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Abstract

This paper describes initial analysis of branching pointa sat of transition pathways to a
UK low carbon electricity future by 2050. As described in ofpepers in this special issue,
we are exploring and analysing a set of core transitidhwags, based on alternative
governance patterns in which the ‘logics’ of market actors, government actors and civil
society actors respectively dominate. This core pathwayss#s enhanced by analyses of
branching points within and across the pathways, which informas dompetition between
different logics plays out at key decision points. Bramg points are defined as key decision
points at which choices made by actors, in response toaht@r external stresses or triggers,
determine whether and in what ways the pathway is followedet of initial branching
points for our three core transition pathways is idemwtifierough project and stakeholder
workshops, and drawing on analysis of actors’ choices and responses at past branching points
in energy system transitions. The potential respon$dabe actors are identified at these
branching points, and risk mitigation strategies are ftated for the dominant actors to
reinforce that pathway, as well as opportunities for actors i@ mway from the pathway.
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1. Introduction

This paper describes initial analysis of branching pointa set of transition pathways to a
UK low carbon electricity future by 2050 (Foxon et al., 20A@xon, 2012, this volume).A
laid down in the Climate Act 2008, the UK aims to reduce greentgasemissions by 80
per cent on 1990 levels, thrgh phased ‘carbon budgets’. Moving to more efficient delivery
of electricity generated from low-carbon sources seeked to play a key role in achieving
these goals. This set of transition pathwags been developed by applying a multi-level
perspective for analysing transitions in socio-technicalesys (Geels, 2002, 2005a, 2011;
Grin et al., 2010), augmented by related work on a coevoluyidremework for analysing
low-carbon transitions (Foxon, 201This approach emphasises that pathways arise through
and can be shaped lhytors’ decisions, drawing on insights into how the contingeoty
actors decisions and coevolutionary processes can be usefully incorgbiiate scenario
thinking (Hughes et al., 2012, this volume). These decisimnerabled and constrained by a
range of structural factors, and are made under congliibiigh uncertainty. This reflects
the evidence from historical studies that technologigatesns change is path dependent,
such that the state of the system at any time igtsento events and decisions made along
the way, and is not predictable on the basis of optimabtyditions (David, 1985, 1997;
Arthur, 1989, 1994). The paper thus aims to inform how decisionagaky actors
influences whether a particular pathway is followedadsranch to another pathway may
occur, in the context of analysis of future transitiothpays.

Uncertainty and path dependence present a challenge to thepiesat and analysis of
plausible scenarios or pathways towards particular futumeljding a transition to a low
carbon electricity system. One approach, commonly appliéechno-economic modelling,
is to develop and analyse scenarios meeting some opyiraahdition,as ‘ideal types’ for
comparisonWhilst this approach is valuable, there is a danger timaigiht lead to scenarios
that underplay the path dependence and actor contingeneghmiological systems change,
and hence give a misleading picture of how such changet migtur and how the
consequences of different decisions might play out. Hemge work takes an alternative
approach of first developing and analysing transition pathmayatives based on more
‘realistic’ decision-making processes, and then undertaking a process of quaifiof the
narratives. Consequently, unlike scenarios developed dosthoptimising techno-economic
models, our transition pathways do not assume that actorspaiithise any utility function.

We have developed and anadgka set of three core transition pathways to 2050. Ouirgfart
point is that the governance framings or ‘logics’ of key actors will be a crucial influence on
any pathway towards a future low-carbon energy systemhate distinguished the logics of
three core sets of actors: those of the market, goveitnamel civil society. Accordingly, in
our three core transition pathways, named Market Rules, Ce@wadrdination and
Thousand Flowerseach pathway is dominated by a single group’s logic. In these core
pathways, we assume that the dominant logic is reirdositelecision points, giving rise to a
path dependent evolution of the technological and institUtife@dures of the pathway, as
described in Foxon (2012, this volume). The branching pointysamaeeks to examine in
more detail the processes that give rise to the domingit &ther being reinforced or
challenged at these decision points. Pathways reflectutvtemes of multitudes of decisions
made by interacting actors along the way. At key decisiantgcactors make choices that
depend on the magnitude and timing of pressures and the opendespability of regime
actors to respond to them. These key points represgor challenges, either to a pathway’s



dominant logic or to the ways in which that logic is pursudtus we define a branching

point as a key decision point on a pathway at which dcthsices, made in response to
internal or external pressures, determine whetherramcthat ways the pathway is followed

However, it is important to note that pathways and branchiirgsgpare emergent properties,
and so actors may not be consciously deciding to pursueieugar branch or pathway, but

rather to address particular challenges as they see dahdhat point in time. The path

dependence literature argues that particular choiceseapoint may result in later choices
being constrained, giving rise to an identifiable brancpabhway.

We are interesteth using these ideas to investigate the robustness of ourtremsation
pathways. If the actors that are following the domirlagic in a pathway have the capacity
to respond to pressures at a branching point, then that paivilely to be reinfored as in
our core transition pathways. However, internal or estieevents may result in the dominant
logic in a pathway being challenged, leading to branching to enp#th or failure to realise
a transition along that pathway. In this paper, we ideatify analyse such branching points.

In order both to test and refine the approach and to expieréecisions made by regime
actors at two periods in which significantly different gidominated, we first apply
branching point analysis to past experiences of the UK gaseedrawing on historical case
studies described in detail in Arapostathis et al. (2012, thisme). In these cases, we
identified branching points at which challenges arose to thes wayvhich the dominant

market or government logic was pursued, without necess&aljenging that logic.

The paper is structured as follows. Section 2 discugsasore detail theoretical and
conceptual issues relating to branching points, drawing ortetttenological lock-in and
historical institutionalism literatures. Section 3 looksha lessons that can be learned from
analysis of past branching points in historical transitidliugh two case studies from the
UK gas industrySection 4 describes the process and methodology use@¢td aalet of key
branching points on our core pathways. Section 5 anallgeegotential responses of actors
and risk mitigation strategies at these selected bnaggboints, drawing on insights from
stakeholder workshopsSection 6 discusses how the analysis of branching poimght m
inform thinking and decision making processes for actonn fpolicy, business and civil
society. Section 7 concludes and sets out the next fstefhe analysis.

2. Theoretical issues— path dependence, lock-in and path creation

A range of evidence from socio-technjdaiktorical, institutional and evolutionary economic
analysis can help us to understand transitions in techinalagnd related systems, and the
implications of actors’ decisions within transitions. This evidence highlights that long-term
technological change is “uncertain, dynamic, systemic and cumulatig@rubler, 1998, p. 21,
Rosenberg, 1982, 1994; T. Hughes, 1983; Mokyr, 1990; Freeman and RO0da,Geels,
2005a). These authors argue that uncertainty is fundantetise of the many inter-related
individual and institutional decisions that affect tedbga@al change. The poor record of
forecasting of even the broad characteristics of futmergy systems provides strong
evidence for this (Smil, 2005). Technological change is dynawiit involves replacement
over time of capital stock as stock ages and econoexigand, and the injection of new
technological possibilities arising from inventions and irat@mn. The systemic nature of
technological evolution extends not only to the irdations between technologies, but also
to the institutions, business strategies and social peactvith which technologies coevolve
(Nelson, 2005; Beinhocker, 2005; Arthur, 2009; Foxon, 2011). Finalthnblogical change



is cumulative, as it builds on previous experience andvletye, both of what works
technically and of what is socially acceptable and desirable

A key aspect of long-term technological systems chamdleat it is path dependent, i.e. the
present and future evolution of a technological systepe#s sensitively on the particular
historical sequence of events that led to its curreate.stin his investigation of path
dependence, economic historian Paul Daatigued that “A path-dependent sequence of
economic changes is one in which important influences upoevdetual outcome can be
exerted by temporally remote events, including happenings deeditgt chance elements,
rather than systemic forces. ... In such circumstances, ‘historical accidents’ can neither be
ignored, nor neatly quarantined for the purposes of eciznanalysis; the dynamic process
itself takes on an essentially historical chardtt@avid, 1997). This implies that a
particular state of the system may be ‘locked in’ as a result of particular historical accidents,
creating barriers to moving to an alternative staten ¢élreugh the conditions that led to that
lock-in are no longer relevantle illustrated this with the famous example of the QWERT
keyboard layout design (David, 1985). This originated in thegdesf early mechanical
typewriter keyboards, ostensibly to slow-down typists tovegme adjacent keys from
jamming. Because of certain historical factors, such ast mypists being trained on this
layout, the switching costs to another design increasech theeigh alternative layouts have
been proposed and claimed to be more ergonomically etfidciee QWERTY design is still
ubiquitous on nearly all modern computers and electronic infawmeevices. Arthur (1989
1994 identified four types of increasing returns to adoption t@at lead to this type of
technological ‘lock-in’: scale, learning, adaptation and network effects. These increasing
returns can then result in technical and social advastageruing to the incumbent
technology, so delaying or preventing the adoption of anpiatly superior alternative
technology.

The insights from historical approaches to understandingtienmg technological change are
reinforced by those from evolutionary and institutionalresunics. From this perspective,
North (1990) argued that the four types of increasing retudesitified in relation to the
adoption of technologies, also apply to the adoptioingiftutions, understood as social rule
systems. Pierson (2000) argued that increasing returns wouldrtimilpay prevalent in
political institutions, such as market or regulatory franwo These frameworks are
typically difficult to implement initially as they reqei co-ordination between many actors,
but if this collective action problem can be overcorien actors tend to adapt their
behaviour and expectations to the new rules, and soracapuiinterest in these rules being
maintained. Hence, legally binding rule-systems are subjdeataing, adaptation and co-
ordination effects, and so become difficult to changee amplemented. In particular, actors
that have power under the current rule-system will dryge this power to ensure that the
rules that enhance their interests are maintainedotitial analysis of political institutions
has also identified ‘critical junctures’ - crucial founding moments relating to the formation of
institutions that send countries along broadly differerttipal development paths (Collier
and Collier, 1991; Scokpol, 1992; Ikenberry, 1994). In a perceptiview of this literature,
Thelen (1999) argues that this type of historical institaticenalysis could be used to
examine in a coherent way both the formation of instiigiand the processes that sustain
and reproduce these institutions.

These insights suggest that analysis of processes e¥alotion of technologies and
institutions can inform how techno-institutional systemsnfand the conditions under which
they may become locked-in (Foxon, 2007, 2011). Unruh (2000, 2002hlmd Carrillo-



Hermosilla, 2006) argued that such a process of co-evolutitetlofologies and institutions
has led to the locka of current high carbon energy systems, termed ‘carbon lock-in’, through
mutually reinforcing positive feedbacks to the adoption ghhtarbon technologies and
supporting regulatory institutions and user practices. Casgonbry thinking thus highlights
the difficulty in moving away from a pathway that has wjglead support, particularly
amongst powerful actors. It also shows that rapid gdas possible if increasing returns to
the adoption of an alternative approach can be instigated, leading to the creation of ‘virtuous
cycles’ of change (Stenzel and Frenzel, 2008; Suurs and Hekkert, 2009; Foxon, 2011).

Whilst historical lock-in can be eventually overcome, tisidikely, but not necessary, to
require strategic action by markets actors and/or goveismigdeed, while acknowledging
the relevance of path dependence, Garud and Karnoe (2001) suggestedgroblematic in
relation to entrepreneurship. This is because its proponents “relegate human agency to
choosing to go with a flow of events that actors havke [gowerto influence in real time.”
They argued instead for path-creafiom process of “mindful deviation” in which
entrepreneurs, although constrained, may choose to deparstructures they jointly create,
“in a collective effort where paths are continually and progressively modified as new
technological fields emerge” (Garud and Karnoe 2001, p. 3). Historical studies also suggest
that lock-in can be avoided through the formation ofligerse range of alternative
technological options, whilst ensuring that promising optioenebt from sufficient
increasing returns and learning effects to enable them tiergpa the dominant technologies
(Foray, 1997; van den Bergh et al., 2006, 2007; Gross, 2008).

Nevertheless, although a range of studies suggest positegefoo entrepreneurs and other
actors in overcoming lock-in, the development of low carpathways requires investment
in risky R&D, demonstration projects and early stage cormialezation of new technologies
This is against a backdrop of uncertain revenues, includiagptite of carbon and the
probability that many initially promising options will failot achieve full scale
commercialisation. Hence, support for option creationtasting raises dilemmas for market
actors and policy-makers. The former may lack suffidaoéntives to engage in socially
desirable levels of risky investment and experimentatiaciassic public good problem. The
latter worry about overcompensating market actors frompuibdic purse and choosing which
technologies, activities and policy instruments to supporthe face of uncertain electoral
backing.

Our approach to transition pathways is set within a subatardadition of historical work on
energy and emergent socio-technical transitions,qodattiy within the so-called Multi Level
Perspective (MLP) (e.g. Geels, 2002, 2005a,b, 2006; Geels and 266@t,Verbong and
Geels, 2007; Shackley and Green 2005). We argue that using treptohbranching points
as a tool to understand emergent transitions can enristingxapproaches, balancing micro
and meso-historical approaches. MLP studies of histoticaisitions identify critical
moments in the transition pathway when the regime expmste pressures from landscape
developments or emerging niche innovations. During thiisatisns, regime actors decide to
respond, implementing changes in the regime. Despiteéethporal and spatial dimension
that MLP gives to those critical situations, the aagh provides limited explicit focus on the
decision making processes, the variety of choices;gdhsiderations of the various actors or
the relations of power that developed during the points wheices had to be made.
However, Geels and Schot (2008) have argued that the agencipisf @an be incorporated
more explicitly within the multi-level perspective, nelation to actions leading to path
creation. Drawing on these and other leading histodaaal sociological analyses of long-



term technological change (e.g. Bijker, 1997; Cowan, 1999; Hudl#83), v argue that
branching point analysis could offer a systematic wayookihg at critical momentsn
transitions.

Thomas Hughes identifies five stages in the evolutiorafel scale technological system:
invention, research and development; technological trgnsystem growth; technological
momentum; and, finally, planned regional systems. Hednted the concept of ‘reverse
salient’ to denote critical junctions in system evolution, particularly at the stage of growth
when components of the system are lagging and the symidder has to transform the
situations into critical problems technological, institutional, political or socialand search
for solutions. During these conditigna process involving decision making and problem
solving strategies is important (Hughes, 1983.76esp. 14). Although Hughes’ analysis
gives due emphasis to the social processes of deciskingné does not explicitly address
the issue of governance, or exactly how the identiioabf ‘reverse salients’ can act as
windows of opportunity for the system builders. Sociolabapproaches that endorse system
aralysis while also stressing the importance of uses and usaocio-technical transitions
have focused on ‘consumption junctions’. These are places and moments “at which the
consumer makes choices between competing techndlogied for which the researcher
should “try to ascertain how the network may have looked whenedefrom the inside out,
which elements stood out as being more important, maezrdieative of choices, than the
others, and which paths seemed wise to pursue and which tooaan@econtemplate”
(Cowan, 1999:263). This approach is valuable in that it emphasises’ choices and their
contribution to the domestication of specific technologitswever,it focuses exclusively at
the consumer-end of the regime and does not encompass faom all domains and aspects
of the regime.

In this paper, we seek to apply these ideas to the analy&iture transition pathways. This
builds on the use of similar ideas in the scenariostitee (Hughes et al, 2012, this volume).
For exanple, Kahn and Wiener (1967) refer to the “events and branching points [in
scenarios] dependent upon critical choices”, and de Jouvenel (1967) analyses “points of
fulcrum” at which actors’ choices can influence future outcomes. Bearing in mind the
potential constraints of path dependence and the opporsufttipath creation in relation to
our low carbon transition pathways, we analyse in detsihall number of branching points
along these pathways, examining the potential responsdiskefy actors within the system at
these points. As noted, we define a branching point as ddagion point on a pathway at
which choices made by actors, in response to internalxiarnal pressures, determine
whether and in what ways the pathway is followed. This aisatiges not set out to predict
branching points, but rather to explore plausible branchingigowith the aim of informing
how actors might develop strategies to prepare for potdutiale events, contingencies and
opportunities and plan appropriate responses consistenttigir long-term goalsThe
analysis is informed by insights provided by current actorisarenergy system, and from the
analysis of how energy system actors responded to histdmiaathing points in earlier
energy system transitions.

3. Application to Transition Pathways

As noted, in order to investigate how actions by actors cowddrise to a transition to a UK
low carbon electricity system by 2050, through the use obevolutionary, multi-level
framework, the project has developed and analysed threeraosstion pathways (Foxon,
2012, this volume). We are particular interested in th@g@nce challenges that actors face



where‘governance’ here refers to the structures and processes that influence decisions made

by different actors within the systemand in how th& choices give rise to changes to the
system (Smith, 2009 he project team developed an ‘action space’ approach for analysing

the governance interactions between three key groupgaracgovernment actors, market
actors and civil society actork this approach, as outlined earlier, different typescbdra
follow different underlying ‘logics’ that frame their view of the world and of other actors, and
seek to ‘enrol’ others into their logic, thus giving rise to competition between logics (Figure
1).

Market
logic’

/@\

Government Civil Society
logic’ logic’

Figure 1.Patterns of governance: the action space for competing ‘logics’ in a transition
(Source: Foxon, 2012, this volume).

In order to investigate a small number of core pathways aildete defined three transition

pathways to a UK low carbon electricity system, in wiocdle of each of the three competing
logics dominates. Thus, we have a market-led pathway, nitaddt Rules, a government-
led pathway, Central Co-ordination, and a civil socletypathway, Thousand Flowers.
However, in reality, there are messy and dynamic processet®raction between competing
logics as path dependent processes of change play out through actors’ choices and structural

changes. In order to investigate this competition betvegins, in Section 5 of this paper,
we focus particularly on those branching points at which this compeliaas to a challenge

to the dominant logic in a pathway.

As there has been relatively little analysis of branchpogts in this way, and valuable
insights might be drawn from a longer run perspective, we applied and testl our
approach through studying past energy transitions and branpbimgs in them. Initial
historical studies have included research on the histottyeofise of gas to provide lighting,
cooking and heating services (see Arapostathis et al. 2012yailoie, for more detail)
Here, ve chose to analyse two UK transitions under contrastingm@ance modes/logicsha
essentially market-led transition in the spread of gasw@er range of users and services in
the late 19/early 20" century; anda government-led transition from manufactured gas to
natural gas in the second half of thé"2@ntury. In each transition, we identified branching
points at which the regime actors had to make choicehathdhe power to take decisions



which significantly shaped the pathways taken. In thesescéise branching points resulted
in the reinforcement of the dominant logic, rather titaroverthrow, and so contributed to
specific transition pathways. Thus these historical exasnphed light on the factors that
enabled the reinforcement of the dominant logic atotia@ching points. In future work,av
propose to investigate how different choices by actorsitnhigve led to different outcomes in
these cases, by comparing the historical experienceecofhwith that of other countries
who faced similar challenges at these times. We will @igdore branching points in the past
development of the UK electricity regem

3.1.  Branching pointson the pathway of the manufactured gasregime 1877-1914

As described by Arapostathis et al. (2012, this volume), thelalewent of domestic use of
manufactured gas to inclu@egreater range of energy services by a wider range asBrit
customers represents a broadly market-led transitionaBynd 1880, gas manufactured
from coal was used by two million commercial and middle sclasstomers, primarily for
lighting. Gas was produced by private companies and munitipdertakings Financially
the municipal and private organisations behaved in broamias ways, both being profit-
driven, albeit with different uses for those profits:dividends for the private companies, and
to pay for municipal improvements or reductions in couratiés for municipal undertakings
(Millward, 1991, 2000). As both sets operated within the market,l@agige using it for their
own purposes, they are here jointly referred to as ‘companies’.

During the decades after 1880, the companies and other actors théhmanufactured gas
regime faced a range of pressures, including competition evelopments in electric bulb
lighting (Fouquet and Pearson, 2006), low load factors due to lgtindademand and
negative customer perceptions of gas. Such pressures, lasswa general search for
increased profits, led to branching points, in responsehioch various decisions were taken
by the dominant actors, the companies, which, in this casdgprced the pathway towards
the use of manufactured gas by wider parts of the popultioa greater range of energy
services. The Branching Points and the decisions in respgonthem are summarised in
Table 1

Choices made at branching Key actors and their location | Outcome for the transition pathway
points in the governance system

Branching point 1: Perceived need to promote and increase the range of energy services supplied by
gas

To organise trade exhibitions to Private and municipal gas The beginning of increased emphasis

promote gas appliances (ca late undertakings (central) and on advertising and promotion of

1870s) appliance manufacturers appliances — shift towards supplying
(increasingly important) more varied services

To organise the 1882-3 gas Private and municipal gas Increased emphasis on advertising

exhibition undertakings (central) amongst undertakings — shift

towards supplying more varied
services

To introduce hiring of appliances | Private and municipal gas Continued the shift towards
(taken up widely in 1880s) undertakings (central) supplying more varied services

Branching point 2: Perceived need to broaden the customer base




To introduce prepayment meters | Private and municipal gas Shifted the regime to increasingly

(from 1889) undertakings (central) and include the working classes and
appliance manufacturers continued the shift towards
(increasingly important) supplying more varied services as

cookers were hired out with
prepayment meters

Branching point 3: Perceived need to compete on price and quality

To introduce incandescent gas Private and municipal gas Strengthened the competitive
mantles (from 1898) undertakings (central) position of gas light, so regime
continued supplying this energy
service

Jointly mounting a legal fight Private and municipal gas Strengthened the competitive
against the holder of the British undertakings (central) position of gas light, so regime
Welsbach mantle patent (1901) continued supplying this energy

service

Table 1. Choices made at branching points in the manuéacgas regime, 1877-1914

As a result of these choices and actions by the muniaighprivate gas companies, by 1914,
the manufactured gas regime had undergone a transitiggmotading a wider range of
services, including not only lighting but also cooking. Gasarusrs had more than tripled in
numbers, to 7 million, and now included a growing number of imgr&lass households. The
transition was led by actors operating in the market ldgecompanies, whose decisions are
listed in Table 1. The government had a limited role enttiansition setting the regulatory
context but neither promoting nor discouraging the ttimsi Similarly, civil society actors
do not appear to have actively argued againstdhganies’ decisions but instead supported
them by e.g., renting appliances, using slot meters orngastles. Some groups also
encouraged the use of gas cookers amongst working class dloigseha way of improving
health (Clendinning, 2004).

The companies usually took their decisions individually (egch decided individually to
introduce prepayment meters or gas mantles), but sonsetivag decided to cooperate (e.qg.
regarding the 1882-3 exhibition). The companies took differentsidesi for different
reasons but overall they operated within the market ,logiich led to particular, profit-
motivated, decisions being taken and thus gave a spediiaatbr to the transition pathywa
It was shaped by the companies’ desire to increase sales of gas through their choices, e.g. by
promoting gas cooking and increasing customer numbers, antb attain their share of the
lighting market through the use of the more-efficient gastiemnThe decisions led to path-
dependency, in the sense that future decisions were lifnjtetdde companies’ choices to
develop their markets in particular ways. The industryndidlook back from the promotion
of non-lighting uses of gas through appliance hire, mamfthe introduction of prepayment
meters, once these decisions had taken hold in the regioneexample, the companies
continued for decades to develop their market through asimgrtand other promotional
tactics, such as the use of lady demonstrators and prepayraters.

Although charges for prepayment meters and appliance hirenali always cover the
companies’ costs of provision, requiring cross-subsidy from gas sales, the companies
continued on this path, partly as there was high demamnad domsumers and partly because
they seem to have seen no other way of doing things (Gp&@€8B:ch 9). This illustrates
how decisions at branching points may lead to path-dependgttories that with hindsight



appear sub-optimal, as discussedection 2. The companies also took particular decisions
about capital costs, which may be not unusual in marketrgetsitions. New machinery
offering lower production costs, was only introduced as oldt pl@ne out (Matthews, 1983,
1987). Companieslid not strand their assets even though this might have lddgter
profits.

How do these historic branching points link with the prospedtiansition pathwaysFrom
this case, we can see that in a market-led transitiom muitltiple players and imperfect
information, heterogeneity in decision making might bgeeted— for example, some
companies did not think it was worth selling gas to workingsctasstomers and were (at
least initially) against introducing prepayment meters, whitsters wished to increase
working class custom and decided to experiment with prepayn@oad@ll, 1999). In a
market-led transition there is the potential, in thaealbe of high barriers to entry, for
diffusion of power amongst a wide range of actors, i3 tase the many hundreds of
companies of different sizes and financial power, as welbther actors. The changes
resulting from the decisions of many actors operating withe market logic may differ,
both in form and content, from change that happens whemrfactors in a different
governance logic make choices. For example, having gerah actors with potentially
different approaches enables the creation of moremmpand more diverse choices, although
such diffusion may also mean that increasing returmsldp less rapidly.

3.2.  Branching pointson the pathway of manufactured to natural gas regime 1948-
1977

Arapostathis et al. (2012, this volume) also show how #resifion from manufactured gas to
the use of natural gas for energy services in the seafofthe 20" Century wasa more
government-led transition. A small number of players andominant government logic
drove through a major transition in technology, insttogi and infrastructures. In this case,
the prevalent ‘logic’ prioritised state planning, fuel policy, capacity building, energy ggcur
and consumer safety, as well as security of investmé&hesregime was able to achieve, in a
relatively short time, a transition that reaadra high level of co-ordination. This led to the
emergence of a four fuel economy in the UK, with largles for petroleum, coal, natural
gas, and primary electricity from hydro and nuclear pogee(s and Turnheim, 2010).

In 1948, the UK gas industry was nationalised, because périteived strategic importance
and socio-cultural and political changes after World Wathat favoued greater state
intervention. In the post-1948 period, the gas industry expmée exogenous and
endogenous challenges: the high cost of manufacture of gas doal and market
competition from other energy sources, particulargcticity (Curwen, 1986: 25-26, 28;
Millward, 1997; Williams, 1981: 89-119). While economies of scale wersued through
the centralisation and concentration of production, s deemed inadequate to ensure the
continued dominant role of gas for energy services. Regatw's, which were by then state-
owned companies and agencies, responded by introducing nitineltaries at the end-use
and the production side, helping to determine the charattidris transition. Several niche
technologies were tried in order to improve the econoraind the competitiveness of
manufactured gas, leading to Branching Point 1 identifiecalvier2.

In the political and institutional setting established frdime nationalisation of the gas
industry, the relation between the Gas Council and the Boaads was characterized as an
‘experiment in cooperation by consent’ (Gas Council, 1951: 6). While the Area Boards had
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sufficient independence to manage and develop the gas ketarad set regional fuel policy,
the Gas Council acquired the jurisdiction, authority andblggato make major decisions for
the system as a whole. Thus they were able to plaejafeand coordinate R&D initiatives
and activities for the production of gas from altenetsources, to assess the relevant
technologies and to establish the setting for the ecmnguulitical and technological trend
away from coal as the core feedstock in the manufedtgas regime.

Table 2 Choices made at branching points in the transition franufactured to natural gas

regime, 1948-1977

Choices made at branching points

Key actors and their location
in the governance system

Outcome for the transition pathway

Branching Point 1: Perceived need to expand the market and diversify so

higher coal costs and competition from electricity, coal and oil

urces of gas in response to pressures from

Promotion of central and space
heating (1960s)

Gas Council, Area Boards,
Appliance manufacturers (e.g.
Shell). Decision mostly at the
level of Gas Council & the local
Boards

Reinforcement of the incumbent regime,
creation of new markets; increase of
inherent pressures on the production
side particularly for the Metropolitan
Boards

Introduction of the Lurgi process
(1960s)

Gas Council and Area Boards,
National Coal Board, Ministry
of Power. Decisions made both
by Gas Council & the local
Boards. Ministry of Power
followed their policy
suggestions

Niche technology for local problems.
Internal adaptation, renewal &
reconfiguration

Introduction of oil gasification
processes (1960-1970)

Gas Council, Area Boards &
Ministry of Power. Decisions
made both by Gas Council &
the local Boards. Ministry of
Power followed their policy
suggestions

Re-alignment of the regime/dominant
technology in the late 1960s

Early experimental LNG
transportation (1957-1960)

Ministry of Power, Gas Council,
London Boards (North Thames
Board, South Eastern Board, ),
Constock International
Methane Ltd. Centralised
decision making process

Experimental phase important for the
enrolment of key actors to the use of
LNG in a wider scale

LNG pipeline (1961)

Gas Council, Area Boards,
Ministry of Power. Centralised
decision making process

Niche technology for local problem &
critical infrastructure. Reconfiguration of
the pathway through hybridisation

North Sea Exploration and search for
natural gas (mid 1960s and 1970s)

Combination initiatives by the
state & private oil/gas
companies; Gas Council key
actor through involvement
both in the production & the
exclusive supply of gas
nationwide.

Landscape pressure on the incumbent
regime. Technological substitution

Branching Point 2: Perceived opportunity to respond to the discovery of North Sea gas
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Establishment of monopsony by the
Gas Council in the UK natural gas
regime (mid 1960s)

Government & Gas Council

Reinforced the centralisation of the
regime & the state-led transition

The decision of the conversion as a
single operation with no intermediate
phase or period (1966)

Government, Gas Council & to
a lesser degree the Area
Boards. Centrally taken
decision

Conversion to natural gas (1967-1977).
Facilitated & provided a fast pace to the
‘technological substitution’

Pilot Schemes for local conversion
(1967-1977)

Gas Council and Area Boards.
Decisions were made both
centralised and at local level.
Local Boards played important
role in successful
implementation of the pilot
schemes.

Facilitated the ‘technological
substitution’: developing expertise(s) &
enrolling new actors. There were
pressures in the new regime and reaction
by actors of the incumbent regime —
almost exclusively by the public. The
schemes were established among other
things as demonstrations to persuade
the general public to support the new
regime.

‘Guaranteed Warmth’ campaign
(1969)

Gas Council & Area Boards.
National promotion campaign

Important for the enrolment to the new
regime

Commissioning of the Morton Report

(1970)

Government & Gas Council

Important for the enrolment of new
actors (the general public)

Gas Act 1972

Parliament, Government, Gas
Council

Reinforced the centralisation of the
regime & the state-led transition

The Lurgi process for manufacturing gas from lower gradé was introduced by local Area
Boards. The process did not progress beyond a niche teglndowever, because its
scaling up wasisessed as economically infeasible and the Gas Council andational
Coal Board chose not to recommend further developmenpitBethe stake that the coal
industry could have had as fuel supplier for the Lurgi pro¢Pssner, 1973:66), the
assessment informed the transition pathway by delineatengddle and the scope at which
the process could contribute gas production (Gas Council, 1964: 19-20; Williams, 1981:
121-125) The oil based processes provedreneconomic and quickly replaced coal based
processes and related infrastructures in the 1960s, providireg proved to be an
intermediate solution to maintaining the gas supply indwstd/opening up opportunities for
further changes

In the same period, importdidjuefied natural gas (LNG) became a hybrid niche technology.
It was introduced to solve local problems in London, busstiading up and the establishment
of a natural gas pipeline, which linked eight Area Gas Boaitiisthe terminals for imported
LNG, was promoted by the Gas Council as a planned transiti@med to provide high
guality gas for the next fifteen years to regional systetmus enabling the Area Boards to
reduce the cost of gas supply (Gas Council, 1962:9). While theiatewvas madén order

to reinforce the incumbent gas supply regime and addressitinglative pressures it faced,
the natural gas pipeline constructed for imported LNG fatdd the integration of North Sea
natural gas ito the British energy mix, following the discoverylafge gas reserves there in
the 1960s.
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The new LNG grid was the critical infrastructure that, nglowith the expectations
surrounding the exploration for natural gas in the N&eh, provided the conditions for the
existing gas regime’s response to the window of opportunity that the natural gas discovery
offered, leading to Branching Point 2 in TableThis enabled a decision by the state-owned
gas industry actors to formulate a 10-year plan for tmversion of gas supply and all
domestic appliances from manufactured gas to natural gas.d&btision to convert all
appliances to natural gas rather than reforming it temeg manufactured gas was
determined by several factors: the aspirationsafoational fuel policy based heavily on
natural gas; the initial positive indicators about theemixof the North Sea gassources; the
existence of the nascent LNG grid; and tbgime’s economic gains through avoiding the
operating cost of the reforming plants and investmeante upgrading of the existing gas
manufacturing plants (Tiratsoo, 1972: 211-212; Posner, 1973: 6941@®)chiange involved
the stranding of existing infrastructure assets, thetemaant of strategies for the enrolment of
more actors to the new regime, and the requirement foestiractors to allow members of
an army of newly-trained technicians to enter their hotoesonvert their appliances to run
on natural gadn this case, the government-led nature of the transéi@bled a high level of
co-ordination between different actors and the imposition anesonwilling actors, such as
householders, in order to achieve a transition that ¢poternment and industry - natural gas
companies, appliance manufacturers, gas engineering institatggeed would be beneficial
for society as a whole. However, at key points, the patfithe government-led system had
also allowed experimentation in niches as to the mostaidsialternative source of gas,
which then helped to enable the chosen transition pathwayatural gas. In our view,
moreover, the willingness of the gas regime to undertakeew, more intrusive form of
engagement with its domestic customers, offers insigtdshe challenges likely to be faced
by the introduction of smart meters and controls.

While future branching points will of course not be like thipsthe historic cases described
here, there will be some similarities. For example, ithle of different actors will be
complex. While logic-leading actors dominate, other agtsuch as the local authority town
gas corporations in the early case, are enrolled ihto dominat logic and behave
accordingly, operating as profit-motivated entities arkdntpdecisions accordingly. At the
same time, some actors do not behave according to theatriogic’. The historical cases
show that real transitions are far from being linear andl stieictured as those in idealised
pathways of future scenarios. They are characterized ertamties, ambivalences,
competing ‘logics’ and heterogeneity as well as acts for the establishment of one specific
‘logic’ and the achievement of homogeneity. It is crucial to integrate historical transitions in
the analysis because they not only highlight the coxitgland the messiness of the past but
they make clear that relations and acts of power definedndnt ‘logics’ and social orders.
Power was enforced by substantial institutional changen (e isecond case) or through new
strategies of social marketing that attributed the meaniongspecific technologies and
constructed their trustworthiness. Relations and netwaofk®wer are existent yet different
under different governance regimes. The branching poalysie stresses the importance of
developing policy scenarios that take into account exigbailp dependencies, ¥ the
analysis maintains the dynamism to integrate the vaoifytures and the heterogeneity of
behaviours developed by different actors. In this way poli@nagos can acquire more
depth, reflecting the reality that the appraisal and vadidadf technological solutions are
social processes and that governance patterns aregpednsy relations of power.
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4. Theidentification of branching points on the core pathways

The historical cases summarised above provide examplesanéhing points at which the
continuation of the dominant market-led or governmentdget helped to enable a specific
transition. Also while the civil society logic was largedbsent from these examples, the
agency and role of civil society and consumer groups wepertiemt considerations for the
decision takers who wished to enrol them. In these twes;ahe dominance of a particular
logic was mainly determined by wider landscape-level soglies@l and political factors that
influenced the perceived roles and agency of marketsymgmests and civil society, so the
logic of the pathway was not fundamentally challenged asethbranching points.
Nevertheless, they demonstrate how actors responded tengesl or opportunities that
arose which had significant implications for the traosithen underway.

As described in section 2, for our three core transipathways, we aimed to identify
particular branching points at which the dominant logicaichepathway might be challenged
at various levels. We identified an initial set ofching points for our transition pathways
through several workshop sessions with project team menalmer external stakeholders, as
well as through feedback from other stakeholders to piesmms at other project meetings
and conferences. In particular, branching points were pedpasd discussed at a workshop
with project team members and employees of the erfgrngye.On at Loughborough in May
2010 and at a workshop for the project Research AssociadeBhD students in Bath in July
2010. The Loughborough workshop identified branching points fothilee pathways, and
examined criteria for assessing how actors within the paghwaight respond at these
branching points. The Bath workshop identified branching péantthe three pathways, and
discussed potential measures for managing the risksiasgbwith them. A draft approach
and initial set of branching points were discussed in d gmogect group meeting at the RSA
in London in January 2011. The insights from the histodeak studies summarised above
have helpdto flesh out the branching points, and a further workshophetasin September
2011 at Imperial College, to identify analogues for use inateysis of past branching
points in electricity regime pathways and to explore ygels of branching points. From
these workshops and discussions, a small set of branching fmirmore detailed analysis
were developed. Finally, two workshops with industry, academplicy and NGO
stakeholders were held in November 2011 to reflect on the pmbgmwaaching points and
actors’ responses and mitigation strategies.

As noted, we define a branching point as a key decision poinpathaay at which choices
made by actors, in response to internal or externasyres, determine whether and in what
ways the pathway is followed. In some circumstances;hb&es made at such a point could
give rise to a coevolutionary sequence of increasing nettitat would result in systemic
changes, such that the original pathway would no longer llmevé. As each pathway is
characterised by the logic that defines the dominant form of governance in that period’s
action space, this would imply a breakdown in the dominait ktghe branching point. It is
worth emphasising that at a key branching paimtathway’s logic can be challenged at
different levelsjncluding its choice of technologies and/or policies witiich to pursue that
logic. While responses to these challenges can sigriffcaeshape a pathway and its
technology and policy mix, only some challenges will priwalamental for its logic.

In order to simplify the analysis, we assume that théceBanade by the actors could lead to

one of the following responses:
a) Logic of the pathway is reinforced, and pathway continugheisame trajectory;
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b) Logic of the pathway is challenged, and pathway branchasnew trajectory with a
mixed logic, more similar to another of our core pathways;
c) Logic of the pathway is severely challenged, and tranditits

Firstly, we explore branching points specific to eacthyay. Reflection on the pathway
narratives in stakeholder workshops has highlighted potentiglhfisant branching points
within each pathway. For each branching point, we identéyctioices made by actors that
could lead to responses of type (a), (b) or (c), anchemastrategies for mitigating the risks
and exploiting the opportunities associated with these braggtwints. This informs our
understanding of the plausibility and internal consisterfcthe pathways, as well as their
sensitivity and resilience to internal challenges. 8dlyp we identify and examine a limited
set of key branching points across all three pathways. difadysis examines how each
pathway might be perturbed by an external stimulus, whigfhtminclude, for example,
political factors leading to a lower than expected cago@e, or economic factors affecting
the gas price. The focus in this case, will be how extdatwtors (non actor contingeht
factors (Hughes et al., 2012, this volume)) could affecipttaways in different ways. This
will examine the robustness of pathways, and compare anttast responses across
pathways. The proposeésatanching points and actors’ choices and response strategies were
tested at the workshops with project team members ardnekistakeholdersn November
2011. This aims not only to identify not only defensive strasefgiemitigating risks, but also
strategies for taking advantage of windows of opportunity entikating virtuous cycles of
positive feedbacks, associated with ‘path creation’.

5. Analysisof branching points

As described above, through workshops with internal and extstakeholders, we have
selected and begun to analyse several initial branching pmintair low carbon transition
pathways, which we discuss in this section. These obvioeghgsent a subset of the possible
branching points on these pathways, but are ones thgirthect team and the external
stakeholders regarded as particularly interesting and releradK energy policy debates.

5.1. Branching points specific to each pathway

(1) Branching point for the Market Rules pathway: Carbon capture and storag8)(@&C
assessed in 2020 to be commercially unviable, triggered by falumsts to fall,
technology to perform or public to accept, without strong adbg central government
to overcome these.

The logic of the Market Rules pathway is that market mash@s are the main driver of
investment in new technologies, and branching points wikeetio the perceived failure of
these mechanisms to deliver outcomes that benefit madters and keep the pathway on
track to play its part in meeting theK’s 80% UK greenhouse gas reduction target.
Branching points can be stimulated by other actors chatigrige legitimacy of the market-
based logic, if it is seen as not delivering for climatangfe or other reasons. If decision
makers decide that a technology which had been expectdalyta crucial role in delivering

a low carbon transition, such S is not viable, then this could give rise to an existéntia
challenge to the dominant market logic, if this is held&oincapable of delivering the low
carbon technologies needdiVhile a CCS branching point might also occur in the other
pathways, we suggest that the more significant role of @Q#arket Rules makes this case
specific to this pathway. This does not rule out examinisgwéhere the somewhat different
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CCSrelated branching point that might occur in the Central Cootidimgoathway, for
example.)

So, this branching point envisages CCS being assessed in 202Qdenergy firms to be
commercially unviable. This would create severe challeagespotential conflicts between
different actors, as the large energy firms considestldr they are willing to invest further
in the development of this technology and, if so, whathérrtypes of support mechanisms
from government, such as equity stakes in companies pursuingetiiaology, and/or
changes to regulatory frameworks, e.g. some form ofs&oms Performance Standard
(DECC, 2011), would be required.

Some potential responses at this branching point are then:

a) Market actors decide to continue investing in CCS developnreotrder to achieve
future costs reductions, driven by expectations of largerexparkets for successful
CCS technology;

b) Market mechanisms judged to be incapable of delivering largle-dow carbon
technologies, so branch to Central Co-ordination pathwa

c) Widespread scepticism of achieving carbon reduction targetscancerns about
erergy security lead to renewed investment in unabated cogjeeatired generation.

Participants at the November workshops argued that, in s@yg, this branching point is
already occurring, with the announcement in October 2011thb&inal CCS demonstration
plant to be supported under the UK government’s CCS competition, at Longannet in
Scotland, was not going ahead, due to concerns over the remrisvestment. Other
proposed CCS for codired generation demonstration projects, such as E.ON’s plant at
Kingsnorth, had already been shelved because of invesamdnplanning concerns. It was
felt that the private sector will not provide the invesiinneeded (about £1 billion for CCS)
without major government incentives to make it finangia#asonable. The absence of a
properly functioning worldwide carbon market meant that fir@ver advantage and IP
issueswere not really seen as significant incentives. Consequeihtlyas suggested that the
risk-reward ratio for UK investment in CGfas not good.

How might market actors prepare for and so mitigate #ks associated with this branching
point? They could undertake a number of strategiese¥ample: (i) they might invest earlier
in a larger number of demonstration plants, in orderctieae cost reductions, improved
performance and greater public acceptanicetiiey might reduce unrealistic expectations of
CCS technologies by having a slower pace of demonstratigrgmnone, which key actors
judge to be more realisticor (iii) they might undertake greater and earlier public
engagement, which might help to improve public awareness & @&Chnologies and
acceptability of the negative impacts. This could highlight; éxample, how local
communities could benefit from the introduction of C@shinologies either financially or
through the creation of jobs. Alternatively, market axtoright be stimulated to consider
technological and market-related alternatives to sobatanvestment in CCS, and to engage
with the adoption of proactive exit strategies from tkishnology. More broadly, they could
evaluate any windows of opportunity opened by the lowered commprospects for CCS
and seek to exploit them.

(2) Branching point for the Central Co-ordination pathway: the Strategic Energy é&gen
fails, due to ineffectiveness afutk of stakeholder ‘buy in’.
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The logic of the Central Co-ordination pathway is that strongrably central government is
needed to persuade other actors to take actions to keeplih@pain track to meet the 80%
target. In this pathway, this is facilitated by the creatdra powerful Strategic Energy
Agency that issues and manages contracts for tranchesritralised generation. Branching
points could arise from the perceived failure of governnaa/or its market partners to
deliver, or if the wider social and economic costg@fernment action are perceived to be
too high. In this case, a branching point is associated setlfiailure of the Strategic Energy
Agency (SEA) to keep the energy system on track taeae the Government’s carbon
reduction targets for the fourth carbon budget period 2023-2023.cohid arise through a
combination of events, only some of which would be under the SEA’s control, e.g. voter
discontent with the failure and passed through costs t€plar low carbon technologies, or
industry discontent with a perceived meddlesome, highegixne. The negotiation of long-
term contracts with electricity generating firms coulégant a key information asymmetry
challenge for the SEA, as the industry actors ardylicehave more information about likely
future generation costs and technology performance, abe able to negotiate contracts that
are more favourable to the firms than to the SEA, meddtgt customers or the taxpayer.

Some potential responses at this branching point are:

a) Government proceeds to a new form of nationalisation of éegtricity industry
assets, driven by public concerns over meeting carbon madutargets and
maintaining energy security;

b) ‘Bureaucratic interference and incompetence’ blamed for failure — move back toward
market mechanism, but delays in investment decisions iamel lost in moving
towards carbon targets;

c) Lack of co-ordination and failure to deliver appropriate loarbon capacity and
demand reduction gives rise to power shortages, which leadsttvo-tier’ price-
driven electricity system, in which richer customers fetter service and poorer
customers face intermittent black-outs.

Participants at the November workshops argued that it ikelynthat the UK would move
towards thee-nationalisation of key electricity infrastructuresats, as in response (a). They
thought it more likely to move towards a more regulatedtridéy industry, which also
would have important repercussions. The government wouldambritr specific tranches of
low-carbon generation and the state would introduce roorgrol over the industry but
would not move towards ownership. In general, it was argued, @ro@tnpanies prefer
markets, as through market processes, they can estallismtérests and can secure higher
risk but higher return investments. Througlsthew regulatory regime, a new investment
regime might be established, based on long-term costvétit a low but guaranteed return
on investment. This would be less attractive to priesitergy companies, but might attract
investment from insurance and pension companies. This woply & change in the make-
up of the ownership of the assets in the electricity ingustut could potentially tap into
significant sources of finance needed for new low-carboerggion.

This could be a significant branching point, as it is hardde how to branch back to a
commercial market for generation, if branching reinfertte central co-ordination pathway,
unless a sufficiently high carbon price were later ingpom order to stimulate low carbon
investment by market actors. Several energy industry geatits felt that there was a danger
that this type of regulated market for generation wouldebs innovative, as arguably was
the case in the regulated market for distribution netwfmll®wving privatisation in the UK.

17



Government actors could undertake a number of strategiesdan to prepare for and so
mitigate the risks associated with this branching pd&iot. example, filack of delivery on
the SEA’s aims could lead government actors to consult with the magkeieration and
supply actors to see whether and how the issues aroundiweseto invest might be
resolved; (ii) public discontent clu lead them to undertake much earlier public
engagement, well before large measures are planned eypdcadhnld strive to ensure that
policies are clear, well presented and transparent;iiprgfivernment actors could take
strategic actions to try to avert this branching point bynotang the benefits of this pathway
to the public, e.g. through promotirige creation of local “Green Jobs” for the future. Other
risk mitigation strategies suggested by stakeholders include:

- Strategies to increase the capacity and securityeo$ybtem, in order to guarantee

the resilience of the system to avoid blackouts.

- Policies for securing the affordability of electricignd for even distribution of

energy consumption; policies for overcoming fuel povelty,economic transfers

from outside the energy industry.

- Political stability regarding incentives for investmentow carbon generation.

- Stable and transparent energy market prices.

(3) Branching point for the Thousand Flowers pathwa¥oo much to carry’, in terms of
the range of actions that need to happen to keep the patmvagick, e.g. the growth
and performance of Energy Service Companies (ESCOs}atisfactory development
of distributed generation (DG), increased prices, improvihg Energy savip
performance of the building stock, and the challengeshinaseholds might experience
in engaging with and managing multiple technologies, inmatand incentives.

The logic of the Thousand Flowers pathway is that civil sp@etors become convinced of
the need to act on climate change and decide that newmdral government nor market
actors are likely to deliver sufficient action to keep pla¢hway on track to meet the 80%
target. As this would represent a significant change froment pathways, branching points
could arise from failure of this pathway to take hold, as aglthe perceived failure of this
pathway to deliver sufficient action. The branching paientified here is that this pathway
faces ‘too much to carry’, i.e. there are too many mutudy dependent things that need to
happen for this pathway to be realised, and so actors betisithesioned with this pathway
when some of them fail to occur.

Some potential responses at this branching point are:

a) Community groups take active ownership of local electriciggworks to work
together to overcome problemsmuch higher level of social engagement in energy
provision.

b) (i) National government steps in to manage problems, and muoags towards
centralised generationbranch to Central Co-ordination.

(i) Large energy companies step into manage problemsa&edbiver community-led
energy schemesbranch to Market Rules.

c) No-one in control of system, and patchwork of differexttal problems, resulting in
targets being missed.

Several participants at the November workshops argued hoatséind Flowers represents a
radically different pathway to that of current market-td government-led pathways. It
necessitates changes in the production and usage paltigrdsilenges the ‘big is beautiful’
approach in the production side and changes the role of DB§Ogiving emphasiso local
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grids, the architecture of the regime in this pathway iy dferent both technologically,
institutionally, economically and socially. Technologicallge physical infrastructure would
change drastically, as it would resemble more clo$edydevelopment of virtual networks on
the internet rather than the current technologicalastfucture,in which the ‘super grid’
provides the core of the problem solving strategies. Dueetalitferent architecture of the
physical infrastructure that the Thousand Flowers pathwaydaeecessitate, it is likely to be
difficult to branch to this pathway because existinghtedogical infrastructures have
momentum This would require deliberate acts of path creation in orderdate virtuous
cycles of social and technological change needed toogm this pathway, as discussed in
Foxon (this volume). However, once on this pathway, digmificant changes occurring
would mean that it would then be difficult to branch b&zlkanother pathway, because the
whole architecture of the regime would have changed. Thissralzallenges of the extent to
which this pathway would then be ‘locked in’, creating barriers to realising responses (b(i))
or (b(ii)) at this branching point. The different physicafrastructure would require
distribution of production as well as different governanoedels and institutional
arrangements, not only lotalbut nationally. The Thousand Flowers pathway requires new
interface institutions and would challenge the roles of @fgend National Grid. It was
suggested that energy services might become like platformthe internet rather than
commodity delivery services. The concepts of ownerahgb control infrastructure networks
would change. Local control and local ownership might beconore important than
centralised ordered regimes. Transnational networks gmilanore difficult in a Thousand
Flowers pathway. New finance schemes with hybrid finance (mariettocal government
investments) would be necessary. The Thousand Flowers paihweye compatible with
de-industrialised future and more focused on consumer basedyeservices (domestic,
transport, heating etc.) than the other pathways. Thismag would involve a significant
degree of community leadership. The vision and aspiratianh ltital communities would
bring to climate change mitigation solutions would influendiévities and social practices,
while local authorities would identify climate change mitigatiargets. The local authorities
could start to acquire new and crucial roles in the sodiateal transition by coordinating
the variety of actors that a Thousand Flowers pathway wowddve.

In relation to the potential responses to the branchingt @d which the range of actions
needed for the Thousand Flowers pathway might become too muchriy industry
participants tended to agree that these potential respaesesll plausible to some degree,
though they all required major regulatory and behaviouratgd® as well as new ways of
providing technical and financial assistance to the cliety actors involved. However,
they tended to favour response (b(ii)), in which largeggneompanies would change their
business model to work within a Thousand Flowers frameworke Hercompanies would
move towards investing in distributed generation, through gimyitechnical help in
partnerships with local groups or individuals. Alternativemall or medium sized
companies might pop up doing this. However, the pathway in gema@aloption (b(ii)) in
particular, would require changes to governance and requdatio create the possibility for
new business models and new ways of doing things.

Civil society actors could undertake a number of strategnesrder to prepare for and so
mitigate the risks associated with this branching poiot. é&xample, {i local community
groups could establish ways of sharing knowledge and insighiisottier groups throug
social networks, in order to disseminate more widely Isoaltions to particular problems to
take advantage of any opportunties that may have ariseifii atitey could lobby for active
government support to be given to local community groups,rrétha to large energy firms.
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5.2.  Branching point across the three pathways

Branching point across the three pathways: Disputes about the development of ‘smart
grid/smart control’, e.g. do benefits go mainly to producers or consumers, triggered by
competing visions of smart grideand do consumers interpret such developments as
unwarranted intrusions or infringements of liberty by markejovernment actors?

Potential responses at this branching point are:

a) Current market actors (large electricity companies) pezcie benefits to them of
the smart grid, in relation to more effective manageroétie electricity system and
so invest in smart grid control technologieswhile consumers are still seen in
relatively passive roles;

b) The smart grid is seen mors an enabling technology to incorporate distributed
generation, microgeneration and demand side developnieditby new entrants to
industry, such as ICT companies and user interface companies;

c) Discordant visions of the smart grid and smart contiols slown developments and
prevents the realisation of their benefits.

Participants at the November workshops argued that thentwke government targets for
every home to have a smart meter by 2020 creates amntiirecéor using current designs for
smart meters, which could lead to a possible lock-inamtanimal definition ofsmart, with
benefits primarily to market actors. This might lead toomspble backlash against the
perception of the market as the key beneficiary, as veelhgainst issues of control and
invasion of privacy. This might especially be an issueherMarket Rules pathway.

The role of different actors was also argued to be signifidistribution network operators
were said to be conservative and might not see anyib&oef a smart grid, as a higher use
of the network, ‘sweating their assets’, might not be attractive to them. Customers might
consider thatvho is promoting and selling ‘smart’ would be important in terms of trust and
perception. If the state were to play this role, it mightviewed to be intrusive, as was the
case with the subsequently scrapped proposal for natibrzards. If the energy companies
play the role, it might be viewed more like a reward cdfdred by major supermarkets
which consumers might more readily accept, as it would aféetifiable benefits to them. If
a major IT firm were to play this role, it might beeseas an innovative way of using energy.
Thus, it was argued, who sells will affect how it is receiv&a.aspect ofsmart is thata
more advanced or complex tariff will be needed and peoplddaben need to sign up to
this. The issue concerns not juatpiece of ‘kit’ but also regulatory frameworks, again
providing space for different perceptions of who migkelor win.

For ‘smart’ to work in terms of reducing the need for expensive peakingsplénwas
suggested that it must work technologically. Government sodtyweojects often have not
delivered, so an important issue would be whether eitheergment or companies could
deliver. Power companies might not know their customersemelugh, so a major retailer or
IT firm might perhaps be more likely to deliver successfully.

The risk mitigation strategies were said to depend on howrtiigem might be perceived. If
‘smart were initially seen negatively or apathetically as justwshg how customers much
money they spent and not allowing them to do anythingitatihair spending, this perception
might be changed by increasing what the system offeredpd$sbility of doing this might
differ between pathways$t was suggested that another approach might be to givenoeist
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a strong choice between smart technology or increasedtment for which they would have
to pay. This was said to be more likely in Central Co-ordinaticfhousand Flowers, while
quite unlikely in Market Rules.

Leading actors could undertake a number of strategiesder to prepare for and so mitigate
the risks associated with this branching point and/orke &alvantage of any opportunities
that might arise. For example) government actors might ensure that a wider public debate
is undertaken around visions of the smart grid, leadinggit@ements that enable greater
accord among different actors about how benefits astscare to be shared; ar) (they
might actively work to achieve greater public acceptance ofesngdgement with smart
control processes.

The branching points discussed in this section illustrate dtegis along a low-carbon
pathways matter, anthat ‘getting there from hereis a path-dependent process in which
progress can be challenged by events and pressures, and ehapetlaped by actors’
agency in relation to their logics and to the threatd opportunities they perceive. In the
next section we discuss how insights from this branclpagt analysis could inform
proactive thinking and decision-making.

6. How might branching point analysisinform decison making?

The above examples of the analysis of branching poiotgyadur core transition pathways
illustrate how they may be used as a towlelicit stakeholder reflections on potential
responses of actors and risk mitigation strategies & p@sts. Here, we examine the extent
to which this type of branching point analysis can begin torporate the path dependent
and actor contingent nature of energy systems changeduintre pathways or scenarios. As
described in Foxon (2012, this volume), our transition patBwapproach aims to more
explicitly incorporate social structures and agency, inodnstitutions and politics, into
future energy studies (cf. Wangel, 2011; Nilsson et al., 200Hg. approach thus aims to
provide insight intohow actors’ decisions enable changes to happen and how institutions
constrain or enable this decision making.

This builds on thinking about different potential uses of {tamgn socio-technical scenarios.
Hughes et al. (2012, this volume) argue that while reflectiodoag term futures is a
complex activity with an uncertain epistemology, rex#s canusefully distinguish ‘actor
contingent’ elements that reflect developments which are within the power of systems actors

to change or bring about, from ‘pre-determined elements’ within the system, arising from
fixed actor motivationsand external ‘non-actor contingent elements’, which system actors
cannot influence. Pre-determined and non-actor contingenteaks prompt the need for
protective decision making, in which scenario users takeratti increase robustness of
pathways against internal and external threats; whilst -actatingent elements suggest the
need for proactive decision making, in which scenario usgestify opportunities to
intervene on and influence the system, or for consensus buyilidinghich diverse actors
come together to engage in moving towards a common goal (Hugjheds 2012, this
volume). The analysis of branching points on the pathugaigended to offer insights that
will inform actors of opportunities for the kinds of proaetiand protective decision making
and societal consensus building that Hughes et al. havalokb

For example, the branching point associated with tharéaf carbon capture and storage
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(CCS) technologies in the Market Rules pathway may be arguedave both actor-
contingent and non-actor contingent elements, as wheess of these technologies will
depend botlon the investment and effort applied to their developmenhénUK, and on
physical and institutional factors affecting their viabilitythe UK and the investment and
effort applied to their development by actors outsideUKeenergy system. This suggests
that the likely success of this pathway will then depend @agpive decisions by large
energy firms to invest in technology demonstration andefforts to build a public and
political consensus for institutional and financial supportthis technology, as well as the
need for protective decision making for the developmerttefnative technologies, should
CCS not prove viable in the UK context. Similarly, tharzhing point associated with the
failure of the Strategic Energy Agency (SEA) in the Cent€a-ordination pathway
illustrates the need for building a consensus around tre amch functioning of this Agency,
if this pathway were to be followed.

The reaction of different actors to theo much to carry’ branching point associated with the
Thousand Flowers pathway is likely to depend strongly on thewsvid the feasibility and
desirability of this pathway. Civil society actors mightleef on proactive decisions needed
to strengthen the resilience of this pathways and the oeexrdl a wider range of actors in
order to build a consensus for support amongst publics, polaers and new entrant
ESCOs for the actions needed to realise this pathway. Gogatrand market actors might
reflect on the need for protective decision making tdkengovernment or market actors to
step in to address problems that may arise if other achoisse to follow this pathway.

Reflecting on these specific examples thus illuminategpttential of this type of branching
pointsanalysis to inform actors’ thinking and decision making in relation to future transition
pathways. Firstly, an understanding of historical branchingitpan the energy services
sector helps to appreciate the complexity and the dynproimesses of decision makingat
critical points on a transition pathway, as well as issdigmth dependenc8y studying the
processsof enrolment and network building that actors undertogkaat branching points,
we can better understand the process of governing trassaiosh explore how competing
‘logics’ were debated, finally established and maintained during pasitions. This can
provide a ricler reconstruction of the ‘logics’ of market, state and more participatory
governance patterns as they developed in the past. It mfoum understanding of the
structure and dynamics of transitions and draws helpfulhitsigto processes of lock-in or
lock-out, as well as path dependence and path creatioon®gcthe study of potential
future branching points matters because decisions taken at thenexaat significant
influences on the nature, magnitude and timing of tramspthways. Thirdly, in positing
future transition pathways, we try to anticipate and undedskey choices, opportunities and
constraints that different actor groups might face @larmpathway. So, governmembarket
and civil society actors will want to scope the potentiaifgnificant pathway-influencing
pressures and responses that they and other actors xpghieace. In this way, they might
be better prepared to understand both the opportunities renadanstraints that could
influence progress along (and the nature of) a pathwalyhance be able to address them
more effectively than they otherwise would have dones Télates to areas ranging from
policy strategies and the choice of instruments, to tdoggalevelopment and deployment
and to participation in market or non-market activities aalaaviours.

Thus it matters to understand how a pathway might deviiepmressures and tensions that
potentially significant actors could face and their respsms the face of them. The literature
on lockin, path dependence and path creation has shown how future patandythe
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options and choices on them can be shaped and coadtrbyn decisions made at past
branching points. Similarly, other parts of the innovatigerature have shown the
importance of windows of opportunity and the possibilities ofueins and vicious cycles.
We argue that analysis of branching points could help atddiske better account of these
aspects of the dynamics of pathway development.

7. Conclusionsand next steps

In this paper, we have shown hatwrough the development and socio-technical analysis of
transition pathways (taking account of governance, ageamcl the interactions between
different actor groups) and undertaking a series of stddkethworkshops, we identified and
analysed a set of plausible branching points in orderumiiiate the dynamics and choices
along those pathways. We have also shown how understatidingteps along pathways
through this kind of analysis can enable actors more gffd¢to anticipate and shape them.

This paper has argued that the study of branching pointaddhmheoretical understanding
and policy relevance to the investigation of low carbansition pathways. We have shown
how an understanding of historical branching points in theggneervices sector informs
understanding of the complexity and dynamic processes dfialegenaking at critical points
in transitions.It shows how key actors try to enrol other actors and buildarks to
reinforce their ‘logic’ or framing of issues. This highlights how, under the right
circumstances, both market-led and government-led ti@amsitan achieve a balance of co-
ordination and freedom for experimentation needed for eesstul transition. The historical
evidence also suggests thatsituseful to explore potential future branching points, asethe
could exert significant influence on the nature, magnitudetiamdg of transition pathways.
Doing this should help to anticipate and understand key chthe¢different actor groups
may face along a pathway, and by exploring the possibleeh@nd the pressures that
motivate and lead to them, enable these actors to hettlerstand how to prepare for and
address themOur analysis shows that the governance of successfsitioas relies on both
the overall framing or logic that is dominant, and theigdeos of actors following these
logics at key branching points. Thus our approach incorposg@sficant roles for both
agency and structure, and aims to provide a balance betweéen awct reflection in the
governance of socio-technical transitions.

In future work, we aim to further develop the relevance asefulness of the branching
points approach described here, and to identify and expidieef potential branching points
on the core transition pathways. We will also identifd a&xamime other past branching
points, in search of patterns, insights and typolotjias might inform understandingf, and
agency in relation to, prospective branching points on gatbwo a low carbon future.
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