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Framing branching points for transition: policy and pathways for UK heat decarbonisation 

Abstract 

This paper develops the use of the branching point concept as a tool to support key decisions for 

reorienting systems for sustainability. In this approach, a pathway is seen as arising from accumulation 

of many specific decisions which create momentum in a particular direction and so reinforce the 

irreversibility of the pathway. Three complementary approaches to branching point analysis are 

identified within the transitions literature: 1) in pathway-scenarios for sustainability, 2) framing key 

decision-points in historical analysis, 3) to deconstruct the politics of transition pathways. A case study 

of UK heat decarbonisation is used to apply the branching point concept. This analysis highlights the 

tension where a policy approach, framed by a sector-wide target, interacts with distinct socio-

technical responses and an alternative policy approach to decision-points is proposed. This paper 

demonstrates the potential to develop branching point analysis into a tool to support and help 

structure policy decisions for transition. 

Key words: Branching point; pathways; heat decarbonization; policy decisions. 

Highlights 

• Branching points: key decision-points forming and maintaining sociotechnical pathways 

• Applied to UK heat decarbonisation shows structural challenges faced by policy actors 

• Recommend UK heat policy approaches decarbonisation decisions as coordinated pathways 

• Branching point analysis can be a tool to support policy decisions for transition 
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1 Introduction 
The socio-technical transitions approach has yielded many useful insights into the processes of how 

transitions occur, the roles of different actors, and the influence of purpose and contingency, 

particularly in relation to transformations for sustainability (Markard, 2012). Interacting with 

technology and user changes, policy and governance play important roles in facilitating and shaping 

transitions (e.g. Meadowcroft, 2011; Patterson et al., 2017; Rosenbloom et al., 2018). Recent research 

using the concept of pathways has offered one way to link politics and policy to trajectories of 

development, in technology, governance and practice, of socio-technical systems (e.g. Rosenbloom, 

2017; Turnheim & Nyquist, 2019; Rosenbloom et al., 2019; Hof et al., 2020). This paper uses the 

concept of branching points (Foxon et al., 2013) to address the use of transitions and pathways 

analysis to support policy decision-making for ongoing transformation of socio-technical systems for 

sustainability.  

Much of the policy activity in sustainability in energy systems, and the socio-technical analysis, has 

focussed on electricity system transitions. From a policy-makers perspective, this is related to the 

range of technological options for electricity decarbonisation, including renewable generation, 

nuclear power and use of carbon capture and storage, and the fact that the introduction of these 

technologies has little impact on the practices of end users, provided that security of supply is 

maintained. However, the society and economy wide emissions targets (particularly recent moves to 

net zero targets) require transformations in energy using systems, such as heating of homes and 

buildings or mobility of people and goods. Policy interventions facilitating transitions in these sectors 

bring additional socio-technical complexity because transitions in these systems will necessarily 

involve, to a greater or lesser extent, changes in the user practices of households and businesses, 

which will interact with changes in technologies, institutions, business strategies and ecosystems 

(Foxon, 2011). They may also involve interactions between different socio-technical systems, which 

will be an important part of ‘deep transitions’ for wider systems change (Kanger and Schot, 2019). 

In this paper, we consider the use of the branching point concept as a tool to support key decisions 

for reorienting systems for sustainability. Branching points are conceptualised as key decision-points 

forming and maintaining pathways, which could provide a tool for supporting emergent transitions – 

in relation to structuring, ordering and justifying decisions (Foxon et al., 2013; Rosenbloom et al., 

2018; 2019). A case study of heat decarbonisation in the UK is used to trial branching point analysis as 

a way of understanding moments of policy intervention. 

The UK heat decarbonisation case is used here as an example of sector where a transition for 

sustainability 1) is needed; 2) that need is recognised by systems and policy actors and 3) key decisions 

will be required to enable/shape new directions of development. The emissions targets for 2050, put 

into UK law, are motivating a reconsideration of the socio-technical systems through which heat is 

provided, and policy actors as well as within system actors are responding to the need for a 

fundamental change away from natural gas and are engaging with alternative system configurations 

and pathways to decarbonisation. The branching point concept would appear to be a useful tool for 

considering this area of decision-making for a transitions in-progress being approached in the UK and 

here we seek to use it to look at the activities developing so far and to consider steps to progress 

through decision-making. 
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2 Theory: Branching points in pathways 

2.1 Transition pathways and bottlenecks 
As decarbonisation attention moves towards harder to decarbonise sectors, such as mobility and, for 

countries like the UK (with a dominant natural gas system), space and water heating, targets are 

introduced for system performance without visions for alternative system technologies in place. This 

can result in policy and politics interest in these systems (e.g. to achieve net zero emissions targets) 

coinciding with formation of visions and alliances that can shape potential development pathways. In 

such situations we might expect key decision-points and conceptualisations of pathways of change to 

co-evolve leading to complex webs of proposed and potential pathways and junctions.  

Considering modelling and decision-making, Geels et al. (2020) capture these kind of target-framed 

decision situations with the idea of a transition bottleneck. This concept captures a shifting need-for-

a-decision window and tension between developments needed to reach the target and existing 

development activity. Geels et al. (2020) advocate for the use of identified transition bottlenecks to 

facilitate connection between transitions understanding and goal-oriented modelling. This further 

highlights that as urgency for decarbonisation increases, considerable guidance and connection will 

be needed in such systems to connect and align new technological options with system change. The 

transition bottleneck concept frames the space/timing for a needed decision; however, it does not 

deal with how decisions can and should be broken down and made. Considering branching points and 

pathways is one way of breaking down that decision space to attempt to fit actors, development 

pathways and potential decision stages together to allow a system’s development to traverse it. 

The conceptualisation of transformations for sustainability in terms of socio-technical pathways 

(Rosenbloom, 2017) allows for the integration of conceptualisations of change focused on the 

reorientation of existing system development (i.e. change in socio-technical regime) to be combined 

with target-driven concerns with sustainability. Sustainability transitions pathways also accommodate 

varying degrees of co-ordination/planning in system transformation, allowing for variations in 

mechanisms and governance for transitions (Smith et al., 2005; Foxon et al., 2010; Turnheim et al., 

2015). As a result, these pathways can be used to integrate learning based on projecting forwards in 

scenarios (e.g. Foxon et al., 2013) and understanding based on past transitions (e.g. Geels & Schot, 

2007). However, in facing transition bottlenecks within (and across) hard-to-decarbonise socio-

technical systems, support for policy decision-makers is needed in terms of how pathways are formed, 

shaped and redirected – the concept of branching points (within and between pathways) offers a 

useful approach/tool.  

2.2 Literature: Approaches to branching points 
The concept of branching points was introduced into the transitions literature (Foxon et al., 2013) as 

part of the Transition Pathways project (Foxon et al., 2010). Foxon et al., (2013) define branching 

points as “key decision points at which choices made by actors, in response to internal or external 

stresses or triggers, determine whether and in what ways the pathway is followed.” (p146).  To 

consider the key decision points, this research investigated both historical, sector-focused (non-

sustainability) transitions and forward-looking scenarios as pathways for sustainability transition 

(Foxon et al., 2013). Foxon et al. (2013, p148) argue branching point analysis offers “…a systematic 

way of looking at critical moments in transitions” and they suggest that the branching point concept 

could be a tool to understand not only past but also emergent transitions.  

In this approach, a pathway is seen as arising from accumulation of many specific decisions, which 

create momentum in a particular direction and so tend to reinforce the irreversibility of the pathway. 

Foxon et al. (2013) argue “… it is important to note that pathways and branching points are emergent 
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properties, and so actors may not be consciously deciding to pursue a particular branch or pathway, 

but rather to address particular challenges as they see them at that point in time. The path 

dependence literature argues that particular choices at one point may result in later choices being 

constrained, giving rise to an identifiable branch or pathway.” (p.147). These are choices that change 

the accessibility of ranges of later developments – making some developments easier to arrive at and 

others more difficult; they are decisions that change momentum (Hughes, 1987) within a developing 

pathway and in closing down/opening up options decrease reversibility of progression along a 

pathway – changing conditions for future decisions (Rosenbloom et al., 2019).  

Focusing on the politics of pathways for decarbonisation, Rosenbloom et al. (2018, p23-24) describe 

branching points as, “acting as an important analytical complement to path-dependence” and argue 

that a branching point can “be understood as a window of opportunity whose outcome is defined by 

a politically mediated choice taken in the presence of alternatives” and that their resolution can 

“orient system configurations along new or existing trajectories that endure over time, reconfiguring 

the envelope of future options as some possibilities are opened up and others are closed down”. They 

identify the creation of material interests for particular groups and the cognitive framing of challenges 

as two mechanisms by which policy decisions at branching points tend to reinforce irreversibility of 

particular pathways (Rosenbloom et al., 2019). 

There is a small number of papers that have focused on and developed the concept of branching 

points since their introduction by Foxon et al. (2013). These papers have used and applied branching 

points ideas to a range of settings and contexts to investigate key decision points connected to 

pathways of system development.  This connection between pathway and key decisions is approached 

slightly differently in three complementary strands/approaches to branching point analysis within the 

transitions literature:  

1) Using branching points as an analysis tool in pathway-scenarios approach to representing 

transitions to sustainability (Foxon et al., 2013; Köhler et al., 2020) 

2) Using branching point framing to characterise key decision-points in historical analysis of past, 

sector level (non-sustainability) technological transitions (Foxon et al., 2013; Arapostathis et 

al., 2013; Fotopoulos et al., 2019) 

3) Using branching points to deconstruct the political processes of the creation of system 
pathways; these socio-technical system pathways are created through the construction of, 
and positioning within, series of decision points. (Rosenbloom et al., 2018; 2019; Rosenbloom, 
2019) 

 
Uniting these three perspectives working with the branching point concept is the idea of a key decision 

point within some formulation of a pathway of development. A branching point only makes sense 

(and is distinguishable from any important decision point) when seen within pathway(s). Whilst this 

idea may flow naturally where pathways are being viewed historically, it is less intuitive when applied 

to analysing potential decision-points for transition-in-progress and, as highlighted below, it becomes 

critical. 

Whether applied to developing scenarios for transition, past developments of sector redirection, or 

to understanding actors’ decision-making in directing system change, the branching point idea 

conceptualises the connection between the path dependent development of socio-technical systems, 

visions of pathways into a system’s future and the agency of political actors. However, these three 

related but distinct points of investigation have presented variations in focus which each build up the 

branching points concept and its use as an analytical tool.  
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Although there are overlaps between these three approaches, there are also tensions. This reflection 

on the different applications of branching points to analysis within transition studies introduces 

commonalities and tensions developed in the concept; and it leads to a synthesis and 

operationalisation of the key concept to take forwards to a new setting – branching points as a tool 

to operationalise transition-thinking to support policy decision-making for decarbonisation.  

2.2.1 Branching points looking forward in scenarios 
In the pathway-based scenarios part of the transition pathways research (Foxon et al., 2013), potential 

future branching points in projected pathways were sought (with stakeholders and analysts); this 

allowed the consideration of the resilience of a pathway and examination of potential points of 

vulnerability where pathway branching might occur. As well as potential openings for new pathways, 

these could also be considered moments where need for actions for pathway reinforcement could be 

anticipated. Foxon et al., (2013, p148-149) focus, not on the prediction of branching points but, on 

analysis of plausible branching points “with the aim of informing how actors might develop strategies 

to prepare for potential future events, contingencies and opportunities and plan appropriate responses 

consistent with their long term goals.”  

This relates to the role of uncertainty in relation to actor decisions in future low carbon pathways or 

scenarios. Hughes et al. (2013) identify three broad kinds of future elements: pre-determined 

elements, actor contingent elements and non-actor contingent elements (i.e. beyond the control of 

system actors to influence). 

This also relates to recent research linking modelling to socio-technical systems analysis. For example, 

Kohler et al. (2020) combine quantitative simulation modelling of low carbon pathways for mobility in 

the Netherlands using the MATISSE model with qualitative socio-technical pathway analysis. They use 

the model runs to identify potential branching points in scenarios, and then analyse the technology 

and governance implications of these using socio-technical scenario storylines. In a similar way, Geels 

et al. (2020) apply a dialogue between modelling and socio-technical scenarios to analyse social 

acceptability and political feasibility of alternative pathways for UK electricity decarbonisation to 

2050. They use this approach to identify potential transition ‘bottlenecks’ at which there is a tension 

between qualitative assessment of trajectories based on contemporary developments and model-

generated pathways needed to achieve decarbonisation targets. This informs the potential for 

transformative action and policy to overcome these bottlenecks and so reorientate existing 

trajectories into desired pathways. The transition bottleneck concept thus considers the timing and 

shape of decisions to redirect pathways of development and reflects on the relative positioning of 

trajectory, target and decision for divergence/reconfiguration to get to target. The branching point 

approach acknowledges these structural elements but maintains a focus on key decision-points of 

interest and the pragmatic questions around what can be achieved in setting up and navigating these 

choices.  

2.2.2 Viewing past key decision-points in transitions in terms of pathways 
In considering branching points in pathways of system development as part of past transitions, the 

conceptualisation of a pathway is closely linked to momentum of development from the initial sector’s 

structure and the socio-technical regime generating innovations and the system development path. 

In this application of the branching point concept it is often used to consider how the characteristics 

of a key decision would have been considered at the time (Arapostathis et al., 2013). This can highlight 

the pressures of the time and pathways that were not followed.  

Arapostathis et al., (2013) also highlight that a degree of hindsight is needed in this approach, as past 

branching points were not necessarily aiming for transition, but responding to conditions may 
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generate a transition: “However, for the actors involved the process of governing the transitions was 

continuous, contested and uncertain—it is only with hindsight that we can identify particular decisions 

as branching points, and, indeed, identify the transition as such” (Arapostathis et al., 2013, p41). 

In a more recent example of this application of the branching point concept Fotopoulos et al. (2019) 

consider transitions linked to the influence of international actors, which incorporates changes in key 

actors (and therefore system boundaries). This work highlights the importance of visions and 

expectations: “…visions and expectations really mattered in the process of path creation and the 

shaping of the transition pathway and its branching points” (p87), and the alignment of activities of 

different actor groups:  “…by historicizing the transitions, it is argued that in both transitions, key 

branching points were forged that maintained or reconfigured the pathway’s character and 

coordinated and aligned or re-aligned the visions and activities of different actor groups” (p87). 

2.2.3 Branching points and the politics of transition pathways 
From a political perspective, a pathway is formed of connected sets of branching points to be 

navigated and traversed. 

Rosenbloom et al. (2019) use the idea to highlight the shifting nature of policies and their positioning, 

and argue that policy consistency is not always what is required, despite the claims of some actors 

involved. Instead, they find that stability in the ‘overarching orientation of climate policy’ is what is 

important to a low-carbon transition. Applying conceptions from the above two approaches, they 

highlight not just the importance of the early orientation of a pathway but the ‘cumulative sequence 

of choices over time’ that shapes pathways and outcomes. They illustrate this with the case of coal 

phase-out from electricity generation in Ontario, noting that: “there were challenges at each step and 

opportunity to begin to veer away from the initial policy direction despite its momentum.” (p172). 

Rosenbloom et al. (2018, p22-23)) look to elaborate “the dynamics that open branching points” and 

illustrate “how critical choices help define the direction taken at these openings, giving rise to 

diverging decarbonisation pathways”. Branching points are then seen as a tool for “linking near-term 

decisions to long-run low-carbon configurations”.  

Rosenbloom (2020) goes on to consider multi-system interactions and clashes between socio-

technical systems. He looks at narratives around systems. Using contributions to formal consultation 

process, he looks for actor positions on electrification of transport, electrification of heat and trading 

electricity (across regional boundaries), so starts to consider system crossing border of electricity 

system with heat and transport, but mainly from the perspective of electricity system actors. 

By linking together these ideas with the two other strands of thinking on branching points, we 

highlight the potential for connecting understanding of political processes around decision-making 

with the longer-term dynamics of socio-technical pathways. The case study developed in the next 

section aims to test the usefulness of pathways and branching point ideas in understanding the socio-

technical underpinnings of a transition-in-progress. 
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3 Methodology: Applying the branching points concept to heat 

decarbonisation 
This research applies the concept of branching points to inform decision-making for transition and 

the generation of transition pathways. To do that, the concept needs to be applied to a specific 

empirical case, for which we have selected heat decarbonisation in the UK as an ongoing and policy-

relevant transition challenge. In this section, we explain how we bring together the strands of the 

branching points literature to enable this, before describing the application to this empirical case 

study. 

3.1 Reflection on the three approaches in the literature 
The three approaches to using branching points define and relate to the concept of pathways in 

slightly different ways. However, the connection between the branching point concept and pathways 

of development can be seen as having prime importance. As discussed above, a branching point only 

makes sense (and is distinguishable from any important decision point) when seen within a pathway. 

A key conceptual use for the branching point idea then is to bring together variety and politics of vision 

and pathway with the politics and framing of key (and potentially disruptive) decisions. The 

operationalisation of the branching point framing to policy decisions for transitions to sustainability 

means fitting conceptualisation(s) of pathways to that decision and its framing (– seeking to identify 

and navigate a network of pathways and potential pathways). 

Changing viewpoint on interconnecting potential pathways, the branching points idea can also be used 

to consider the pathways that are involved/represented within key decision points. This has the 

potential to help understand what’s going on within a decision point, to anticipate contestation and 

strategies for key decisions ahead, and to examine co-ordination of decisions and alignments of 

pathways. 

All three approaches also acknowledge the framing, shaping and contestations around branching 

points. This identification of branching points as socially constructed and contested is most clearly 

present central within the study of branching points and the political processes of transitions (3). 

However, it is also shown in the pathway-scenarios approach (1) discussing branching points as 

emergent (Foxon et al., 2013) and seeking to resist diversion of pathways for sustainability, as well as 

in the acknowledgement of the importance of hindsight in some cases (Arapostathis et al., 2013) for 

understanding branching points within past transitions (2). Branching points are not junctions in 

networks of paths set out (by technology or fate) to be followed, or not, in decision-making. 

Alternative pathways of development are shaped and formed by a range of actors and the points of 

interaction of these alternatives with imagined or projected pathways from the current socio-

technical regime are branching points in the pathway.  

3.2 Application of branching points analysis to the heat decarbonisation case 
The case of UK heat decarbonisation was selected as an example of a hard-to-decarbonise sector 

where a need for transformation is recognised but not resolved and planned. It is showing increased 

levels of policy attention around emissions performance and open futures in terms of a socio-technical 

basis for transformation. This is a situation that could be characterised as a recognised transition 

bottleneck (Geels et al., 2020) and analysis like that (described below) of the sector by the Committee 

for Climate Change (CCC) provides more detailed understanding of that bottleneck – in terms of 

timescales and severity of necessary change.  

As discussed below, there is not a single selected alternative approach to heating for decarbonisation, 

rather a range of alternatives that are being promoted, and is it not expected that a technological 
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substitute will be found to generate a decarbonised version of the existing system (leaving structures, 

priorities etc. intact). The emissions targets have been broken down by function to apply to heating 

when there will be several separate socio-technical areas of development for decarbonised heating 

(and it is not sensibly characterised as a single socio-technical system). It is expected that: 1) no one 

response will replace the dominant technology of gas boilers; 2) not just technological shifts are 

needed but changes in user practices will be part of system change; 3) co-ordinated change will be 

needed as all heating systems will need to be decarbonised. Further, those policy actors tasked with 

responding to the Net Zero emissions targets in heating do not traditionally have a controlling/central 

role within the sector.  

The case study developed here is exploratory in nature and seeks to examine this transition-in 

progress using contemporary sources (rather than hindsight) to identify representations and 

perspectives on pathways of development and on development decisions for decarbonisation. The 

analysis aims to identify existing areas of socio-technical system development and is looking for 

potential decision-points/opportunities for branching that can be foreseen. It is attempting to assess 

and trace the network of pathways and potential pathways of sector development – to capture the 

view from here – with the thought that such map could support strategic responses in policy 

development. 

Following background research in attending events, reading press reports and academic work, two 

main sources of data are used in this case study: 1) publicly available policy reports and supporting 

analyses and 2) a series of semi-structured interviews with key actors across the heat delivery and 

heat policy areas (summarised in appendix 1). Background research and analysis of policy reports were 

used to identify key areas of technological development being connected to potential low-carbon 

heating developments (section 4.2). This shows activity and framing of the sector’s situation from a 

national policy perspective and identifies key system alternatives as seen from viewpoint.  

The interviews were developed to capture perspectives from across the sector on pathways and key 

decision-points to heat decarbonisation. Each interview discussed the interviewee’s position and 

activities within the sector, developments and decisions for decarbonisation they see around them 

and sector pathways and key decisions for change. The data generated show how activity in 

development of alternative systems, key decisions and routes to change are seen within the sector. 

Interviewees were selected to include actors working within each of the four key areas of technology 

development (table 1) as well as actors that held a position looking across prospective technologies. 

Interviewees also included both industry and policy actors. Analysis of interviews, identifies areas of 

development and key decision points for heat decarbonisation seen from within the system. It 

highlights separate socio-technical pathways of development and differences in perspective amongst 

key actors (section 4.3).  

Further, the branching point concept was trialled in the context of heat decarbonisation with a 

workshop (London, 3rd February 2020) conducted with policy advisors from three key UK policy 

organisations. This formed a check on the interpretation of pathway data and showed actors co-

developing pathway and branching understanding in considering the sector.  
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4 Case Study: Heat Decarbonisation in the UK 

4.1 Background 
In 2019 the UK moved from an annual 2050 greenhouse gas emissions reduction target of 80% 

(relative to 1990 levels) to a net zero target. Although considerable progress has been made in 

reducing GHG emissions since the original target was enacted in the 2008 Climate Change Act, harder 

to decarbonise areas such as heat and transportation are now coming to the fore in decisions 

regarding further emissions reductions (CCC, 2018). Energy use in homes, workplaces and industry for 

heating and cooling for cooking, comfortable temperature of spaces and industrial processes accounts 

for over one third of greenhouse gas emissions of the UK (BEIS, 2018). A key element in tackling 

emissions will be decarbonising space heating in buildings (workplaces and homes) and this has 

become an area of attention for policy development in the UK. For domestic heating, the UK is unusual 

in that approximately 85% of households use natural gas (BEIS, 2018). The importance of the national 

natural gas system and distribution grid alongside the poor energy efficiency performance of UK 

housing stock compared with other European countries (Guertler et al., 2015) are important factors 

in the challenge to decarbonise UK space heating.  

Decarbonisation targets and these challenges are important drivers for policy and decision-making 

attention emerging on heat decarbonisation for the UK. Key activities include exploration of 

decarbonisation through 2050 pathways in the Clean Growth Strategy (HM Government, 2017), in 

techno-economic analysis for the Committee on Climate Change (Imperial College, 2018), and in work 

on local energy area planning by the Energy Systems Catapult (ESC, 2018) (and elsewhere). Further, 

with the main current policy instrument, the Renewable Heat Incentive (RHI), due to end in 2021, 

these activities have been followed by a government report (BEIS, 2018) presenting information on 

UK heating and the potential for transformation to low carbon systems – as a step towards the 

development of a new and long-term policy framework for the sector. In his Spring Statement in 

March 2019, the Chancellor of the Exchequer announced that all new homes built after 2025 should 

have low-carbon heating systems rather than gas boilers.  

Although existing domestic heating has a dominant technology, grid distributed gas used in locally 

owned combi boilers, a low-carbon direct replacement has not yet emerged. There are a range of 

technological options for low carbon space heating and cooling developing, some of which are 

relatively well tested technologies (e.g. air source heat pumps used extensively in other countries). 

However, the functionality and performance characteristics of these different areas of development 

differ and, rather than a direct substitution to low-carbon versions of current heating, different 

technologies currently suit different types of buildings and lifestyles. Further, situated within people’s 

homes, reconfiguration of heating for decarbonisation features social, political and technical elements 

intertwined. Decarbonising heating will need to consider changes to use patterns and building 

characteristics as well as changing technologies for heat generation and delivery.  

Technologies and practices of heating need to be transformed over the next 25 years, however, 

demands of existing commitments and the extent of change required are creating key decision points 

to be navigated within much shorter time periods.  

4.2 Understanding system development from public documentation and reports 
The Committee on Climate Change’s (2016) report on the Next steps for UK heat policy highlighted 

the need for decisions and plans to be made soon for the (then 80%) emissions targets to be met. This 

report specified a decision on technological direction (e.g. hydrogen) for houses currently connected 

to the gas grid, would be needed in the next parliament (2020-2025) and advocated a range of ‘no 

regrets’ developments to be commenced as soon as possible. The UK’s Clean Growth Strategy (2017) 
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set out a commitment for the government to set a direction on the future of heat between 2020-2025. 

A range of work by the Committee on Climate Change (CCC) (e.g. 2016; 2018; 2020) has included 

working from the demands of national emissions targets to identify key milestones for change that 

need to be met to enable sensible progression to meeting those targets. This work has included 

developing and comparing scenarios for decarbonisation of heat through electrification (principally 

through diffusion of installed heat pump capacity) and decarbonising the gas grid (or some 

combination of these). As highlighted by Hemsley (2018), important key reports based on modelling1 

(Element Energy & E4Tech, 2018 & Imperial College London, 2018) of such contrasting scenarios, show 

that decarbonisation options all require investment over the current higher carbon alternatives and 

indicate that the financial costs of these different pathways would be comparable with one another.  

“This will require decisions to be made on whether the demand will be met through 
a low carbon electricity grid, a low carbon gas network or a combination of the two 
in a hybrid approach. This decision will have an important impact on the nature of 
the future electricity system, and on the ongoing viability of the gas distribution 
system.” (Element Energy & E4Tech, 2018 – emphasis in original)  

The Department for Business, Energy & Industrial Strategy (BEIS) has built up teams on heat delivery 

and decarbonisation that include specialist teams with expertise in key technologies as well as centred 

around important areas of policy (such as the Renewable Heat Incentive (RHI)). Following BEIS’s task 

to provide decisions/direction over the future of heat (for decarbonisation) (after the Clean Growth 

Strategy, 2017), BEIS issued a report providing an overview of evidence on clean heat (BEIS, 2018) that 

summarises the government’s proposed approach to heat decarbonisation. A key first step set out is 

a commitment to develop a ‘new long-term policy framework’ for UK heat decarbonisation. 

Drawing on these reports (in particular the BEIS, 2018 summary report) we can identify the following 

range of areas of technological development that are contributing to and building potential low-

carbon heating contributions (Table 1). However, it is of note that, not only are the technological 

development areas not direct replacements for gas domestic combi-boiler systems but they also have 

a range of different areas of performance strength and routes to implementation (in terms of different 

scales and actors for decision-making being prevalent for different areas.). These are not specified by 

well-defined technological fields or established mechanisms for changing the existing system and they 

do not capture all technological developments that may become relevant. However, they are key 

areas within current discourse and they may be a means for mechanisms for change and certain key 

technologies to become bound together creating potential development trajectories and steps in 

decarbonisation pathways.  

These four areas of focus appear to be building with them groups of stakeholders (with variations in 

degrees of tightness and openness) and visions for future developments and these forming 

trajectories of development are likely to become key ingredients of potential pathways towards 

decarbonisation. These areas of interest are assembled in Table 1 according to two important 

dimensions in terms of the socio-technical characteristics of system change that vary across the cases: 

degree to which previous system architecture is maintained (y axis – relatively minor changes in 

architecture are captured as ‘system adaptation’ and more significant changes as ‘system 

 
1 1) from Element Energy & E4Tech (2018) on cost of low carbon heat infrastructure, commissioned by the 

National Infrastructure Commission and 2) from Imperial College analysing alternative pathways to UK heat 

decarbonisation commissioned by the CCC. 
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reconfiguration) and degree of centralisation in implementation (x axis – either high degree of co-

ordination needed in more centralised systems or more distributed/diffuse changes are possible). 

These dimensions are included in Table 1 to highlight the differences between the four areas of 

development that are expected to affect knowledge generation and governance of change. These 

differences also demand different positions, knowledge levels and types of interventions from policy 

and decision-makers as knowledge is held and decisions are made at different scales across the areas 

of development. 

 
 

Table 1 Key areas of technological development contributing to potential futures for low-carbon heating 

 Networked, coordinated joined up change Distributed change is possible 

System 

adaptation 

Hydrogen  

 

Developments in the production and 

storage of hydrogen and its use within 

existing distribution systems through 

blending and/or through network 

conversion. 

High degrees of co-ordination between a 

range of elements are needed for the 

development, planning, building and 

operation of these systems. 

Demand reduction measures for space and 

water heating  

A wide range of interventions to reduce 

demand for space and water heating are 

possible. These include physical changes to 

buildings (such as thermal insulation) as well as 

more education/information focused 

interventions. This type of change involves a 

wide range of actors, including end-users, 

building designers and retrofitters, technology 

suppliers and policy-makers, but would be 

achieved in a more distributed way. This is an 

area of activity that may prove complementary 

to all of the other areas of development. 

System 

reconfiguration 

Heat networks 

These local infrastructure systems provide 

heat through the centralised heating of 

water that is then transported into 

buildings for use in heating services. Heat 

networks have been more commonly used 

overseas. 

They can be connected with a variety of 

technologies for heating the water for the 

network. High degrees of co-ordination 

between a range of elements are needed 

for the development, planning, building and 

operation of these systems. 

Electrification (low-carbon) of heat  

This approach provides water and space 

heating using devices, like heat pumps, that 

are operated by electricity. Substantial uptake 

will involve changes to the electricity grid 

systems (more low carbon generation, more 

demand side management) and so will involve 

wider reconfiguration of systems to ensure 

reliable and timely supply of electricity in 

sufficient volume (particularly in conjunction 

with electrification of transport). 

 

 

  



 Framing branching points for transition  

 12 

4.3 Variation in actors’ perspectives on decarbonisation decisions and pathways 
Three contrasting perspectives are highlighted: 1) Gas distribution, 2) Building/projects and 3) 

National policy. These were identified inductively from the interviews through common focus in 

terms of scales, priorities and mechanisms for decisions and change.  

4.3.1 Gas Distribution perspective 
There are 8 Gas distribution networks (GDN) in Great Britain that are based on geographical areas and 

their operation is regulated by Ofgem (the Office of Gas and Electricity Markets)2. The gas distribution 

organisations own and operate parts of the distribution grid for natural gas; they do not own the gas, 

the service they offer is its distribution.  

Both gas distribution interviewees (I2 & I3), from different distribution companies, approach the issue 

of heat decarbonisation in terms of the future of the gas grid – focused on the asset(s) that they 

operate within the dominant natural gas distribution regime. Further, both interviewees discuss 

collaboration between gas companies around development of pathway for the adaptation of the gas 

grid to supply hydrogen.  

The net zero target is focusing attention the sectors emissions and “…how can we transition 

our network to be a future provider of net zero emission heat.” (I2) 

I3 notes that from around 2011/2012 there was a view solidifying that heat decarbonisation was about 

electrification and the (gas) industry started to respond to that. This included: “we recognised that the 

product was the problem and not the asset…” and hydrogen emerged as a potential alternative 

product to be distributed through the existing network and consumed in a similar way to the current 

product, natural gas, in domestically owned gas boilers.  

 “So, we’ve been carrying out quite significant amounts of research to understand how we can 

transition our infrastructural network and what we do from natural gas to hydrogen, and that 

continues, and that’s not just ourselves. That’s right across the industry, there are some very 

exciting projects happening day by day to make that a reality…” (I3) 

Both of these interviewees discussed a series of projects developing knowledge and evidence, for the 

conversion of gas distribution and domestic boilers to use hydrogen, in terms of a pathway and 

involving collaboration across gas distribution network operators.  

“There's quite a lot of work in the future space that is collaborative amongst the networks, I 

think, in recognition of the shared challenge that we face... The challenge, I guess, for everyone 

is to demonstrate what is potentially the least cost pathway to decarbonise heat or the best 

value pathway.” (I2) 

And an important aspect driving the structure of this knowledge and evidence development is the 

prospect of a policy decision over a national approach to heat decarbonisation on the future of the 

gas network that is anticipated before 2025.  

“The expectation is that the big heat policy decision, which is the expectation at the moment, 

would come within that period,…with 2024 being the date that we keep hearing a lot.” (I2) 

4.3.2 Building/development project perspective 
A variety of actors interviewed work in the implementation/local decision-making for heating (and 

potentially for its decarbonisation). These actors’ perspectives often involved responding to the 

 
2 https://www.ofgem.gov.uk/gas/distribution-networks/gb-gas-distribution-network (accessed 22/07/20) 

https://www.ofgem.gov.uk/gas/distribution-networks/gb-gas-distribution-network
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environments they’re operating in and selecting between technological (and organisational) available 

to them. For example, discussions on construction projects (I1), development of local heat projects 

(I8) and heat networks (I7, I9) combine considerations of building regulations/planning, technological 

options and user needs/priorities and these different settings show a range of balances between these 

aspects as well as different sources of inputs (e.g. different sets of regulations apply).  

In these settings drivers/pathways towards implementation of low carbon technologies appear to be 

about shaping market offerings, business models of installation, policy/regulation development more 

than they are about demonstration/evidence building for policy decisions. Development of 

pathway(s) will be about (systematically) influencing a plethora of small-scale decisions made by a 

variety of actors. Further, public/consumer acceptance appears to be expected to sit within those 

decision rather than to be added/pre-considered in the development of options. 

4.3.3 National policy perspective 
Policy actors working (within different organisations) considering the national heat decarbonisation 

challenge also place a key decision point for heat before 2025. However, there is relatively complex 

picture for some of these actors over what that decision is about and how it is to be reached. One key 

step discussed is a policy roadmap from BEIS (then proposed for summer 2020) being developed to 

set out decision-making. 

I4 “At present, it feels like government has to act in some way to enable somebody other 

government to do something... …But that decision to empower somebody is not going to be 

government’s to make unilaterally, it’s going to be something that some kind of consensus 

reached through whatever process.” 

I6 “One of the major ones [critical areas] is a decision on the future of the gas grid. So 

essentially making strategic decisions on what the future balance is between different low-

carbon heating systems. So, for instance, to what extent it will be hydrogen based versus heat 

networks. We need to see strategic decisions on that future balance, as well as the transition 

to having a sustainable heat networks market by the mid-2020s.” 

Public/consumer acceptance and willingness were key aspects in discussions with these actors. This 

adds to the complexity of gathering evidence for and demonstrating legitimacy in decision-making. It 

may also indicate concern over making central decisions narrowing options – even though feasibility 

of some options are reduced (and overall costs increased) by artificially maintaining alternatives.   

I4 “People are going to have different perspectives on what’s right and what’s wrong in this 

space, so it’s not just hydrogen versus electricity but it’s the nature of the consumer rights, the 

amount of continuity or disruption we think consumers are willing to accept in return for 

change that’s going to cost money and it’s going to be difficult to legislate for and to 

implement in practice.” 

I6 “Also, I guess, one of the really critical actors is the population, in as far as you want, really, 

a public mandate for the route that we go down. That’s a decision to be taken by government. 

It could be that they decide to take it totally independently. But this is something that’s going 

to affect people very directly, so it’s an opportunity to have a real conversation around what 

people want to do and how that transition happens.” 

 

These different perspectives, and in particular the variety in their different scales and socio-technical 

characteristics of focus, highlight the complexities in setting a new direction for the delivery of heating 
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so that it meets 2050 decarbonisation targets. Variety in the socio-technical characteristics of different 

system alternatives is reflected in a range of decision points and priorities exhibited. Their need to 

make a key decision on the future of heating to allow the development of a zero-carbon system that 

is driven by the timescales/pace of decarbonisation needed for the 2050 net zero target, however, 

the different socio-technical systems expected to contribute to zero carbon heat provision might be 

better considered as on separate development pathways that now need co-ordinating through that 

decision. This is discussed further below with the application of branching point ideas to the case. 

4.4 Using branching points to better understand the UK heat decarbonisation case 
The key decision point for decarbonisation of heating needed in the first half of the 2020s appears to 

have been first outlined by the CCC (2016), committed to in the Clean Growth Strategy (2017) and 

responded to by BEIS (2018). Such a decision point is identified in response to the decarbonisation 

targets and applied across the heat delivery functionality/outcome. To use the branching point idea 

with respect to this decision point would make the pathway concerned that of heat decarbonisation; 

it is a pathway reaching across the ‘heating sector’ and defined by the target performance /destination 

point to be reached. A transition is needed from current heating installations and operations to low-

carbon alternatives. However, this looked for pathway to heating net zero needs to fit technology, 

operations and users together into a pathway and, in so doing, connect with existing infrastructure, 

practices and expectations.  

In the UK case, potential pathways to decarbonised heating have initially been described in terms of 

electrification or hydrogen. And for each pathway there are set of investments and commitments 

(financial and other) that will be needed to develop these systems. In the case of hydrogen, safety 

needs to be demonstrated and both boiler and network adaptations development and rolled out – 

this will require financial investment but it will also need all consumers to switch. However, in use, the 

characteristics of a hydrogen-fuelled boiler will be similar to that of a gas-fired boiler, meaning less 

disruption to existing practices of household and business users. In the case of electrification, 

consumers can adopt electric heating, such as heat pumps, at different times but at some point the 

gas grid will need to be removed as an option. As the characteristics of electric heating are different 

to those of a gas boiler, end users will need to adapt to new heating characteristics, and buildings 

infrastructure may need to be adapted and sufficient capacity in electricity supply will be needed. In 

both cases, there are financial investments, changes in infrastructure and changes in mindset that are 

both costly to implement and would be costly to reverse. This tendency to irreversibility, due 

increasing cost and difficulty of reversing actions, is an important element in the branching point idea 

originally set out by Foxon et al. (2013). It is also worth noting that both the electrification and 

hydrogen heating pathways, considered separately, exhibit this decrease in reversibility. And, 

although implementation decisions sit within a different scale, this is also true of the other two 

development areas in Table 1 – heat networks and demand reduction measures. Given these resource 

commitments and irreversibilities involved, it is understandable that one route to decarbonised 

heating is being sought and so considering the national picture, a choice between electrification and 

hydrogen is a key framing of this decision that has emerged. 

However, looking more closely at the heating case, greater complexity can be seen in terms of how 

such a branching decision over a pathway for decarbonising heating might be connected back to meet 

existing socio-technical pathways surrounding heating. The variety in perspectives and in decision-

points of interest for decarbonisation across actors associated with different parts of the heating 

ecosystem, implies that these different heating approaches might be better considered as working in 

different socio-technical systems generating connected but separate pathways. This means that 

another way of viewing the key decision-points for decarbonising heating (needed to reach roll out 
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for 2050) is as a set of simultaneous branching points for distinct pathways. These distinct pathways 

are influenced by each other (in terms of access to resources/potential users etc.) but are not yet co-

ordinated in terms of sets of actors, key decision points, performance characteristics, visions of the 

future or knowledge bases. These are still different socio-technical systems generating different 

pathways. 

Table 1 highlights the different socio-technical characteristics (in terms of their relationship with the 

existing heating systems and practices and in terms of their decision-making structures for change) of 

the low-carbon heating areas of development. It may be that the performance required of low carbon 

heating for the UK will be best/most practically achieved by a combination of these low-carbon 

approaches. However, how these socio-technical systems are to be brought together and governed 

has not yet been decided and it forms a complex system-building problem.  

Both later reports and the interviews with policy actors acknowledge the complexity and uncertainty, 

not only in reaching but also, in framing a decision (or set of decisions) over the form of future system 

development pathway(s) for heating. This can be seen in CCC’s (2018) more in depth consideration of 

hybrid heat pumps, one aspect of which is the possibility of taking constructive steps towards building 

electrification, whilst lowering one barrier for uptake of heat pumps (concerns and building conditions 

for low-temperature heating) and leaving open the possibility of the high-temperature element of the 

system being delivered by hydrogen (rather than natural gas) at a later date. Thus, deferring a point 

of commitment (branching).  

 In interviews with key policy and innovation support actors (I4, I5 & I6), considering how a pathway 

to decarbonisation is to be selected, complexity and uncertainty featured in discussing how such a 

choice is to be made. Roles for local actors and decision-makers are considered with some 

acknowledgement of place-based solutions for combining/integrated technological approaches, not 

just a national-level choice. Throughout all (11) of the interviews, local/place-based elements featured 

in discussion of local area plans, incorporation of heat network elements, influence of planning 

regulations and discussions of capabilities and powers of local authorities. I4, I5 and I6 interviews also 

featured important discussions of consumer/public acceptance that in the context of key decisions 

need to be linked to concerns over legitimacy and over the reach of the decision-maker and to 

consideration of the political capital required to impose a way forward. 

The logic of setting up the problem of meeting a heating emissions target by working backwards to 

understand when certain decisions need to be made has led, in this case, to an understanding of the 

need for a different pathway (so acknowledgement of a transition bottleneck) but does not provide 

the means to navigate the decisions and development for the path ahead. In the case of UK heat 

decarbonisation, emphasising the selection of a pathway ahead without careful consideration of 

separate regimes and pathways of development in place and how they connect to the problem of 

decarbonising heat (geography, social and technical etc,) appears to have led to a very challenging 

decision set up. Discussions of consumer/public acceptance and acknowledgement of complexities of 

such a decision by key policy actors indicates that there may not be an actor/organisation positioned 

to select or build-up co-ordination for a decarbonisation path from the separate socio-technical 

regimes currently developing for decarbonisation. Further, the branching point approach indicates 

that framing a single decision-point for a single path ahead implies inadvertently requiring a single 

socio-technical system and regime to be assembled to provide heat; even if that socio-technical 

system were to contain several of the technological areas currently developing, how their 

development is co-ordinated and governed need to be decided as part of selecting a decarbonisation 

pathway.  
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It is not surprising then that policy decision-makers can see this complexity more clearly than those 

waiting to respond to a decision and that BEIS looks unlikely to choose a path but is developing a policy 

framework or way to make a decision. The branching point analysis considered here highlights the 

structural characteristics that have led to this difficulty. It also indicates a more manageable way to 

navigate the co-ordination of different socio-technical systems developing for heat decarbonisation 

into a pathway towards net zero heating in the UK would be to acknowledge these separate pathways. 

Then, rather than needing justify a new configuration of these pathways into a socio-technical 

regime/system, policy actors could focus on ways to co-ordinate branching points occurring in these 

distinct but related pathways - looking for synergies and acknowledging points of conflict to facilitate 

co-ordination between pathways and considering options for points of integration.  

5 Discussion and conclusions 
Building on three complementary approaches to branching point analysis identified in the literature, 

this paper develops the branching point concept for application to systems with transition-in-

progress. This approach has been developed to support policy and system actors in facilitating system 

transition for sustainability, by characterising context of decisions and identifying decision-points and 

obstacles to their fulfilment. This approach is then applied to a case study of UK heat decarbonisation. 

Identifying pathways and decision points where branching could develop, this study highlights the 

structural challenges of a single central decision over the future of heat decarbonisation in the UK. 

This case shows separated development activities for decarbonisation, with installation decisions 

happening involving different actors, focused on different priorities and at different scales across 

decarbonisation efforts in the sector. It highlights that policy-actors are facing a need to co-ordinate 

separate socio-technical systems for low carbon heat and their pathways and it would be a difficult 

political task to form a single pathway towards low-carbon heating. For example, gathering data, 

understanding of behavioural change and roll out patterns and seeking to facilitate diffusion of heat 

pumps via individual developments is a very different task for policy and government actors compared 

to assessing, funding and facilitating a national co-ordinated effort to convert the gas grid for 

hydrogen. Showing the socio-technical structures in place indicates a need for acknowledgement and 

facilitation of existing socio-technical pathways whilst transparently identifying and supporting points 

of connection and co-ordination between them.    

Applying a branching point analysis in the case of heat decarbonisation makes clear the challenge that 

these socio-technical factors raise for policy and driving decarbonisation in the sector. It also shows 

potential as a framework to support identification and assessment of potential decision sites that 

could be developed to support branching decisions. In this case, there does not appear to be 

appropriate actors or cross-sector agreement to support a legitimate determination of a single 

decision and pathway to decarbonisation. However, the use of branching point analysis to study 

recent developments and viewpoints on current areas of change showed the structures and 

mechanisms for change developing in the sector and could be used to identify processes, actors and 

decisions linking and selecting between socio-technical system pathways. It could be applied to 

support the development of strategic policy interventions, trace their impacts and map potential for 

co-ordination across the pathways. 

In addition to showing potential for the further development of this approach to support policy and 

system actors in UK heat decarbonisation, this case study also indicates that branching point analysis 

can be a useful tool across transitions in action. The UK heating decarbonisation case described here 

shows a key decision point being created by the net zero target and the way that target was broken 

down to function (e.g. heating) rather than being connected to socio-technical systems (e.g. gas 
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network and electric heating systems). This approach showing the ‘need for a decision’ moment for 

pathways for sustainability maps closely onto the transition bottleneck concept presented by Geels et 

al. (2020). The branching point concept can complement this assessment by examining links and 

choices along a pathway, and in situations where future development pathways may need to be built 

by co-ordinating across distinct socio-technical systems. Breaking down an identified transition 

bottleneck using the idea of branching points can support actors recognising, shaping and generating 

routes through it.  Further, there is potential to consider networks of decisions, connecting them to 

the process, actors and legitimacy – matching decisions needed to ability to make them. 

This paper takes a first step in applying the branching points concept to analysis of transitions in 

progress to support decision-making. Further research is needed, in particular to better understand 

and inform processes of co-ordination between pathways at branching points. 
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Appendix 1 

Table A1, Summary of interviews (*two interviewees) 

 
Organisation/role Date 

1 Engineering Consultancy July 2019 

2 Gas Distribution July 2019 

3 Gas Distribution August 2019 

4 Policy actor* August 2019 

5 Innovation organisation August 2019 

6 Policy actor September 2019 

7 Business Division of ‘big 6’ energy company September 2019 

8 Local energy facilitator November 2019 

9 Heat Network developer* November 2019 

10 National governing organisation February 2020 

11 Engineering and Policy Consultancy  November 2020 

 

 


