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Abstract

Energy systems across the world are changing, not only in terms of the technologies involved, but
also with respect to economic, social, geographic and political dimensions. This perspective
examines how four key trends: decarbonisation, decentralisation, digitalisation and democratisation,
collectively packaged as the ‘four Ds’ of energy system transformation — are being discussed to
describe energy system change. Rather than existing as concrete facts, | argue that such trends are
important analytical frames and highlight the role of their social construction in articulating and
realising diverse energy futures. 266 unique instances of ‘D’ frames were found, involving actors
from across multiple communities and from multiple geographies. Content analysis illustrates how
articulations of energy trends has been used in actors’ sense-making around the challenges, threats
and opportunities presented by energy system change. | argue that many of these articulations can
be understood in the context of increasing system complexity, and specifically, the need to
rationalise technical, organisational and institutional logics of control. Given the apparent
importance of the sociology of trends in shaping energy futures, the paper concludes by raising
some provocations for research and policy.
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1 Introduction

Energy systems across the world are changing, not only in terms of the technologies involved, but
also with respect to economic, social, geographic and political dimensions (1). For a variety of
industry, policy and non-governmental actors, such changes represent significant shifts away from
established norms. They disrupt traditional utilities whose business models are traditionally based
on large-scale centralised thermal generation (2). They provide market entry points for new actors
offering new value propositions, such as those around ‘smart’ energy products and services (3). In
affecting flows across electricity networks, they present a variety of technical operational challenges
to energy system operators (1). Lastly, these changes present considerable challenges to
government actors responsible for managing energy transitions whilst regulating against negative
impacts to consumers (4).

At the core of these challenges is the realisation that energy transitions are entering a new phase in
which systems are becoming characterised by an increasingly diverse set of interacting actors and
technologies, networked in increasingly dynamic ways, and resulting in the emergence of
unpredictable outcomes (5). In other words, energy systems are in many ways becoming increasingly
complex (6). Such complexity is at the root of new forms of uncertainty for decision makers across
industry and government alike (6,7).

In an attempt to understand (and/or manage) processes of change, energy system actors are
continuously engaged in analysis of energy futures, as well as the forces of change that are likely to
affect these futures. In this regard, four key trends: decarbonisation, decentralisation, digitalisation



and democratisation are frequently mobilised to explain, discuss and challenge processes of change.
Such trends may be understood as analytical frames (8,9) within which collections of knowledge,
assumptions and worldviews about energy system change coalesce, and from which actors’
interpretations and responses can be shaped.

Each of these trends have been examined in depth elsewhere. Briefly however, the decarbonisation
of energy systems represents a major challenge for climate change mitigation of relevance across
multiple scales of governance (10). Traditional reliance on large-scale centralised fossil-fuel based
energy systems means that the concept of decentralisation has become a major focal point,
capturing both trends in and normative goals around the restructuring of both physical and social
infrastructures (11-15). More recently, digitalisation has emerged as a key trend with the potential
to change norms in system operation, optimisation, consumer behaviour, industry and governance
(16-20). Finally, the notion of energy democratisation has been discussed as a trend unfolding in
parallel - and in response to — the aforementioned trends (21-26).

This research is motivated by an observation that these trends are frequently articulated in
combination with each other, specifically by way of the ‘three Ds’ (decarbonisation, decentralisation
and digitalisation) or ‘four Ds’ (to include democratisation) of energy system transformation. |
hypothesise that the notion of the ‘three Ds’, ‘four Ds’ and other ‘D frames’ represent distinct
analytical frames with which actors are making sense of the challenges and opportunities emerging
from energy system change. To test this, | address three specific research questions. First, where and
by whom are articulations about the three Ds and four Ds taking place? Second, what are the
motivations for actors’ articulations around the D frames? And third: what significance does actors’
articulations of these trends in particular hold for sustainable energy transformations?

While the three Ds and four Ds have been used extensively among multiple actor communities,
critical examination of the concepts is lacking. Even within academia, there has been a tendency to
treat such trends as objective ‘truths’ (27,28) existing ‘out there’ as exogenous forces for actors to
either respond to, or be disrupted by. In contrast, | argue here that it not is so much the trends
themselves, but the sociology of trends, that requires attention as a key aspect of energy system
change. Through the exploration of what has become something of a cliché or a buzzword among
energy system actors, this work thus responds to calls for more critical examination of how energy
futures are socially constructed (29-31).

After a brief discussion of the significance of trends in general for different groups of actors, | outline
the sampling and analytical approach adopted. | then illustrate how the concept of the three Ds, four
Ds and variations on the theme have proliferated across both geographical boundaries and actor
communities, and examine the key themes emerging from actors’ articulations of these trends. The
penultimate section discusses the significance of these articulations for specific actor groups, and
the final concluding section brings together some key findings, with implications for research and

policy.

2  Trends within policy, industry and sustainability transitions

This research adopts the premise that decision making within energy systems is influenced by the
ways in which actors understand and frame problems. In a broad sense, the treatment and
management of ‘problems’ is a central theme within both energy policy and organisational strategy
in terms of how policymakers, regulators and industry actors respond to outside pressures. Of
particular relevance here is how actors deal with extraordinary problems that challenge established
problem management procedures.



Three key theoretical perspectives on how actors identify and respond to such extraordinary
problems — from organisational studies, political science and sustainability transitions — are
summarised here. That these perspectives come from a range of disciplinary homes suggests that
the management of exogenous problems hold relevance for scholars and practitioners working in
and on the fields of policy, organisations and sustainability transitions.

2.1  Policy anomalies

First, decision making within policy environments can be understood to take place within policy
paradigms, as frameworks of ideas about policy problems, goals and instruments shared by
policymaking communities (32—-34). While policy problems can frequently be dealt with within a
given policy paradigm, that same policy paradigm can be challenged by the emergence of exogenous
policy anomalies, or “developments that are not fully comprehensible, even as puzzles, within the
terms of the paradigm” (34:280). In such cases, it may be necessary to modify the interpretive
framework with which decisions are made (34,35).

Importantly, whether or not policy problems are deemed anomalous — and are therefore stressing
existing policymaking processes - is open to interpretation. In other words, policy anomalies are
‘informational signals’ that must be interpreted by policymakers or regulators (36). For policy
problems to be addressed, anomalies must be organised into coherent narratives, explaining why
policy problems represent challenges to existing policy paradigms, and prescribing a credible
alternative framework for dealing with them (36,37).

2.2 Trends and megatrends

Second, considerable attention has been given to how private organisations interpret and deal with
exogenous change in the form of ‘trends’ within the strategic management literature. Here, trends
have been conceptualised as ‘weak signals’, or warning signs, of discontinuities in the normal
functioning of organisations (38). ‘Megatrends’ in turn are conceptualised as trends with pervasive,
long-lasting and unpredictable impacts across society (39). The capacity of firms to identify and
respond to trends and megatrends is crucial; they can represent ‘strategic surprises’, which can both
threaten established value streams and create opportunities for new value streams (38,40).

With parallels with policy anomalies, megatrends do not exist ‘out there’ as concrete, objective
warning signs for organisations. Rather, trends require interpretation by human actors (41), and
articulation in the form of narratives to support and reinforce strategic management (42,43).

2.3 landscape perturbations

These ideas align with a third set of parallel concepts from the literature on sustainability transitions.
The Multi-Level Perspective (MLP) in particular suggests that innovation is dependent on —among
other things - perturbations within an exogenous environment, termed the sociotechnical
‘landscape’ (44). The MLP understands sociotechnical transitions as the result of landscape level
perturbations destabilising established sociotechnical regimes, and provide windows of opportunity
for the adoption of niche innovations (44). Put another way, landscape perturbations create
‘problems’ for sociotechnical regimes which can only be solved through the modification of regime
dimensions — technologies, markets, user practices, policies, and so on (45).

Once more though, exogenous shocks and stresses at the landscape level have no inherent meaning
to system actors. Rather, meaning is constructed socially among regime actors, using narratives as
interpretive vehicles of meaning to rationalise decision-making within regimes (46,47). Similarly, for



niche actors, narratives are important vehicles for legitimising innovations by articulating the
content of innovations to the contexts in which they are seeking to find traction within (48,49).

While these three perspectives build on distinct academic foundations and take on distinct analytical
focal points, three key observations with relevance to energy futures can be made. First, whether
conceptualised as policy anomalies, megatrends, or landscape perturbations, it is evident that the
tracking and management of exogenous trends for energy system actors matter. Second, energy
trends do not exist ‘out there’ but are socially constructed, not least by those actors for whom such
trends create problems. And third, it is through this social construction of trends that change (or
indeed inertia) within policymaking, organisations or systems more broadly is rationalised.

The construction of energy trends can be placed in the broader context of ‘energy futures’ —an
extension of the notion of social futures as “anticipatory discourses and techniques” used to
visualise and elaborate the future(s)” (29,50). Through an examination of the rise of the three Ds and
four Ds, this research responds to calls for more critical evaluation around how, by whom and with
what implications energy futures are envisioned and enacted (29,51-56).

3 Methods

Content analysis (CA) is an established tool within the social sciences, allowing researchers to make
valid inferences from text (57) by “objectively and systematically identifying specified characteristics
of messages” (58, p.14). Such methods allow for quantitative and qualitative analysis of text in an
objective and replicable manner (59). Enabling researchers to interrogate large volumes of data with
relative ease (60), content analysis is of particular relevance in the context of the proliferation of
textual, video and audio data available on the internet (61). CA is becoming increasingly well-
established within energy studies, for example to examine articulations of energy services (59), to
review references to physical science in social studies of energy (62), and to assess the nature and
extent of social science in contemporary energy studies research (63).

This study uses CA to examine the nature and extent of adoption of D frames among energy system
actors. This section outlines processes of sampling source data and coding for specific themes.

3.1 Search strategy

An original database of sources mentioning the D frames was constructed manually by the author
between Oct 2019 and June 2020. In order to examine the diffusion of D frames from across the
energy system as a whole (rather than from within academia), an explicit decision was made early in
the process to include non-academic alongside academic sources.

Searches for academic sources were performed on the Scopus database, and non-academic sources
were identified via Google searches. Searches were thus limited to searchable media published in
some form on the internet, and while it is recognised that much strategic management occurs within
organisations (64), the focus here is on the articulation of D frames in external communications.

Primary search terms included “energy AND 3Ds”, “energy AND three Ds”, “energy AND 4Ds” and
“energy AND four Ds”. In addition, “decarbonise AND decentralise AND digitalise” and
“decarbonisation AND decentralisation AND digitalisation” (along with American English spelling
variants of both) searches were included to capture instances where the terms “3D” or “4D” were
not explicitly used, but where the focus was on still on articulating multiple, rather than individual
trends. Searches were undertaken in English, limiting the dataset somewhat to those actors using
English in communications. Searches continued until theoretical saturation was reached.



After removal of duplicates (e.g. duplicate blogs hosted on multiple sites), a corpus of 266 unique
sources using D frames remained. Text from all sources was downloaded for analysis, and
transcriptions of recorded interviews and presentations were downloaded and stored alongside
media already in text form.

3.2  Coding strategy

Following bibliometric reviews undertaken elsewhere (e.g. 65), metadata within the dataset was
collected to draw out patterns of diffusion of D frames. Dates of usage (publication date of
report/website, or date of conference speech) were recorded to track the uptake of D frames over
time. Geography by continent was identified to record the broad regions sources referred to, or else
was recorded as ‘Global’ if there was no obvious reference to a specific jurisdiction or if sources
referred explicitly to global trends. Finally, in order to understand the organisational context within
which frames were used, instances were categorised into one of eight actor types: Incumbents, New
entrants, Consultants, Industry intermediaries, Media, Academia, Policy/regulatory, and NGOs (e.g.
charities, community energy groups and think tanks).

3.3 Thematic analysis

Coding was undertaken in NVivo by a single coder in two stages. In the first stage, emergent coding
(61) was employed in which references to D frames were found within source documents, and the
surrounding text was examined to identify themes relating to the overall context in which the D
frames were being employed. In particular, these themes related to the degree to which trends were
used as sense-making devices, and in particular, whether D frames are understood as exogenous
forces or normatively positive, with subjective interpretation used to code sources throughout. The
sources mentioning these themes were summed to assess the prevalence of these themes across
the whole dataset.

The second stage drew on two broad themes identified in stage 1 to explore the detail in which key
actors articulated a) explanations of, and b) responses to, D frames. These articulations were termed
‘descriptions’ (i.e. what the 3Ds mean) and ‘prescriptions’ (i.e. how to respond to the 3Ds). Analysis
in this stage focused on a subset of three groups of actors - Incumbents, Policy and regulatory actors
and NGOs, selected on the basis that these groups represent distinct organisational cultures and
who were deemed likely to interpret energy system change in distinct ways. This represented a
subset of 102 sources, a list of which can be found in Appendix A. Any sources not engaging with
descriptions and/or prescriptions explicitly were excluded from this part of the analysis. These
sources were coded under the broad theme of complexity, and in particular, system
interconnectedness, emergent outcomes, and ideas of control (or lack thereof). Quotations from
selected sources were identified to provide supplemental context for the results.

4 How have D frames diffused over time?

This section seeks address the first research question, namely: where and by whom are articulations
around the three Ds and four Ds taking place?

4.1 Competing D frames

Up until June 2020, 266 unique instances of the use of D frames were found. Most of these (n=190)
referred to the three Ds (decarbonisation, decentralisation and digitalisation) with a significant
number (n=38) referring to four Ds (three Ds plus democratisation). A third set of sources (n=38)
referred to multiple other combinations of trends, most of which begin with the letter ‘D’. These
with more than one reference include ‘Deregulation’ (n=6), changes to ‘Demand’ (4), ‘Diversification’



(4), ‘Disruption’ (3), ‘Demonstration’ (3), Electrification (2), Demography (2) and Dynamic regulation
(2).

The emergence evolution of variants of D frames over time may in part be explained in terms of the
memetic qualities of the frames (66). That the majority of variants start with a ‘D’ suggests that the
mnemonic quality of the frames is part of the appeal, and that it is the broad notion of ‘the 3Ds’ that
is of value, rather than the detail of the concepts therein, particularly as it makes the term easy to
remember (or misremember) and readily communicated.

However, like memes more generally, D frames are evidently prone to mutation, and are tailored to
suit specific interpretations of local challenges. ‘Demonstration’ for example is used in the context of
community energy to highlight the importance of energy activism (67), while ‘Demographic change’
is used to discuss population growth and urbanisation in Africa (68). Also of note is the fluidity of
meaning ascribed to specific terms. Particular ambiguity is evident in the variety of meanings given
to decentralisation and democratisation, a point echoed in the literature on these terms (12,21,22).

4.2  The diffusion of D frames among actors

An increasing number and diversity of actors used D frames to articulate energy trends up until
2020, with usage of the terms slowing thereafter (Figure 1a). The earliest recorded instances of D
frames being used explicitly is in 2009 and 2014, both to characterise community energy projects by
their ability to decarbonise and Decentralise energy supplies, Democratise governance, and
Demonstrate the effectiveness of renewable energy and novel ownership models, rather than to
describe broader energy trends as such (67,69). Thereafter, D frames were adopted by specific
industry organisations (most notably Engie) and NGOs in 2015 before being adopted by a diversity of
actor types. The data suggests a drop-off in the use of D frames in the first half of 2020, although
since data was only collected up to mid-2020 it is unclear whether uses continued to plateau beyond
then.
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Figure 1. a) Growth in the use of D frames over time and b) adoption by different actor types
Note. The area of bubbles in 1b is proportional to the number of sources in a given month.

Of note is the diversity of energy system actors for whom three D and four D frames apparently hold
resonance. All actor types have actively contributed to the development of D frame discourses
although incumbent firms make up the majority of contributions (27%). Several large actors (Engie,
Siemens, and National Grid) stand out as repeated users of three D frames (n=14, 8, and 7 instances
respectively), deploying them across multiple channels (e.g. reports, websites, trade conferences)
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and across multiple jurisdictions. That incumbent industry actors appear to be making efforts to
forge ideas about energy system change is perhaps unsurprising given the potential existential
threat to existing business models, and — when compared to other actor types, the organisational
resources available. Consultants, industry bodies and media organisations together represent
another large set of contributions (35%). Again, this is not surprising given that the business models
of these actors generally centre on reflecting prevailing trends and represent industry interests.

4.3 D frames across geographies

Geographically, use of the framings has been concentrated in Europe (in part a reflection of searches
being undertaken in English), although instances have been found in Asia, Africa and North and
South America (Figure 3). This suggests that these trends are either more profound in OECD
countries, and/or that analysts from the global south are less engaged with these specific framings
of energy system change. Another explanation is that 3D/4D frames have simply found most traction
in English speaking countries because of the alliterative quality of decarbonisation, decentralisation
and digitalisation and democratisation, strengthening its effectiveness as a meme.

40

35

30 W Europe

North America
Asia

N
w

Australia
M Africa
W South America

Unique instances
[ ]
o

-
wu

W International

=
o

. A

2014 2015 2016 2017 2018 2019 2020

That D frames have been adopted by actors operating within multiple energy systems suggests that
trends relating to decarbonisation, decentralisation, digitalisation and democratisation resonates
among a global ecosystem of actors operating across a multiplicity of jurisdictions. It is noted that
many energy utilities, consultancies and media firms are multinational corporations, meaning that
ideas, human resources and organisational strategy are not confined to specific energy systems. For
example, Engie, Schneider, Siemens and Tata are all recorded as using D frames in relation to
multiple jurisdictions. Even when actors do not operate across multiple jurisdictions, the internet
and the use of English as a lingua franca has meant that ideas relating to energy system change have
been able to transfer readily across different geographies. As is the case with physical energy
resources and infrastructure (70), this suggests that energy discourses too are spatially complex,
with ideas and narratives flowing readily across system boundaries.

In summary, the articulation and communication of energy system trends appears to be an active
process taking place among a diversity of actor communities. In short, energy trends evidently
matter. The examination of the invention, diffusion and normalisation of energy trends presented
here supports the characterisation of trends as socio-cultural innovations in themselves (71).
Through an exploration of how trends are interpreted within actor communities, the next section
seeks to critically examine the social construction of trends.



5 What do actors talk about when they talk about D frames?

This section seeks to address the second research question: what are the motivations for actors’
articulations around the three Ds and four Ds?

5.1 Sense-making

A key set of themes emerging from the dataset relate to sense-making, described by Rutledge as “a
“communication process through which groups make sense of events and circumstances that affect
them” (72). Specifically, actors are using D frames to describe how energy systems are changing,
explaining variously what this means for themselves and/or the energy system as a whole.

An overview of the ways in which different actor types described D frames is summarised in Table 1.
For the majority of those surveyed, D frames appear to exist primarily as exogenous forces. These
actors tended to discuss three D / four D trends as happening ‘out there’, beyond their direct
influence, but shaping the contexts within which they operate.

Table 1. Broad understandings of D frames by different actor types

D frames as:
Exogenous Beneficial qumative
trends ideals
Incumbents (n=65) 54 9 0
New entrants (n=14) 9 4 1
© Consultants (n=35) 26 5 4
2| Industry Representatives (n=20) 14 3 3
& | Media (n=15) 12 1 2
< | Academia (n=27) 19 5 4
Policy (n=23) 17 4 2
NGO (n=19) 9 5 4

At the other end of the spectrum is a much smaller proportion of actors articulating D frames
primarily as normative ideals around what energy systems ought to look like. As a proportion of the
total number of sources for each actor type, normative frames were most common among NGOs
and new entrants, perhaps reflecting a desire to shape (rather than be shaped by) energy systems.
A third set of actors appear to understand trends as exogenous, while also emphasising that the
trends, or at least some aspects of them, are normatively desirable. These actors thus articulated D
frames as ‘beneficial trends’ which while driven primarily by external forces, can also be supported
by the actors in question.

The individual trends of decarbonisation, decentralisation and democratisation all have normative
dimensions, so it is not surprising that normative interpretations are also embedded across these
broader D frames. It is also important to note how these concepts frequently bleed into one
another. For some actors, the distribution of energy assets across a greater diversity of prosumers is
encapsulated within the concept of ‘decentralisation’, whereas other actors articulate similar
processes in terms of ‘democratisation’. In short, while many actors are engaged in sense making,
the motivations for doing so appears to vary between actor types.

5.2 Descriptions of complexity

A second set of themes emerging from the data relate to increasing system complexity. As already
mentioned, energy system complexity arises from the incorporation of an increasingly diverse set of



interacting actors and technologies, whose dynamic interconnections give rise to emergent and
unpredictable outcomes (5). Descriptions of a) system interconnectedness and b) emergent
outcomes both featured strongly in actors’ articulations of D frames.

Actors from all sectors emphasised how the incorporation of increasing number and diversity of
electricity demand, generation and storage technologies into energy systems is changing the nature
of supply and demand. Together with ‘prosumers’ as new human ‘components’, these technological
components are also increasingly coupled, potentially resulting in increasingly dynamic energy flows.

Articulations of the drivers of complexity thus commonly appear in conjunction with discussions of
the emergent outcomes arising from increasing interconnectedness. In particular, actors highlight
operational challenges associated with balancing increasingly complex energy systems, as well as the
organisational challenges — and opportunities — new energy systems present. Such explicit
articulations appear to be important in helping actors to rationalise and frame organisational
responses.

Finally, actors rarely discussed decarbonisation, decentralisation, digitalisation and democratisation
as isolated trends, but rather as interconnected in dynamic, non-linear ways. For example,
digitalisation is regarded by actors employing D frames as a key enabler of energy system
decentralisation through the adoption of smart home technologies and services; meanwhile
however, decentralisation will require ongoing digitalisation of energy systems, for example to help
balance supply and demand.

As such, D frames frequently capture the interconnectedness not only of energy system
components, but of the trends themselves. Such dynamics act to enhance the strength of broader D
frame narratives, in that the credibility of each of the trends relies on that of other trends (73). In-
depth analysis of decarbonisation as a trend, for example, requires consideration of decentralisation
and digitalisation. In sum, the dynamic feedback mechanisms arising within — but also between — the
trends of decarbonisation, decentralisation, digitalisation and democratisation give rise to
perceptions of increasing system complexity.

5.3  Prescriptions for complexity

As well as being used to describe ongoing trends, actors also use D frames to prescribe responses to
the challenges of increased complexity. Broadly, these responses fall into two distinct logics of
control: technological and institutional responses.

All groups of actors, but incumbents in particular - suggested that the technological and operational
challenges emerging from increased system complexity are to varying extents, control challenges
that can be solved by technological innovation. Digitalisation in particular, i.e. the introduction of
digital hardware and software — represents a specific set of control innovations that are deemed
necessary to address the challenges brought about by decarbonisation/decentralisation, particularly
to help integrate and optimise increasing amounts of intermittent generation. As well as proposing
technologies, actors highlight the importance of ‘whole system’ solutions for decarbonisation, such
as the integrating of heat and transport technologies within electricity networks.

For a small number of actors, gas (both fossil-based and ‘green’ gas) technologies are presented as
necessary responses to decarbonisation and decentralisation challenges. ETN, a Brussels-based gas
turbine membership organisation state that “Despite the renewable boom, it is foreseen (e.g. by the
International Energy Agency (IEA)) that conventional gas-fired power generation, currently the
largest gas-consuming sector worldwide, will continue to play a strategic role” (74). Statements such



as this highlight both how malleable D frames can be, and illustrates the potential for actors to take
advantage of that flexibility in an effort to legitimise unsustainable energy pathways (29).

In terms of institutional responses, the need for new business models emerged as a common theme
across multiple actor types, although with divergent sentiments behind these articulations. For a
very small number of incumbents, this takes the form of reflexive examination of the ability to keep
up with shifting value streams in order to control one’s own future. Gérard Mestrallet, CEO of Engie
marked the creation of Engie from GDF Suez in 2015 with the statement that “The energy transition
is more than ever a reality for which we have both great ambitions and a great responsibility. To
meet the new challenges of this reality and to accelerate our development, we have decided to give
the Group a new name: ENGIE” (75).

Despite the inevitable disruption to incumbent firms (67) however, it is striking that — in contrast to
the quote above - most incumbents are ostensibly unperturbed about disruption to their own
business models, at least within the dataset. This may be a function of the analytical frame, i.e. it
may well be that organisations are inwardly much more reflexive than these outward-facing
articulations suggest. However, analysis from elsewhere suggests that incumbent firms have been
limited in their responses to disruption caused by decarbonisation and digitalisation (27).

For NGO and policy/regulatory actors, institutional responses focused on the democratising
potential of new business models to empower energy citizens, and on the need for regulation to
control for the protection of consumers against emergent (negative) outcomes of system change
(76).

6 Discussion

What significance does actors’ articulations of these trends hold for sustainable energy
transformations? To address this third research question, this section explores the relevance of
complexity for energy system actors, and offers reflections on the implications of sense-making for
the creation of energy futures.

6.1 Learning to dance with complexity?

Faced with systemic uncertainty, the key challenge for all actors may be to acknowledge the limits of
control in increasingly complex energy systems, and to learn to embrace or (as the complexity
theorist Donella Meadows would suggest) to ‘dance’ with complexity (77). In brief, dancing with
complexity represents a different sort of ‘doing’, which accepts unpredictability as a natural function
of complex systems, and acting accordingly in the context of unpredictability. What does this mean
for energy system actors and institutional cultures across industry, policymaking and regulation?

Energy firms —and incumbent firms in particular — are evidently engaged in making sense of
complexity. The process of sense making in general is thought to be important in orienting action
(78), although the data explored here suggests that there are multiple possible responses being
prescribed to complexity. First, as is the case with megatrends more generally, D frames might be
understood as ‘empty signifiers’ (79) within which key themes can be emphasised to suit specific
actors’ storylines. This can be seen in gas turbine manufacturers’ storylines situating dispatchable
gas as solutions to the unpredictability that comes with increasing amounts of intermittent
generation.

On the other hand, other incumbent firms appear to be confronting the challenges presented by
complexity in more profound ways. For example, Engie’s articulations about the changing state of
energy systems appears to underpin organisational reflexivity around innovation cultures in the firm.
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In the words of Engie’s Marc Florette in 2015: “We are a large company but the world is complex
and we cannot pretend to have all the good ideas.” (80). Such statements mark shifts —among some
firms at least - towards more agile forms of ‘open innovation’ whereby risk and reward is dispersed
across a network of collaborators with a view to opening up strategic horizons to new value streams
(81).

Similarly, for policymakers and regulators, whose actions govern the feedback mechanisms that
characterise complex systems, acknowledging and adapting to increased system complexity is
critical. The need for policymakers to be more adaptive has been explored elsewhere, not least in
the literature on decision making under deep uncertainty (82,83). In this sense, the system
complexity arising from combined energy system trends can be understood as a policy anomaly in its
own right, which requires reflexivity around the cultures and frameworks of regulation, and a
renewed focus on agility and proactivity in policymaking.

While dancing with complexity however, policymakers and regulators are also charged with
managing the speed and direction of energy system change and associated social, economic and
environmental outcomes. Herein lies a central challenge for policy and regulatory actors — how to
establish coherent policy mixes or electricity markets that provide stability and certainty, but which
also provides an enabling environment for accelerated change and the inevitable instability
acceleration brings (84—86).

6.2 Sense-making and energy futures

This analysis of D frames suggests that sense-making in the context of increasing system complexity
has become an important undertaking for energy system actors of all kinds. This sense making can
be understood in relation to the articulation of energy futures, or more precisely, articulations of
actor’s positions in energy futures. More specifically, D frame articulations represent elaborations by
organisations about what aspects of energy system change are ‘problematic’, and in what ways
organisations should respond.

As with both policy problems and sense making within organisations (78,87), the very process of
articulating energy system trends can be expected to shape if and how organisations choose to deal
with trends. In broad terms, organisations can articulate problems as exogenous issues to be dealt
with, or else exogenous issues that are compounded by problems within the organisations
themselves.

It is perhaps inevitable that the lion’s share of sense-making by way of articulation of D frames is
taking place by incumbent actors. These actors not only have the most financial, political and
organisational resources available to deploy, but have the most to lose from sectoral disruption (88).
As such, efforts to steer trends, as well as the broader social construction of trends towards futures
that favour their own interests can be expected (89). As Stoddard et al (29) assert, “the making of
energy futures remains an elite activity that is driven by corporate and government leadership and
oriented around changes to policy, economic markets, and energy technologies”.

In this sense, it is important to remain critical of the ways in which energy trends such as those
encapsulated in D frames are discussed. Understanding trends as purely objective economic patterns
not only backgrounds the importance of the social construction of patterns, but ignores the agency
of actors in shaping energy futures and therefore energy pathways.
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6.3  Significance and limitations

In focusing on the articulation of trends within organisations, this research is considered to be
generalizable across other contexts and time periods. The framework and methods employed here
could readily be adapted to examine other broad trends within and beyond the theme of energy
system transformations. While not used here, the proliferation of digital media of different kinds
lends itself to automated textual analysis of extremely large corpuses (90), which no doubt present
distinct methodological challenges alongside the potential for the development of valuable insights.

Several limitations of this research can be highlighted. In terms of the sampling strategy, efforts
were made to incorporate a broad cross section of sources mentioning D frames. Consequently, the
sample varied considerably in terms of whether D frames constituted a central element of sources,
or whether they were mentioned in passing as pieces of context. Focusing only on sources that
discussed the relevance of D frames in explicit terms may have affected the analysis. However, the
intention here was to capture a broad range of sources to identify general patterns in uptake and
articulations, rather, for example, examine articulations by organisations on an individual basis. It is
acknowledged that focusing on English language sources will have skewed the sample towards the
global north, and although it is expected that some of this effect might have been balanced by the
prevalence of English as a lingua franca. Since coding was undertaken by a single coder, it is
conceivable that a second coder could have allowed a different set of themes to emerge, or offered
a different interpretation of these themes, although this risk is offset somewhat by the subjective
consistency offered by a single coder.

7  Conclusions and implications for research and policy

This paper set out to understand the patterns, motivations and significance of actors’ articulations of
the combined trends of decarbonisation, decentralisation, digitalisation and democratisation and
associated analytical frames. It presents results of content analysis (CA) of a wide range of sources
mentioning these frames, spanning both academic and grey literatures.

This research has highlighted how D frames have propagated across both geographies and the
energy system actor communities therein, demonstrating the broad relevance of ideas and
narratives about energy system trends across jurisdictions. One factor driving this propagation is the
inherent ambiguity of the concept of the ‘three Ds’ (as well as the individual trends therein), as it
gives actors space to actively lend their own interpretations about these trends in response to local
issues, threats and opportunities while ostensibly adopting the terms already in use by energy
system actors.

In terms of the motivations for articulating D frames, | suggest that actors have only recently
become actively engaged in sense-making about the multitude of changes taking place in energy
systems, and the implications for their own roles and responsibilities. Themes of existential and
systemic threats and opportunities are relatively common within actor’s articulations. However, this
analysis suggests that very few organisations appear to be actively (or at least outwardly) engaged in
reflexivity.

It is the intention that this perspective provokes further discussion on the use and analysis of trends
such as those encapsulated in the four Ds. | stop short of suggesting that uptake of the four Ds is
indicative of a universal paradigm shift. The four Ds evidently mean many things to many actors. One
perspective is that the four Ds is something of a cliché or a buzzword, whose appeal may simply be a
function of its pleasing alliterative structure and its memorability as a mnemonic.
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However, | suggest here that the ways in which actors are employing the concept of the three/four
Ds deserves further attention, and offer three specific provocations in the hope of stimulating
discussion within research and policymaking communities.

First, which direction of causality is more important here? It is often taken for granted that
organisations respond to trends happening ‘out there’ (91) but it is also entirely plausible that
actors’ articulation of trends affects the shape and intensity of such trends (73). It is logical, for
example, to imagine that energy digitalisation will be determined by, among other things,
organisational interpretations of what digitalisation should look like, rather than what digitalisation
might achieve under ‘ideal’ conditions (19). This raises questions about the degree to which
individual actors, events and articulations might influence trend discourses more broadly.

Second, a central theme of this paper is that the sociology of trends matter, at least as much as the
trends themselves. However, the degree to which the understanding of trends within organisations
shape strategic decisions is unclear. For example, how do cultures of ‘trend management’ within
organisations interact with power and political interests within and among organisations? Such
guestions raise the potential for research opportunities that bring together insights from
organisational studies with those from sustainability transitions to understand more about the ways
in which trends are understood, propagated and managed within organisations and communities
thereof.

Finally, how can a greater diversity of actors more actively challenge prevailing trends or even act to
catalyse the social construction of new trends? If we accept that 1) trends are socially constructed,
and 2) that trends ‘matter’ in shaping the contexts within which actors respond, then the degree to
which energy system trends — decarbonisation, decentralisation, digitalisation and democratisation —
align with normative goals around sustainable energy futures, needs to be examined. At the very
least, it seems important to ensure that civil society becomes active in understanding and
articulating such trends, and their implications for sustainable energy futures. Similarly, there is a
strong case for governments, rather than just private firms, to display thought leadership around
what kind of energy future we, collectively, wish to articulate and realise.
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