is also in line with the ones of
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some sustainability transitions scholars (Berggren et al., 2015; Genus and Coles,
2008). Additionally, from the theoretical perspective, the present thesis conflicts
with the current emphasis on facilitating rapid transition and destabilization of the
existing regimes (Geels, 2014; Turnheim and Geels, 2013). It argues for more
attention to certain qualities and resources (financial, intellectual, engineering,
etc.) of the regime (also from the evolutionary perspective on LTS change (Nelson,
1995; Nelson and Winter, 1982)). It may be more beneficial to find ways of
utilizing those qualities for the transition purposes (as exemplified in Paper V), for
example through the proper guidance from the policy perspective (cf.
Meadowcroft, 2011). The need for more careful investigation of the regime is also
supported by the aforementioned need to revise the existing links and connections
between the landscape and regime levels in the MLP (Papers IV and V).
Additionally, it may be of use to pay attention to the concepts ‘momentum’ and
‘inertia’ in sustainability transitions studies derived from classical industrial
dynamics studies (Dosi, 1982; Hughes, 1989; Utterback, 1996, also see section
3.5). Against the criticism of ‘technological momentum’ of Hughes (1989) by
some scholars (Geels, 2014, p. 23), the thesis results show their particular
importance and applicability in studying the corresponding qualities of an LTS
and a regime.
Considering the theoretical concepts of regime and its dominance discussed in
section 3, and the results of the studies conducted, the present thesis suggests
making a distinction between the types of regime. The notion of the ‘regime’ /
‘existing regime’ does not convincingly describe the condition and the character
of a regime within an LTS. Therefore, the use of a notion of ‘dominant regime’ is
proposed, as a compilation of two concepts from the literature – ‘dominant design’
introduced by Utterback and Abernathy (1975), and a ‘regime level’ from the MLP
perspective (Geels and Schot, 2007) of sustainability transitions research. The
notion of dominant regime conceptually unites the theoretical domains of
sustainability transitions and industrial dynamics, and highlights the strong
dominant character of the regime, compared to other existing regimes, also
underlining its heavy infrastructural characteristics, and overall nature being far
beyond local.
Finally, the thesis results show significant benefits of diversifying theoretical and
conceptual frameworks when analyzing change in an LTS. It underlines the
importance of system thinking and a multidisciplinary approach in energy related
research, specifically due to growing complexity and interactions of the system
elements. As current research shows, transition studies indeed require more
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‘pluralism’ (Hopkins et al., 2020). The present thesis suggests looking backwards
into the theoretical frameworks of change and LTS (e.g., Dahmén, 1989; Hughes,
1989), while synthesizing different approaches such as the development block
concept, MLP and the salient – reverse salient approach. Even though these
theoretical frameworks / concepts originate from closely related areas of research
and propose similar approaches to putting complex systems into levels for further
analysis, there are ponderable differences. While MLP suggests a vertical
representation of layers, the development block concept visualizes LTS in an
‘onion-type’ way and is oriented horizontally. Additionally, the development
block concept suggests looking at factors of change in an interactive way, as they
may transform through time and the stages of change from, for example,
innovations to gap-fillers (Paper I), while the MLP suggests analyzing factors
between the vertically organized layers. Even though the MLP has a proven ability
to analyze change processes (Markard et al., 2012), the combination of theoretical
frameworks opens the possibility of understanding the change processes within
LTS in a much more elaborate way – not only interactions between the layers, but
also the interactions (competition, multiplication) of the factors of change.
Furthermore, it can help to revise the existing links and connections between the
landscape and regime levels in the MLP, as well as to elaborate why the landscape
pressures cannot penetrate the regime level equally (Papers IV and V).
7.2 Policy and practical implications
The implications of the study results may be useful for policy makers, strategy
consultants, governmental organizations, as well as industry. The thesis suggests
two kinds of policy and practical implications.
The first one relates to the analytical frameworks and concepts which may be
useful in practice. Paper I proposes detailed elaboration and clear exemplified
guidance on the use of the development blocks framework. For practitioners, the
development blocks may serve as a useful analytical framework to understand
different stages of change in complex industrial/technological systems, to evaluate
transformation pressures and structural tensions within the business, and also to
help assess new business opportunities. For policy makers and consultants, the
development block framework can be useful in order to analyze various industrial
systems in a non-static way. Simultaneously, policy makers may see usefulness in
the application of the MLP perspective and the salient – reverse salient approach
in assisting decision making processes.
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The concepts of inertia, momentum and dominant regime (Paper V and the cover
essay) can be useful not only within academia, but in helping managers, policy
makers and consultants estimate the transformation capacity of industries and
sectors, choose the right stimulating mechanisms, and evaluate existing dominant
regime resources. The limitations of currently dominating views on sustainable
transitions limit the transition capacity of systems, as capabilities and
competencies of the dominant regime are out of focus. Additionally, those
concepts help in the understanding of the issue of resource allocation (see section
3.5), physical availability of resources and their historical effect on LTS formation,
and related dependencies.
The second part of practical and policy implications suggests a different angle on
certain issues and some insights into the development and change of the global
energy system.
First, Paper IV draws attention to the finding that regime and regime actors act
differently under the same landscape factors and adjust at the regime level in
accordance with the national goals. This finding (also elaborated further in Paper
V) may be of particular importance for government agencies and policy makers at
different levels (but to a larger extent with an application to the sustainability
transitions for international governance), and may provide valuable insights when
deciding on measures within regulation or policymaking. The finding also shows
the need for other than standardized approaches and tools in planning and
facilitating the change in the global energy system from the governmental
perspective. Also, in relation to international governance in environmental and
climate issues, the findings of Paper V propose carefully examining the effects of
the global frameworks at national levels, as they have different levels of
penetration and effects on the regime.
Second, the thesis findings, specifically Paper III (but also to a limited extent
Papers IV and V), underline the importance of in-depth analysis of geopolitical
factors and the necessity of looking at types of decisions other than restrictive
measures. Policy makers should scrutinize their effect on sustainability. Even
though the implication may sound too populistic, it is worth underlining that any
geopolitical tension increases security and sovereignty issues in the energy sphere,
which, in turn, negatively affects the sustainable transition of the global energy
system. Scarcity and future insecurity as to availability of energy resources forces
regime actors to search for substitutes or to find measures to meet risks. Even
though this is rather well-known factor, it tends to be wrongly ignored in the
transition literature, along with the qualities of the dominant regime.
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Finally, the thesis findings may bring more understanding of how the oil & gas
industry, as well as other industries, may contribute to sustainable transition of the
global energy system.
7.3 Future research
There are several areas identified for future research both within the context of the
thesis and beyond.
First, the empirical scope can be broadened. The case of the Arctic can be further
investigated from different dimensions and including other circumpolar countries
with different levels of interest to Arctic offshore oil and natural gas resources. It
can give a broader picture and shed light on some specific elements of the
landscape level, or activities at the regime level, which resulted in a less intense
interest from those countries regarding the exploitation of the offshore oil and
natural gas resources. There is also a potential of studying other special cases of
oil and natural gas resources exploitation in challenging environmental and
technical conditions, e.g., Canadian oil sands, Brazil pre-salt deposits, gas hydrates
in Japan, etc. Theoretical frameworks and concepts used in the thesis may be
beneficially applied to these similar cases and contexts.
Second, the present thesis has identified the lack of alignment between the levels
of energy LTS and the way landscape levels shape regime levels depending on
different conditions, which constrain sustainable energy transitions. Therefore, it
will be beneficial to continue research in this direction to get more insights into
how those constraints may be overcome, and what conditions intensify the
misalignment.
Third, one of the potentially most beneficial directions of research identified based
on the thesis findings is further investigation and classification of factors of
change. As discussed in section 3.2 and underlined in section 7.1, there is a number
of typologies, classifications and definitions of change, but there is a strong lack
of understanding of different characteristics of factors of change except for
broadly used ‘barriers’ and ‘drivers’. One of the options can be to develop
classification similar to the typologies for socio-technical transitions (cf. Geels and
Schot, 2007).
Fourth, in line with further and in-depth investigation of the role of the dominant
regime in sustainability transitions, there is a need for a systematic literature
review on the notions of inertia and momentum. As the energy industry and other
system-building incumbent industries are crucial for the well-being of society and
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economic growth, these research directions can bring more attention and
understanding to the ways a dominant regime, its inertia and its momentum can be
handled in order to facilitate sustainable transitions.
Finally, with a deeper focus on the dominant regime, it is important to understand
the change capacity of the dominant regime itself, as well as the preparedness of
incumbent actors to contribute to change (based on the findings of Paper V). Thus,
further studies can investigate the attitude of actors to change and perceptions on
sustainability transitions.
Moreover, there are some other areas beyond the scope of the thesis, which are
potential for future research. Specifically, as some of the thesis findings show,
sustainability transitions are to a large extent dependent on national political
frameworks and the geopolitical situation. Therefore, the following directions of
studies appear to be promising: how current policies frame sustainable transitions,
since further exploration for oil and natural gas resources seems to be appropriate
in one context, but not in the other (Papers III and IV); policy created path
dependence (Jacobsson, 2016; Schmalensee, 2012); and advantages and
disadvantages of the type of policy instruments (Meadowcroft, 2011).
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8. Conclusions

World society has a need to finding a balance in the energy trilemma, hence the
urgency of sustainable energy transitions. The oil & gas industry is receiving
increasing attention due to its major contemporary role in the global energy
supply. At the same time, sustainability transitions studies do not pay enough
attention to investigating the qualities, transition capacity, and relations of regimes
in the global energy system change.
From the perspective of sustainability transitions and industrial dynamics studies,
the global energy system represents a large socio-technical system, while the oil
& gas industry is the regime. Taking this empirical context and theoretical lens,
the thesis aimed to explore the role of the regime in sustainability transitions of
socio-technical systems.
It started by describing the current state of the energy system and recent
development trends in the oil & gas industry. Further, building on the two research
studies – Study A on the change taking place in the oil & gas industry, and Study
B on the exploitation of Arctic offshore oil and natural gas resources – the thesis
investigated three particular aspects: (1) the factors of change in the regime; (2)
the way the regime responds to these factors of change; and (3) the relationship
between the sustainable development of the socio-technical system and the
regime.
The oil & gas industry and the exploitation of Arctic offshore oil and natural gas
resources are rarely investigated cases within sustainability transitions and
industrial dynamics studies, and provide valuable insights into the relationship
between the sustainable development of the socio-technical system and the
regime. The thesis results have elaborated more nuanced views on the changes
taking place in the oil & gas industry and their interrelation with the ongoing
transformation of the global energy system. It reveals an understanding of how
sustainable change in the global energy system can be facilitated.
The thesis concludes that there is/are (1) a high importance of geopolitical factors,
and national perspectives and strategies for sustainability transitions to take place;
(2) a diverging effect of the factors of influence depending on the structural system
level of their application, and within the regime; (3) diverging to contrary effects
of the combination of factors compared to those alone; (4) the dominating
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character of the regime and regime level objectives over the landscape; and (5) the
lack of alignment between the different levels of the energy system.
From the theoretical perspective, the thesis contributes to sustainability transitions
and industrial dynamics literature regarding the relationship between the
sustainable development of the socio-technical system and the regime. It calls for
a revision of the existing links and connections between the levels of large sociotechnical systems, underlines the importance of the regime within transition
studies, and calls attention to the qualities and capacities of regimes. Additionally,
the thesis suggests a broader application of the concepts of ‘momentum’, ‘inertia’,
and suggests the notion of a ‘dominant regime’.
From the broader theoretical and methodological perspective, the present thesis
addresses the issue of the need for more theoretical and methodological pluralism
in sustainability transitions studies. It re-focuses towards a more systematic
perspective through the incorporation of the industrial dynamics and sustainability
transitions approaches, thereby highlighting the importance of system thinking and
a multidisciplinary approach in energy related research.
For future studies, the thesis proposes a revision of the ways factor analysis within
large socio-technical systems and regimes is conducted, shows the need for
typologies of factors of change, while paying greater attention to regime qualities,
and highlights the need to understand the preparedness of incumbent actors to
contribute to change.
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10. Appendices

Appendix 1. Definitions and Abbreviations
CO2 – carbon dioxide
Energy industry – a huge conglomerate of industries involved in extraction,
transportation and distribution of energy, including manufacturing, refining and
sales
Global energy system – energy industry in a broader sense, which incorporates
technical, social, economic, and political elements
Oil & gas industry – includes exploration, extraction, refining, transporting, and
marketing of oil, natural gas and petroleum products
Petroleum industry – in this thesis is equivalent to ‘oil & gas industry’, but also
often refers only to oil and petroleum products
OECD – Organisation for Economic Co-operation and Development
LNG – liquefied natural gas
LTS – large technological systems
MLP – the multi-level perspective
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Appendix 2. Data sources for initial data collection round (Study B)
Primary official sources. Canada: National Energy Board Canada (www.nebone.gc.ca), Aboriginal Affairs and Northern Development Canada (www.aadncaandc.gc.ca)
Government
of
Newfoundland
and
Labrador
(www.releases.gov.nl.ca), Canada-Newfoundland and Labrador Offshore
Petroleum Board (http://www.cnlopb.nl.ca). Greenland: Naalakkersuisut
Government of Greenland (www.govmin.gl). Island: Government of Island
(www.government.is). Norway: Norwegian Petroleum Directorate (www.npd.no).
Russia: Government of Russian Federation (government.ru), Ministry of Natural
Resources and Environment of the Russian Federation (www.mnr.gov.ru). USA:
U.S. Department of the Interior Bureau of Land Management (www.blm.gov),
Alaska oil and gas conservation commission (www.doa.alaska.gov), U.S.
Department of the Interior's Minerals Management Service (www.boem.gov).
Primary corporate public sources: CairnEnergy (www.cairnenergy.com), Skolkovo
(www.skolkovo.ru), Lundin Petroleum (www.lundin-petroleum.com), Gazprom
(www.gazprom.com), Arktikmorneftegazrazvedka (www.amngr.ru), Rosneft
(www.rosneft.ru), Severneftegaz (severneftegaz.ru), Novatek (www.novatek.ru),
Gazprom Dobycha Yamburg (www.yamburg.ru), VNIIBT OAO NPO «Burovaja
Tehnika» (www.vniibt.ru), BP (www.bp.com), Chevron (www.chevron.com), Eni
(www.eni.com), Eni Norge (www.eninorge.com), HIS (www.ihs.com), Suncor
Energy (www.suncor.com), ExxonMobil (corporate.exxonmobil.com), Statoil
(www.statoil.com, before renamed to Equinor www.equinor.com), Tullow Oil
(www.tullowoil.com), Shell (www.shell.com), Nunaoil (www.nunaoil.gl).
Secondary sources professional journals: Neftegazovaja Vertikal' (www.ngv.ru),
Oil & Gas Journal (www.ogj.com),
Oil & Gas Journal Russia
(www.ogjrussia.com), ROGTEC Magazine (www.rogtecmagazine.com), Neft’
Rossii (www.oilru.com), Alaska Journal of Commerce (www.alaskajournal.com),
Oil&Gas Journal (www.ogj.com).
Open oil & gas databases: Offshore Technology (www.offshore-technology.com),
SubSeaIQ (www.subseaiq.com).
Secondary sources, public media sources: Bellona (www.bellona.ru), Vedomosti
(www.vedomosti.ru),
Kommersant
(www.kommersant.ru),
Arctic-info
(www.arctic-info.ru), RBC (www.rbc.ru), Expert Online (www.expert.ru), Vesti
Finance (www.vestifinance.ru), Barents Observer (www.barentsobserver.com),
Reuters (www.reuters.com), Daily Oil Bulletin (www.dailyoilbulletin.com),
Alaska Dispatch (www.alaskadispatch.com), Bloomberg (www.bloomberg.com),

87

Scandoil (www.scandoil.com), The Independent (www.independent.co.uk), BBC
News (www.bbc.co.uk), Financial Times (www.ft.com), The Telegraph
(www.telegraph.co.uk), Svalbard Museum (www.svalbardmuseum.no), The
Arctic Institute (www.thearcticinstitute.org), ) Petroleum Exploration Society of
Great
Britain
(www.pesgb.org.uk),
World
Maritime
News
(www.worldmaritimenews.com) Offshore.no (www.offshore.no), Offshore
technology (www.offshore-technology.com), Subsea IQ (www.subseaiq.com),
Rigzone (www.rigzone.com), Neftegaz.ru (www.neftegaz.ru), Neftyaniki.ru
(www.neftyaniki.ru), Lenta information portal (lenta.ru), OilCapital.ru
(www.oilcapital.ru),
Hydrocarbons
Technology
(www.hydrocarbonstechnology.com), Gubkinskaja Centralizovannaja Bibliotechnaja Sistema
(www.gublibrary.ru), RIA (en.ria.ru), Finam (www.finam.ru), Anchorage Daily
News (www.adn.com), Petroleum News (www.petroleumnews.com), Alaska
Public Media (www.alaskapublic.org), Forbes (www.forbes.com).
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Type

International seminar

International
conference

International forum

International
conference

International
conference and
exhibition

International
conference

Entrepreneurship
Program

International
conference

International
conference

International
conference

#

1

2

3

4

5

6

7

8

9

10

21st World Petroleum Congress “Responsibly Energising
a Growing World”
World Petroleum Council
Moscow, 2014-06-15 - 19
Polarforum
Swedish Polar Research Secretariat
Stockholm, 2014-11-05

“Strategy for the development of the Arctic zone of the
Russian Federation until 2020: economy, security,
environment, international cooperation”
Institute of World Economy and International Relations –
Stockholm International Peace Research Institute
Moscow, 2013-09-30 – 10-01
“Arctic and extreme environments”
Society of Petroleum Engineers
Moscow, 2013-10-15 - 17
“Arctic: region development and cooperation”
Institute of World Economy and International Relations
Moscow, 2013-12-2 - 3
Young Entrepreneurs (with focus on Arctic regions)
The Norwegian-Russian Chamber of Commerce
Moscow, 2013-11-12 – 14; 2014-04-23 – 24; Bodø, 201410-18 - 19
Arctic Dialogue Conference
Bodø, 2014-03-18 - 20

Activity
“Are we ready for the oil and gas campaign in the Arctic?
Ecological and economic aspects”
Sampo – WWF Russia
Moscow, 2013-01-31
“Russian Arctic oil & gas 2013”
Adam Smith Institute
Moscow, 2013-04 - 15-17
“St. Petersburg International Economic Forum 2013”
St. Petersburg, 2013-06 – 20-22

Appendix 3. Complementary data collection activities

Arctic region; socio-economic
development; climate and
environment

Arctic region; oil and gas resources
exploitation; technology, climate and
ecological aspects
Arctic region; oil and gas resources
exploitation; geopolitical, economic
issues; cooperation
Arctic region; socio-economic
development; business opportunities;
economic issues; oil / gas
exploitation and technologies
Arctic region; socio-economic
development; oil and gas resources
exploitation
Global energy issues; economic and
geopolitical aspects of global energy
industry development

Arctic region; oil and gas resources
exploitation; geopolitical, economic
and ecological aspects
Global energy issues; economic and
geopolitical aspects of global energy
industry development
Arctic region; oil and gas resources
exploitation; economic, security,
environmental aspects; cooperation

Topics discussed
Arctic region; oil and gas resources
exploitation; ecological and
economic aspects

Notes

Notes, observations

Notes

Notes, observations

Notes

Notes, observations

Notes

Notes

Notes

Data collection
Notes

90

Research workshop

International summer
school

International student
research programme

International mentoring
programme

20

21

22

International summer
school

16

19

Conference

15

18

Student research
seminar

14

International
conference

International
conference

13

International
conference

Research seminar

12

17

International student
conference

11

(table continued)
Future Petroleum Engineers Forum
China University of Petroleum
Beijing, 2015-05-21 - 25
“Is Russia Militarizing the Arctic?”
Stockholm International Peace Research Institute
Stockholm, 2016-02-26
Polarforum
Swedish Polar Research Secretariat
Stockholm, 2017-11-21
“Nothern Energy Challenge”
KTH & Lappeenranta University of Technology
Stockholm, 2017-12-08
The Energy Day Sweden 2018
EIT InnoEnergy
Stockholm, 2018-05-29
“Technology for Efficient and Safe Arctic Development”,
“Arctic Logistics”
Gubkin Russian State University of oil & gas
Moscow, 2018-07-29 - 08-05
49th Arctic Workshop
Bolin Centre for Climate Research
Stockholm, 2019-04-4 - 5
VI Youth Forum of the World Petroleum Council - Future
Leaders Forum
World Petroleum Council
St. Petersburg, 2019-06-23 - 28
Workshop series within the project “Arctic Logistics”
Molde University College
Molde, 2017-10-9 – 13; 2018-10-8 – 12; 2019-10-7 - 10
“Offshore field development with emphasis on the Arctic”
Gubkin Russian State University of oil & gas
Moscow, 2019-07-8 - 12
Stanford U.S.-Russia Forum
Stanford University
Moscow-Tyumen, 2019-11-24 – 12-01
World Petroleum Council Mentoring sessions
World Petroleum Council
Continuously during 2018-2020
Notes, observations

Arctic region; socio-economic
development; oil and gas resources
exploitation; energy logistics
Arctic region; oil and gas resources
exploitation; technology, climate and
ecological aspects
Global energy issues; economic and
geopolitical aspects of global energy
industry development
Covering global and regional
aspects, global energy issues and
sustainability

Notes

Notes

Notes, observations

Notes, observations,
questionnaire (not
included in the thesis)

Notes

Notes, observations,
interviews

Notes

Notes, observations

Notes

Notes

Notes

Global energy issues; economic and
geopolitical aspects of global energy
industry development

Arctic region; socio-economic
development; oil and gas resources
exploitation; technology; energy
logistics
Arctic region; social aspects;
climate; environment

Global energy issues; economic and
geopolitical aspects of global energy
industry development
Arctic region; socio-economic
development; military and security
aspects
Arctic region; socio-economic
development; climate and
environment
Arctic region; socio-economic
development; energy production and
consumption
Global energy issues; energy
sustainability; innovations

