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Executive summary

Energy systems around the world are changing fast due to 

rapid technical change, the need to tackle climate change 

and growth in demand in the developing world. The Paris 

Agreement and the IPCC’s 1.5 degree report have 

strengthened the case for rapid emissions reduction – 

including plans to transition to net zero energy systems 

and economies. A key feature of this emerging revolution 

is the disruption of established technologies, markets and 

business models. 

This report presents the findings from a major UKERC 

research project on disruptive change in energy systems. 

It brings together a range of evidence to answer three 

questions:

1. What are the potential sources of disruption to the UK 

energy system?

2. Which sectors and actors might face particularly 

disruptive change? 

3. How should government and other decision-makers 

respond to ensure that the low carbon transition is 

implemented successfully?

Whilst significant disruption is already affecting the 

energy sector, the report shows that stakeholders have 

divergent views of the future. Further disruption is 

inevitable if the UK is to transition to a net zero economy, 

but the extent, nature and impacts are subject to a lot of 

uncertainty. There is also a significant gap between what 

stakeholders expect to happen, and what they think is 

necessary to meet such targets. 

Although the report focuses in particular on technological 

change, this is not the only source of disruption. For 

example, shifts in political priorities have already led to 

ambitious climate change targets that have driven some 

of the disruptions we have seen. But this could also work 

the other way – wider changes in politics in the UK and 

other countries could undermine the case for 

climate action. 

Disruption to energy systems will affect some actors more 

than others. There is some evidence of adaptation by 

incumbents companies, particularly within the power 

sector. Many of the Big 6 utilities in their UK have changed 

their strategies in response to climate policy, new entrants 

and a loss of trust. In other sectors, change is at an earlier 

stage. For example, disruptive change is likely to be 

required in the construction sector to transform our 

building stock  and make it compatible with climate 

change targets. It also remains unclear what changes 

incumbent heating firms will need to implement to 

deliver decarbonisation, and whether they will have the 

capacity to do so. Some of these incumbents face starkly 

divergent futures – including futures where their core 

assets will need to be phased out.

The prospect of further disruptive change represents a 

particular challenge for government policy. This is 

because the extent and impacts of some potential 

disruptions are inherently uncertain. In addition, some 

sectors may need to be deliberately disrupted if they are 

to be compatible with a net zero economy.

This report provides two key recommendations for 

decision-makers to help them deal with this uncertainty. 

First, a wider range of models and tools could be used to 

inform energy and climate change policies. Some of the 

models that are currently used provide limited insights 

about the potential impacts of disruptive change. 

Second, international policy experience points to the 

advantages of a flexible and adaptive approach to policy 

development and implementation. This approach can 

help governments to respond quickly to unexpected 

consequences, and reduce the impacts of the 

unforeseen events.
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1. Introduction

Energy systems around the world are changing fast due to 

rapid technical change, the imperative of climate change 

mitigation and growth in demand in the developing world. 

The Paris Agreement of 2015 gave renewed momentum to 

efforts to reduce greenhouse gas emissions. Following the 

IPCC special report on the implications of limiting global 

warming to 1.5°C, there is increasing pressure for 

countries to go well beyond their Paris Agreement 

commitments – and to implement transitions to ‘net zero’ 

energy systems.

The pace of change is particularly pronounced in 

electricity, where the costs of some renewable energy 

technologies have fallen dramatically. The prospect of 

cheaper electricity storage plus the application of 

information communication technologies (ICTs) has 

recast expectations about sustainability, costs and 

security. Electric vehicles are also being adopted in 

increasing numbers in several countries. 

The UK’s energy transition reflects some of these trends. 

UK greenhouse gas emissions fell by 43.5% between 1990 

and 2018. Renewables now account for well over 30% of 

electricity generation; and coal is on its way out. However, 

other sectors are proving to be more intractable, partly 

due to a lack of policy action to reduce emissions. In its 

most recent progress report (CCC, 2018b), the Committee 

on Climate Change concluded once again that the UK is 

not on course to meet its 4th and 5th carbon budgets in 

the 2020s and early 2030s. It also highlighted risks to the 

implementation of current policies to reduce emissions, 

and the need for a range of new policies.

A key feature of this emerging revolution in energy 

systems is the disruption of established technologies, 

markets and business models. In Germany, two of the 

biggest utilities implemented demergers. In the UK, 

Scottish Power has sold its conventional power plants to 

focus on wind power. This pattern of disruption could 

spread in future from electricity to heating and transport. 

For example, some incumbent car manufacturers could 

be left behind by the shift to electric vehicles, along with 

the large number of small firms specialising in 

maintenance and repairs.

However, wider changes in politics and society could also 

have disruptive impacts on the transition to low carbon 

energy. The rise of nationalism and increasing challenges 

to global trade could disrupt momentum by undermining 

political support for emissions reduction. The Trump 

Administration has pulled the US out of the Paris 

Agreement, whilst the new Brazilian President has 

signalled a change to Brazil’s leadership on climate 

change. Furthermore, increased barriers to global trade 

and co-operation could jeopardise important drivers of 

low carbon innovation.

This report presents the main findings from a major 

research project on disruptive change in energy systems. 

The project has brought together a team of 15 researchers 

from the UK Energy Research Centre to explore three 

main questions:

1. What are the potential sources of disruption to the UK 

energy system?

2. Which sectors and actors might face particularly 

disruptive change? 

3. How should government and other decision-makers 

respond to ensure that the low carbon transition is 

implemented successfully?

The project team have used a range of research methods 

to explore disruptive change in the whole energy system 

and in specific sectors (see annex for details). 

They include an expert survey of researchers and other 

stakeholders; interviews with decision-makers in 

government and the private sector; a systematic evidence 

review on how disruptive change is treated by energy 

models; case studies of energy policies and their 

implementation; and new quantitative scenarios of road 

transport decarbonisation. This diverse approach has 

enabled the project to explore a wide range of potential 

sources and impacts of disruption. Whilst the coverage of 

the report is not comprehensive, it is sufficiently broad to 

address these questions and to draw conclusions 

for policy. 
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Box 1: What is disruptive change?
This project has explored a spectrum of energy 

system change. At one end of this spectrum is 

gradual or ‘continuity-based’ change. This takes 

place in line with existing trends. Disruptive change 

is at the other end of the spectrum. It involves 

significant deviations from past trends in a relatively 

short space of time. Disruptive change can also be 

defined by the magnitude of its impact on existing 

actors – particularly the companies that own, 

operate or manufacture energy infrastructures 

and technologies. 

Section 2 of the report discusses findings from an expert 

survey that elicited views on the likely direction of energy 

system change, and the extent to which it could be 

disruptive. The analysis contrasts the changes that 

respondents thought were likely to occur with those they 

considered were necessary in order to meet UK emissions 

reduction targets. 

Section 3 explores potential disruptions in four sectors 

that are important components of the energy system: 

heat, transport, electricity and construction. The research 

teams that analysed each sector have analysed disruption 

from a range of perspectives, with a focus on issues that 

are particularly relevant to those sectors. 

Finally, section 4 discusses two methods and approaches 

that could help decision-makers wishing to understand, 

respond to and implement disruptive change. This is 

followed by conclusions and recommendations. 

The section draws on a systematic evidence review of 

energy system models, and the extent to which they can 

be used to explore disruptive change. It also examines the 

governance of disruptive energy system change, based on 

a range of international case studies.
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2. What do experts think?
Mark Winskel and Michael Kattirtzi, University of Edinburgh 

While there is wide agreement amongst energy experts on 

some aspects of the UK’s energy future over the next few 

decades– especially the need for near wholesale 

decarbonisation while providing secure and affordable 

energy– there are differing expectations about the most 

effective and desirable way to achieve such a transition. 

Policy and investment decisions are often needed despite 

disagreements, and with only a partial or unclear evidence 

base. Against this backdrop, a detailed survey of 

approximately 130 UK energy researchers and 

stakeholders was carried out (Winskel & Kattirtzi, 2019). 

It was almost evenly divided into three categories: 

members of the UKERC research community; other senior 

academic energy researchers; and policymakers, 

businesses and other stakeholders. 

The survey was designed to explore differing views about 

UK energy system futures in terms of two alternative 

‘transition logics’: a disruptive logic, in which the UK energy 

transition involves dramatic changes over the next two 

decades, and a continuity-based logic, in which the 

transition involves a greater emphasis on adapting and 

repurposing existing technologies and organisations. 

Because the UK energy system remains, for the most part, 

highly centralised around large scale technologies, 

networks and organisations, the disruptive logic explored 

in the survey involves a shift toward decentralisation, and 

the greater involvement of local authorities and members 

of the public.

The survey invited views on these alternative transition 

logics for a wide variety of energy issues, both across the 

energy system as a whole, and within more specific aspects 

of the heat, electricity and transport sectors. For each part 

of the survey, respondents were presented with a number 

of different propositions about the possible make-up of the 

UK energy system in 2040, and were then asked to assess 

their likelihood and/or desirability. The year 2040 was 

chosen as the end-date for most of the survey questions as 

it represents a balance between very long term ‘anything 

might happen’ thinking, and shorter term thinking which 

would restrict the range of feasible possibilities.

2.1 Overall findings 
The results reveal varied stakeholder expectations about 

UK energy futures. While there were some areas of 

agreement, there were also many areas of disagreement 

– across the system as a whole and many of its parts. 

At the most general level, respondents were roughly 

evenly divided on whether the UK energy system is likely 

to undergo a disruptive or continuity-based transition 

over the next two decades (Figures 1 and 2). 

Key areas of agreement on the UK energy transition to 

2040 included:

• The UK’s transport transition will be dominated by 

technological substitution. By comparison, there was 

much less agreement about the role of behavioural 

changes, such as modal shift. 

• For heating in buildings, national infrastructure will 

continue to dominate, but with an emerging patchwork 

mix of supply technologies at different scales. 

Local, municipal and community-based provision is 

unlikely to dominate.

• In terms of overall policy powers, there will be a greater 

spread of energy policy powers between UK, devolved 

and local bodies, although central government, 

regulators and system operators are expected to 

continue as the main system strategists. 

• While there will be little change in public involvement 

with national energy policy-making, citizens will be 

more influential at the local and regional levels, and in 

exercising individual consumer choice.

• Final energy demand is likely to decrease moderately 

from today (i.e. by between 10% and 30%), both for the 

energy system as a whole and in the buildings and 

industry sectors. However, for transport, there is a mix 

of likely changes that could lead to either increased or 

decreased demand. 

• Electric vehicles, improvements in buildings fabric and 

insulation, and large scale renewables are the 

innovations likely to make the largest contributions to 

the UK energy system transition. 
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Figure 1: Likelihood that the UK’s energy system transition will be continuity-based – incumbent 
organisations and infrastructures will still be dominant in 2040, albeit re-purposed and/or adapted

“I think the energy system will 
go through significant change 
but that incumbents will be part 
of that change”

Director of a public-private 
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“All industries that deliver at 
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of scale.”
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Figure 2: Likelihood that the UK’s energy system transition will be highly disruptive, with incumbent 
organisations and infrastructures largely replaced by new ones by 2040

“New organisations will emerge 
without the baggage of legacy 
practice and will find it easy to 
become profitable doing what 
the incumbents are not 
structured to do.”

Professor of engineering

“The scale of financing needed to 
fully decarbonise the system is 
beyond the balance sheet of the 
traditional incumbents.”

Senior economist at a large NGO
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broad social, economic and environmental disruptions 

(such as demographic change and severe climate change 

incidents), and more ‘conventional’ energy policy issues 

for which the UK may play a limited role in wider 

international developments (such as the availability 

of affordable carbon capture and storage). 

The results also highlighted a range of possible shocks 

and changes to the international energy landscape, 

and broad socio-economic changes perceived to be of 

significance for UK energy futures (Figures 3a and 3b). 

Though many of these lie mostly beyond UK energy 

stakeholders’ control, they need to be taken into account 

in planning the UK’s energy transition. They include both 

Figure 3a: Landscape changes and system shocks – most likely issues

Figure 3b: Landscape changes and system shocks – least likely issues
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2.3 Electricity sector
Respondents saw a mix of disruptive and continuity-

based influences at work in the UK power sector. 

Key areas of disagreement and uncertainty included the 

future viability of large-firm business models and the 

continuing importance (or otherwise) of economies of 

scale. Those who considered that a disruptive power 

sector transition was likely suggested that technical, 

economic and political drivers of disruption through 

digitisation and decentralisation would overwhelm 

continuity-based logics and interests.

However, most respondents expected that the UK power 

sector transition would be largely continuity-based, 

with large energy supply companies unlikely to be wholly 

displaced by intermediary companies, aggregators and 

community energy suppliers by 2040. In addition, large 

scale renewables were seen by most to be the single most 

important contributor to change in the power sector. 

Demand-side management and response, and smart 

electricity networks, were also expected to make 

important contributions in enabling the greater diffusion 

of renewables. There were much lower expectations about 

the role of nuclear power and CCS over this period.

2.4 Transport sector 
There was an overwhelming consensus among 

respondents that the UK transport transition to 2040 

would be dominated by technological substitution, with 

electric vehicles making the dominant contribution to 

changes in personal transport. There was much less 

agreement about the role of social and behavioural 

change. Many respondents were sceptical that changes 

such as greater use of public transport, cycling and 

walking would command enough policy support, and 

some noted that behaviour change could lead to 

increased demand and carbon emissions from transport. 

However, more than for power and heat, the transport 

transition was seen as being shaped by issues and trends 

beyond energy, with some respondents suggesting that 

changing patterns of ownership (especially among 

younger people and in urban areas) and local air quality 

concerns could lead to more dramatic changes in 

transport related social norms, policy making and 

associated emissions. 

2.2 Heat sector
Heating is an area of broad uncertainty and disagreement 

on UK energy futures. Most survey respondents believed 

the UK heat transition up to 2040 is likely to be 

characterised by continuing reliance on national 

infrastructure, but with an emerging ‘patchwork mix’ of 

different low carbon solutions. Demand-side measures 

were seen as more important contributors to the heat 

transition than supply related changes over this period 

– especially improvements to building fabric (improved 

insulation and conservation). Changes in consumer 

behaviour and practices were not expected to make 

significant contributions over this period – indeed, 

potential consumer resistance was seen by many as a 

barrier to change.

On the supply side, the overall view was of only limited 

scope for large-scale change by 2040, given perceived 

technical, economic and political barriers. A lack of 

compelling evidence on the cost effectiveness, scalability 

and consumer acceptability of different low carbon heat 

options lay behind this lack of consensus, though 

buildings scale heat pumps were seen as the most 

significant heat supply innovation, with local heat 

networks also playing a role. Hydrogen-based solutions 

were viewed as less important over this period, due to 

concerns around hydrogen production and the availability 

of carbon capture and storage (CCS). 
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2.6 Implications
The survey results capture a significant body of expertise 

and knowledge about the UK energy system and the 

nature of its transition. The findings suggest that there is 

likely to be an uneven spread of disruption and continuity-

based changes across the whole energy system. While 

there was consensus in some areas, the disagreement seen 

on many issues emphasises the need for decision-makers 

and stakeholders to understand, respond and adapt to 

both disruptive and continuity-based developments as 

they shape the UK’s energy transition. 

Where expert consensus was found – for example on the 

importance of reducing energy demand by 2040, 

improving buildings fabric and insulation, electric 

vehicles and large scale offshore wind – there is a case for 

stronger support to achieve more ambitious targets. 

In areas of low agreement – for example on the future of 

buildings’ heat supply and the role of behaviour change in 

personal transport – there is a need to gather more 

evidence, develop trials and demonstrations, and engage 

widely to forge a path through the uncertainty. 

The results reveal a mix of policy priorities. Some of them 

are more disruptive, such as promoting distributed energy 

and greater citizen involvement in regional and local 

policy. Others – though they also have disruptive elements 

– reflect more continuity-based responses, such as 

improving building fabric and further deployment of large 

scale renewables. This suggests that policy makers should 

be sceptical of claims that the future will bring either 

wholesale disruption or continuity. 

The survey findings also present a challenge to evidence-

based policymaking. While more and better evidence can 

help reduce uncertainty and disagreement in some areas, 

for many issues stakeholder differences seem to reflect 

different interests and values. This emphasises the need 

for well-evidenced, accountable and adaptive decision-

making. Section 4 of this report explores this conclusion 

further, drawing on a range of international energy 

policy examples.

2.5 Policy and innovation 
priorities
In terms of high level UK energy policy drivers, 

‘decarbonisation and a green economy’ emerged as the 

single most important priority for respondents, followed 

by energy security, affordability and industrial strategy 

concerns. While many participants believed that all four 

priorities should be addressed for a successful low carbon 

transition, some highlighted tensions between 

decarbonisation, affordability and industrial 

strategy objectives.

The single most important policy measure for meeting these 

priorities was seen as supporting energy demand reduction. 

Other priorities included using the competitive market to 

support low carbon technology deployment, accelerating 

the transition towards distributed energy generation and 

storage across the UK, and supporting greater citizen 

involvement in regional and local planning. There was much 

less agreement in some other areas: regulating or capping 

energy prices; public ownership of energy infrastructure and 

organisations; and striving for national energy 

independence, avoiding import dependence.

Additional policy implications emerge by comparing 

experts’ expected and preferred outcomes. For example, 

while most participants supported greater public 

involvement in local and regional energy policy-making 

processes, there was much less consensus that this would 

happen in practice – suggesting the need for more 

support. Similarly, while a clear majority of respondents 

agreed with policies to promote distributed energy, other 

responses pointed to uncertainty and some scepticism 

about the implications of distributed energy for energy 

security and flexibility, highlighting the case for a stronger 

evidence base. Carbon capture and storage was seen as a 

long term innovation priority, yet the non-availability of 

CCS was also seen an area of high likelihood and 

significance for the UK energy transition, implying the 

need for stronger policy support.

Participants were also asked to identify the most important 

innovations that would impact the UK energy system before 

and after 2040. The three most frequently nominated 

innovations that would deliver impact before 2040 were 

energy storage solutions (including electric and thermal), 

improvements in building fabrics, and electric/autonomous 

vehicles. For impact beyond 2040, the most frequently 

selected innovations were large scale technologies where 

less progress has been made so far, such as CCS, 

greenhouse gas removal technologies and hydrogen. 
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3. Disruption and the UK energy 
transition 

This section explores the potential for disruption in 

different areas of the energy system: heat, transport, 

power and construction.

3.1 Decarbonising heating: 
policy perspectives on 
disruption

Richard Lowes and Bridget Woodman, 

University of Exeter

The decarbonisation of heat in the UK represents a 

significant challenge for policy makers and has been 

described by Government as ‘our most difficult policy and 

technology challenge to meet our carbon targets’ (HM 

Government, 2017). Almost total heat decarbonisation by 

2050 is however seen as necessary under the UK’s Climate 

Change Act targets and the goals under the Paris 

agreement imply the need for even more rapid and 

extensive heat decarbonisation.

The expert survey set out in Section 2 highlighted major 

technological uncertainties associated with heat 

decarbonisation. Two key heat decarbonisation pathways 

are often discussed. One which sees much of the UK’s 

heat demand electrified using primarily heat pumps 

supplied with low carbon electricity; and another which 

maintains the gas system but is based on hydrogen 

produced from natural gas alongside carbon capture.

It is also worth noting that hybrid scenarios combining 

gas and electric heating in buildings are also envisaged. 

Geographical factors could also impact where certain 

types of technologies may have most value. 

Heat networks are also often seen to have value as a 

heat distribution technology. Three key potential heat 

decarbonisation technology options (hydrogen, 

electrification and hybridisation) have been recently 

considered by Strbac et al. (2018) for the Committee on 

Climate Change. This analysis suggested that a hybrid 

pathway currently appears to be the lowest cost option 

for heat decarbonisation, but costs for other options are 

similar. The analysis also suggested that pathways with 

greater levels of electrification appeared to have greater 

potential for near total decarbonisation. In addition to 

these technical and economic dimensions of change, heat 

decarbonisation is expected to have significant impacts 

on citizens through changes in the home and increasing 

energy costs.

Without rapid deployment of low carbon heating driven 

by consumers or the energy industry, which seems 

unlikely, significant policy and governance interventions 

will be needed to drive the sustainable heat 

transformation. However, UK heat policy is as yet not 

commensurate with the challenge of heat 

decarbonisation (Committee on Climate Change, 2019). 

This section draws on in-depth interviews with a number 

of senior individuals interested in, or working directly on 

heat decarbonisation policy. It explores their attitudes and 

beliefs about the potential for both disruptive and 

continuity-based change in UK heat decarbonisation. 

It aims to understand the implications of policy maker 

views and consider how current heat policy paralysis can 

be overcome.

Previous UKERC research into the UK heat sector 

highlighted the role of fossil fuel heat industry 

incumbents (Lowes et al., 2018). It concluded that these 

actors are promoting a pathway which maintains the UK’s 

gas system, and suggests that it could be decarbonised 

using low carbon gases with hydrogen. This approach, it is 

suggested, can reduce disruption for consumers who 

would expect only minimal household changes compared 

to heat decarbonisation options based around 

electrification (Northern Gas Networks et al., 2016). 

The research highlighted significant levels of political 

lobbying associated with these incumbents around the 

low carbon gas pathway. 

It is clear that low carbon gas is seen to have some 

potential by policy makers. In a recent heat 

decarbonisation evidence review, BEIS (2018a) highlighted 

that ‘increasing attention has been given to the role 

hydrogen could play in decarbonising heat’ (p28), 

with hydrogen discussed as a potential heat 

decarbonisation option. 
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3.1.1 Policy maker perceptions
Uncertainty about the future development of the heat 

sector is prevalent in policy maker views, as was also 

highlighted in Section 2. This includes technical 

uncertainty associated with all heat decarbonisation 

options, geographical uncertainty about the most 

appropriate solutions for different locations (e.g. urban 

vs off-gas rural) and the uncertainty posed by the 

potential for multiple options rather than a single 

one-fits-all approach. 

Policy makers think that there is uncertainty regarding 

the conversion of the gas grid to hydrogen and its 

potential impact on consumers. There is a lack of 

understanding regarding: 

• How a conversion programme would take place and 

whether or not a neighbourhood by neighbourhood 

conversion programme would be needed.

• The requirement for new internal hydrogen suitable 

gas pipes and appliances within homes and buildings.

• Safety issues associated with the use of hydrogen.

• The requirement for a large national hydrogen market 

which currently does not exist and would need to 

be designed.

• Who would deliver the hydrogen conversion 

programme.

But there were also significant uncertainties associated 

with an electrification scenario. Policy makers are unclear 

about:

• How the electricity system could meet the additional 

load if heat was electrified.

• How consumers would respond to the need for new 

and more expensive heating appliances.

• The political implications of requiring changes to 

people’s homes.

Disruption to consumers is a key concern of policy 

experts working in heat decarbonisation. All approaches 

for heat decarbonisation are seen as disruptive, with low 

levels of consumer disruption seen as more appealing. 

There is no agreement about which approach may be 

more disruptive. If hydrogen conversion turned out to be 

less disruptive for consumers, this option would be more 

likely to appeal to policy makers than others. 

The decarbonisation of the gas grid represents an option 

which could provide continuity for current heat industry 

actors but could also require disruption elsewhere in the 

heat sector. Interviewees thought that upstream oil and 

gas majors would deliver the low carbon hydrogen 

alongside CCS, with the gas networks as central to the 

conversion programme. Boiler manufacturers could 

produce hydrogen boilers. A heat electrification approach 

would be disruptive to the gas heating industry resulting 

in an uncertain future for the gas grid and requiring 

appliance manufacturers to shift product offerings away 

from boilers. However, electricity market structures are 

not expected to change significantly.

Some interviewees suggested that because the choice 

between hydrogen and electrification is seen as binary, a 

lack of evidence on which option was best is limiting heat 

policy making, particularly for existing buildings on the 

gas grid. In its Clean Growth Strategy, HM Government 

suggested that decisions ‘about the long term future of 

how we heat our homes, including the future of the gas 

grid’ would need to be made in the first half of the 2020s 

(HM Government, 2017). There are a number of live 

innovation projects which the Government expects to 

provide further evidence on the benefits of and issues 

associated with the various options for heat 

decarbonisation (HM Government, 2017).

There is also a perception that heat decarbonisation is not 

salient for politicians who are focused on other issues and 

could therefore limit the speed and potential for policy 

change. A number of interviewees believe that there is 

still time to solve the heat decarbonisation challenge 

although it is recognised that it is a pressing issue. 

3.1.2 A way forward
Interviewees widely believe that more evidence on the 

actual performance of both hydrogen and electric heating 

systems could support policy decisions. However, not all 

interviewees agreed. This is for two reasons. 

First, technological innovation could render current 

discussions pointless as innovation could drive the energy 

system and society in a potentially unexpected way. 

Second, it is believed that there were clear areas where 

policies for low carbon heat deployment and energy 

efficiency make sense now. This includes, for example, 

removing fossil fuel heating from areas off the gas grid, 

delivering cost-effective energy efficiency and developing 

stricter standards for new build homes.
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This suggests that it is important for the government to 

strengthen policies to support the deployment of known 

low carbon heat technologies now, in tandem with greater 

incentives for energy demand reduction. This should be 

complemented by research, development and 

demonstration activities on low carbon gas. The 

government has recently announced that a new homes 

standard to mandate low carbon heating for new homes 

will be introduced by 2025 (HM Treasury, 2019). However, 

at the time of writing no significant legal or regulatory 

measures have yet been introduced for houses and 

buildings on or off the gas grid. 

3.2 Phasing out fossil fuel 
vehicles: as disruptive as it 
sounds? 
Christian Brand, University of Oxford, and 

Jillian Anable, University of Leeds

Transport is now the largest carbon-emitting sector of the 

UK economy with 28% of greenhouse gas emissions in 

2017 (BEIS, 2018c; CCC, 2018b). To accelerate the transition 

to a low carbon transport system, the phasing out of the 

sale of new conventional fossil fuel vehicles by a given 

date is one of a number of potentially disruptive policies 

that have been announced over the past five years. While 

the UK has opted for a target year of 2040 other 

jurisdictions have announced more challenging target 

dates (2025: Norway and Paris; 2030: Germany; 2032: 

Scotland) and scope (petrol and diesel, diesel only, 

non-electric).

As technical substitution alone may be too slow to 

contribute meaningfully to meeting ambitious carbon 

reduction targets (CCC, 2018a; House of Commons, 2018), 

this section explores a wider range of scenarios. It 

analyses the implications of the scale and speed of 

change via technical substitution and the contrasts this 

with wider social and lifestyle change building on earlier 

UKERC research (Brand et al., 2019). It shows what the 

impacts might be if the Government were more 

ambitious, how much disruption is needed to meet 

climate goals, the role of lifestyle and social change, and 

the potential implications for key actors in transport 

energy systems. 

3.2.1 Key findings and insights
Fleet turnover and Ultra Low Emission Vehicle (ULEV) 
uptake

We found that the aims of the ‘Road to Zero’ (R2Z) 

strategy (DfT, 2018) – a ‘mission’ for all new cars and vans 

to be ‘effectively zero emission’ by 2040, an ‘ambition’ of 

50% new ultra low emission vehicles (ULEVs) by 2030 

– would only be met by including hybrid electric vehicles 

(HEVs) in the UK’s ban. In this case, private, company and 

fleet buyers increasingly prefer ULEVs over conventional 

internal combustion engine (ICE) and HEV vehicles. This is 

enabled by a co-evolving EV market with increasing 

availability and performance of lower carbon vehicles and 

growing investment in home and fast recharging 

infrastructure. Lower demand for mobility and car 

ownership in the lifestyle change scenarios imply a 

delayed turnover of the fleet, as fewer ULEVs enter the 

market each year (see Figure 4). 

Progress towards meeting emissions targets

Figure 4 shows direct (tailpipe) CO2 emissions from UK 

cars and vans compared to two emissions reduction 

targets for 2050: an 80% reduction that is in line with the 

current long-term target; and a more stringent 95% target 

that is closer to the requirement for a net zero economy1. 

This shows the ‘R2Z’ (ICE ban 2040) scenario may neither 

hit the targets nor make the early gains needed for a 1.5°C 

trajectory, suggesting the strategy may achieve too little, 

too late. This confirms the results of other research (CCC, 

2018a; House of Commons, 2018). The largest and earliest 

savings were in the 2030 bans that phased out HEV and 

plug-in hybrid electric vehicles (PHEV) by 2030 combined 

with more sustainable travel patterns due to lifestyle 

change. In terms of cumulative emissions for the 2017-

2050 period, none of the scenarios came even close to the 

1.5°C emissions budget for cars of about 500 MtCO2 

(assuming ‘grandfathering’ of emissions – Pye et al, 2017), 

with the most stringent ban combined with lifestyle 

change totalling 818 MtCO2 over the period to 2050. 

Adding upstream and downstream CO2 emissions from 

vehicle manufacture, maintenance and disposal, and the 

supply of energy (fossil fuel production, electricity 

generation) basically shifts the emissions trajectories up by 

between 30 and 40 MtCO2 p.a. (not shown). This is largely 

due to upstream and downstream CO2 emissions remaining 

roughly constant over time as emissions from generation of 

electricity replace those from fossil fuel production. 

1.  Based on baseline 1990 emissions of 70.3 MtCO2 for cars and 11.5 MtCO2 
for vans, i.e. a total of 81.8 MtCO2. Assuming national targets were 
shared equally across the economy and the transport sector, the 
legislated -80% and the ‘near zero’ -95% targets were 16.4 MtCO2 and 4.1 
MtCO2 respectively.
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Co-benefits/risks: air pollution and road fuel duty 
revenues

The bans on the sale of conventional fossil fuel cars and 

vans explored here can accelerate reductions in air 

quality emissions in the medium to long term (late 2020s 

onwards), but not the short term. In contrast, more 

sustainable mobility patterns due to lifestyle change can 

bring earlier benefits. In order to reduce the health burden 

of road traffic pollution faster, the earlier transformation 

to a cleaner ULEV vehicle fleet may be more effective than 

existing government strategy (e.g. R2Z and the UK Air 

Quality Strategy) that implies breaching international air 

quality limits may continue well into the late 2020s.

In terms of road fuel duty, HM Treasury currently takes 

about £17.5 billion and £4 billion from cars and vans 

respectively. While road tax revenue streams would not 

change significantly in the short term, they would fall 

more sharply from the late 2020s onwards reflecting zero 

duty on electricity. By 2050, this revenue stream would 

virtually be wiped out in all scenarios that ban fossil fuel 

vehicles. To compensate for this loss, road fuel duty on 

electricity would need to be in the order of 15 to 20 pence 

per kWh, depending on the scenario.  

3.2.2 Implications for the main actors: 
disruption or continuity?
Legislated bans on the sale of new conventional fossil fuel 

vehicles will involve high levels of coordination, intention 

and buy-in by policy makers, business and wider civil 

society. This perhaps differs from uncoordinated change 

such as in the case of social and lifestyle change 

supported – but not driven – by policy and regulation. 

In terms of the types of change, our results imply that in 

the ‘Road to Zero’ (ICE ban 2040) pathway the actors of the 

car and van transport and energy system are unlikely to 

undergo disruptive change. This is due to the relatively 

slow and limited evolution of the fleet towards 

‘unconventional’ low carbon fuels, continuation of fuel 

duty revenue streams well into the 2040s and little 

additional reductions in energy demand and air pollutant 

emissions. However, in the earlier (2030) and stricter 

(in ULEV terms) pathways we can expect some disruption 

for technology providers: industry and business – 

in particular vehicle manufacturers, global production 

networks, the maintenance and repair sector as well as 

the oil & gas industry. There may be significant 

employment disruptions, e.g. due to internal combustion 

engine plants closing unless restructuring to EV 

Figure 4: Scenario comparison of tailpipe CO2 emissions from cars and vans
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production is successful and in time, and the policy 

instruments to foster the shift can be expected to 

generate backlash. However, the stronger policy signal of a 

2030 ban that includes hybrids would provide certainty to 

manufacturers to invest and innovate, backed up by much 

improved market conditions for EVs that go beyond the 

R2Z strategy. So, any potential disruption could be 

managed by measures such as increased consumer 

awareness through marketing and awareness campaigns, 

increased and earlier certainty of access for fleet 

operations, higher battery capacities, charging rates and 

faster off-street parking from the mid-2020s onwards. 

If the UK succeeded in phasing out conventional and 

hybrid EV cars and vans, the oil and gas industry would 

gradually lose an important demand sector at potentially 

disruptive rates of change in the medium term (beyond 

2030). However, some scenario exercises (e.g. BP, 2019: 

Rapid Transition scenario) suggest that even a 2030 ban 

wouldn’t affect total oil demand very much because oil is 

used in many other modes of transport (aviation, 

shipping, heavy goods vehicles, rail) and sectors of the 

economy. The potential loss of fuel duty revenues from 

fossil fuel use has been recognised as a potentially 

disruptive change (Howard et al., 2017). However, some 

commentators have argued that the loss of annual 

income does not matter when compared to the wider 

economy, as the level of excise from road fuels is similar 

to the annual changes in expenditure and payments 

discussed at budget time (BVRLA, 2019). In any case, 

any loss could be compensated by introducing electric 

fuel duty at levels suggested above or by some form of 

universal dynamic road pricing.

For other actors, particularly consumers and leasing 

companies, ULEVs do not represent disruptive change as 

“a car is still a car” in most respects. Range anxiety and 

longer recharging times are considered to be short term 

barriers that are expected to be overcome in the short to 

medium term. Note no significant advances in and mass 

uptake of shared mobility and automation was assumed – 

the other two major innovations that have disruptive 

potential (Sprei, 2018). There will also be a lack of 

disruption for local government (key actor in delivering 

charging infrastructure) and wider civil society, with 

gradual air quality improvements in the second half of the 

assessment period, even in the most stringent scenarios.

The evolving transition of the proposed bans as well as 

transformation of mobility patterns due to lifestyle 

change over a 30 year timeframe are unlikely to be 

disruptive, as the system would on the whole be able to 

adapt and change. However, there are some areas that 

need careful policy design and compensating measures 

that demonstrate the benefits of the transformation. Fuel 

taxes are an obvious source of political disruption, which 

have been unpredictable in the past. Other aspects might 

also generate disruptive political forces, e.g. conflict over 

cycling and EV infrastructure; changes to parking rules; 

eventual withdrawal of tax exemptions for ULEVs; and 

rural-urban divides in the adoption of/access to 

subsidised cleaner technologies. So careful policy design 

and hypothecation of taxes to improve alternatives to 

fossil fuel mobility will be essential to minimise political 

and economic risks. 

3.3 Challenging the Big 6: 
disruptions in the power 
sector
Mike Kattirtzi, University of Edinburgh; 

Ioanna Ketsopoulou and Jim Watson, UCL 

and UKERC

The power sector is at the forefront of the unfolding 

energy transition. Rapid reductions in the cost of some 

renewable energy technologies and electricity storage 

have been driven by increasing deployment around the 

world. According to the IEA, investment in renewable 

electricity capacity has been well over double the 

combined level of investment in fossil and nuclear 

capacity for several years (IEA, 2019). This shift away from 

more traditional technologies has been coupled with 

the increasing use of digital technologies, more 

decentralisation of generation and a challenge to 

incumbent electricity companies. The latter trend has 

been particularly marked in Germany, where incumbent 

firms have been undermined by changes inside and 

outside the energy sector. Two of the four major German 

utilities (E.On and RWE) have responded with demergers 

to separate their legacy assets from businesses focused on 

new technologies and services (Kungl and Geels, 2018). 

This section explores the role of the incumbent power 

companies in the UK’s energy transition so far. It focuses 

on the strategies of so-called ‘Big 6’ vertically integrated 

companies: EDF, RWE npower, E.On, Scottish Power, 

Scottish and Southern Energy (SSE) and Centrica. 

It examines the extent to which their strategies are 

compatible with the UK’s climate change targets; and how 

they have responded to potential disruptions from 

decarbonisation, digitalisation and decentralisation. 
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3.3.1 Key trends
The Big 6 companies have undergone significant change 

in the last decade. Figure 5 presents the changes in the 

generation capacity portfolios of these companies. From 

2008 to May 2012, all six firms expanded their generation 

capacity. EDF and Centrica achieved this by acquiring 

stakes in the British Energy nuclear power portfolio (80% 

and 20% respectively). This placed EDF at the top in the 

shift to a low carbon generation portfolio. E.ON, RWE and 

SSE predominantly grew their combined cycle gas turbine 

(CCGT) plants, while SSE and Scottish Power doubled their 

onshore wind generation capacity.

The EU’s Large Combustion Plant Directive (LCPD) is the 

most significant explanation for the overall decline in 

generation capacity between May 2012 and May 2015. 

Large fossil fuel power plants were required to either 

reduce flue gas emissions, or else ‘opt out’ and cease 

operations shortly afterwards (European Parliament, 

2011). E.ON and RWE opted out several plants, and while 

these two companies built some of the UK’s largest 

onshore wind farms, their overall capacity fell. Centrica, 

SSE and Scottish Power all closed or mothballed plants – 

in some cases despite upgrades. Scottish Power and SSE 

grew their renewable generation, and by May 2015 

renewables accounted for a third of their generation 

capacity. While EDF held the highest proportion of low 

carbon capacity, the company predominantly invested in 

upgrading the nuclear and fossil fuel plants.

By May 2018, there is greater differentiation in the 

companies’ generation portfolios. EDF continued to 

expand through plant upgrades, with limited growth in 

wind farms. E.ON moved most European fossil fuel assets 

into a new subsidiary, Uniper, which it then fully divested 

in 2018 (Kungl and Geels, 2018; E.ON, 2016). As a result, 

E.ON now runs a largely low carbon generation portfolio 

in the UK. Similarly, by January 2019 Scottish Power had 

closed or sold all remaining fossil fuel based plants, 

becoming the first of the Big 6 with an entirely 

renewables-based generation portfolio in the UK (Scottish 

Power, 2018). Meanwhile Centrica has announced plans to 

divest their stake in British Energy, as part of a shift 

towards smaller scale plants and greater emphasis on 

consumer services (Centrica, 2018). RWE and SSE saw 

further substantial closures of their fossil fuel plants due 

to opting out from the EU’s LCPD. While SSE compensated 

for this by investing in a range of new CCGT plants and 

wind farms, RWE ended the period with the largest fossil 

fuel plant capacity of all of the Big 6. 

Figure 5: Total installed generation capacity owned / part-owned by the Big 6 energy companies, 
weighted by company share 

Data includes all sites larger than 1 MW. Source: DUKES, supplemented by company reports and press releases. 
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The Big 6 companies also suffered from a steady fall in 

domestic electricity customer numbers between 2008 and 

2016. The period began rather stable, with British Gas and 

SSE showing moderate growth. Between 2012 and 2015 

there was a substantial fall in consumer trust in the Big 6, 

driving large numbers to switch to alternative suppliers 

(interviews, 2018). This occurred after Ofgem 

investigations found that each of Big 6 firms were engaged 

in sales misconduct practices. The firms responded by 

changing their sales strategies in a way that arguably 

reduced the market engagement from consumers on the 

most expensive tariffs (interview with senior industry 

manager, 2018). At the same time, there was growing 

public concern over energy prices. Together, these issues 

eroded consumers’ trust (Parkhill et al., 2013) and by 2015 

all of the Big 6 were losing market share. This trend 

continued unabated to 2018, such that smaller energy 

suppliers (which accounted for just 1% of the market 

until the end of 2012) now held 24% of the market. 

3.3.2 Responding to challenges: 
decarbonisation, decentralisation, 
digitalisation
Here we provide an overview of how the Big 6 have 

responded to three of the main future trends in the power 

sector; decarbonisation, decentralisation and digitalisation. 

Decarbonisation

In terms of decarbonisation, all of the Big 6 express an 

interest in reducing carbon emissions and acknowledge 

their role in achieving the transition towards a low carbon 

energy system. However they follow significantly different 

strategies to achieve that goal. During the period we 

examine, SSE and Scottish Power positioned themselves 

towards large scale renewables. By contrast, Centrica 

radically scaled down their electricity generation 

portfolio, and pursued decarbonisation through providing 

services that reduce energy demand (Centrica, 2015). 

EDF’s approach is also unique in that it is the key Big 6 

supporter of nuclear power, mainly due to the position of 

its parent company in France. However, EDF also has the 

most coal capacity during the period covered by this 

analysis. After a substantial reduction in fossil fuel 

capacity due to opt outs from the EU Large Combustion 

Plant Directive, E.ON’s divestment from Uniper left the 

company with a generation portfolio dominated by 

several large and medium sized wind farms. 

Decentralisation

The Big 6 also follow distinct approaches in regards to 

decentralisation. Centrica appears to be more in 

alignment with a decentralised future, particularly 

following a restructure and a reorientation of their 

strategy in 2015. On the other hand, SSE and Scottish 

Power are geared towards a more traditional centralised 

power system, since their portfolio includes a high 

percentage of large scale renewables and other large 

plant. EDF, being a strong supporter of nuclear, is also not 

geared towards decentralisation. Npower’s approach is 

more mixed: on the generation side the portfolio of RWE, 

their parent company, contains a large proportion of 

centralised plant; on the other hand their retail strategy 

at a European level is targeted towards smart technologies 

which could potentially work well in a decentralised 

future. E.ON also initially showed an interest in 

decentralisation, mainly through the expansion of their 

energy services activities, however due to lower than 

expected profits their aspirations were significantly scaled 

back and the decentralised energy solutions team was 

dissolved in 2013.

Digitalisation

Digitalisation refers to the increasing shift towards smart 

energy systems, changes in demand patterns and the way 

energy is used, the intelligent use of data and potentially 

a more active role for consumers. The Big 6’s approach to 

digitalisation is also varied. Centrica and Npower appear 

to have repositioned their retail strategies towards smart 

technologies and energy management – Centrica through 

its range of Hive products; and Npower through the 

formation of Innogy SE in 2016, which pooled together all 

the retail businesses across Europe, as well as their 

networks and renewable generation assets. Towards the 

end of the period, SSE also acknowledged the need to 

engage with customers in new ways and formed SSE 

Enterprise. However, digitalisation does not appear to be 

as high a priority in their company reports compared to 

some of the other Big 6 companies. Similarly, digitalisation 

does not appear to be a priority for E.ON. Their Home 

Energy Services business was sold in 2013, though an 

interest was maintained through the E.ON Home Service. 

EDF express an aspiration to become a leader in digital 

services, however their level of commitment in terms of 

investment remains unclear. Similarly, Scottish Power 

expressed an increased commitment to customer facing 

services in 2011, however it’s unclear what new activities 

were undertaken towards this goal.
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UK to achieve low-carbon building performance is likely 

to require a set of disruptive changes to the culture and 

practices of an entire industry.

3.4.2 The design-performance gap
The transformation of buildings stocks is not just a 

question of quantity (e.g. numbers of heat pumps 

installed), but also a question of quality of installation and 

technical education (see, e.g., Gleeson, 2014). Field trials of 

ambitious low-energy housing renovations show that very 

low-carbon performance is possible, but only with 

fastidious attention to detail and excellent management 

throughout the project (Topouzi, 2015). Such quality is the 

exception rather than the rule. Building energy use suffers 

from a chronic design-performance gap, with many 

causes – from discrepancies in modelling, to variations in 

building management and occupant behaviour (van 

Dronkelaar et al, 2016). Real performance can miss the 

design intent by tens of percentage points (Ruyssevelt, 

2014) and even more than 100% (Johnston et al, 2016). 

For housing, at least part of the problem is related to three 

deep-seated weaknesses in the construction sector: a lack 

of technical knowledge; unclear allocation of roles and 

responsibilities; and poor communication among project 

teams (Zero Carbon Hub, 2014).

3.4.3 Vocational training and the 
construction labour market
For the energy research community, the key lesson is that 

the availability of mature, existing technology is not 

enough on its own. Stating the technical potential in the 

buildings sector fails to address the key challenges, which 

are related to the organisation of labour and the structure 

of an industry which is characterised by fragmentation 

(Egan, 1998) and what has been termed a ‘low-skills 

equilibrium’ – a self-perpetuating cycle of low skills, 

low wages and insecure jobs (Green, 2016). 

It can be tempting to conclude that a lack of technical 

knowledge about low-energy building design and 

construction should be addressed through training 

initiatives, and there have been examples of new courses 

and centres set up to do just that (e.g. Retrofit Academy 2). 

However, they invariably struggle to attract enough 

students to be financially viable. The reason for this is that 

there is far too little demand in the labour market for the 

skills learned on such courses: it is perfectly possible to 

make a living without having had the additional training. 

Training operates in a derived or secondary market – 

without real demand for skills in the workplace, there is no 

sustained interest in learning. The fact that building energy 

2.  https://www.retrofitacademy.org/

Overall, the strategies of the Big 6 energy companies have 

changed considerably in response to EU Directives driving 

the closure of fossil fuel power plants alongside a decline in 

the cost of renewables, and the rise of alternative energy 

suppliers gaining retail market share. The companies’ 

strategies have become increasingly differentiated, 

implying varying degrees of disruption to their traditional 

business model. Centrica has exhibited the most radical 

shift in their business model, moving away from large scale 

fossil fuel power plants and focusing much more on the 

application of digital technologies in their retail business. 

EDF, SSE and Scottish Power have each pursued large scale 

low carbon generation portfolios in different ways. 

Meanwhile E.ON has radically scaled back its generation 

portfolio and RWE continued with a broad mix of 

conventional and renewable generation assets, albeit by 

splitting into two different regionally integrated 

subsidiaries, each pursuing its own strategy. It remains to 

be seen whether the Big 6 companies will be able to 

continue to adapt to rapid change – or whether some of 

them will ultimately be overtaken by new entrants. 

3.4 Disrupting the 
construction sector?

Gavin Killip, University of Oxford, and 

Alice Owen, University of Leeds

3.4.1 Buildings matter for energy and 
climate policy
The buildings sector accounted for about 40% of UK 

energy consumption in 2017, including all fuels and 

end-uses (BEIS, 2018d). Reducing energy in buildings is 

widely seen as an important part of climate mitigation 

policy (IPCC, 2014, CCC, 2019b). Scenario studies assume 

that it will be necessary to improve the energy efficiency 

and emissions from buildings – old and new – through 

large-scale deployment of currently available technologies 

(e.g. insulation, heat pumps). New additions to the 

building stock are less than 1% of the total stock size 

every year, so the major reductions in energy demand will 

come through construction work on existing buildings. 

Computer models and scenarios tend to take a 

deterministic view of technology uptake, assuming as a 

default that technology will work and perform well; 

that the installation and operation of technology in real 

life is the same as (or close to) what the models predict. 

The discrepancy between theoretical and real-life 

performance of buildings lies at the heart of the 

disruptive challenge for the construction industry. For the 
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performance is routinely ignored should not come as a 

surprise: the construction industry is structured to focus 

on inputs (materials, design, labour) not on outcomes 

(building performance, occupant satisfaction).

In the UK there is no minimum qualification requirement 

for a person setting up a construction firm, in contrast 

with other European countries (e.g. Meister qualifications 

in Germany and Austria). A qualification is unlikely to 

solve all problems on its own, but it would be a 

mechanism by which technical knowledge and practical 

skills could be more readily influenced by policy.

3.4.4 The role of the construction sector
The technical potential for improvement in buildings is 

well-known. Delivering performance close to this 

potential leads to questions about how the work will be 

done, and by whom (Janda & Parag, 2013). 

The construction industry is the only sector which 

operates at an appropriate scale to deliver a low-carbon 

building stock, and yet the task has not been 

unambiguously assigned to, or accepted by, the industry. 

Climate mitigation will require both continuity and 

disruption in the industry: continuity in terms of the 

complexity and one-off nature of each project, and the 

kinds of firms and projects involved; but disruption in 

terms of how the work is structured, regulated and valued. 

Key innovations are likely to be in processes and practices, 

as well as new technologies. The take-up of technology can 

usefully be conceived as one element in a co-evolutionary 

process, which also includes business models, practices of 

end-users and intermediaries, and the evolution of policy 

for climate protection (Killip et al, 2018).

 Earlier UKERC research has added to our understanding 

of these complex issues, specifically in relation to the 

energy retrofit of existing housing. Some highlights of this 

work are summarised here.

Risks of implementing energy retrofit in housing

The building firms undertaking retrofit need to focus not 

only on energy performance, but also on two broad types 

of risk associated with doing the work:

• Technical risks – especially the risks of moisture 

collecting in complex three-dimensional structures and 

causing structural damage or health concerns for 

occupants over time.

• Process risks – integrating materials like insulation into 

a conventional building project may require re-thinking 

the sequence of tasks that best achieves a balance 

between building energy performance and time-

efficient installation.

The condition of the pre-existing building is generally 

unknown at the outset, which makes the exact 

specification of a project impossible until it has begun, 

requiring on-the-job problem-solving (Killip et al, 2018). 

An understandable response among building firms is to 

see this as unwelcome extra complexity and uncertainty. 

A small handful of pioneering innovators have shown the 

way but the next wave of interest has so far failed 

to materialise. 

Who cares about housing retrofit?

Twitter data was used to map the UK social media 

network for housing energy retrofit. This was developed as 

an example of interest in a topic of minority concern. 

Among those Twitter users who actively engage in debates 

about retrofit, there were other topics of greater interest 

and concern, for example the UK’s chronic shortage of 

housing or retrofit as a way of tackling fuel poverty, 

although the groups of users with such clear focus rarely 

interacted with other groups. This research suggests that, 

while a relatively small community of energy experts sees 

the importance of improving the energy and carbon 

performance of existing homes, it is not a high priority 

outside that community.

Supply chain influences over project design and 
implementation

Previous research with installers showed that these 

stakeholders (almost exclusively small businesses in 

construction) are very influential over their clients’ 

decisions about which materials and technologies to use 

(Maby & Owen, 2015; Killip, 2013; Wade et al 2016). 

Their decisions about what to recommend include many 

factors, of which one is the reliable availability of 

products locally. More recent research with builders’ 

merchants and manufacturers confirms that the biggest 

influence on project decisions is the installer, at least in 

the privately-owned housing sector. Manufacturers, 

merchants and construction firms operate in an 

interdependent ‘value network’, which includes services 

like training, accreditation and credit finance, not just 

product sales (Killip et al, in press). If the existing 

construction industry is to become a delivery vehicle for 

low-carbon policy goals, policy-making needs to have a 

much better understanding of how this value network 

operates and the circumstances in which it is most likely 

to be innovative in the pursuit of policy goals. 
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3.4.5 Implications for policy
Despite the high-level policy rhetoric around the 

importance of energy retrofit, there are several important 

disconnects between policy ambition and delivery 

capacity on the ground. The construction industry’s 

willingness and ability to deliver on policy goals is lacking, 

and there is no evident consumer demand for different 

construction practices that would mainstream energy 

demand reduction. Training, accreditation and 

compliance regimes all need reinforcing and being much 

more tightly integrated. Training should lead to 

accreditation; accreditation should be linked to a licence 

to win work; and compliance checking should penalise 

sub-standard practice and provide a feedback mechanism 

to constantly improve training. There are some isolated 

examples of highly innovative practice that hint at what 

might be achieved, but they remain a long way from 

being mainstream. 

Whilst the decarbonisation of buildings means some 

continuity for the construction sector, it requires 

significant disruption in the way that industry is 

structured. The energy transition in buildings cannot 

sensibly be dealt with separately from the structural 

issues for the construction industry. This means that a 

much greater level of understanding of (and engagement 

with) the construction industry is required if it is to fulfil 

the ambition of UK energy and climate policy. This will 

require more joined-up thinking between energy policy 

and industrial policy. 
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4. How can decision-makers take 
disruptive change into account? 

This section explores some of the most common methods 

used by policy makers and other experts in order to 

anticipate, understand, manage or engineer disruptive 

change. Section 4.1 addresses the role of energy system 

models and scenarios, while section 4.2 analyses 

international case studies of the governance of energy 

system change.

4.1 Energy models and 
scenarios 

Richard Hanna and Rob Gross, 

Imperial College

Key drivers behind disruptive changes in energy systems 

can often be unexpected, may be considered less 

important during the development of energy systems 

models or scenarios, or cannot be captured through the 

tools used. This section presents findings from a 

systematic review of academic and grey literature on how 

energy systems models and scenarios have been used to 

represent and analyse disruption and discontinuous 

changes in energy systems. 

The review indicates that most energy systems models or 

scenarios in the literature do not explicitly set out to 

capture disruption or discontinuous change. We identified 

30 studies in a wide variety of international contexts 

(e.g. Australia, Canada, Mexico, New Zealand, Rwanda, 

USA, as well as Europe) which explicitly apply modelling 

or scenario approaches to the understanding of 

disruption. Across these 30 studies, a variety of modelling/

scenario methodologies have been used to investigate 

different types of disruption (Fig. 6). Each of the studies 

has been categorised according to: (1) the modelling or 

scenario method used; and (2) whether the modelling 

and scenario approach focuses on emergent or 

unexpected types of disruption and/or co-ordinated 

(e.g. policy-driven) disruption. 

The most common methods used are qualitative, 

participatory scenarios, including foresight techniques 

which seek to identify weak signals of sudden, surprising 

events with dramatic impacts known as wild cards or black 

swans. They are also used to identify longer-term, 

interconnecting trends that lead to more gradual and 

profound disruption (e.g. Mendonca et al., 2004, 2009; 

Heinonen et al., 2017a, 2017b, 2017c). In terms of 

quantitative modelling, agent-based or simulation models 

have been more frequently applied to the study of 

disruptive change than optimisation or equilibrium models 

(see Figure 6). In general, emergent or unexpected 

disruptions have been captured more extensively across the 

models or scenarios used than co-ordinated disruptions. 

The most frequent types of emergent disruption featured 

in the documents reviewed are disruptive technological 

innovations and geopolitical disruptions affecting energy 

security. Policies for climate change mitigation or 

adaptation are the most common types of co-ordinated 

disruption that have been explored.

Climate change mitigation scenarios used by policy 

makers in the UK are largely generated from energy 

systems optimisation models such as MARKAL, TIMES 

and ESME (DeCarolis et al., 2017; Hall & Buckley, 2016; 

Taylor et al., 2014). These models can help policy makers 

understand how to achieve long-term decarbonisation 

targets. They meet these targets by choosing 

combinations of low carbon energy technologies whilst 

minimising total costs. They include a single decision 

maker that has perfect foresight about future trends in 

costs and prices. The results from these models can 

suggest rapid disruptive changes in energy systems, 

business models and user practices. They tend not to 

account for wider social and political changes which may 

disrupt the progress of decarbonisation. However, they 

can be modified to capture some disruptive events by 

running them in ‘myopic’ mode which limits the 

information available to the model about the future. 

Myopic optimisation models allow shorter planning time 

horizons that consider decisions in successive time steps, 

for example to incorporate disruptions such as 

technological breakthroughs (Gils, 2018; Heuberger et al., 

2018; Nerini et al., 2017).
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In line with the findings of Li & Pye (2018) on the 

assessment of uncertainty, the evidence review carried out 

for this report suggests that policy makers could improve 

their capacity to plan for disruptions to energy systems. 

This requires greater use of hybrid approaches that 

combine qualitative scenarios and quantitative energy 

systems models; or by considering a wider portfolio of 

forward-looking techniques. Determining how best to 

capture potential disruptions through such mixed-method 

approaches is a key area for further research.

4.2 Governing energy 
system change

Helen Poulter, University of Exeter, and 

Matthew Lockwood, University of Sussex

Uncertainties about the future, including the potential for 

disruptive change, presents a challenge for the 

governance of the energy system. As countries are at 

Policy makers could better prepare for social, economic 

and political dimensions of disruptive change in energy 

systems by deriving additional insights from qualitative 

and foresight scenarios and simulation models. Agent-

based models can simulate the interaction and adaptive 

behaviour of multiple agents (e.g. companies or 

households) operating under limited knowledge of future 

events and myopic decision making (Ehlen & Scholand, 

2005; Klein, 2017; Lamperti et al., 2018). Simulated agents 

can therefore be disrupted by events which they cannot 

foresee, and their behaviour can change dramatically and 

irreversibly as a reaction to small shocks (Lamperti et al., 

2018, Sherwood et al., 2017). 

Limited attempts have been made to translate disruptions 

developed through qualitative scenarios into quantitative 

energy models. For example, a pilot project led by BEIS 

(2018e) assessed the impact of ‘structural break’ disruption 

taken from qualitative foresight scenarios. It explored the 

impacts on energy demand and greenhouse gas emissions 

using BEIS’s econometric Energy Demand Model. 

Figure 6: Types of disruption explicitly modelled or captured in scenarios in the identified studies,  
and the principal methods used 
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Within the mission-oriented approach the need for 

flexibility is recognised to allow for unexpected changes 

or disruptions. This flexible approach has similarities with 

‘adaptive governance’, a concept that has been developed 

in the literature on social-ecological transitions (Westley 

et al. 2011; Engle 2011; Folke et al. 2005). This literature 

suggests that adaptive governance should: (i) include 

networks (including informal networks) across multiple 

levels of governance, beyond the rules and regulations of 

government agencies; (ii) use policy as hypothesis, with 

iterative processes to increase institutional learning; and 

(iii) create an institutional infrastructure for the 

coordination of research, social capital and multilevel 

rules across all levels of governance. 

In each of the case studies, we sought to locate the policy 

approach along a continuum between market-led and 

mission oriented approaches, and we also assessed the 

results in terms of continuity and disruption across our 

four dimensions. We then sought to explain why these 

outcomes arose, through an examination of the policy 

process. This used a simplified format involving agenda 

setting, formulation, implementation and impact, 

feedback and iteration. Each of the case studies was also 

assessed based on whether they showed any of the 

features of adaptive governance.

different stages and promoting different aspects of energy 

system transformation, there is significant scope for 

policy makers and others to learn lessons about how to 

respond to unexpected disruptions. 

This section discusses how the policies and institutions 

that govern energy systems have responded to 

unexpected disruptions that emerged in the course of 

attempting to deliver a specific policy goal. 

Five international case studies representing different 

areas of transformation and different policy paradigms 

were chosen to give a broad analysis of potential 

governance approaches to disruption. The case studies 

chosen were transport (China), heat (The Netherlands), 

electricity (Australia, UK) and energy efficiency (Japan).

Our framework to assess the case studies has two key 

elements. The first involves identifying the types of 

disruptive or continuity-based change with respect to four 

dimensions, namely technologies, actors, sectors and 

scale. The second involves distinguishing between two 

approaches to policy making:

1. Market-led (Keay et al. 2012; Bird 2015; Wallis & 

Dollery 1999)

2. Mission oriented (Foray et al. 2012; Mazzucato 2016; 

Mazzucato 2017)



24
Ta

b
le

 1
 C

as
e 

st
u

d
ie

s 
su

m
m

ar
y

C
ou

n
tr

y
A

ge
n

d
a 

se
tt

in
g

Po
li

cy
 f

or
m

u
la

ti
on

/
in

te
n

ti
on

Im
p

le
m

en
ta

ti
on

 a
n

d
 f

ee
d

b
ac

k
A

d
ap

ti
ve

 f
ee

d
b

ac
k

 m
ec

h
an

is
m

 
p

re
se

n
t

O
u

tc
om

es

Ja
p

an
 E

n
er

gy
 

ef
fi

ci
en

cy
In

it
ia

ll
y 

th
ro

u
gh

 
se

lf
-s

u
ffi

ci
en

cy
 t

ar
ge

ts
 

(M
at

su
ka

w
a,

 2
01

6)
, t

h
en

 
cr

is
is

 l
ed

 f
ol

lo
w

in
g 

th
e 

Fu
ku

sh
im

a 
in

ci
d

en
t 

(M
ET

I, 
20

16
).

M
is

si
on

 o
ri

en
te

d
; a

im
ed

 
at

 m
ix

tu
re

 o
f 

d
is

ru
p

ti
on

 
an

d
 c

on
ti

n
u

it
y 

(J.
 

K
u

ch
ar

sk
i a

n
d

 U
n

es
ak

i, 
20

18
).

R
ep

or
ti

n
g 

ob
li

ga
ti

on
s 

(E
C

L)
 t

o 
m

ee
t 

se
t 

ta
rg

et
s;

 T
op

 R
u

n
n

er
 s

ta
n

d
ar

d
s;

 
co

n
su

m
er

 in
fo

rm
at

io
n

; f
ee

d
b

ac
k 

th
ro

u
gh

 B
as

ic
 A

ct
 o

n
 E

n
er

gy
 P

ol
ic

y 
(B

EP
) 

(A
N

R
E,

 2
01

1,
 2

01
4,

 2
01

5;
 R

en
 a

n
d

 
D

u
, 2

01
2;

 M
ET

I, 
20

15
).

En
er

gy
 c

on
se

rv
at

io
n

 c
ov

er
ed

 a
ll

 
te

ch
n

ol
og

ie
s,

 a
ct

or
s,

 s
ec

to
rs

 a
n

d
 

sc
al

es
; a

d
ap

ti
ve

 n
at

u
re

 o
f 

in
it

ia
l 

p
ol

ic
y 

al
lo

w
ed

 f
or

 c
h

an
ge

 w
it

h
 

m
in

im
u

m
 d

is
ru

p
ti

ve
 in

fl
u

en
ce

 (
M

ET
I, 

20
16

, 2
01

8)
.

En
er

gy
 e

ffi
ci

en
cy

 a
lr

ea
d

y 
em

b
ed

d
ed

 in
 

Ja
p

an
es

e 
in

d
u

st
ry

/b
eh

av
io

u
r 

vi
a 

im
p

le
m

en
ta

ti
on

 m
ec

h
an

is
m

s,
 s

o 
n

o 
in

cr
ea

se
 

n
ee

d
ed

 in
 g

en
er

at
io

n
 c

ap
ac

it
y 

fo
ll

ow
in

g 
u

n
ex

p
ec

te
d

 d
is

ru
p

ti
on

 (
Fu

ku
sh

im
a)

; i
n

cr
ea

se
 

in
 f

os
si

l 
fu

el
 e

m
is

si
on

s 
d

u
e 

to
 c

h
an

ge
 in

 
ge

n
er

at
io

n
 m

ix
; c

h
an

ge
 in

 g
en

er
at

io
n

 m
ix

 
ca

u
se

d
 e

m
is

si
on

s,
 a

n
d

 c
os

ts
 t

o 
co

n
su

m
er

s 
to

 
ri

se
; r

ed
u

ct
io

n
 in

 d
em

an
d

 a
n

d
 n

ew
 p

ol
ic

ie
s 

fo
r 

R
E 

to
 r

ed
u

ce
 f

u
tu

re
 e

m
is

si
on

s 
(A

N
R

E,
 

20
14

; A
N

R
E 

20
15

; S
h

el
d

ri
ck

 a
n

d
 T

su
ki

m
or

i, 
20

17
; J

. B
. K

u
ch

ar
sk

i a
n

d
 U

n
es

ak
i, 

20
18

).

U
K

 C
ap

ac
it

y 
m

ar
ke

t
In

cu
m

b
en

cy
 in

fl
u

en
ce

 
ov

er
 ‘m

is
si

n
g 

m
ar

ke
ts

’ 
an

d
 t

h
e 

fu
tu

re
 

u
n

ce
rt

ai
n

ty
 o

f 
ca

p
ac

it
y 

m
ar

gi
n

s 
(C

ra
m

to
n

, 
O

ck
en

fe
ls

 a
n

d
 S

to
ft

, 
20

13
; G

ru
b

b
 a

n
d

 
N

ew
b

er
ry

, 2
01

5)
.

M
is

si
on

 o
ri

en
te

d
; a

im
ed

 
at

 m
ai

n
ta

in
in

g 
co

n
ti

n
u

it
y 

d
u

ri
n

g 
p

er
io

d
 

of
 r

ap
id

 c
h

an
ge

 (
G

ru
b

b
 

an
d

 N
ew

b
er

ry
, 2

01
5;

 
Lo

ck
w

oo
d

, 2
01

7)
.

M
ar

ke
t 

cr
ea

ti
on

 v
ia

 a
u

ct
io

n
 p

ro
ce

ss
.

La
ck

 o
f 

ad
ap

ta
b

il
it

y 
in

so
fa

r 
as

 
m

ar
ke

t 
in

te
rv

en
ti

on
is

t 
p

ol
ic

y 
al

lo
w

ed
 

ex
ce

ss
iv

e 
in

fl
u

en
ce

 f
ro

m
 in

cu
m

b
en

t 
p

la
ye

rs
 (

W
al

li
s 

an
d

 D
ol

le
ry

, 1
99

9;
 

B
oo

th
, 2

00
8;

 B
ir

d
, 2

01
5)

; d
is

ru
p

ti
on

s 
u

n
ab

le
 t

o 
b

e 
ac

co
m

m
od

at
ed

 b
y 

p
ol

ic
y.

 

D
is

ru
p

ti
on

 a
s 

u
n

ex
p

ec
te

d
 in

cr
ea

se
 in

 d
ie

se
l 

ge
n

er
at

io
n

 a
n

d
 n

o 
n

ew
 C

C
G

T
 in

ve
st

m
en

t;
 

p
ot

en
ti

al
 e

xc
lu

si
on

 o
f 

n
ew

/s
m

al
le

r 
m

ar
ke

t 
p

la
ye

rs
 l

ed
 t

o 
le

ga
l 

ch
al

le
n

ge
.

C
h

in
a 

EV
 

Po
li

cy
C

ov
er

ed
 b

y 
th

re
e 

of
 t

h
e 

fo
u

r 
th

em
es

 in
 t

h
e 

5 
Y

ea
r 

Pl
an

 (
C

PC
, 2

01
6)

.

A
ls

o 
as

 a
 m

et
h

od
 t

o 
re

d
u

ce
 a

ir
 p

ol
lu

ti
on

 in
 

ci
ti

es
 (

St
on

e,
 2

00
8)

.

M
is

si
on

 o
ri

en
te

d
; 

G
ov

er
n

m
en

t 
ai

m
ed

 f
or

 
m

ix
 o

f 
d

is
ru

p
ti

on
 a

n
d

 
co

n
ti

n
u

it
y 

(O
ffi

ce
 o

f 
th

e 
St

at
e 

C
ou

n
ci

l, 
20

12
; 

H
ow

el
l, 

Le
e 

an
d

 H
ea

l, 
20

14
; B

ab
on

es
, 2

01
8)

.

D
ev

el
op

m
en

t 
p

la
n

 t
ar

ge
ts

; c
ro

ss
 s

ec
to

r 
w

or
k 

p
la

n
s;

 r
eg

io
n

al
 im

p
le

m
en

ta
ti

on
 

p
la

n
s 

an
d

 s
tr

at
eg

ie
s.

Fa
il

ed
 t

o 
m

ee
t 

in
it

ia
l 

ta
rg

et
s 

so
 in

cr
ea

se
d

 s
u

b
si

d
ie

s;
 

in
tr

od
u

ce
d

 n
ew

 z
er

o 
en

er
gy

 v
eh

ic
le

 
p

ol
ic

y 
(S

ch
au

b
 a

n
d

 Z
h

ao
, 2

01
8)

; 
m

ar
ke

t 
cr

ea
ti

on
 in

 s
om

e 
ar

ea
s 

vi
a 

n
u

m
b

er
 p

la
te

 l
ot

te
ry

 (
K

ej
u

, 2
01

8)
; 

op
en

in
g 

u
p

 o
f 

ve
h

ic
le

 m
ar

ke
ts

 t
o 

fo
re

ig
n

 m
an

u
fa

ct
u

re
rs

 (
H

ow
el

l, 
Le

e 
an

d
 H

ea
l, 

20
14

).

D
ec

en
tr

al
is

at
io

n
 o

f 
EV

 p
ol

ic
y 

to
 m

ee
t 

lo
ca

l 
re

q
u

ir
em

en
ts

 (
Li

u
 a

n
d

 K
ok

ko
, 

20
13

);
 c

oo
rd

in
at

io
n

 o
f 

in
fr

as
tr

u
ct

u
re

 
at

 r
eg

io
n

al
 l

ev
el

; c
on

ti
n

u
ou

s 
fe

ed
b

ac
k 

th
ro

u
gh

 a
 b

ot
to

m
-u

p
 

p
ro

ce
ss

 t
o 

sh
ap

e 
fu

tu
re

 p
la

n
s 

(H
u

, 
20

13
).

A
d

ap
ta

b
il

it
y 

of
 g

ov
er

n
an

ce
 m

ea
n

t 
th

at
 

in
te

n
d

ed
 d

is
ru

p
ti

on
 a

n
d

 c
on

ti
n

u
it

y 
el

em
en

ts
 

w
er

e 
re

al
is

ed
. U

n
ex

p
ec

te
d

 d
is

ru
p

ti
on

 (
d

u
e 

to
 

fa
ll

in
g 

b
at

te
ry

 c
os

ts
 l

ea
d

in
g 

to
 h

ig
h

er
 t

h
an

 
ex

p
ec

te
d

 u
p

ta
ke

) 
w

as
 a

b
le

 t
o 

b
e 

ab
so

rb
ed

 
in

to
 p

ol
ic

y 
in

te
n

ti
on

s.
 P

ot
en

ti
al

ly
 n

eg
at

iv
e 

im
p

ac
ts

 o
f 

d
is

ru
p

ti
on

 w
er

e 
re

-d
efi

n
ed

 a
s 

p
os

it
iv

e 
d

u
e 

to
 p

la
n

n
in

g 
an

d
 c

oo
rd

in
at

io
n

.

A
u

st
ra

li
a 

D
is

tr
ib

u
te

d
 

En
er

gy
 

R
es

ou
rc

es
 

(D
ER

)

R
en

ew
ab

le
 E

n
er

gy
 

Ta
rg

et
s 

(C
ER

, 2
01

8)
.

M
ar

ke
t-

le
d

; i
n

te
n

d
ed

 
d

is
ru

p
ti

on
.

M
ar

ke
t 

in
te

rv
en

ti
on

 t
h

ro
u

gh
 s

u
b

si
d

ie
s 

fo
r 

D
ER

. S
u

b
si

d
ie

s 
st

op
p

ed
 a

s 
in

it
ia

l 
h

ig
h

 F
iT

s 
w

ou
ld

 b
e 

u
n

su
st

ai
n

ab
le

 
(P

ou
lt

er
, 2

01
8)

.

N
o 

an
ti

ci
p

at
or

y 
p

ol
ic

y 
in

 p
la

ce
 f

or
 

co
or

d
in

at
io

n
;  

p
ol

ic
y 

re
ac

ti
on

s 
to

o 
sl

ow
 t

o 
ca

p
tu

re
 n

ew
 v

al
u

e 
st

re
am

s 
(P

ou
lt

er
, 2

01
8)

.

U
n

ex
p

ec
te

d
 d

is
ru

p
ti

on
s 

(f
al

li
n

g 
D

ER
 c

os
ts

, 
b

la
ck

ou
ts

) 
ca

u
se

d
 D

ER
 u

p
ta

ke
 t

o 
b

e 
m

or
e 

su
cc

es
sf

u
l 

th
an

 e
xp

ec
te

d
; r

ip
p

le
 e

ff
ec

t 
of

 
fu

rt
h

er
 d

is
ru

p
ti

on
s 

d
u

e 
to

 c
h

an
ge

 in
 e

n
er

gy
 

sy
st

em
 d

yn
am

ic
s.

T
h

e 
N

et
h

er
la

n
d

s 
H

ea
t 

Po
li

cy

In
it

ia
ll

y 
to

 f
ol

lo
w

 t
h

e 
gr

ad
u

al
 d

ec
li

n
e 

in
 

in
d

ig
en

ou
s 

ga
s 

su
p

p
ly

 
th

en
 c

ri
si

s 
le

d
 d

u
e 

to
 

ea
rt

h
q

u
ak

es
 in

 
G

ro
n

in
ge

n
 a

n
d

 f
u

tu
re

 
cl

os
u

re
 o

f 
th

e 
G

ro
n

in
ge

n
 

ga
s 

fi
el

d
 (

V
an

 ’t
 H

of
, 

20
18

).

In
it

ia
ll

y 
m

ar
ke

t 
le

d
, 

th
en

 m
is

si
on

 o
ri

en
te

d
; 

p
ol

ic
y 

go
al

 s
h

if
te

d
 f

ro
m

 
gr

ad
u

al
 c

h
an

ge
 t

o 
in

te
n

ti
on

al
 d

is
ru

p
ti

on
. 

M
ar

ke
t 

in
te

rv
en

ti
on

s 
th

ro
u

gh
 

su
b

si
d

ie
s 

fo
r 

sm
al

l 
sc

al
e 

h
ea

t 
(M

EA
, 

20
11

);
 m

ar
ke

t 
cr

ea
ti

on
 v

ia
 a

n
 a

u
ct

io
n

 
p

ro
ce

ss
 f

or
 l

ar
ge

 s
ca

le
s 

re
n

ew
ab

le
s;

 
n

ew
 b

u
il

d
in

gs
 s

ta
n

d
ar

d
s 

(M
EA

, 2
01

7)
.

O
ri

gi
n

al
 p

ol
ic

y 
h

ad
 l

im
it

ed
 a

d
ap

ti
ve

 
m

ec
h

an
is

m
s.

 D
is

ru
p

ti
on

 (
d

u
e 

to
 

ea
rt

h
q

u
ak

es
) 

ca
u

se
d

 c
h

an
ge

 o
f 

p
ol

ic
y 

p
ar

ad
ig

m
 t

o 
al

lo
w

 f
or

 m
or

e 
in

cl
u

si
vi

ty
 o

f 
d

ec
is

io
n

 m
ak

in
g 

an
d

 
lo

ca
l 

ar
ea

 n
ee

d
s 

(M
EA

, 2
01

7)
.

In
it

ia
l 

p
ol

ic
y 

u
si

n
g 

m
ar

ke
t 

m
ec

h
an

is
m

s 
le

d
 

to
 g

ra
d

u
al

 r
ed

u
ct

io
n

 in
 h

ea
t 

d
em

an
d

; 
ea

rt
h

q
u

ak
es

 in
 G

ro
n

in
ge

n
 l

ed
 t

o 
ch

an
ge

 in
 

p
ol

ic
y 

p
ar

ad
ig

m
 t

o 
m

or
e 

m
is

si
on

 o
ri

en
te

d
, 

ad
ap

ti
ve

 a
p

p
ro

ac
h

.



25Disrupting the UK energy system: causes, impacts and policy implications
UKERC Research Report

The particular intention of the original policy in all the 

case studies was identified as promoting disruption, 

continuity, or a mixture of both. Both mission-oriented 

and market-led approaches delivered some of the 

intended outcomes (in the UK, Australia, Japan, China). 

However, within all the examples there were unexpected 

developments, either through exogenous shocks 

(e.g. earthquakes in the Netherlands) or through other 

disruptions (e.g. falling costs, new business models). 

The impact of these disruptions depended on whether the 

governance model was able to cope in each case.

In the cases of China and Japan, governance was mission-

oriented and policies were implemented across multiple 

government departments, sectors and levels (METI, 2015; 

Ren & Du, 2012; Liu & Kokko, 2013; ANRE, 2011). This 

enabled greater adaptiveness, and limited the negative 

consequences of the disruptions that took place. In the 

Chinese case study, a potential cross-sectoral disruption 

was managed due to planning over different levels and 

coordinating between several sectors and departments 

(Office of the State Council, 2012). By comparison, in 

Australia, where policy was market-led, the disruption 

due to falling technology costs caused a negative ripple-

effect, leading to further disruptions. Due to the lack of 

coordination and planning across different sectors, 

government and other actors involved in the Australian 

electricity market had to play ‘catch-up’ as they tried to 

counter network and forecasting issues (Poulter, 2018).

The Capacity Market (CM) in Britain was to a degree 

mission-oriented. In principle, it enabled new technologies 

such as batteries to enter the market as well as large, 

centralised generators. The CM created a new market, 

and was therefore susceptible to lobbying and incumbent 

interests (Wallis and Dollery, 1999; Booth, 2008; Bird, 

2015). This can be seen during the consultation process 

which allowed for alternative ideas. However, influence 

over the policy making process favoured the large 

generators. The intended goal of enabling investment in 

large gas-fired power plants did not materialise. 

There were also some disruptive outcomes, including a 

successful legal challenge (Lockwood, 2107; Grubb and 

Newberry, 2105). The absence of a long-term vision and 

strategy made effective adaptation difficult. 

The uncoordinated, reactive responses to the outcomes 

of early CM auctions led to a missed opportunity for 

low-carbon technologies to contribute to resource 

adequacy, and also to help reach decarbonisation targets. 

In the Netherlands, the original governance model for 

heat decarbonisation was based on a market-led 

framework (MEA, 2011), which allowed for gradual 

change. Following the crisis due to earthquakes in the 

Groningen gas field, the government switched to a 

mission-oriented policy approach which is more inclusive, 

adaptive and coordinated (Van’t Hof, 2018). 

Analysis of the five case studies highlights the need to 

ensure adaptability in the development and 

implementation of energy policies. In each of the case 

studies there was a form of disruption which had not 

been anticipated. Where adaptive governance was not 

present, disruption caused detrimental social, economic 

and/or technological outcomes. Where adaptability was 

built into the original approach, government and other 

actors were able to reorganise, learn and adjust, thereby 

reducing the impacts of the unforeseen events. Even if the 

policy was deemed successful in meeting the original 

intention, this adaptability ensured that unexpected 

disruptions did not have a detrimental effect. 

In order to counteract the negative effects of disruption, 

the case studies suggest some lessons for policy. These 

include: 

• creating a long-term vision; 

• planning and coordinating policy across systems and 

scales;

• where appropriate, including a local dimension in 

policies to allow for local needs; and

• allowing policy implementation to be an iterative 

process, including a mechanism for changes to be 

made on a relatively short timescale
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5. Conclusions

This final section of the report brings together some 

conclusions, and answers to the three main research 

questions.

What are the potential sources of disruption to the UK 
energy system?

Whilst significant disruption is already affecting the energy 

sector, our research shows that there are divergent views 

among energy researchers and stakeholders about what 

lies ahead. Further disruption is inevitable if the UK is to 

meet its statutory climate change targets, but the extent, 

nature and impacts are subject to a lot of uncertainty.

If the government implements more ambitious climate 

change targets to deliver a net zero economy by 2050, 

the likely extent of disruption will increase. When 

compared to an 80% reduction in greenhouse gas 

emissions, getting to net zero will require economy-wide 

changes that entirely decarbonise most sectors, 

and extend well beyond the energy system.

However, our research also reveals a significant gap 

between what academics and other stakeholders expect 

to happen in future, and what they think is necessary to 

meet such targets. Closing this gap will be essential, 

even if the level of ambition does not go beyond current 

climate change targets. This report has shown where 

more disruptive change could be felt: for example within 

the construction sector, to enable a shift to zero carbon 

road transport, and due to fundamental changes in 

heating systems.

Although this report has focused in particular on 

disruptions due to technological changes, this is not the 

only source of change. For example, shifts in political 

priorities have already led to ambitious climate action 

and targets that have driven some of the disruptions to 

date. But this could also work the other way due to 

significant political shifts that are affecting the UK and 

other countries. Although the case for decarbonisation is 

now easier to make in some sectors due to falling costs, 

political disruptions still have the potential to undermine 

the current political consensus for action – and to derail 

efforts to meet climate targets.

Which sectors and actors might face particularly 
disruptive change? 

Disruption to energy systems is unlikely to be universal. 

Some actors in the energy system and beyond are likely to 

be more affected than others. For example, this report has 

shown that a shift to electric cars alone is unlikely to 

disrupt the way in which people travel. However, this shift 

could have significant effects on firms engaged in vehicle 

maintenance, some incumbent vehicle companies, 

electricity networks and taxation revenues. 

The implication for policy is the need to understand 

and anticipate these effects, and to ensure that there is 

a strategy to address potential ‘losers’.

The consequences of continuing energy system 

decarbonisation for incumbent firms are likely to vary. 

Our research shows some evidence of adaptation by 

incumbents, particularly within the power sector, though 

such adaptation can sometimes be disruptive in nature. 

For example, many of the Big 6 utilities have changed 

their strategies in response to climate policy, challenges 

by new entrants and a loss of trust. But some have had to 

take drastic measures to do so, such the demergers 

implemented by E.On and RWE in Germany or the more 

recent decision by Scottish Power to sell its conventional 

generation assets.

In other sectors, change is at an earlier stage. The evidence 

presented in this report suggests that the construction 

sector is likely to need to undergo disruptive change to 

deliver a building stock that is compatible with climate 

change targets. However, there is little sign at present that 

the policy drivers, skills and other conditions necessary for 

this are in place. Related to this, it remains unclear what 

changes incumbent firms in heating will need to 

implement to deliver decarbonisation, and whether they 

will have the capacity to do so. As previous UKERC research 

has demonstrated, some incumbents face starkly divergent 

futures – including futures where their core assets (e.g. gas 

networks) will need to be phased out.
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How should government and other decision-makers 
respond to ensure that the low carbon transition is 
implemented successfully?

To help decision-making deal with this uncertainty, our 

findings suggest that a wider range of models and tools 

should be used to inform energy and climate change 

policies. This report highlights the unsuitability of 

established energy systems models for understanding 

some forms of disruptive change. A wider range of 

methods could be used to help decision-makers to 

understand divergent and unpredictable energy futures. 

These include different types of models (e.g. simulation 

models) and hybrid approaches that combine narrative 

scenarios of the future with quantitative modelling.

Irrespective of whether disruptive change is expected as a 

consequence of government policy, the international case 

studies in this report show that low carbon policies can 

have unintended outcomes. As the UK’s capacity 

mechanism illustrates, policies that are designed to 

deliver a particular outcome that goes ‘with the grain’ of 

existing market structures and interests may not deliver 

that outcome. 

The lesson from this international experience is that a 

flexible and adaptive approach to policy development and 

implementation is required so that unexpected 

consequences can be taken into account. This is more likely 

to be successful than an approach which seeks to predict 

and control policy impacts in advance. The implementation 

of this approach could build on research on ‘adaptive 

governance’ (e.g. Haasnoot et al, 2013).

Some of our international case studies also highlight a 

mission-oriented approach to public policy, which could 

help to deliver a low carbon energy transition. 

This approach places the emphasis on meeting high level 

goals rather than on the specific means to meet those 

goals. The UK government has already embraced this to 

some extent within the Industrial Strategy, with missions 

for zero emissions vehicles, construction and building 

performance. However, the analysis in this report suggests 

that some of these missions need to be much more 

ambitious. The mission for phasing out conventional 

vehicles by 2040 stands out as being particularly 

incremental. It is unlikely to deliver the scale of change 

required in time to meet current climate targets – 

or targets that might be implemented in future to deliver 

a net-zero energy system.
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Annex: methodological approaches

The table below outlines the methods followed in each of the sections of the report.

Report section Methodology

Chapter 2: What do experts think? A survey was conducted over two rounds in late 2017 and in early 2018. 

Round 2 participants were invited to comment on the first round results and 

reconsider their own views – a survey design known as the ‘Policy Delphi’ 

method. This is a widely used elicitation method, based on the benefits of 

interaction and iteration. Rather than forcing a ‘false consensus’, Policy 

Delphi recognises that public policy problems typically have multiple 

viewpoints, dispersed by respondents’ role, place and discipline. Almost 130 

people completed Round 1, and almost 70 also completed Round 2. 

Respondents covered a wide range of experience and expertise: 

approximately one third were academics working within the UKERC research 

community, another third were other senior energy academics, and another 

third were non-academic energy stakeholders, including policymakers, 

businesses and non-governmental organisations. For each survey question, 

participants were asked to assess different propositions about the future of 

the UK energy system, and then explain their reasoning, including references 

to any relevant sources of evidence. In this way, the survey results not only 

mapped different expectations and preferences of UK energy stakeholders, 

but offered explanations for any differences of view.

Section 3.1: Heat Interviews were central to the data collection for this work package and 

overall 10 in depth, semi-structured interviews were carried out with policy 

stakeholders with expertise in UK heat policy issues. Semi-structured 

interviews were chosen to allow a deep focus on particular issues but with 

scope for a broader discussion (Kvale, 1996). Interviewees included civil 

servants, government advisors, politicians with expertise in energy, political 

and industry advisors and both private and public chief executives. Expert 

interviewees were selected to provide diverse views from across industry and 

Government. 

Interviews were based around a set of pre-determined interview questions 

associated with policy options and issues with UK heat decarbonisation. In 

order to gain personal (rather than corporate) views interviewees were 

advised that all interviews were completely anonymous and were also 

reminded that this research was interested in personal perceptions. 

Interview data was transcribed and then coded using the NVivo software 

package. The outputs of coding formed the basis of results. 
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The table below outlines the methods followed in each of the sections of the report.

Report section Methodology

Section 3.2: Transport Modelling: a socio-technical approach to disruption was followed (e.g. Smith 

et al., 2005; Yuan et al., 2012) to organise policy options and map their effects 

on the transport-energy system. Using established modelling techniques and 

prospective scenario analysis (Anable et al., 2012; Brand et al., 2017; Brand et 

al., 2019) alternative futures were developed and their effects on the 

transport-energy system were mapped in terms of impacts on fleet 

evolution, carbon/air quality emissions and road fuel tax revenue streams 

with the view to achieve near ‘zero emissions’ from light duty vehicles by 

2050.

Section 3.3: The power sector Documentary evidence on the Big 6’s corporate strategies was reviewed in 

order to assess their strategies’ compatibility with the UK’s low carbon 

targets. The analysis covered the period from 2008 to 2016. Evidence sources 

included corporate annual reports, submissions to selects committee 

enquiries and other publicly available documentary evidence. 

This was complemented by a small number (n=11) of semi-structured 

interviews with high level energy stakeholders. Interviewees included 

current or former senior representatives from the Big 6, as well as 

representatives from the policy and finance communities.

Section 3.4: The construction sector The earlier UKERC GLIDER project explored issues of systemic governance in 

low-carbon innovation for domestic energy retrofits and forms the basis of 

the construction case study in this report. A broadly qualitative approach 

was used for this research, with different methods for different work 

packages. This included documentary analysis and interviews, using 

purposive sampling based on the ‘information content’ of study participants 

in relation to the research questions (Flyvberg, 2006). The GLIDER project 

also pioneered a new method using techniques from computational social 

science to mine and analyse data from the Twitter social media platform 

(Morgan et al 2019, forthcoming).
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The table below outlines the methods followed in each of the sections of the report.

Report section Methodology

Section 4.1: Energy models review Search terms relating to energy systems model and scenario methods and 

disruption were applied to Google Scholar, to include a wide range of 

academic journal paper databases such as Science Direct, Taylor & Francis, 

Wiley Online and IEEE Explore, and Google, to capture grey literature from 

public, not-for-profit and corporate organisations. A review of reviews of 

energy systems models and scenarios (1,670 documents reviewed) was first 

carried out to provide an overview of common classifications of modelling 

and scenario approaches. The second stage of the review involved additional 

searches (763 documents reviewed) and sought studies which use different 

models and scenarios to explore disruption. Finally, relevant documents 

identified through the first two stages were combined with expert-

recommended studies to evaluate the capability of different model and 

scenario structures / frameworks to capture disruption in energy systems. 

The review was carried out by UKERC researchers and a small expert group 

was formed to advise on the design, methodology and findings of the review. 

The Expert Group consisted of the following members: Peter Taylor 

(University of Leeds); Will McDowall (University College London); John 

McElroy (Wallington Consulting Ltd); Michael King / Andrew Mortimer 

(Scottish Government); and Jim Watson (UKERC / University College London).

Section 4.2: Governance Our analysis of the case studies proceeded in a number of stages:

The institutional context in each case was assessed, and where the policy 

making approach is located along a market-led/missions oriented 

continuum was identified

The processes of agenda setting, policy and regulatory formulation and 

design, and implementation were traced, taking into account that most 

processes involve feedback and multiple iterations. In each of the case 

studies the original premise for the intervention is identified and discussed

Following implementation of the policy any unintended outcomes are 

identified. The resultant ability of the policy to adjust to any unintended 

outcomes is reviewed.

Whether changes in energy systems are disruptive/transformative or provide 

continuity/incrementalism will typically depend on the perspective taken. 

The case studies are assessed under technology; actors; sectors; and scale

Finally, we make an assessment of the influence of the governance approach 

taken, and other factors affecting the evolution of policy interventions in 

each case, on the nature of the outcomes arising, and the ability of policy 

makers to respond to these outcomes.
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