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A B S T R A C T   

Smart local energy systems (SLES) have been promoted in policy as a solution to decarbonisation challenges 
which also bring wider benefits, such as community prosperity and energy affordability. But the combination of 
conditions required to enable their successful emergence and operation are still to be elaborated. This paper 
reports on the development of a Theory of Change (ToC) for the “societal project” of emergence of SLES with 
benefits. ToC is a process of making explicit the causal links by which activities lead to outcomes, surfacing 
assumptions, and recognising possible unintended consequences. We describe the ToC development process, 
involving consultation and collaboration across a research consortium. It consists of layers (e.g. users, skills, data 
and digital), and shows conditions considered necessary to deliver SLES, and for these to deliver wider benefits. It 
also provides interactive links to evidence emerging from the consortium, as well as policy/governance condi
tions and metrics. We reflect on potential uses of the ToC – internally to the consortium and externally – along 
with challenges we encountered in pursuing this approach. Policy implications relate to the importance of 
enabling conditions across multiple sectors, the absence of any of which could inhibit delivery of either SLES or 
their ensuing benefits.   

1. Introduction 

Emerging global consensus around the risks posed by climate change 
has led many countries, including the United Kingdom (UK), to imple
ment carbon reduction commitments [1]. A key strut of such plans is the 
increasing penetration of renewable electricity generation, and the 
associated storage required to help manage variability [2]. While 
renewable generation need not necessarily be highly decentralised, 
there are a variety of reasons why this situation may arise and may (or 
may not) be desirable. These include individuals and organisations 
deciding to invest in onsite distributed energy resources, and the need to 
meet substantially increased electricity demands associated with heat
ing and transport while minimising costly infrastructure upgrades [2]. 

Countries around the world are therefore exploring how distributed 
energy resources (DER) can be optimally combined and coordinated to 
support affordable and secure decarbonisation [3]. In the UK, the 
concept of “smart local energy systems” (SLES) has gained prominence 
as a concept around which to arrange this idea of coordinated decen
tralisation. SLES incorporate information and communications tech
nology to enable automation and self-regulation of distributed energy 

resources to support balancing and flexibility across energy vectors at a 
local level [4]. They have an additional emphasis on more localised 
governance, ownership, and engagement with the goal of providing a 
range of community benefits appropriate to context [4]. Their devel
opment is being explored and promoted through the £100 m 
Government-funded Prospering from the Energy Revolution programme 
(PFER)[5]. Important to note is that while effective delivery of energy 
services is a key objective of SLES, they are expected to go well beyond 
this in the benefits they can deliver. For example, they are seen as a way 
of creating high value employment and reducing the cost of energy [6]. 

The emergence of SLES at meaningful scale would entail a trans
formation of the way most countries’ energy systems are structured, 
planned, and operated. This is not a change that can be delivered solely 
by existing energy industry incumbent actors [7]. Action and engage
ment is required for a wide variety of stakeholders, including system 
users, technology installers, and local and national policymakers. There 
are big implications for the nature and scale of technical infrastructure. 
And the investment required for such a transformation will be sub
stantial in scale, and likely diverse and novel in source. We therefore 
view the transformation of energy systems in the UK towards SLES, if it 
happens, as a “societal project” on a very large scale. 
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In this paper we describe the development of a “Theory of Change” 
(ToC) for the societal project of the emergence of SLES, and consider the 
insights and challenges provided by such an approach. As discussed 
further in the next section, ToC is a well-established way of describing in 
detail how project activities are expected to deliver their intended out
comes [8]. We have two main aims:  

1. To describe the process, benefits, and challenges of using ToC to 
structure knowledge emerging from a large interdisciplinary 
research consortium, EnergyREV.  

2. To explain how the ToC can be applied by stakeholders such as 
policymakers, civil society organisations, and in industry to inform 
and evaluate progress towards delivery of successful SLES. 

Following a short section on SLES and the background and principles 
of ToC, we then set out the approach we followed to construct the 
EnergyREV ToC. The ToC is then introduced, and we consider what 
insight it brings to the potential for emergence of SLES. We also discuss 
opportunities the approach brings for coordinating and navigating large, 
multidisciplinary research projects as well as the challenges we 
encountered in its development and communication. We conclude with 
a discussion of the policy implications the ToC raises for SLES. 

2. Theory of change and smart local energy systems 

The concept of smart local energy systems (SLES) originated in the 
UK Government’s Prospering From the Energy Revolution (PFER) in 
2018. The aims and ideas it encapsulates are not new, but the term 
brings together characteristics found under a variety of related existing 
concepts. In essence, it describes systems of provision of energy service 
which feature high levels of measurement/monitoring, automation, self- 
regulation, connectivity, bi-directional flows, and multi-vector integra
tion and balancing which are captured within concepts such as smart 
grids, smart cities, and smart energy systems [9–11]. These are brought 
together with a focus on local scale (considering factors such as 
geographic proximity and shared infrastructure), local and/or commu
nity ownership and governance, and wider local socio-economic and 
environmental benefit that tend to be foregrounded in the concept of 
community energy [12,13]. 

An example is Project LEO (Low Energy Oxfordshire), which was 
funded under the PFER programme [14]. Conducted in Oxfordshire, UK, 
over four years to 2023, it integrated a range of local technical trials (e.g. 
integration of solar and hydro installations, low-carbon heating, and 
flexibility aggregation platforms) with “smart and fair neighbourhood” 
projects that focused on community engagement and involvement. Run 
by a collaboration of industrial, government, community, and academic 
partners, it aimed to use local energy interventions to demonstrate op
portunities for wider benefits such as greater investment, bill savings, 
and increased community revenues. Importantly, while being united by 
some common aims and approaches, specific-sub-projects were able to 
respond directly to the particular context – which differed on factors 
such as rurality, household income, and existing infrastructure 
provision. 

Importantly, SLES will need to be compatible (and ideally positively 
interact) both with other SLES and wider national and international 
energy systems as they decarbonise [15,16]. Even while different lo
calities may take positive steps towards their own particular targets and 

needs, there is a risk that without appropriate coordination, overall 
system decarbonisation may not be optimally addressed [17,18]. 

Given the diversity of approaches, contexts, and goals which SLES 
may encompass, a structured approach to thinking about how they are 
expected to achieve their intended outcomes is need. Theory of Change 
(ToC) is now a widely used approach to support the development and 
evaluation of complex interventions which aim to create change in the 
world. While definitions vary, it encompasses a process of (usually) 
collaborative working to identify key intended longer term outcomes, 
and pathways by which planned activities are expected to deliver these 
outcomes [19]. Originally used most in the community initiative and 
international development sectors, it is now widely used across a range 
of topics as a tool for project/programme planning and evaluation. 

ToC is increasingly seeing use in topics related to energy and low 
carbon transitions. For example [20], use a ToC approach to represent 
how cultures supportive of sustainability can be developed in office 
buildings, taking into account both social and technical factors. The 
World Benchmarking Alliance [21] use a ToC to set out their expecta
tions for how their activities will deliver a vision of business which 
contributes to a sustainable future, enabled by improved impact mea
surement. ToC is commonly used as a planning and evaluation tool for 
energy and climate policymaking. For example, it was employed by the 
UK Department of Business, Energy and Industrial Strategy [22] to 
inform its evaluation of the Contracts for Difference renewable elec
tricity support scheme, and the Scottish Government [23] to underpin its 
strategy on public engagement with net zero carbon transition. Fig. 1 is 
included to illustrate the way the Contracts for Difference ToC shows 
how the programme activities were expected to lead to short- and 
long-term outcomes and impacts. These pathways were used to inform 
the ultimate policy evaluation. 

The key feature of ToC approaches is to make the logic of in
terventions explicit – that is, the intermediate steps by which activities 
lead to outcomes, the assumptions underlying these, important aspects 
of the context, and associated risks and unintended consequences [19]. 
Through doing this it can help collaborators identify and agree on key 
project outcomes, and the activities which might have the greatest 
chance delivering them. It can also highlight ways that activities might 
need to be done differently, or in combination with other supporting 
activities, to maximise the chances of success (depending on contextual 
factors) and minimise risk [24]. 

Explicit description of the logic for change also makes ToC ap
proaches particularly amenable to process evaluation [25]. Process 
evaluation involves investigating to what extent the activities and in
termediate steps of an intervention are happening, before real impacts 
would be observable (or where they are hard to observe) [26]. This al
lows early recognition of whether a programme appears to be working, 
or whether a change of tack may be needed, thus reducing the chances of 
failure. 

As part of the PFER government funding programme introduced in 
the previous section, funding was made available for a large, interdis
ciplinary research consortium known as EnergyREV. Involving more 
than 60 researchers from 22 academic institutions across the UK, it 
conducted research related SLES across technical, social, and economic 
domains. Its overall goal was to inform and accelerate the deployment of 
SLES that would deliver on a variety of objectives, such as reducing 
greenhouse gas emissions, supporting community prosperity, and 
increasing investment in relevant UK businesses. The consortium began 
in December 2018, and ended in March2, 023.1 

The scale and breadth of the consortium presented a challenge for 
how best to synthesise the knowledge generated through the work. It 
was decided to employ a ToC approach to provide structure to this 
process of knowledge synthesis, and to help provide a logically 

Abbreviations 

PFER Prospering from the Energy Revolution (programme) 
SLES Smart local energy systems 
ToC Theory of Change  

1 For more information on EnergyREV and to see its outputs, visit www.ener 
gyrev.org.uk. 
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organised “way in” to the findings and ideas for external stakeholders. 
ToC approaches have previously been used to inform the design and 
conduct of research projects [27] – that is, used to develop and depict 
expectations for how the activities carried out in the research (e.g. 
research, publishing, engagement) will lead to intended outcomes such 
as a change in policy. But the driver for its application within EnergyREV 
was different. Here it is not intended to reflect the research activities 
that are planned, but rather the “societal project” of the emergence of 
SLES with intended outcomes – the focus of study, rather than the study 
itself. In this way, as described above, the aim is to provide a common 
object which different disciplinary and institutional teams across a large 
consortium can interact with and update together to reflect something of 
a consensus view. 

3. Method 

While approaches vary [28], a typical ToC development process first 
involves definition of the problem(s) the planned intervention aims to 
solve, and main changes or outcomes it aims to bring about. This is often 
achieved through desk research and identification of key stakeholders, 

followed by one or more stakeholder workshops [29]. Assisted by a 
facilitator, participants may then be prompted to identify the necessary 
preconditions for these outcomes – “’ What has to be in place for this 
outcome to be achieved?’” [30]: p3). Activity that may be expected to 
lead to these and other preconditions are then identified, along with 
other important factors such as key assumptions and risks. Contributions 
may be captured using standard workshop materials such as sticky 
notes. Discussion is promoted to identify points agreement and refine
ment. A clean version of the provisional ToC may then be produced, and 
edited in the course of future workshops or stakeholder consultation 
processes. Importantly, proposed links should be investigated to deter
mine whether there is evidence for (or against) their existence, or if 
more investigation is needed before they can be relied on as the basis for 
a successful programme [31]. The following section describes the 
structured approach we pursued in the development of the EnergyREV 
ToC. 

As outlined in section 2 above, the value of ToC arises not just from 
the final product or diagram, but through the process of collaborative 
development. We were therefore keen to build it with plenty of oppor
tunity for discussion and contribution by researchers across the 

Fig. 1. The Theory of Change diagram used to inform the evaluation of the UK Contracts for Difference renewable energy support scheme [22]: p17. Elements such 
as activities, outputs, outcomes and impacts are explicitly identified, along with the connections between them. Reproduced under the terms of an Open Government 
Licence v3.0. 
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consortium. However, as previously highlighted, the consortium was 
highly geographically dispersed and multidisciplinary. Whole con
sortium meetings were only feasible on a infrequent basis, and time 
available for discussion of any single part of the project was highly 
constrained. This limited the opportunity to hold traditional ToC 
workshops [29]. Instead, we followed a staged process. Initial in-person 
meetings were held with consortium work packages individually. Work 
package member researchers were introduced to the concept and pur
pose of the ToC, and a facilitated discussion held with them on:  

• the key long-, medium-, and short-term outcomes that SLES should 
deliver (from the perspective of their work package), and the pre
ceding conditions needed for these to come about  

• the most important stages within their work package area required 
for SLES to emerge that can deliver these outcomes  

• what negative or unintended outcomes they were concerned about  
• the exogenous assumptions underpinning their expectations  
• any key contextual factors they expected to affect outcomes 

We used notes of these meetings to construct sub-ToCs showing the 
conditions needed for SLES to come about and deliver good outcomes 
from the perspective of each work package. An example provisional sub- 
ToC for the business and financial practices work package is shown in 
Fig. 2. These mini-ToCs were shared with the relevant work package and 
feedback and edits requested. 

The next stage of ToC development was conducted as part of a whole 
consortium meeting. We prepared materials in advance including 
printouts of the individual work package sub-ToCs, and large posters 
showing all the sub-ToCs collected on the same page. In the first half of 
the workshop, working in groups, work packages had a further oppor
tunity to reflect on and refine their own sub-ToCs, for example by adding 
conditions and connections. In particular, they were asked to try ensure 
that they only included conditions which they believed would be 
necessary to the delivery of SLES and subsequent good outcomes in the 
vast majority of SLES. Or framed another way, that the absence of such 
conditions would seriously inhibit the likelihood of successful delivery. 
In the second half, participants were divided into new (cross-work- 
package) groups and asked to indicate what they saw as the key con
nections between sub-ToCs. For example, this might be where they 
viewed a condition in one sub-ToC as an essential pre-condition to a 
condition in another work package area (Fig. 3). Through the course of 
this process, consortium members had the opportunity to consider and 
express the key pathways and outcomes in their own area of work, think 
about co-dependencies with other work packages, and see where other 
consortium members saw co-dependencies with their work package. 

Informed by the edits and connections suggested by consortium 
members in the workshop, we developed a provisional EnergyREV ToC 
(see Ref. [32]. Moving from right to left, it shows ultimate, high level 

intended outcomes of the emergence of SLES across the UK; the neces
sary preconditions of these that SLES must provide; and the necessary 
preconditions for SLES to emerge. It is organised in a number of sectoral 
layers referred to as “challenge areas” with interconnections between 
them. A number of important contextual factors and general assump
tions are also listed. The provisional ToC, and subsequent developments, 
were created and maintained in the online diagramming service 
Lucidchart. The content of the ToC, and how it can be used, are dis
cussed further in the next section. 

The provisional ToC was based on the expert expectations of the 
consortium members. The next stage of ToC development was to 
populate it with evidence emerging from the work of the consortium, 
amending its structure to reflect the evidence where appropriate. We did 
this on a semiregular basis throughout the life of the project. Evidence 
could be added in two ways: in support of a causal link between two 
conditions, or simply relevant to a condition. We extracted key findings 
from EnergyREV outputs and summarised them in text boxes which 
were added to the ToC. Specific findings were then associated with 
specific conditions or links by means of clickable features on the ToC, 
toggling the evidence into and out of view (Fig. 4). In this way it was 
possible to include a large quantity of extracted evidence on the ToC 
diagram without obscuring it. 

The ToC also incorporates other layers which can be toggled on and 
off. One shows the policy or regulator precursors which EnergyREV 
evidence suggests are needed to underpin certain necessary conditions. 
The other shows metrics that can be used to assess progress against 
delivery of certain conditions, as compiled by the EnergyREV work 
package task with developing evaluation approaches for SLES. A sum
mary ToC is also provided as a layer, which presents the main conditions 
in each challenge area, summarised into single boxes. 

The ToC was further reviewed by the whole consortium at a subse
quent meeting, this time conducted online due to the Covid-19 
pandemic. This resulted in some changes to the layer structure, served 
to check changes that had been made to the structure following addition 
of evidence, and offered an opportunity to add previously unrecognised 
links between EnergyREV evidence and the ToC. The ToC continues to 
be maintained on an ad hoc basis as new EnergyREV evidence becomes 
available. 

The next section summarises the key functionality of the interactive 
ToC. We then highlight some key use cases we envisage and reflect on 
challenges we have observed in employing the ToC approach in this 
context. 

4. Results and discussion 

4.1. Functionality and overview 

The most recent version of the interactive ToC is available online at 

Fig. 2. Example sub-ToC created following initial single work package discussion.  
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https://tinyurl.com/energyrev-toc. A full version of its state at the point 
of submission is provided in the supplementary material. Fig. 5 gives an 
impression of the overall ToC (the online or supplementary versions 
should be used to view detail). 

When users navigate to the ToC they are greeted by a welcome screen 
with basic instructions on how to navigate the LucidChart interface. 
LucidChart allows for basic interactivity through the toggling on and off 
of layers of the chart when users click on specified hotspots. Users are 
invited to either hide or reveal the high level summary ToC, and then 
close the navigation instructions. The summary can then by hidden or 
revealed using the appropriate control on the chart. Further more 
detailed instructions appear to the left of the ToC and are permanently 
available. 

As described in the methods section, the ToC is broken into eight 
challenge areas collected into three broader groups, as follows:  

• Technology and system coordination  

o Technology/system interactions (at the local level, and relating to 
interaction between the local and wider national/international 
systems)  

o Data and digital  
• People and organisations  

o Users  
o Skills  
o Business, finance, and organisations  

• Key services  
o Heating and cooling  
o Mobility  
o Natural ecosystems 

A central vertical line crossing through all the challenge areas rep
resents the point at which a SLES is delivered. Everything to the left of 
the line represents the preconditions seen as necessary to achieve de
livery of SLES, which are preceded by their own necessary pre
conditions, and so on. To the right of the central line are conditions 
required for SLES to deliver intended beneficial outcomes, including 

Fig. 3. Workshop materials showing printed provisional ToC, additional notes, and strong connections added between layers.  
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enabling prosperous communities across the country, meeting carbon 
reduction targets, and growth in productive exports. These appear in 
green boxes at the far right hand of the diagram (and are repeated for 
each challenge area as appropriate to avoid cluttering with lines). Also 
depicted are negative and unintended consequences associated with the 
delivery of (or failure to deliver) specific conditions. Table 1 shows a 
high level summary of the these conditions. 

Users are able to show or hide all or a selection of the underlying 
EnergyREV evidence. This is achieved by clicking a show/hide all evi
dence button, or clicking hotspots associated with specific links or boxes 
on the detailed ToC. There are two separate evidence hotspot icons: 

• A green arrow indicates the existence of EnergyREV evidence spe
cifically supporting the existence of a link between two conditions in 
the ToC.  

• A blue circle indicates EnergyREV evidence or recommendations 
relevant to a condition on the ToC, but not directly supporting it. 

When either of these icons are clicked, a text box appears connected 
to the icon with an arrow. Each text box represents a single EnergyREV 
output (unless otherwise indicated), and it may connect to more than 
one icon. That is, it may be relevant to more than one link or condition 
on the ToC. The text box contains the title of the output (with hyperlink 
to the original document), lead author name, a line summarising the 
approach or method, and a numbered list of key findings. Where a 
specific finding relates to the link or condition, the number of the finding 
in the list is included in the arrow or circle icon to allow ease of tracing. 
At the time of writing over 20 EnergyREV outputs have been added to 
the ToC. 

As described in the methods section, users are also able to show or 
hide layers showing key policy and governance preconditions, and 

Fig. 4. Excerpt of ToC showing expanded detail on evidence relating to a particular condition.  

Fig. 5. Screenshot of the full ToC canvas. To view detail please see online version (link in text).  
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Table 1 
High level summary of ToC conditions, key assumptions, and key risks across layers.  

Layer Necessary conditions for SLES Necessary conditions for outcomes Key assumptions Key risks 

Technology/ 
system 
interactions 

Widely adopted smart/energy 
technologies reliably interoperate 
within and across SLES, unlocking 
local and multi-vector flexibility. 

Markets and other control strategies 
harmonise with those in distinct or 
higher/lower nested SLES, reducing 
new infrastructure requirements, 
operating costs, and bills. 

Smart/energy technology is 
accessible/desirable, with sufficient 
operable lifespan. Regulation 
supports component and system 
interoperability. Investors invest in 
systems rather than (just) individual 
components, and responsibility for 
system design/operation is clear. 
Investment and societal priorities 
align with optimal SLES outcomes. 
Regulation, incentives and market 
design ensure outcomes are better for 
individual SLES if they do not conflict 
with each other. 

Interoperability challenges mean 
individually effective technologies 
cannot be integrated and provide 
benefits, or disrupt the system. Less 
‘influential’ SLES areas are 
negatively impacted. Savings in 
overall system costs lead to rebound 
effects which increase energy use. 

Data and digital High penetration of sensing/Internet- 
of-Things leads to substantial new 
data collection. Products and services 
are developed which support SLES 
operation (e.g. tariffs, peer-to-peer 
trading, improving energy efficiency, 
maintenance, diagnosis, warranties, 
distributed control and technology 
assessment). 

New products and services create 
economic value through savings for 
consumers and revenues for 
business. Social value is created as 
community services lead to health 
and/or wellbeing improvements. 

Necessary data collection is socially 
acceptable and appropriately 
regulated. Organisations perceive the 
results as valuable enough to justify 
the additional costs of data collection, 
and to develop products which are 
then taken up. Processes are in place 
to ensure sufficient data quality and 
interoperability. Savings are passed 
on to users, and services are offered 
to, and accessed by, those who most 
need them. 

Data security and privacy concerns. 

Users Local domestic and non-domestic 
users participate in SLES (as users, but 
also project/service design if they 
want), and understand, support and in 
some cases champion value of SLES to 
community. 

Users and SLES interact in a way that 
both supports system operation and 
user benefits. Reduced and flexible 
demand leads to better local 
balancing contributing to reduction 
of carbon emissions and network 
costs, and lower bills. 

There is (or can be) appetite amongst 
users to get involved in SLES 
planning, and developers have the 
skills and incentives to accommodate 
this. Products/services allow users to 
support SLES operation and their own 
needs. 

Design of SLES/processes omits 
interests of certain groups, meaning 
they miss out on benefits, and 
reducing support for SLES with the 
potential for resistance campaigns. 
This may include lack of access to 
generation/storage/flexibility 
technologies. 

Skills Workers with skills relevant to design, 
operation and maintenance of SLES 
have been trained and are present 
locally. There is also sufficient supply 
of those with general skills (e.g. 
communications, facilitation, project 
management). 

Operating and maintaining SLES 
provides reliable, local high value 
employment and training 
opportunities, reducing 
unemployment and increasing 
earnings. 

SLES are known about, and people 
know what skills will be needed and 
have confidence they will be valued 
on an ongoing basis. Training is 
known about and accessibly priced. 
SLES create significant new work 
opportunities, especially locally. 

Prioritising employment of local 
people but with wrong skills 
negatively affects SLES performance. 
If SLES do not happen locally or 
elsewhere, certain skills may not be 
needed. 

Business, 
finance, and 
organisations 

Organisations collaborate to conceive 
and design SLES, which passes 
feasibility study. Affordable finance is 
available to organisations seeking to 
develop SLES solutions. 

Organisations involved in SLES 
sustain and grow revenues and new 
businesses are created, including 
those with legal structures that 
benefit employees and other 
stakeholders. Local employment is 
increased. 

Innovative routes to financing exist 
that are consistent with local needs, 
and there is policy (and other) 
certainty regarding future of SLES. 
Evidence of previous success is 
accessible and persuasive. 
Organisations are aware of SLES 
opportunities and willing to 
collaborate with each other. 

Optimal outcomes for SLES may be 
suboptimal for individual outcomes. 

Heating and 
cooling 

Organisations develop heating/ 
cooling-related products and services 
that are taken up by users and support 
SLES operation, such as through 
storage and demand flexibility/ 
reduction. 

Investment returns support 
sustainable industry growth, as low- 
carbon heating/cooling competes 
successfully. Net zero targets 
increasingly prompt greater 
household/commercial spend on 
energy demand reduction, reducing 
carbon emissions and improving 
comfort and health. 

Broad awareness of importance of 
heating/cooling in low-carbon 
transition, and organisations are 
aware of the different solutions 
available. Low-carbon products/ 
service options are attractive to users 
and easy to access and use (balancing 
automation and user involvement). 
Regulation allows innovation while 
protecting users. 

Regulation either stifles innovation, 
or permits diffusion which outpaces 
the ability of energy system 
infrastructure to adapt. Certain users 
are unable to access new products/ 
services and miss out on benefits. 
Inescapable service contracts charge 
users too much or permit poor 
quality service. 

Mobility Increased penetration of electric 
vehicles supports effective local grid 
balancing, aided by products/services 
such as local flexibility tariffs and 
markets. And/or increased reliance on 
active transport reduces local energy 
demand, making it easier to cover 
local demand from local generation 
(while reducing capacity to provide 
flexibility services). 

Mobility-related carbon emissions 
are reduced as internal combustion 
vehicles decrease, which also leads 
to reductions in air pollution and 
concomitant health improvements. 
These are also supported by 
increased use of active transport. 
Lower mobility costs increase 
disposable income. 

EV charging infrastructure is broadly 
interoperable. Participating in smart 
charging and/or V2G services 
provides acceptable levels of vehicle 
reliability, consistent with user 
adoption. 

Electrification of transport does not 
address congestion or road safety, 
and displaces active transport, so 
reducing health and wellbeing 
benefits. However, limited storage 
capacity provided by EVs constrains 
local flexibility potential. Savings/ 
income only accrue to those who are 
able to access EVs. 

Natural 
ecosystems 

Land use change (e.g. for solar farms) 
provides an opportunity to improve 
degraded landscapes, manage for 

Enhanced ecosystem services and 
natural capital. This includes 
improved agricultural productivity, 
and health improvements through 

Environmental betterment principles 
are applied in planning and 
development. 

Energy system changes lead to 
increase in new/different material 
outflows with unknown impacts. 
Unsustainable resource use 

(continued on next page) 
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possible evaluation criteria that could be used to measure progress 
against the conditions or links. The policy/governance boxes are also 
linked to EnergyREV evidence where possible. Evaluation metrics are 
based on the work of an EnergyREV work package with this topic as its 
focus [33]. 

4.2. Applications 

The ToC is designed to have applications both within and beyond the 
EnergyREV project. A key external use is to inform strategy and planning 
in relation to SLES. The starting proposition of the EnergyREV ToC is 
that, in order to successfully deliver SLES with the intended benefits, it is 
necessary to deliver all of the conditions identified. Organisations 
involved in SLES planning, delivery, and policy can therefore work 
through the ToC and consider:  

• Whether there are special contextual reasons which mean that a 
particular condition is not necessary for delivery of their SLES, and; 
•Where they agree with a condition:  
o whether the condition is already met in the locality 
o if not, whether there are plans to deliver it, involving which ac

tions, by whom 

The rationale for this approach is that it is better to consider and 
dismiss a condition as irrelevant, than to neglect to consider a condition 
which may prove to have been necessary to achieve intended outcomes. 
We have previously developed materials which organisations can use to 
structure workshops on this topic [32]. 

The ToC also provides a novel way for users to access research and 
guidance in the form of project outputs. Conventionally these are stored 
on websites and are browsable by topic/type or can be returned by 
searches. The ToC provides an alternative to this in that it provides ac
cess to summaries and links to outputs in context and at a glance. This is 
intended to make it easier both to identify literature relevant to the 
users’ interests and stage of SLES progress. 

As discussed in the section on background to ToC, the approach can 
also usefully inform process evaluation. Because of the scope and 
ambition of truly systemic SLES projects, ultimate outcomes might only 
be expected to be delivered years into the future. Informed by the ToC, 
users can identify intermediate indicators and metrics that allow 
monitoring and evaluation of the extent to which planned activities are 
being carried out and leading to short- or medium-term outcomes. This 
can provide early insight into whether planned approaches are working, 
or need to be amended. 

The interactive ToC has performed, and has potential to perform, a 
number of roles within and beyond the EnergyREV project. During its 
development, the ToC was able to act as a “boundary object” [34] be
tween the various work packages of the consortium. EnergyREV is 
similar to other large research projects in that it involves multiple teams 
of researchers at different institutions and across a range of disciplines. 
Unless ways can be found to meaningfully connect and relate the 
different workstreams together, there is a risk that teams lose sight of 
what others are working on, and for interdisciplinary insights to be 
missed. This can be partly addressed through conventional meetings 
with update presentations, but these present limited opportunity for 
consideration of the mutual impacts of work, findings, and 

recommendations across teams. The ToC was used several times as a 
focal object during consortium meetings as the basis for collaborative 
activities (beyond those designed to develop the ToC as described in the 
Methods section). For example, one exercise involved identifying the 
key actor(s) associated with each condition in the ToC, and prioritising 
the conditions based on importance and urgency. 

4.3. Challenges 

4.3.1. Communicating the concept 
Our work in developing and communicating the ToC has highlighted 

several challenges. A key difficulty has been in effectively communi
cating about the potential value of the EnergyREV ToC to private sector 
stakeholders. As described above, the approach originated in develop
ment studies as a way of helping to plan and evaluate projects. It has 
subsequently found quite wide use in the spheres of policy evaluation 
and academic research. However, it does not appear to be a widely used 
approach in businesses. On describing the approach we encountered 
critique around how it could bring value to a business looking to profit 
from delivering products and services in a SLES. In part, this is probably 
due to the aims of this ToC being different – that is, to provide a system- 
level view of the change needed to deliver successful SLES. Beyond 
scoping out the potential role organisations could play in this change, it 
does little to provide information on the specific actions that they should 
take to achieve this. This is because these are likely to be highly context 
specific and also varied. However, this is not to say that the ToC could 
not be developed to provide more obvious value to stakeholders such as 
businesses. Because of the ability to add links and layers, it would be 
possible add business case studies. Alternatively, it could be used as a 
resource to inform use of more familiar business tools such as the 
Business Model Canvas [35]. 

While it may appear trivial, the name “Theory of Change” may also 
present a barrier. It gives the appearance of a tool that may be of 
theoretical (but not practical) use. Consideration could be given to 
alternative framings for certain audiences. 

4.3.2. Complexity and interpretability 
A related challenge has been balancing complexity and interpret

ability. As a ToC for the “societal project” of the emergence of smart 
local energy systems, there is a great range of activities and factors that 
could potentially be included. They are also linked to each other in 
complex ways, which often involve feedbacks. In order to create a 
legible and useable final product, it has been necessary to omit a lot of 
nuance and detail. Again, this is fine where the usefulness is around 
gaining a whole system overview, but is less useful in more applied 
cases. For example, there are likely to be many necessary conditions on 
route to getting financing for aspects of a SLES project that are simplified 
into a single box. This makes the ToC useful for gaining a high-level, 
whole system view of things, and subsequently drilling down into 
detail where necessary – but not suitable for conveying more detailed 
guidance in its own right. 

It is important to be transparent about challenges to the validity of 
the EnergyREV ToC. It was originally constructed based on the expec
tations of consortium members. Subsequently evidence emerging from 
their research was brought to bear on it. However, so far, much of the 
evidence is not of a nature that is able to fundamentally test the 

Table 1 (continued ) 

Layer Necessary conditions for SLES Necessary conditions for outcomes Key assumptions Key risks 

pollinators, increased biodiversity, 
etc. 

access to attractive environments 
and reduced pollutants. 

associated with extraction, 
processing, manufacture, transport, 
construction, end-of-life disposal. 
Land use change without 
environmental betterment leads to 
habitat loss, carbon release.  
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existence of causal links; rather it adds useful detail. In the case of 
findings that specifically support links in the ToC, in some cases this 
emerges from modelling work that may, in part, have been informed by 
similar expectations to those that informed the ToC originally. It will 
only be genuinely possible to assess the overall validity of the expecta
tions mapped out in the ToC as more examples of SLES arise and are 
made subject to study, such that the existence (or not) of our expected 
necessary conditions can be established. In its current form, the ToC 
should be viewed as a structured representation of evidence-informed 
expert views, rather than a mapping of empirically demonstrated 
causal links. 

The EnergyREV Theory of Change is designed to be a living docu
ment, and – funding permitting – has potential to be developed in a 
number of ways. Beyond operational updating to include more recent 
outputs, the most important of these concern the ways in which users 
can interact with it. The complexity of the current display (as described 
above) may present a barrier to some applications. But the ToC can be 
used as a starting point to develop a range of tools to address more 
specific uses and audiences, and such work is underway. 

5. Conclusions and policy implications 

There is significant policy momentum behind the development of 
smart local energy systems (SLES), whereby more energy services are 
provided by energy generated and managed locally. As well as sup
porting decarbonisation, such SLES are often envisaged as providing 
wider benefits for communities, such as high quality employment. 
However, neither the successful delivery of SLES, nor their ensuing 
benefits, is assured. This paper has described the rationale for, con
struction process, and delivery of a Theory of Change for the “societal 
project” of how SLES are expected to deliver desired outcomes. Broken 
down into a range of challenge areas (grouped under: technology and 
system coordination; people and organisations; and key services) it 
presents short-, medium-, and longer-term necessary conditions for de
livery of successful SLES based on the expectations of expert participants 
in the Energy REV research consortium. The structure and content has 
been updated over the life of the project to include new research evi
dence from the consortium. In addition to the pathways and evidence 
summaries, the ToC also includes detail on key policy and governance 
conditions, and suggested metrics for evaluation. 

The ToC raises a range of specific policy implications. Embedded 
within it are a range of policy and governance measures which may help 
foster necessary conditions in the development of successful SLES. For 
example, the condition of having incentives and market structures that 
allow coordination of distributed energy resources (DER) may be 
enabled by measures such as: changing regulation so that customers are 
no longer limited to a single electricity supplier; allowing assets to 
participate in multiple markets; creating a level playing field for DER (e. 
g. ability to realise value of supporting black starts); and a network 
charging regime which supports effective DER coordination. These 
points are linked back to the underlying evidence, where this has 
emerged from the work of the EnergyREV consortium. The ToC also 
highlights more thoroughgoing policy reform that may be necessary to 
underpin successful SLES. For example, this involves the devolution of 
more responsibility and resource to local authorities to help support 
SLES delivery, as highlighted in the work of Tingey and Webb [36]. 

The ToC also clearly highlights the necessity of creating the right 
conditions across multiple domains to maximise the likelihood of suc
cessful SLES delivery. It makes salient the point that policy measures in 
individual areas – or even in energy policy more generally – are 
extremely unlikely to be enough to yield meaningful progress on SLES 
unless they are made in the context of complementary measures else
where. This calls for joined up policymaking that brings together 
different departments of government, and national and local policy
makers. While this is notoriously challenging, the ToC also has the po
tential to act as a “boundary object” where each actor can see their own 

remits represented in the context of the whole. 
Finally, the ToC has potential to inform process evaluation, albeit at 

a high level. SLES will usually be quite large, long term projects con
sisting of multiple initiatives and interventions. It may not be possible to 
evaluate whether they have truly delivered their intended outcomes for 
many years. Process evaluation provides the opportunity to check 
whether the conditions are being observed that we would expect to see 
on the path to delivery of the intended outcomes. Policymakers can draw 
on the ToC to inform and assess plans for process evaluation – again, 
with attention being drawn to the multisectoral nature of the challenge. 
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