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Abstract: Smart local energy systems (SLES) have been promoted in policy as a solution to decar-
bonisation 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 recognis-
ing possible unintended consequences. We describe the ToC development process, involving con-
sultation 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 conditions 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 ab-
sence of any of which could inhibit delivery of either SLES or their ensuing benefits.
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1. Introduction

Emerging global consensus around the risks posed by climate change has led many
countries, including the United Kingdom (UK), to implement carbon reduction commit-
ments. A key strut of such plans is the increasing penetration of renewable electricity gen-
eration, and the associated storage required to help manage variability. 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 heating and transport
while minimising costly infrastructure upgrades (HM Government, 2017).

Countries around the world are therefore exploring how distributed energy re-
sources (DER) can be optimally combined and coordinated to support affordable and se-
cure decarbonisation (Burger et al., 2020). In the UK, the concept of “smart local energy
systems” has gained prominence as a concept around which to arrange this idea of coor-
dinated decentralisation. Their development is being explored and promoted through the
£100m Government-funded Prospering from the Energy Revolution programme (PFER)
(Innovate UK, 2018). 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
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deliver. For example, they are seen as a way of creating high value employment and re-
ducing the cost of energy (UK Research and Innovation, 2022).

The emergence of SLES at meaningful scale would entail a transformation 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. Action and en-
gagement is required for a wide variety of stakeholders, including system users, technol-
ogy installers, and local and national policymakers. There are big implications for the na-
ture and scale of technical infrastructure. And the investment required for such a trans-
formation will be substantial 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.

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 pro-
vided by such an approach. As discussed further in the next section, ToC is a well-estab-
lished way of describing in detail how changes are expected to come about that are needed
to deliver intended outcomes (Center for Theory of Change, n.d.). We have two main aims:

1. To reflect on the process, benefits, and challenges of using ToC to structure
knowledge emerging from a large interdisciplinary research consortium, Ener-
gyREV.

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 de-
livery of successful SLES.

Following a short section on 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, multi-
disciplinary 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

Theory of Change is now a widely used approach to support the development and
evaluation of projects and organisations aiming to create change in the world. While def-
initions 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 (Stein and Valters, 2012). 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. It is increasingly seeing
use in topics related to energy and low carbon transitions (Dreyer et al., 2021; World Bench-
marking Alliance, 2022), and is commonly used as a planning and evaluation tool for energy
and climate policymaking (Department of Business, Energy and Industrial Strategy, 2020; Scot-
tish Government, 2021).

The key feature of ToC approaches is to make the logic of interventions explicit — that
is, the intermediate steps by which activities lead to outcomes, the assumptions underly-
ing these, important aspects of the context, and associated risks and unintended conse-
quences (Stein and Valters, 2012). 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 differ-
ently, or in combination with other supporting activities, to maximise the chances of suc-
cess (depending on contextual factors) and minimise risk (Allen et al., 2017).

Explicit description of the logic for change also makes ToC approaches particularly
amenable to process evaluation (Rogers, 2014). Process evaluation involves investigating
to what extent the activities and intermediate steps of an intervention are happening,
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before real impacts would be observable (or where they are hard to observe) (Moore et al.,
2015). This allows 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 sec-
tion, funding was made available for a large, interdisciplinary research consortium known
as EnergyREV. Involving researchers from 18 academic institutions across the UK, it
would conduct research related SLES across technical, social, and economic domains. 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
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 (Vogel,
2012), 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

This section describes the process by which the EnergyREV Theory of Change was
constructed. As outlined 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 opportunity for discussion between members across the consor-
tium. However, the consortium was highly geographically dispersed and multidiscipli-
nary. Whole consortium meetings were only feasible on a infrequent basis, and time avail-
able for discussion of any single part of the project was highly constrained. This limited
the opportunity to hold traditional ToC workshops (Breuer et al., 2014). Instead, we fol-
lowed a staged process. Initial meetings were held with consortium work packages indi-
vidually. Work package members were introduced to the concept and purpose of the ToC,
and a facilitated discussion held with them on:

e  from the perspective of their work package, the key long-, medium-, and short-term
outcomes that SLES should deliver, and the preceding conditions needed for these to
come about

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

e  what negative or unintended outcomes they were concerned about

e the exogenous assumptions underpinning their expectations

e 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 Error! Reference source not found.. 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 work packages had a further opportunity to reflect on
and refine their own sub-ToCs, for example by adding conditions and connections. In par-
ticular, they were asked to try ensure that they only included conditions which they be-
lieved 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
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divided into new (cross-work-package) groups and asked to indicate what they saw as
the key connections 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 (Error! Reference source not found.). 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 pack-
ages, and see where other consortium members saw co-dependencies with their work

package.
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Figure 2. Workshop materials showing printed provisional ToC, additional notes, and strong con-
netions added between layers.

Informed by the edits and connections suggested by consortium members in the
workshop, we developed a provisional EnergyREV ToC (see (Fell et al., 2020). Moving
from right to left, it shows ultimate, high level intended outcomes of the emergence of
SLES across the UK; the necessary 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 im-
portant contextual factors and general assumptions 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 discussed further
in the next section.

The provisional ToC was based on the expert expectations of the consortium mem-
bers. 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 appro-
priate. 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 summa-
rised them in text boxes which were added to the ToC. Specific findings were then asso-
ciated with specific conditions or links by means of clickable features on the ToC, toggling
the evidence into and out of view (Error! Reference source not found.). In this way it was
possible to include a large quantity of extracted evidence on the ToC diagram without
obscuring it.
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Figure 3. Excerpt of ToC showing expanded detail on evidence relating to a particular condition.

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 un-
derpin 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 pack-
age task with developing evaluation approaches for SLES. A summary ToC is also pro-
vided as a layer, which presents the main conditions in each challenge area, summarised
into single boxes.
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The ToC was further reviewed by the whole consortium at a subsequent 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 follow-
ing 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 https://ti-
nyurl.com/energyrev-toc. A full version of its state at the point of submission is provided
in the supplementary material. Error! Reference source not found. gives an impression
of the overall ToC (the online or supplementary versions should be used to view detail).

Click and hold to drag the view.

Use Ctrl+scroll wheel to zoom in and out (or Ctrl++ and Ctrl+-). ‘
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Figure 4. Screenshot of the full ToC canvas. To view detail please see online version (link in text).

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 in-
teractivity through the toggling on and off of layers of the chart when users click on spec-
ified 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:

e Technology and system coordination
o Technology/system interactions
o Data and digital
e People and organisations
o Users
o Skills

o Business, finance, and organisations
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e Key services
o Heating and cooling
o Mobility
o Natural ecosystems

A central vertical line crossing through all the challenge areas represents the point at
which a SLES is delivered. Everything to the left of the line represents the preconditions
seen as necessary to achieve delivery of SLES, which are preceded by their own necessary
preconditions, and so on. To the right of the central line are conditions required for SLES
to deliver intended beneficial outcomes, including 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 neg-
ative and unintended consequences associated with the delivery of (or failure to deliver)
specific conditions. Error! Reference source not found. shows a high level summary of
the these conditions.
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Table 1. High level summary of ToC conditions, key assumptions, and key risks across layers.

N itions f
Layer Necessary conditions for SLES ecessary conditions for Key assumptions Key risks
outcomes
Smart/energy technology is accessible/desirable, with
fficient le lif . Regulati t
Markets and  other control sufficient operab e. tespan e.g.u aton supp9r S . Interoperability challenges mean individually
. . . . component and system interoperability. Investors invest in
Widely adopted smart/energy  strategies harmonise with those . NP
Technology/ . . . s . systems rather than (just) individual components, and
svstem technologies reliably interoperate in distinct or higher/lower

| SYSter within and across SLES, unlocking  nested SLES, reducing new
interactions

effective technologies cannot be integrated and
responsibility for system design/operation is clear.
local and multi-vector flexibility.

provide benefits, or disrupt the system. Less
infrastructure requirements,

Investment and societal priorities align with optimal SLES
operating costs, and bills.

outcomes. Regulation, incentives and market design ensure
outcomes are better for individual SLES if they do not
conflict with each other.

‘influential’ SLES areas are negatively impacted
Savings in overall system costs lead to rebound

effects which increase energy use.
High penetration of sensing/

Internet-of-Things leads to

New products and services
substantial new data collection. P

. create economic value through
Products and services are developed &
Data and

Necessary data collection is socially acceptable and
which support SLES operation (e.g.

appropriately regulated. Organisations perceive the results

. as valuable enough to justify the additional costs of data
savings for consumers and . .
. . collection, and to develop products which are then taken . .
.. . . revenues for business. Social . . . Data security and privacy concerns.
digital tariffs, peer-to-peer trading, . .. up. Processes are in place to ensure sufficient data quality
. . . value is created as community . . .
improving energy efficiency, . and interoperability. Savings are passed on to users, and
R K . R services lead to health and/or .
maintenance, diagnosis, warranties, L. services are offered to, and accessed by, those who most
. wellbeing improvements.
distributed control and technology need them.
assessment).
Users and SLES interact in a
Local domestic and non-domestic ~ way that both supports system Design of SLES/processes omits interests of
users participate in SLES (as users,  operation and user benefits. There is (or can be) appetite amongst users to get involved certain groups, meaning they miss out on
Users but also project/service design if they Reduced and flexible demand in SLES planning, and developers have the skillsand  benefits, and reducing support for SLES with the
want), and understand, support and leads to better local balancing  incentives to accommodate this. Products/services allow potential for resistance campaigns. This may
in some cases champion value of ~ contributing to reduction of users to support SLES operation and their own needs. include lack of access to
SLES to community. carbon emissions and network generation/storage/flexibility technologies.
costs, and lower bills.
Workers with skills relevant to Operating and maintainin
i i
design, operation and maintenance P & . 8 SLES are known about, and people know what skills will be
. SLES provides reliable, local
of SLES have been trained and are
Skills

present locally. There is also high ‘.,ame employmcf:x?t and
sufficient supply of those with ‘o dgji?:gnfnz};fgﬁ;rl::ris;n d
general skills (e.g. communications, increasing earnings.
facilitation, project management).

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.



https://doi.org/10.20944/preprints202304.0121.v1

d0i:10.20944/preprints202304.0121.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 7 April 2023

Organisations involved in SLES
sustain and grow revenues and . . . . . .
. Innovative routes to financing exist that are consistent with
new businesses are created, . . .
. . . local needs, and there is policy (and other) certainty
including those with legal . . . .
! regarding future of SLES. Evidence of previous success is
structures that benefit . . .
accessible and persuasive. Organisations are aware of SLES

employees and other . . .
stakeholders. Local opportunities and willing to collaborate with each other.
employment is increased.

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

Optimal outcomes for SLES may be suboptimal

for individual outcomes.

Investment returns support
sustainable industry growth, as
low-carbon heating/cooling  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

Organisations develop
heating/cooling-related products and competes successfully. Net zero
services that are taken up by users  targets increasingly prompt

Heating and
and support SLES operation, such as greater household/commercial

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

cooling
through storage and demand spend on energy demand (balancing automation and user involvement). Regulation . .
o . ) . . . ) . charge users too much or permit poor quality
flexibility/reduction. reduction, reducing carbon allows innovation while protecting users. .
service.
emissions and improving
comfort and health.
Increased penetration of electric Mobility-related carbon
vehicles supports effective local grid ~ emissions are reduced as
balancing, aided by internal combustion vehicles Electrification of transport does not address
roducts/services such as local decrease, which also leads to congestion or road safety, and displaces active
Proc /, L . EV charging infrastructure is broadly interoperable. & ey P .
flexibility tariffs and markets. And/or reductions in air pollution and L. 29 . . transport, so reducing health and wellbeing
e . . . . Participating in smart charging and/or V2G services . D .
Mobility  increased reliance on active transport concomitant health . : s . benefits. However, limited storage capacity
X provides acceptable levels of vehicle reliability, consistent R . .
reduces local energy demand, improvements. These are also with user adoption provided by EVs constrains local flexibility
.. . . ith u; . . L
making it easier to cover local supported by increased use of P potential. Savings/income only accrue to those
demand from local generation (while active transport. Lower who are able to access EVs.
reducing capacity to provide mobility costs increase
flexibility services). disposable income.
Enhanced ecosystem services Energy system changes lead to increase in
Land use change (e.g. for solar and natural capital. This new/different material outflows with unknown
farms) provides an opportunity to includes improved agricultural impacts. Unsustainable resource use associated
Natural . )P PP v P & Environmental betterment principles are applied in pa . .
improve degraded landscapes, productivity, and health . with extraction, processing, manufacture,
ecosystems . . . planning and development. . o
manage for pollinators, increased improvements through access transport, construction, end-of-life disposal. Land
use change without environmental betterment

to attractive environments and

biodiversity, etc.
reduced pollutants.

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

e A green arrow indicates the existence of EnergyREV evidence specifically support-
ing the existence of a link between two conditions in the ToC.
e A blue circle indicates EnergyREV evidence or recommendations relevant to a con-

dition 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 indi-
cated), 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 hyper-
link 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 show-
ing key policy and governance preconditions, and 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 (Francis et al., 2020).

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. Or-
ganisations involved in SLES planning, delivery, and policy can therefore work through
the ToC and consider:

e  Whether there are special contextual reasons which mean that a particular condition
is not necessary for delivery of their SLES, and;
e  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 actions, 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 nec-
essary to achieve intended outcomes. We have previously developed materials which or-
ganisations can use to structure workshops on this topic (Fell et al., 2020).

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 access 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 pro-
jects, ultimate outcomes might only be expected to be delivered years into the future. In-
formed by the ToC, users can identify intermediate indicators and metrics that allow
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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” (REF) between 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 im-
pacts 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 ex-
ample, 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

Our work in developing and communicating the ToC has highlighted several chal-
lenges. A key difficulty has been in effectively communicating about the potential value
of the EnergyREV ToC to private sector stakeholders. As described above, the approach
originated in development 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. Al-
ternatively, it could be used as a resource to inform use of more familiar business tools
such as the Business Model Canvas (REF).

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. Consid-
eration could be given to alternative framings for certain audiences.

A related challenge has been balancing complexity and interpretability. 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
usable 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 expectations of consortium members. Sub-
sequently 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 existence
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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 expectations 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 ex-
pert views, rather than a mapping of empirically demonstrated causal links.

The EnergyREV Theory of Change is designed to be a living document, and - funding
permitting — has potential to be developed in a number of ways. Beyond operational up-
dating 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 supporting 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, construction 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 coordina-
tion; people and organisations; and key services) it presents short-, medium-, and longer-
term necessary conditions for delivery 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 evidence from the con-
sortium. In addition to the pathways and evidence summaries, the ToC also includes de-
tail 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 mar-
ket structures that allow coordination of distributed energy resources (DER) may be ena-
bled 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, 2020).

The ToC also clearly highlights is the necessity of creating the right conditions across
multiple domains to maximise the likelihood of successful SLES delivery. It makes salient
the point that policy measures in individual areas — or even in energy policy more gener-
ally — are extremely unlikely to be enough to yield meaningful progress on SLES unless
they are made in the context of complementary measures elsewhere. This calls for joined
up policymaking that brings together different departments of government, and national
and local policymakers. While this is notoriously challenging, the ToC also has the poten-
tial to act as a “boundary object” where each actor can see their own remits represented
in the context of the whole.
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Finally, the ToC has potential to inform process evaluation, albeit at a high level.
SLES will usually be quite large, long term projects consisting 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 as-
sess plans for process evaluation — again, with attention being drawn to the multisectoral
nature of the challenge.
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