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ARTICLE INFO ABSTRACT

Energy transitions face multiple barriers, lock-in, path dependencies and resistance to change which require
strategic policy efforts to be overcome. In this regard, it has been increasingly recognised that a multiplicity of
instruments — or instrument mixes — are needed to foster low-carbon transitions. In addition, over the past few
years a broader conceptualization of policy mixes for sustainability transitions has emerged which we adopt in
this special issue. Such a broader perspective not only examines the interaction of instruments, but also captures
corresponding policy strategies with their long-term targets and pays greater attention to the associated policy
processes. It also encompasses the analysis of overarching policy mix characteristics such as consistency, co-
herence or credibility, as well as policy design considerations. Furthermore, it embraces the analysis of actors
and institutions involved in developing and implementing such policy mixes. To explicitly consider these further
aspects of policy mixes, this special issue includes fifteen papers with different analytical perspectives drawing
on a range of social science disciplines, such as environmental economics, innovation studies and policy sciences.
It is our hope that the conceptual and empirical advances presented here will stimulate diverse future research
and inform policy advice on policy mixes for energy transitions.
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1. The importance of policy mixes for energy transitions

The Paris Agreement calls for the rapid decarbonisation of the
global energy system to limit temperature increases to well below 2 °C.
Since fossil fuel use in the energy sector is one of the main contributors
to global carbon emissions, achieving this goal requires a global tran-
sition away from carbon-intensive energy systems towards low carbon
configurations. Such transitions can be understood as dynamic pro-
cesses of structural change in the way energy is produced and used, and
have historically taken place over long-time horizons [1-3].

Over the last 15 years a burgeoning, interdisciplinary literature has
developed on how such transitions occur [4,2,5-10]. The sustainability
transitions literature conceptualises transitions as co-evolutionary pro-
cesses that involve technological innovations and their use in societal
applications. As such, transitions are multi-actor processes, involving a
large variety of social groups. They are characterized by radical shifts
from one socio-technical configuration to another; and are often long-
term processes taking several decades ([3,91]).

This is because transitions face multiple barriers, including lock-in
into high carbon, fossil fuel based technological trajectories, path

dependencies and resistance to change from incumbent industries
benefitting from the current socio-technical configurations. For ex-
ample Unruh [11] has powerfully argued how industrial economies
have been locked into fossil fuels based energy systems through a
process of technological and institutional co-evolution which is driven
by path dependent increasing returns to scale. One form of path de-
pendency is cognitive lock in as firms normally continue innovating
along established paths (‘normal’ problem solving) rather than trying
something radically new (technologies or business models). This pro-
cess has been described as technological trajectories [12] which are
hard to shift. Also Walker [13] has shown that organisational com-
mitments and vested interests in the continuation of systems, even
when economically obsolete, can create inertia, causing inferior tech-
nologies and technology paths to survive. These obstacles mean that
low carbon transitions require strategic policy efforts to be overcome
[14,15]. Without such policies, these problems enforce the stability of
existing unsustainable, high carbon energy systems and prevent tran-
sitions from occurring [11,5].

Public policy is hence key to promoting energy transitions in terms
of both their speed and direction [5,16,7,17]. While much of the early
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literature on addressing climate change focused on discussions about
specific instruments suitable for internalising negative externalities
arising from greenhouse gas emissions (tax versus trading) [18,19], it
has been increasingly recognised that a multiplicity of instruments is
needed to foster successful transitions [20-22].

This shift away from striving for one instrument as the silver bullet
to a recognition that well designed combinations of instruments are
needed for fostering transitions may still be contested by some. Yet,
even economists increasingly acknowledge that tackling climate change
may require not only carbon pricing but also complementary instru-
ments [23]. Empirically, even in jurisdiction where an emission trading
system (ETS) as one way of pricing carbon has been introduced (such as
in the EU), alongside this policy instrument a wide range of other in-
struments exist, thereby addressing several market and system failures.
For example, the progress of the German electricity transition towards
renewable energies, arguably largely hinged upon a policy design
which combined feed-in tariffs and priority access to the grid, as well as
specific long-term expansion targets, under the umbrella of one law, the
EEG, thereby complementing the EU ETS [24-26]. This example also
illustrates that other policy mix considerations played a key role, as
well, such as the simultaneous existence of the nuclear phase out, the
promotion of research and development, or the credibility, consistency
and coherence of the overarching policy mix [27,24,28]. That is, while
some instruments may be considered as core, such as feed-in tariffs for
the promotion of renewable energies or carbon pricing for reducing
greenhouse gas emissions, what matters for achieving the objectives
associated with ambitious low-carbon energy transitions is not only
their design but how well they are embedded in a policy mix [29].

Furthermore, any attempt to govern energy transitions does not
start on a bare slate but is always embedded in pre-existing policy
contexts with legacies of instruments from earlier policy eras still in
place [30]. It is this complicated, messy reality which influences policy
outcomes rather than economic textbook considerations around ‘first
best’ policy options and ‘optimal’ policy design. The policy mix litera-
ture is an attempt to make sense of this empirical complexity while
simultaneously acknowledging a diverse set of policy rationales calling
for policy mixes rather than single policy instruments. It is therefore
increasingly important to explicitly study policy mixes, how they can be
designed and how they can be implemented in order to promote de-
liberate sustainability transitions [31,29].

Table 1
Three main fields addressing policy mixes with exemplary definitions.
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Various definitions for such policy mixes exist (see Table 1), with
the most basic ones focusing simply on a number of multiple policy
instruments and how they are combined in instrument mixes
[32,20,23]. Correspondingly, much of the research on policy mixes for
important sustainability areas such as energy transitions has so far
mainly focused on the analysis of interactions of policy instruments
designed to affect the operation of energy systems [35-38]. However,
broader understandings of policy mixes pay greater attention to other
aspects of such mixes as well, especially those related to policy pro-
cesses and how they affect the characteristics of policy mixes, including
such issues as policy integration and coordination across multiple sec-
tors and levels of government ([39,29,40,92]).

However, given its novelty, empirical applications and analyses
applying such extended policy mix conceptions have so far been limited
[28,41,42]. It is therefore the aim of this special issue to collect
emerging conceptual and empirical advances adopting such a broader
conceptualization of policy mixes in order to study and assess the
means and mechanisms for energy transitions. The special issues thus
includes papers examining not only interacting instruments, but also
corresponding policy strategies and their long-term targets, policy
processes as well as overarching policy mix characteristics such as
consistency, coherence or credibility and policy design considerations.
In addition, the special issue engages with the analysis of the actors and
institutions involved in developing and implementing such mixes in the
energy case. Consequently, the analytical perspectives in this special
issue draw on a range of social science disciplines, such as environ-
mental economics, innovation studies and policy sciences to explicitly
consider further aspects of such policy mixes. These different perspec-
tives on policy mixes will be briefly introduced in the next section.

2. Disciplinary perspectives on policy mixes

The emerging literature on policy mixes for sustainability transi-
tions builds on three key disciplinary foundations: environmental eco-
nomics, innovation studies, and policy sciences. Unfortunately, these
three fields have so far developed largely independently of each other,
with little attempts of cross-fertilization. As a consequence, each has
developed its own understanding of what constitutes a policy mix and
how key terms should be defined, thereby rendering interdisciplinary
dialogue difficult (see Table 1 and Fig. 1).

Field Examples of policy mix definitions

Environmental economics
problem”. ([32], p. 186)

® Instrument mixes are defined as a situation in which “several - instead of one — policy instruments are used to address a particular environmental

® “The need for a policy mix has been recognised by many governments, but experience to date has been that the interactions among multiple
policies are often not well understood nor well coordinated, which can lead to policy redundancy or policies undermining one another, reducing
the effectiveness and efficiency of the overall package.” ([20], p. 60)

mix [..]1.” ([23], p. 1)

“Polluting sources may be affected directly or indirectly by several policies addressing the same pollution problem. This is referred to as a policy

Policy sciences ® Limitations in environmental policy “can only be overcome by invoking a broader vision of regulation and by the pursuit of broader policy mixes,
utilizing combinations of instruments and actors, and taking advantage of various synergies and complementarities between them." ([33], p. 5)
® “Policy mixes are complex arrangements of multiple goals and means which, in many cases, have developed incrementally over many years.” ([30],

p. 395)

Innovation studies ® “A policy mix is defined as: The combination of policy instruments, which interact to influence the quantity and quality of R&D investments in

public and private sectors.” ([34], p. 3)

withdrawing support for) the old.” ([31], p. 206)

“[..] policy mixes favourable to sustainability transitions need to involve both policies aiming for the ‘creation’ of new and for ‘destroying’ (or

“[..] we define the policy mix as a combination of the three building blocks elements, processes and characteristics, which can be specified using

different dimensions. Elements comprise the (i) policy strategy with its objectives and principal plans for achieving them and (ii) the instrument
mix with its interacting policy instruments. The content of these elements is an outcome of policy processes. Both elements and processes can be
described by their characteristics, including the consistency of elements, the coherence of processes, as well as the credibility and
comprehensiveness of a policy mix. Finally, the policy mix can be delineated by several dimensions, including policy field, governance level,

geography and time.” ([29], p. 1622f.)
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Fig. 1. Exemplary visualizations of a range of policy mix conceptualizations from the three fields.

Source: Own compilation of [29,30,32,37,47,89].

Much research focusing on the advantages and disadvantages, or
strengths and weaknesses of different combinations of instruments and
their interactions draws on environmental economics. Here, the rationale
for using multiple policy instruments is said to rest on the existence of
multiple market failures, each of which can be addressed by a different
tool [43,32,23]. Therefore, the corresponding analyses of policy in-
strument mixes found in this field is often concerned with designing an
optimal combination of policy instruments put in place to address
specific failures with the idea that (a) some failures can be addressed by
many different tools and (b) some combinations of tools are more
‘complementary’ than others in that some tools can supplement or re-
inforce market corrections [44,45]. The idea that some mixes can be
sub-optimal poses a range of questions about how such instruments
interact with each other and with over-riding market and government
failures, and how this impacts the effectiveness and efficiency of policy
interventions singly and as a whole. Much of this work has focused on
interactions between the EU emissions trading system (EU ETS) and
other climate and energy policy instruments ranging from producer
regulations to individual household consumption incentives and disin-
centives [35,36].

In contrast, the thinking about policy mixes from the field of policy
sciences includes the analysis of both instruments and the goals they are
expected to achieve, of which correcting market failures is seen at best
as only one among many [46,40]. That is, the assessment of policy
mixes is based on overall policy mix characteristics such as not just the
consistency of multiple instruments, but also the coherence of multiple
goals, and the congruence between instruments and goals, often in the
context of multiple governments and governmental actions over time
[30,42]. The potential ‘fit’ of proposed new policy programmes or in-
struments with their governance context is also considered important
[47] and an important issue of interest is “how specific types of policy
tools or instruments are bundled or combined in a principled manner
into policy ‘portfolios’ or ‘mixes’ in an effort to attain policy goals” ().
Importantly, one of the main starting points of this literature is that new
policy developments are almost always constrained by previous policy

choices, whereas situations where completely new policy mixes are
developed are considered to be quite rare. Thus, an important question
in this field is the evolution of policy mixes and the processes through
which such change happens. Drawing on institutional theory, Howlett
and Rayner [47] for example have suggested that policy mixes typically
evolve through four processes: layering, drift, conversion and replace-
ment ([90]).

Finally, the interdisciplinary field of innovation studies has also re-
latively recently taken a specific interest in questions around the role of
policy mixes in promoting technological and other kinds of innovations,
with several contributions published over the last decade in Research
Policy [39,48-51,31,29] and other innovation studies journals
[52,53,28,54] on these subjects. Some of these contributions mirror the
interest of environmental economists in instrument interactions around
market and government failures seen as barriers to innovation [49,51].
However most of this work adopts a broader perspective on mixes in
which, as with the policy sciences view, the dynamic nature of policy
mixes, the importance of policy processes, the relevance of long-term
targets and the challenges for policy coordination are all stressed
[39,55,56]. Such a broader perspective on policy mixes is argued to be
particularly relevant for innovations required for sustainability transi-
tions [29], and includes, among others, the explicit consideration of
policies promoting creative destruction [31] and of policy mix char-
acteristics, such as the consistency of policy mix elements and the co-
herence of policy processes which can allow such policies to develop
and be implemented successfully [28,41].

Given the terminological variety and sometimes conflicting defini-
tions of some core concepts used within the policy mix literature, and to
facilitate constructive dialogue across different fields, in Table 2 we
provide an overview of selected policy mix components and some of their
key definitions, as applied in the contributions of this special issue.'

! Listing all definitions used within the policy mix literature would be beyond the scope
of this SI introduction.



K.S. Rogge et al.

Table 2

Energy Research & Social Science 33 (2017) 1-10

An overview of key definitions of policy mix components utilized in this special issue.

Term

Key definition(s) of policy mix components found in this special issue (and source)

Policy instruments

Design features of policy instruments

Instrument interactions

Policy strategy

Policy process

Consistency/coherence/congruence

® “[..] are techniques of governance that, one way or another, involve the utilization of state authority or its conscious limitation.”
([57], p. 31)

® “[..] constitute the concrete tools to achieve overarching objectives. [..] A number of alternative terms are used, such as implementing
measures [.], programs [.], policies [.], or policies and measures [.].” ([29], p. 1623)

® “Design features can be differentiated by abstract and descriptive features. Descriptive design features, such as an instrument’s legal
form, its target actors, and its duration, summarize the content of a policy instrument [.]. A number of abstract design features [.] may
be important to consider: stringency, level of support, predictability, flexibility, differentiation and depth.” ([29], p. 1624)

® “[..] interactions between instruments might be positive, when the performance of one or both examined instruments against a
criterion increases because of their coexistence, or negative when the combined policies lead to negative impacts that would not have
occurred by either alone.” ([35], p. 421)

“[..] interactions between instruments targeting the same actor or group of actors, interactions between instruments targeting different
actors/groups involved in the same process, and interactions between instruments targeting points of action which may otherwise seem
to be far removed but which interact because the processes or actors targeted prove ultimately to be linked by other processes in a
broader ‘system’. To these we would add [.] the possibility that ‘the same’ instruments will interact with each other across one or more
often possible dimensions (for instance, between different levels of governance or over time).” ([39], p. 710)

® “[..] composed of the following three building blocks [..]: Strategy content, composed of policy objectives and the measures designed
to achieve them; Strategy process, encompassing the process of policy development, implementation and adaptation; Strategic
capacity, including capacities needed for policy development, implementation and learning as well as the engagement of
stakeholders.” ([50], p. 235)

“[..] a combination of policy objectives and the principal plans for achieving them. That is, the definition puts an emphasis on the
output — the ends and means - of the strategy process, while the adaptive process of formulating, implementing and revising objectives
and plans is captured by the processes building block [.].” ([29], p. 1623)

“Policy process research can be defined as the study of the interactions over time between public policy and its surrounding actors,
events, and contexts, as well as the policy or policies’ outcomes.” ([58], p. 5)

® “[..] political problem-solving process among constrained social actors in the search for solutions to societal problems — with the
government as primary agent taking conscious, deliberate, authoritative and often interrelated decisions. As such, these interactive and
continuous reconciliation processes with various feedback loops involve power, agency and politics.” ([29], p. 1625)

“[.] policy goals are typically considered as coherent if they are logically related to the same overall policy aims and objectives and can
be achieved simultaneously without any significant trade-offs. They are incoherent if they contain major contradictions, i.e. goals that
cannot be achieved simultaneously and lead to the attainment of only some or none of the original objectives [.] Policy tools are
consistent when they work together to support a policy goal. They are inconsistent when they work against each other and are
counterproductive, for example, providing simultaneous incentives and disincentives toward the attainment of stated policy goals
[.1.” ([30], p. 395) “[.] they also suggest the importance of the third element of a policy mix, namely the congruence of goals and
means in any policy mix.” ([30], p. 401)
® “We define policy coherence as an attribute of policy that systematically reduces conflicts and promotes synergies between and within
different policy areas to achieve the outcomes associated with jointly agreed policy objectives. [.] Den Hertog and Strof3 [59] found a
lack of delineation between the terms coherence and consistency. Similarly, a potential source of confusion is arguably the lack of
delineation between policy integration and policy coherence. As seen above, many coherence studies have tended to focus on
procedural aspects [.]. The approach taken in this study to delineate policy coherence analysis is to focus on policy outputs (including
objectives and associated implementation arrangements), whereas policy integration analysis is primarily concerned with upstream
policy making processes and the associated institutional arrangements.” ([60], p. 396)
® “We suggest that consistency captures how well the elements of the policy mix are aligned with each other, thereby contributing to the
achievement of policy objectives. It may range from the absence of contradictions [weak consistency] to the existence of synergies
[strong consistency] within and between the elements [policy strategy and instrument mix] of the policy mix. [.] We distinguish
between consistency of the policy strategy [first level consistency], consistency of the instrument mix [second level consistency], and
consistency of the instrument mix with the policy strategy [third level consistency. [.] To characterize policy processes we use the term
coherence, [.] defining policy coherence as referring to synergistic and systematic policy making and implementation processes
contributing - either directly or indirectly - towards the achievement of policy objective. [.] may be achieved through a number of
structural and procedural mechanisms, such as strategic planning, coordinating structures and communication networks [.]. Two major
tools for improving policy coherence are policy integration [.] and coordination [.].” ([29], p. 1626f.)

3. Aims of the special issue

3. To provide reflections on the state of the emerging literature on policy
mixes for future research and practice related to energy transitions.

The papers in this special issue generally adopt a broad perspective

on policy mixes governing energy transitions combining the dis- The contributions to this special issue were selected through a
ciplinary perspectives described above. In so doing the authors pursue competitive process. The guest editors published an open call for con-
the aims of the special issue, which include: tributions in July 2016 through relevant mailing lists (e.g. Energy-l,

Climate-1, STRN) and other means to identify potential contributions. In

1. To increase the visibility of the topic of policy mixes for energy response to our call we received 65 extended abstracts (1500 words).”
transition studies within the field of energy research by showcasing
novel conceptual and empirical approaches to the subject;

2. To promote conceptual innovations in the way energy transition
scholars understand and study policy mixes by bringing together a

2 Because of the large number of high quality abstracts received in response to our CfP
we are also acting as guest-editors for a second special issue which focuses more broadly

multi-disciplinary collection of authors who draw on different dis- on policy mixes for sustainability transitions and is intended to be published in the journal
ciplinary evidence, cases and approaches to the subject; and Research Policy in 2018.
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Through independent reviews by the three guest editors, who scored
proposals on the basis of their quality as well as their fit with the aims
of the special issue, and through an extended discussion of the abstracts
amongst the co-editors, papers which were found to be particularly
promising for achieving the aims of the special issue were selected. The
individual contributions then went through the normal ERSS peer re-
view process before publication here.”

In the remainder of this introduction to the special issue we explore
five key research themes on policy mixes for energy transitions which
emerge in these contributions. For each theme we first lay out its
meaning and importance, followed by a summary of the corresponding
papers and their contribution to the theme. The themes are policy mix
rationales and interdisciplinary foundations, instrument interactions
and coordination, designing effective policy mixes, policy mixes for
creative destruction, and the role of actors and institutions. In the final
section we then summarise the most important implications from the
emerging academic work on policy mixes for energy transitions and
suggest avenues for future research.

4. Five themes of policy mix research
4.1. Policy mix rationales

As many works in environmental economics and innovation studies
have attested, policies intended to promote transitions towards low-
carbon energy systems need to address multiple market and system
failures [23,16]. While economists tend to focus on traditional market
failures such as underinvestment in R&D or negative environmental
externalities of greenhouse gas emissions as justifications for policy
interventions [61,43], innovation scholars in addition point to the ex-
istence of structural and transformational system failures, such as in-
stitutional failures or failures regarding the direction of transformation
processes [16]. Taken together, these sets of failures provide a strong
rationale for policy interventions in the form of policy mixes rather than
single instruments as there are no ‘silver bullet’ instruments which on
their own could address all the aspects of these failures [23,29,17]. In
this context, several articles in this special issue provide insights into
different policy mix rationales found in different energy-related sectors
and analyze them from different interdisciplinary perspectives.

The first contribution, Jacobsson et al. provides a critical assess-
ment of the policy rationale underpinning policy interventions of the
EU Commission in the context of the decarbonisation of the EU energy
system. The authors argue that the Commission’s approach heavily rests
on assumptions it has made about market failures, static efficiency and
technology neutrality, which disregard insights from classical econo-
mists and others about the non-linear nature of technical change and
industrial dynamics. Based on this literature, the authors identify a
number of weaknesses in the Commission’s approach to policy inter-
ventions for transformative changes in energy systems and assess how
an innovation system approach with its additional focus on structural
and functional processes could provide a complement to existing
thought and practices. Based on this approach, the authors draw lessons
for how effective mixes of policy instruments can be identified which
pay greater attention to dynamic efficiency and the structural build-up
of innovation systems. This is illustrated using the case of offshore wind
in Sweden for which eight system weaknesses — instead of only the
three based on the approach utilized by the EU Commission — were
identified, thereby leading to a different mix of policy instruments to
that proposed by the commission is required if a transition is to occur.

In the second contribution, Grubb et al. bridge the lack of en-
gagement between mainstream innovation economics and evolutionary

3 To avoid a conflict of interest all submissions with author affiliations of the University
of Sussex, including those by two of the three guest editors, were handled by guest editor
Michael Howlett.
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innovation system approaches. For this, the authors propose a frame-
work that is introduced in three steps: first, three domains of socio-
economic decision-making regarding technology innovation and
adoption choices are outlined and related to three policy pillars; second,
an innovation chain approach is proposed as a simplifying framework
supporting the explanation of radical differences in innovation in-
tensities between different sectors; and third, based on this analysis a
multiple journeys approach is used to capture the processes which are
required for successful innovation in this field — ordered according to
levels of decision-making domains. The authors conclude by discussing
implications for policy makers regarding instrument mixes for energy
transitions, including a recognition of differences in mix designs arising
from drawing on the different bodies of literature to inform the ana-
lysis.

Finally, Burke and Stephens argue that thinking about policy
mixes for energy transitions from a very broad energy democracy per-
spective offers better prospects for achieving transitions compared to
traditional energy innovation or climate mitigation efforts because of
the explicit focus on desirable social change contained in this per-
spective. They first derive a set of desired policy goals and intended
outcomes from a survey of the literature generated by the energy de-
mocracy movement. They then describe and categorise the policy in-
struments proposed by this literature into a set composed of those af-
fecting regulatory context, financial inclusion measures, economic
institutions and new energy system institutions, and assess the extent to
which the individual instruments are congruent with the goals of en-
ergy democracy. Lastly, they assess whether the instruments constitute
a comprehensive policy mix which can be expected to support outcomes
considered to be constitutive of an energy democracy vision leading to
a sustainable transition. They conclude that the energy democracy ap-
proach of resist-reclaim-restructure energy systems offers a compre-
hensive agenda for advancing renewable energy transitions which
brings together moves to push back dominant energy regimes while
encouraging their replacement through alternative socio-technical
configurations such as locally-owned, distributed generation. They also
consider their approach as helpful in informing the design and eva-
luation of policy mixes for energy transitions.

4.2. Interactions and coordination of policy instruments

The second research theme concerns better understanding and
analysis of the specific modalities and outcomes from the interaction
and coordination of policy instruments which can be traced back to
Gunningham et al.’s [33] seminal work on smart regulation. Research
on such instrument interactions has developed into a key line of policy
mix research, with energy and climate policy as those policy fields
covered most intensively in early work, particularly since the in-
troduction of the EU emission trading system (EU ETS) as a novel,
market-based climate policy instrument [35]. Studies in this tradition
have analyzed the interaction effects, particularly between the EU ETS
and policy instruments promoting renewable energies and energy effi-
ciency [36,37,62,45]. A number of methodological approaches and
analytical frameworks have been developed for such interaction ana-
lysis [63,64,38] with much of this work focusing on the EU [65,66].
Key questions raised in this research concern how instruments interact,
how this can be analyzed, and which recommendations arise for more
consistent bundles of instruments which reinforce rather than under-
mine each other in the pursuit of policy objectives [47]. Two papers in
this special issue expand the scope of existing research on such in-
strument interactions.

In the first contribution del Rio and Cerda provide an assessment of
the negative impact of specific instruments and their design features for
the promotion of electricity from renewable energy sources (RES-E) on
CO,, prices. For this purpose, the authors propose an analytical frame-
work for evaluating the impact of different instruments (e.g. feed-in
tariffs, auctions) and design features (e.g. target setting, flexible
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degression) on the interactions between RES-E support and CO miti-
gation instruments (emissions trading or carbon tax). Two main eva-
luation criteria used: the adaptability of targets and instruments (in
terms of being able to take into account the expected outcomes of one
policy on the design of the other, and make adjustments accordingly)
and the effectiveness of the policy intervention (in terms of RES-E de-
ployment and CO, emission reductions). The qualitative results show
that, while negative interactions can be mitigated through coordina-
tion, adaptability depends on the choice of instruments and design
features of each tool. The alleged negative impact on CO, prices is
found to be more likely under quantity-based than under price-based
CO, mitigation instruments. In contrast, they are more likely with
price-based than with quantity-based RES-E support instruments. The
authors remind us that the choice of design features critically affects
this result, thereby underlining the importance of analysing not only
instrument types in a mix but also the specific design of instruments
themselves.

While much of the literature on instrument interactions has focused
on climate and energy policies in Europe, the contribution by Duan
et al. moves beyond this limited geographical focus by analysing ex-
pected interactions of China’s novel national greenhouse gas emissions
trading system with other climate and energy policies found in that
country. Their empirical analysis rests on expert interviews and pro-
vides in-depth insights into the policy processes associated with the
design and implementation of China’s national ETS as well as other
mitigation, energy conservation and renewable energy policies. The
analysis finds that mandatory consultation processes have not been able
to provide a sufficient degree of coordination between emissions
trading and other policies, resulting in a loss of effectiveness and effi-
ciency of policy instruments. A main reason for this observed lack of
coordination is shown to be the vested interests of relevant departments
and individuals reluctant to reduce their functions in the interests of
overall system level efficiency and effectiveness, and/or transitions.
They argue that addressing the coordination challenges involved in
such transitions requires strong political support and leadership at le-
vels higher than those of the organizations that are to be affected by
making the instrument mix more consistent. However, the authors
argue that since the opportunity for a more systematic coordination of
China’s ETS and other relevant policies was missed, for the time being
coordination at a technical rather than political level may only be
possible for achieving the urgently needed improvements in the policy
mix. Duan et al. conclude that the ongoing elaboration of the final
design of China’s national ETS may offer another chance to reduce
potentially negative interactions and thus improve the effectiveness and
efficiency of China’s climate policy mix.

4.3. Designing effective policy mixes

As these articles suggest, while the analysis of instrument interac-
tions remains an important issue in future research, energy transitions
call for much greater attention to be paid to the design of policy mixes
and their characteristics [46,30,67,68]. Contemporary policy design
studies have placed a great emphasis on better understanding tool
portfolios themselves and the processes that create them [69-71,29].
The components of such mixes include policy goals and policy means at
various levels of generality [72,73,30].

As set out above, in the policy sciences such portfolios are combi-
nations of policy instruments that are expected to achieve a variety of
specific policy objectives [33]. Some instruments may work well with
others — as is the case with “self-regulation” set within a regulatory
compliance framework [74,75] — while other combinations may not,
such as, notably, independently developed subsidies and regulation if
they work at cross-purposes to simultaneously reward and constrain
certain types of activities or behaviours [76].

Studies in the policy sciences and elsewhere have all increased
awareness of the many dilemmas that can appear in the path of
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effective policy tool or ‘toolkit’ designs and significantly advanced
policy design studies in so doing. These works have, among other
things, articulated several principles for policy design to guide policy
practice [77-79] and noted that mixes have both a ‘horizontal’ aspect —
having to do with the number of tools and goals being addressed by one
level of government — as well as often having a multi-level or ‘vertical’
governance component [71,40]. Effectively optimizing the choice of
instruments in the more complex multi-dimensional mixes requires an
additional level of knowledge of instrument-goal interactions and
governmental contexts requiring an understanding of both long and
short-term processes of policy change.

These subjects became a major topic of investigation within com-
parative policy studies [80-82] over the past several years. Evidence
concerning renewable energy and energy efficiency policy, for example,
has revealed that policy packages combining voluntary compliance
with command-and-control regulation can be inherently inconsistent,
bringing out contradictory responses from targets of these policy
combinations [83,84]. This raises several key questions on the design of
policy mixes which four papers in this special issue address.

Imbert et al. conduct a comparative analysis of bioeconomy stra-
tegies in Germany and Italy with a focus on the bioplastics sector. They
argue that the transition away from finite fossil fuels does not only
involve changes towards a bio-based economy in the energy sector but
also in the manufacturing sector. Their analysis builds on a wide-ran-
ging policy strategy concept which combines attention to both the ar-
ticulation of policy goals as well as policy instruments with an interest
in the processes of policy development and the institutional capacities
for policy development and implementation. The paper draws up a
continuum of policy strategy formation which ranges from emergent,
bottom-up processes of incrementally emerging policy mixes to delib-
erate, top down strategies formulated by bureaucrats. The authors find
that while both countries are considered frontrunners with regard to the
development of the bioeconomy, their policy strategies are fundamen-
tally different. Germany is found to have pursued a deliberate, for-
malized, top-down government strategy with a focus on knowledge
development and innovation, while Italy’s policy strategy can be con-
sidered a more emergent, bottom-up, industry stakeholder driven pro-
cess with a focus on market development. With regard to the vertical
policy mix dimension, the authors argue that linkages between the
German and the Italian strategies via policy making processes at the EU
level have helped to reinforce the emerging transition to a bio-based
economy in Europe. This work shows that it is often possible to have
several routes to change and what works in one case may not in an-
other, requiring analysts and designers to have a fine appreciation of
the nuances of the policy and governance contexts in which mixes are
developed and implemented.

Purkus et al. analyse trade-offs between policy flexibility and sta-
bility in the European and German bioenergy mix. They note that
promoting innovation in the context of sustainability transitions, em-
phasizes the importance of combining technology- push and demand-
pull instruments in a coordinated policy mix. The design of such policy
mixes, however, remains challenging, due to path dependencies, in-
teracting market failures, and uncertainty regarding eventual eco-
nomic, environmental and societal impacts of innovations. This results
in the need for an adaptive and flexible policy design, but at the same
time, stable political framework conditions are required to bring about
lasting changes in production and consumption behaviour. This paper
undertakes an economic assessment of how this trade-off between
flexibility and stability has been addressed in practice in the European
and German bioenergy policy mix. Based on the theory of second best
and new institutional economics, they identify dimensions for assessing
whether relevant uncertainties, interactions between market failures
and other constraints on first-best policy making have been handled in a
rational manner. From the case study, they derive lessons for devel-
oping bioeconomy policy mixes, as a further example of a dec-
arbonisation policy mix faced by high uncertainty and complexity.
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Rosenow et al. explore the purpose of specific instrument types
within the instrument mix regarding specific levels of technological
complexity and cost-effectiveness, compared across Europe. The paper
uses an existing dataset produced as part of a pan-European effort to
understand instrument mixes in 14 EU Member States in the area of
energy efficiency. They argue that to meet global climate goals an en-
ergy transition is needed. However, energy transitions are complex and
long-term processes which require a variety of public policy interven-
tions to steer their direction and speed in order to achieve global cli-
mate change mitigation targets. One area where policy support is re-
quired is energy efficiency, which offers a high potential for carbon
savings. It is widely acknowledged that energy efficiency improvements
need to be faster and deeper than is currently the case requiring
changes to existing policy instrument mixes to support both those en-
ergy efficiency measures that are simple and cost-effective as well as
more complex and costly technologies. In other words, policy mixes
need to be well-targeted and comprehensive. The issue of comprehen-
siveness is addressed in terms of technology-specificity and the level of
complexity and costliness of energy efficiency measures. Based on the
empirical analysis and a segmentation of instrument types and their
role in the overall mix, Rosenow et al. illustrate the need for using a
comprehensive instrument mix rather than single instruments to pro-
mote energy efficiency.

Falcone et al. then contribute to discussions about how to design
effective policy mixes for energy transitions by presenting an empirical
analysis which identifies the most effective policy combinations to steer
a sustainable energy transition. They do so under two alternative crisis
scenarios: one in which the economic crisis is worsening with biofuel
production dropping significantly, and a second in which the economic
crisis is improving. Empirically the authors focus on the Italian biofuel
sector and in terms of methodology, use a fuzzy inference simulation
and two-step investigation. First, they identify the concepts sur-
rounding the biofuel sector by means of a specifically designed ques-
tionnaire and review of the relevant literature. Second, they interview
experts to map the casual effect relationships among the concepts. On
the basis of this map, they then develop two alternative scenarios and
the related most suitable instrument mixes to foster the development of
the Italian biofuel sector. Not surprisingly, their findings show that the
most effective policy mixes vary across the scenarios and goals pursued
by policy makers. Therefore, their contribution supports the need to go
beyond a simple one-size-fits-all approach to ‘optimal’ policy mix de-
sign and argues that policy mixes are sensitive to feedback and rebound
effects that are very context dependent.

4.4. Policy mixes for creative destruction

Much of the existing work on policy action for fostering energy
transitions has focussed on how to promote innovation in low carbon
technologies, the deployment of renewable energy or energy efficient
technologies or the role of economic instruments such as carbon taxes
or trading. This work focuses on innovation and deployment of new
technologies but there has been too little work on simultaneously
pursuing instruments disincentivising existing high carbon technolo-
gies. As set out above, it has been argued in the innovation literature
that in the context of transitions, policy mixes aiming at structural
change within a sector may need to pursue simultaneously the ‘crea-
tion’ of new energy innovations as well as the ‘destruction’ of incum-
bent sociotechnical systems in order to speed up processes of ‘creative
destruction’ [31]. This reflects the initial focus on innovation processes
in the work on energy transitions, with less attention being paid to
potential destabilisation of existing industries or industrial decline.
More recent literature has started to pay more attention to processes of
regime destabilisation [85-87] but has not specifically addressed how
policy can contribute to such destabilisation processes. With many
countries now considering the phase out of carbon-intensive technolo-
gies such as internal combustion engines or coal fired electricity
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generation plants, this topic is also receiving increasing interest from
policy makers. The three contributions to this theme in the issue
therefore add to an emerging strand of work on the question of which
role policies aimed at phasing out undesired high carbon energy tech-
nologies or practices can play as part of wider policy mixes to promote
energy transitions.

Kivimaa et al. connect the literatures of policy evaluation, policy
mixes and sustainability transition. They utilize client-oriented eva-
luation to examine national policies in Finland from the perspective of
the low-carbon buildings transition. They note that in Finland, energy
efficiency has traditionally received less focus in energy and climate
policy strategies compared to renewable energy. However, since 2007,
energy efficiency policies addressing buildings gained force. Sixteen
new policy instruments were implemented during 2007-2014 and
several revisions were made to the building code energy efficiency re-
quirements. They conduct a client-oriented evaluation of the policy mix
from the perspective of a boundary actor—integrated energy service
companies—to analyse its potential for facilitating a zero-carbon tran-
sition. The findings show a divergence of opinions regarding the policy
mix's disruptive influence. Where potentially disruptive policy instru-
ments can be found, their impact is reduced due to incoherence in
policy implementation processes. The usability of client-oriented eva-
luation for policy mix analysis is found to be useful in complementing
top-down evaluations of policy mixes.

The contribution by Rogge and Johnstone then addresses a gap in
analyzing the effect of phase-out policies on the development and dif-
fusion of low-carbon technologies by taking the case of the transition of
the German electricity generation system towards renewable energies —
the so-called Energiewende. Based on a survey of innovation activities
of German manufacturers of renewable power generation technologies
conducted in 2014 the authors explore the impact such destabilization
policies — most prominently Germany’s nuclear phase-out policy — had
on technological change in renewable energy technologies. Drawing on
descriptive statistics and combining insights from earlier regression
analyses the authors find evidence that Germany’s nuclear phase-out
policy had a positive influence on manufacturers’ innovation ex-
penditures for renewable energies and was by far the most influential
policy instrument for the further expansion of renewable energy in
Germany. The insights resulting from this analysis have important im-
plications for the literature on policy mixes and sustainability transi-
tions regarding the ‘flip sides’ of innovation and the crucial importance
of destabilization policies for unleashing ‘destructive creation’.

The final contribution to this theme is by David who critiques the
work of Kivimaa and Kern [31] on creative destruction and introduces
the concept of “exnovation” into policy mix analysis. The starting point
of the argument is an agreement with Kivimaa and Kern that addressing
the flip side of innovation is important for facilitating a move away
from fossil fuel based energy systems. However, David argues that Ki-
vimaa and Kern’s focus on the concept of creative destruction and the
destabilisation of current regimes is insufficient, and instead proposes
to use the concept of exnovation, defined as the ending of technological
trajectories in a deliberate fashion by removing their physical infra-
structure. A successful policy mix for energy transitions is argued to
require attention to processes of innovation as well as exnovation and
their dynamic interplay over time, as also illustrated by Rogge and
Johnstone in the case of the German nuclear phase-out. The author
argues that this is important as otherwise climate friendly innovations
can co-exist alongside unsustainable technologies rather than replacing
dominant regimes. David applies this innovation-exnovation policy mix
concept to an analysis of the German Energiewende where the success
of renewable energy deployment is partly overshadowed by the per-
sistence of lignite fuelled power stations with high carbon emissions.
The analysis aims to assess what a policy mix equally addressing in-
novation and exnovation would look like and what barriers designing
such a mix might face.
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4.5. The role of actors and institutions in shaping energy transition policy
mixes

Finally, the last theme in this special issue focuses on the influence
of institutions and actors in the development of policy mixes for energy
transition. In contrast to the policy design literature which often focuses
on ‘optimal’ policy mixes design considerations and ignores the politics
of such design processes, the focus of this theme is on the actors and
institutions which influence policy mix development processes. It is
therefore closely linked to the literature on the messy, everyday politics
of policy processes [58] and the emerging literature on the politics of
transition processes [14,88]. Rogge and Reichardt [29] already pointed
to the importance of analysing policy processes as part of policy mix
analyses but without specific considerations as to how to incorporate
actors and institutions into the analysis of such processes. The three
contributions on this theme therefore poses the question how a focus on
actors and institutional contexts can enable insight into the processes of
developing policy mixes for energy transitions and their impacts.

Johnstone et al. focus on the United Kingdom’s (UK) ‘new policy
direction’ that has weakened support for renewables and energy effi-
ciency schemes while strengthening promotion of nuclear power and
hydraulic fracturing for natural gas (‘fracking’). The authors argue that
a ‘policy apparatus for incumbency’ is emerging which strengthens key
regime-based technologies while arguably damaging emerging niche
innovations. Basing the discussion around the three technology-based
cases of renewable energy and efficiency, fracking, and nuclear power,
this contribution refers to this process as “destructive recreation”. The
authors raise questions over the extent to which policymaking in the
energy field is not so much driven by stated aims around sustainability
transitions, as by other policy drivers such as electoral and partisan
politics. Their contribution investigates different ‘strategies of incum-
bency’ including ‘securitization’, ‘masking’, ‘reinvention’, and ‘capture.’
Based on this analysis, Johnstone et al. suggest that analytical frame-
works should extend beyond a particular sector, with notions of what
counts as a relevant ‘policy maker’expanded in order to explore a wider
range of nodes and critical junctures as entry points for understanding
how relations of incumbency are forged and reproduced in existing
policy designs.

The contribution by Bahn-Walkowiak and Wilts focuses on the
potential impact of different institutional settings on the consistency
and coherence of resource efficiency policy mixes across 32 European
countries. The analysis draws on Rogge and Reichardt’s (2016) con-
ceptualisation of policy mix characteristics and analyses the scope, foci,
instruments and institutional responsibilities for resource efficiency as a
cross-cutting and multi-facetted policy challenge. They argue that the
nature of this policy challenge is such that tackling it requires a mix of
different strategies and instruments at different governance levels and
coordination across several policy fields. The analysis points to the
difficulties of ensuring horizontal as well as vertical policy coherence in
this policy field given the often very dispersed institutional responsi-
bilities for resource efficiency (e.g. 20 out of 32 countries have 4 or
more involved agencies and 12 out of 32 countries have additional
regional structures). The authors argue that significant differences be-
tween countries and their approaches in the field of resource efficiency
underlines that a stronger emphasis on the institutional set-up is needed
to explain why many policy mixes lack strategic coordination.

In the final contribution of this special issue, Jorgensen et al. dis-
cuss transition dynamics towards a Danish low carbon energy system —
and the role of policy mixes therein — through an actor-centred Arena of
Development approach. This approach focuses on how path de-
pendencies of socio-technical systems may be challenged when con-
troversies and matters-of-concern produce ‘arenas' where established
governance configurations and the policies of a socio-technical system
are challenged. The authors discuss the historic transitions in relation to
four focal areas of Danish attempts to become independent of fossil
energy: wind power integration in the energy system, energy savings,
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biomass, and sustainable means of transport and find that re-organising
actor-constellations is central for such arenas and defines their
boundaries and the policies employed. The analysis demonstrates the
conflicts and mixes of policy actors that have moved transition pro-
cesses forward, but sometimes also stalled them.

5. Conclusions

By showcasing fifteen novel conceptual and empirical contributions
on policy mixes for energy transitions this special issue aims at in-
creasing the visibility of policy mix thinking and analysis in this critical
policy field. Given the diversity of contributions we close by discussing
some overarching reflections on the most important research implica-
tions derived from the emerging academic work on policy mixes for
energy transitions and implications for policy mix studies more gen-
erally.

First, the contributions to the issue show how existing policy mix
research employs different terminologies and concepts drawing on
different disciplinary traditions, including environmental economics,
policy sciences and innovation studies. As such, fruitful dialogue be-
tween the different approaches calls for an explicit positioning of re-
search work in this emerging literature, conceptual clarity and the
provision of unambiguous definitions, for example regarding the defi-
nition and operationalization of the particularly problematic terms of
consistency and coherence [29]. While we see great potential for fur-
ther interdisciplinary policy mix research, we want to stress that it re-
quires an awareness of potential differences in meanings of key terms
and an explicit choice of the most appropriate concepts to use for the
respective tasks at hand.

Second, methodologically the contributions also draw on a variety
of qualitative and quantitative research methods such as expert inter-
views, process tracing, case studies and surveys. However, the majority
of studies in the field so far still tend to rest on qualitative research
methods or are of a conceptual nature. We propose that future research
should expand its use of quantitative methods — ideally in mixed
method designs - for analysing policy mixes, including novel ap-
proaches how to do so. Furthermore, while many studies conduct an
elaborate mapping of an existing policy mix and explaining its devel-
opment, this can leave important questions about the actual real world
impacts of such mixes unaddressed. As these impacts are crucial for
accelerating energy transitions, future policy mix research should pay
greater attention to covering the full range of policy making and im-
plementation processes all the way to uncovering system impacts.

Third, the large majority of empirical policy mix research, including
the sectors and topics covered in this special issue, has focused on
Europe. While some of the insights generated within these studies can
arguably also be of relevance beyond this narrow geographical scope,
this transferability is limited due to different contexts in other regions
of the world. Therefore, future research should expand its geographical
scope. In addition, while many of the contributions here, and else-
where, focus on national policy mixes, several studies pointed to the
relevance of paying greater attention to other governance levels, such
as to policy mixes of regions or interaction between national and
European policy mixes. Therefore, multi-level policy mixes should be a
greater subject of interest for future research in this area.

Finally, we note that the studies presented in this special issue fol-
lowed a broader conceptualization of policy mixes than has often been
the case in past work. This enabled novel insights into the complex
interplay of policy mixes and energy transitions to be uncovered. For
example, several contributions explored the relevance of a number of
policy mix characteristics, such as credibility, coherence or adapt-
ability, in their analysis, thereby enabling insights which go beyond
studies pursuing narrow policy mix conceptualizations linked to elim-
inating or correcting market failures in environmental economics.
Another example concerns initial attempts to better understand policy
mixes for creative destruction and how they may impact energy



K.S. Rogge et al.

transitions which transcends the more processual work done on policy
mixes in the policy sciences. However, the contributions of this special
issue only begin to address these phenomena and showcase several
promising avenues for future research on policy mixes for governing
energy transitions, and for policy mix research more generally. It is thus
our hope that this special issue will stimulate diverse future research
within the emerging fields of policy mix studies and energy transitions,
thereby enabling better informed policy advice.
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