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Abstract
Reducing greenhouse gas emissions to net zero (NZ) as rapidly as possible is imperative to limiting
climate change, and this requires an unprecedented transformation of socio-technical-political
systems which govern the energy system. To guide this transition, evidence from a broad range of
disciplines is needed, yet rarely are experts able to speak with a coordinated voice on the conditions
needed to transform the whole system. Here we draw on novel data from a series of deliberative
workshops utilising consensus building techniques with 83 experts and stakeholders from the
public, private and third sector, to understand the conditions needed to deliver NZ in the UK.
About 12 core conditions are presented: (1) act now to deploy ‘low regret’ solutions on a large
scale; (2) to learn from successes and failures, monitor, evaluate and communicate outcomes; (3)
clarify governance structures, expectations and responsibilities; (4) upskill and capacity build in
the workforce and government; (5) better account for the importance of place and spatial
dimensions of the NZ transition; (6) actively engage communities in the changes taking place; (7)
realise a just transition; (8) challenge the role of power and vested interests in downplaying and
delaying NZ; (9) take an interdisciplinary and whole systems approach; (10) review the research
and innovation funding landscape; (11) incentivise collaboration and reward impact; (12) explore
competing narratives and transition pathways. Taken together, these conditions can guide decision
making and future research agendas in climate change mitigation.

1. Introduction

Global analysis by the Intergovernmental Panel on
Climate Change establishes the need to deliver deep
cuts to greenhouse gas emissions over the next dec-
ades and reach net zero (NZ) emissions ‘in the early
2050s’ to avoid the worst impacts of climate change
[1]. The UK government has committed to reduce
national emissions by 78% by 2035 compared to
1990 levels, and reach NZ by 2050 [2]. Rapidly redu-
cing cumulative emissions is imperative, meaning the
actions taken in the next decade will define whether
long term climate goals can be met. Achieving this
requires an urgent and unprecedented transforma-
tion of current energy systems, land use, industrial
systems, infrastructure and the social and cultural

practices which interact with these systems [3–7].
However, analysis from the UK’s independent stat-
utory body on climate change shows that the UK is
currently off track to achieve these changes in a range
of areas,making it increasingly challenging tomeet its
climate commitments [8].

The scale of this socio-technical challenge means
it is essential that insights from multiple discip-
lines are used to guide this transition. However, the
challenge is often framed as a technological trans-
ition and not a complex system involving social, eco-
nomic and political change [9]. For many years, a
large amount of research has been funded to develop
new low carbon technologies, assess the costs, bar-
riers, and enablers of deployment, and explore the
policies and incentives which are needed to deliver
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decarbonisation [10–13]. Research has also taken
a whole systems approach to assess the potential
impacts of mitigation measures, assess the different
ways they could be deployed through the develop-
ment of NZ scenarios, and explore the broader social
and economic implications of an NZ transition [14–
16]. Despite this, a significant gap exists between
the mitigation options identified by research and the
reality of what has been achieved in practice. Some
research has explored the conditions needed to close
this gap and transform specific sectors [17, 18], how-
ever, despite frequent calls to take a whole systems
approach to NZ, there is a lack of work which brings
this knowledge together for the NZ transition as a
whole.

In this paper, we utilise deliberative consensus
building methods to elicit expert and stakeholder
views on the conditions needed to deliver a rapid
transition to NZ in the UK. Expert deliberation is a
widely used approach in futures studies for envision-
ing solutions in the face of complexity, considering
different possibilities and evaluating drivers of change
and their interlinkages [19]. Deliberativemethods are
a valuable tool for exploring stakeholder perspect-
ives, areas of consensus and disagreement around
complex problems, and are increasingly recognised
as a useful tool to inform climate policy [20]. Such
approaches have been used for some time within the
field of Science and Technology Studies (STSs) [21]
and in risk research [22]. In STS the emphasis is
placed upon exploring the competing values and ima-
ginaries which can drive ‘upstream’ scientific devel-
opments in different directions. In risk research they
have been used to understand the discourses and
debates involved in achieving consensus in highly
conflicted risk situations [23]. In recent years there
has been a proliferation in the use of deliberative
public processes to inform decarbonisation policy,
through the national citizen’s assemblies in the UK,
Ireland and France and numerous regional citizen’s
juries [24, 25]. Yet to our knowledge, there have been
no attempts to use these techniques to bring together
expert and stakeholder knowledge from across the
whole climate and energy field, to explore the extent
of cross-sector consensus on the conditions needed to
deliver NZ.

We carried out a series of workshops with parti-
cipants with expertise across the climate and energy
field, to explore the extent of consensus around a
shared narrative for how NZ can be achieved. We
also explored with participants the potential role of
research in delivering this narrative. Following a brief
overview of our methods, this paper distils 12 ‘con-
ditions’ for delivering NZ which synthesise key mes-
sages for multiple stakeholder groups including the
public, private and third sector, and the research
community.

2. Methods

Data was collected through a series of 8 one day
deliberative workshops with researchers and stake-
holders (N = 83), carried out between February
and November 2021. Workshops were designed in a
process of three ‘rounds’, each with slightly differ-
ent aims, designed to build on the outputs of the
previous round. In the first round, two workshops
were carried out with experts from the research com-
munity (n= 23, n= 19). The second round involved
four workshops with participants from four sectors,
respectively: the public sector (n = 10), private sec-
tor (n = 12), third sector (n = 12) and the fund-
ing and investment community (n = 7). The final
round brought back the original participants from
the research community for two more workshops
(n= 12, n= 16).

2.1. Stakeholder recruitment
Participants were selected through a detailed stake-
holder mapping process, aiming as far as possible
to represent the field of climate change mitigation
as a whole. Purposive sampling was used to identify
participants, with snowball sampling used in some
instances where participants were unavailable. An
‘expert matrix’ was generated, following methods for
expert stakeholder identification in Neef et al [26],
to generate a ‘long-list’ of primary stakeholders. For
the research community, participants were selected
to ensure a breadth of disciplinary expertise across a
range of sub-topics, grouped broadly into energy sup-
ply, energy demand, carbon dioxide removal (CDR),
and experts with cross-cutting or whole systems
expertise. We then selected across diversity criteria
for gender, ethnicity and career stage. For the wider
stakeholder community, participants were identified
using a mapping of ‘Key Players’ from Mendelow’s
power-interest matrix [27], aiming for a balance
of expertise, of ‘incumbent’ or ‘disruptor’ organisa-
tions, and using the aforementioned diversity criteria.
Further details of stakeholder recruitment and work-
shop methodology are found in the supplementary
methods.

2.2. Workshop structure
As the research coincided with the COVID-19 pan-
demic, workshops were conducted online via zoom.
discussions were facilitated by the authors with the
use of Mural software to share notes. Participants
moved between plenary sessions, smaller break-
out group sessions, and ‘lone-reflection’ sessions
designed to prevent ‘group-think’. The workshops
were structured as follows:

Round 1: Researchers were split into break-out
groups according to expertise and taken through
sessions designed to elicit scientific knowledge on
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the priorities, processes and conditions for deliv-
ering NZ, explore the level of consensus, and
knowledge gaps.

Round 2: Stakeholders responded to the pri-
orities and themes which emerged from Round
1, discussed the opportunities and challenges they
faced in transitioning to NZ, and developed com-
mon priorities and messages back to the research
community.

Round 3: Researchers, now in different groups to
Round 1, reflected on outputs of the past workshops,
provided input on any gaps which had been identi-
fied, and discussed the role of research in progressing
this.

2.3. Data analysis
All workshops were recorded, transcribed, and
anonymised. Following each round, a qualitative
thematic analysis was undertaken to surface cross-
cutting themes which formed the basis of discussion
in the following workshops. This analysis involved a
process of familiarisation with the data, the bottom-
up generation of initial codes, searching for themes,
and reviewing and naming themes [27]. At the end
of data collection, further analysis was carried out to
compare themes from each round, assess the extent
of consensus or disagreement around key areas and
explore the extent that themes could be constructed
into a single overarching narrative [28].

3. Results

From this analysis, we present 12 ‘conditions’ for
delivering NZ; cross-cutting themes which parti-
cipants identified as central considerations for achiev-
ing rapid emissions reductions. Whilst in no partic-
ular order, these conditions fall under four themes
described in table 1; acting now, consider communit-
ies and place, just transition and whole systems and
collaboration. Each condition communicates relevant
messages to multiple groups including public, private
and third sector stakeholders, funders of research, and
the research community itself.

3.1. Acting now
3.1.1. Act now to deploy ‘low regret’ solutions on a
large scale
There are a range of solutions that participants char-
acterised as ‘low regret’, technologically ‘ready to go’,
and able to provide immediate reductions to cumu-
lative emissions. This includes improving building
efficiency, deploying heat pumps and district heat-
ing networks, electrifying transport systems, expand-
ing infrastructure and access to public and active
transport, decarbonising and expanding the electri-
city system, and implementing certain land-based
CDR techniques. Participants expressed a sense of
urgency to accelerate the speed and scale of deploy-
ing solutions, shifting priorities from the innovation

of new technologies towards ‘large scale programme
implementation’.

3.1.2. To learn from successes and failures, monitor,
evaluate and communicate outcomes
To deploy solutions at speed and scale, there is a
need for greater acceptance of the potential for some
projects to fail. Rather than a barrier, this should be
seen as an opportunity to learn how to deploy solu-
tions more effectively, enable replication and avoid
repetition of mistakes, making the decarbonisation of
different sectors and regions an iterative rather than
linear process. To achieve this, there is a need for a
‘good feedback loop’, via the effective monitoring and
evaluation of initiatives, and the transparent commu-
nication of their outcomes. Research plays an import-
ant role in evaluating successes and failures, but the
public and private sectors also have a responsibility
to deliver transparency on the outcomes of projects
they deliver.

3.1.3. Clarify governance structures, expectations and
responsibilities
Concern was expressed that in the UK a joined up
strategic approach to NZ was currently not evid-
ent. Accordingly, government should provide more
details on overarching strategy, linked to a regulatory
framework which will deliver the necessary reduc-
tions in emissions. Multi-level governance is essen-
tial for delivering this, including better collaboration
across different scales and departments of govern-
ment. Local government have a strong role for deliv-
ering local programmes of work but need more
resources, funding and capacity. Overall, it is worth
acknowledging that the roles and responsibilities of
different actors in delivering NZ is highly complex,
and is often oversimplified into roles for government,
industry and individuals, whilst overlooking many
smaller actors. More research should provide insights
into ‘how to govern a rapid transition’.

3.1.4. Upskill and capacity build in the workforce and
government
A lack of skilled professionals is a key barrier to accel-
erating the deployment of solutions. Ambitious pro-
grammes of re-skilling are needed both to ensure the
necessary supply chains are in place to deliver an
NZ economy and to mitigate the negative impacts of
job losses in incumbent industries. Equally, capacity
building is needed in government to coordinate and
implement programmes of work; there were calls for
a reversal in the outsourcing and spending cuts which
have dominated the delivery of UK public services in
recent decades. A lack of resource and funding is a
particular barrier for local authorities, which are cru-
cial actors for delivering programmes of work and
public engagement.
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Table 1. Summary of 12 conditions to deliver net zero.

Theme Number Condition

Acting now 1 Act now to deploy ‘low regret’ solutions on a large scale
2 To learn from successes and failures, monitor, evaluate and communicate

outcomes
3 Clarify governance structures, expectations and responsibilities
4 Upskill and capacity build in the workforce and government

Consider communities and place 5 Better account for the importance of place and spatial dimensions of the net
zero transition

6 Actively engage communities in the changes taking place

Just transition 7 Realise a just transition
8 Challenge the role of power and vested interests in downplaying and

delaying net zero

Whole systems and collaboration 9 Take an interdisciplinary and whole systems approach
10 Review the research and innovation funding landscape
11 Incentivise collaboration and reward impact
12 Explore competing narratives and transition pathways

3.2. Consider communities and place
3.2.1. Better account for the importance of place and
spatial dimensions of the NZ transition
Deployment of solutions needs to fit the different
social, cultural, economic and technological con-
texts of different local areas. The benefits and costs
of decarbonisation will not be evenly distributed,
and a spatial analysis, particularly for industrial
restructuring, is needed to help mitigate the neg-
ative impacts that some areas may face. NZ scen-
arios often focus on the national or global scales
and overlook geography and local complexities. There
is a need for analysis to demonstrate how NZ is
delivered on a local scale, both in towns, cities and
rural areas.

3.2.2. Actively engage communities in the changes
taking place
To continue making emissions reductions, interven-
tions will need to become more visible and require
more changes to how people live their lives. Most
participants agreed on the principle of actively enga-
ging communities to ‘bring people along’, commu-
nicating better the implications of what NZ means
for people’s lives, providing a ‘vision’ of NZ and
its co-benefits, alongside communicating the negat-
ive consequences of failing to decarbonise. However
among participants from the research community,
differences were expressed regarding how and whom
could deliver this, and how transformative it could
be. Some felt that if done effectively, public engage-
ment could generate social momentum and ulti-
mately more political pressure for change. Bottom-
up participation in decision making, particularly
around place-based solutions to climate change,
could help communities shape and have ownership
over the changes which impact their lives, which
could both increase engagement with NZ and help
ensure that programmes are delivered in a just

way. Others were more sceptical about the capa-
city to develop public support for a wide range of
decarbonisation measures when these needed to be
implemented rapidly. They felt that prioritising pub-
lic engagement, particularly when limited to ‘tick-
box’ type consultation exercises, could amount to cli-
mate delay, noting that there is already a lack of public
support and ‘social legitimacy’ for the fossil-fuelled
status quo.

3.3. Just transition
3.3.1. Realise a just transition
Making NZ a ‘just transition’ is frequently discussed,
but there is a need to clarify what this means in prac-
tice to avoid it becoming empty rhetoric. Participants
discussed justice in relation to a range of concepts,
including the fairness of decision making proced-
ures, the ‘winners and losers’ of economic restruc-
turing, the potential to design a transition which
reduces socio-economic inequalities and delivers co-
benefits for public health, ecological sustainability
and improving access to energy services, and the
role of an economic system which currently drives
inequality, wealth concentration and excess con-
sumption in generating emissions.

Ensuring decisionmaking processes are perceived
as just and creating a transition which mitigates
for the spatial injustices which arise from economic
restructuring were seen as important conditions for
achieving NZ. The inequality of economic distri-
butions was a more controversial area where dif-
ferent viewpoints emerged. Stakeholders saw deliv-
ering co-benefits, particularly for those in energy
poverty, as a core element of delivering NZ. Others
felt that while important, a narrow framing of a just
transition around co-benefits and poverty overlooks
the need to transform excess energy use and asso-
ciated emissions from the wealthy. They felt that a
core condition for delivering NZ is addressing high
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consumption lifestyles, and for some, a fundamental
change to economic systems currently predicated on
growth and wealth concentration. However, others
felt that aligning NZ with political arguments around
the injustice of wealth inequality poses a risk to
the political consensus around NZ and potentially
undermines progress. Ultimately, justice considera-
tions were considered central to the delivering of NZ,
despite a lack of consensus on the implications of this
in practice.More attention should be paid by both the
research community and decision makers to clarify
the implications of a just transition and help realise
this.

3.3.2. Challenge the role of power and vested interests
in downplaying and delaying NZ
There are institutions and individuals downplaying
the possibility for technological and social transform-
ations. Pushback from powerful vested interests poses
a serious risk to delivering NZ, and this should be
explicitly recognised, its impact identified and action
takenwhere appropriate. Lobbying both from incum-
bent industries who have financial interests in delay-
ing a rapid transition, and less visible ‘dark’ lobby-
ing by political actors, pose a significant risk. There
was not an agreed role for incumbents or approach
for dealing with vested interests which seek to delay
NZ, however this is a crucial, often overlooked issue
and represents a gap in many NZ narratives.

3.3.3. Take an interdisciplinary and whole systems
approach
To achieve NZ, systemic changes are needed to socio-
technical systems. Participants felt that narratives
should not overemphasise the role of elements of
change without placing them within the whole sys-
tem. For example, there is a risk that prominent
NZ narratives overemphasise the role of technology
without discussing the need for social and cultural
change, focus on the decarbonisation of energy sup-
ply whilst overlooking demand, and overemphasise
the responsibility of individuals or of the state whilst
oversimplifying the complex interactions of different
actors operating in an overarching system. Instead,
there is a need to take a whole systems approach to
planning and delivering NZ. This applies both to gov-
ernment decision making, where ‘siloed’ policy mak-
ing across different departments and scales of gov-
ernment prevents whole systems thinking, and to the
private sector, third sector and research, where inter-
disciplinary collaborations can help to understand
the interactions between different sectors and differ-
ent types of solutions, and help to uncover whole
systems solutions. Academia is uniquely positioned
to carry out work to understand how whole systems
change can be delivered, however this needs to be bet-
ter funded and supported within academic institu-
tions and through research funding.

3.3.4. Review the research and innovation funding
landscape
Research plays a crucial role in providing the evid-
ence needed to guide a rapid transition to NZ, and
it is important that funding reflects this. The cli-
mate change research funding landscape is messy and
not effectively coordinated across funders to ensure
that research aligns with the urgency of delivering
NZ. There is a need to ‘take stock’ and review where
knowledge has been produced (to avoid replication),
how it can be disseminated, and where there are
gaps. Funders should address the imbalance identi-
fied by participants regarding the types of research
which receivemore funding, in particular the focus on
blue-sky research and novel supply-side technologies.
More funding needs to be targeted towards applic-
ation and implementation-based research, demand
side solutions, the interactions between sectors, social
science and governance issues.

3.3.5. Incentivise collaboration and reward impact
Effective collaboration between the public sector,
private sector and the research community is an
important condition for delivery. Collaboration and
the co-production of knowledge is a valuable way to
increase the impact of research, but academic institu-
tions undervalue the importance of broader engage-
ment needed to achieve NZ targets. Institutional
change is needed to provide incentives and time
for researchers to take part in engagement activit-
ies which deliver a meaningful impact on the NZ
challenge. Currently, effective collaboration is often
dependent on personal networks and therefore can
be limited to those with already well-established
careers and contacts. Large research centres with
built in structures for engaging with stakeholders, for
example funded positions for knowledge exchange
specialists or secondment opportunities could be
one way of tackling this. Researchers should look to
collaborate with actors where there is the greatest
potential to deliver meaningful change; some sugges-
ted looking beyond traditional collaborations with
industry and the public sector to collaboration with
activist organisations which have had a significant
impact on shifting the climate agenda.

3.3.6. Explore competing narratives and transition
pathways
Finally, whilst our workshops were designed to
explore the level of consensus around conditions for
delivering NZ, there were a number of areas which
remained contentious throughout the process and
revealed some fundamentally opposing perspectives.
Participants discussed different narratives regarding
the pace and nature of change necessary to achieve
NZ, for example around issues of economic growth,
and the feasibility of delivering more radical solu-
tions on a short time scale. The prominence of these
contentions around fundamental issues in the NZ
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transition held by both experts and key stakeholders
highlight the need to continue examining contested
areas and bringing together stakeholders with oppos-
ing views.

4. Discussion

This research brought together diverse groups of
experts and stakeholders to deliberate on the key
actions and conditions necessary to deliver a rapid
transition to NZ in the UK. While the data generated
was extensive and diverse, our analysis distils 12 con-
ditions for delivering NZwhich cut across sectors and
disciplines. Taken together, they can guide strategy,
decision making, and future research agendas in cli-
mate change mitigation.

Whilst recognising the importance of continuing
to deliver technological innovation, the workshops
did not simply generate a list of technologies to be
deployed, but instead produced a complex web of
conditions which recognise the complexity of the
socio-technical systems that low carbon technolo-
gies are embedded in. These issues are not new ideas
and have been debated by experts for many years.
However, the workshops highlight that these knotty
governance challenges are at the crux of progress
towards emissions reductions, despite often receiv-
ing less attention. Progress towards NZ in many
countries has been fragmented and the limited range
of fuel switching and energy efficiency measures
delivered are insufficient to meet climate commit-
ments. Therefore, this research acts as a reminder to
foreground these conditions in efforts to decarbon-
ise and demonstrates the need to refocus efforts to
explore their solutions.

Bressand andEkins have recently called for greater
research attention to be given to the construction
and maintenance of energy transition discourses in
the European public sphere [29]. In our workshops,
underlying many of these points were two somewhat
different ways of thinking about the problem of NZ.
On the one hand, some participants felt NZ could be
achieved without overhauling existing institutional
and economic structures, which they saw as slow-
moving and conducive to fragmented change, whilst
others felt that the only way to achieve NZ in the
timeframes available was to activate processes of rapid
and transformative change, including de-growth and
an end to unsustainable consumption practices. As
Bressand and Ekins also argue, a deeper analysis of
the motivations and values behind such narratives is
needed, which goes beyond the bounds of this paper.
However, the presence of this disagreement reiterates
the need to use interdisciplinary research to explore
competing pathways, and understand why different
narratives of NZ arise. It shows that the highly com-
plex problem of NZ will likely have clumsy solu-
tions which do not neatly fit into one world view,
warranting the need to consider different possible

pathways when designing decarbonisation strategies.
Analysis of policy discourses in both the UK [30]
and Europe [31] show that the evidence which plays
into policy decisions is restricted to the first perspect-
ive: it sits within a green growth paradigm, is risk
adverse and assumes limited feasibility of transform-
ative social and economic change. The deliberative
and consensus building processes used here can be a
valuable tool to open up the possibility of a broader
range of transition pathways and reveal the limit-
ations of decision making which relies on a single
world view. Such processes could be an important
part of generating the evidence used to make NZ
policy decisions.

This research also offers a range of insights into
how the research community can accelerate the trans-
ition to NZ. Participants recognised the need to
align research with the delivery of NZ, calling for
changes to both institutional norms and funding pri-
orities which align with other calls to reform the
science-policy knowledge architecture tomore effect-
ively guide sustainability transitions [32]. To deliver
research which can provide meaningful impact on
NZ, funding priorities should shift from a focus
on novel decarbonisation technologies to developing
empirical evidence for how solutions can practic-
ally be implemented, including place-based consid-
erations, the implications in terms of fairness, co-
benefits and trade-offs, the roles of different actors,
and developing methodologies to evaluate the effect-
iveness of different solutions. Several issues which
remained highly contested in our workshops also
present future research agendas; broadly speaking,
these relate to the necessity and feasibility of pursuing
an NZ pathway involving rapid social and technical
transformations and a new economic system without
the pursuit of economic growth.

Participants from both the research community
and other sectors recognised the need to expand
the networks of stakeholders involved in research, so
that more collaborative research is undertaken with
a broader range of actors which can offer new routes
to creating impact. Finally, the need to bring together
interdisciplinary approaches to offer a whole systems
perspective on NZ was widely supported. Exercises
like this project, which brought together researchers
from different disciplines for several days of work-
shops, can provide one avenue to deliver this.

5. Conclusion

This study identified 12 conditions which, to vary-
ing degrees, have relevance to different countries,
sectors and decision makers when considering rapid
transitions. Taken together, they can guide decision
making and future research agendas in climate change
mitigation. Failure to consider these underlying con-
ditions could mean the likely failure to reduce emis-
sions rapidly and effectively, undermining the wealth
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of investment in evidence and knowledge genera-
tion thus far. Similarly, continuing climate change
mitigation research without considering the under-
lying system which should be receiving this evidence
could be a fruitless activity. This research has presen-
ted a broad, whole systems interdisciplinary research
agenda which is needed to understand how these con-
ditions could be achieved and their implications for
different NZ solutions, which should be reflected in
funding priorities.
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