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Executive Summary
Introduction
Smart Systems and Heat Phase 2 (SSH2) was a successor programme to Smart Systems and Heat
Phase 1 (SSH1) and took the form of a £9.8m grant from the Department of Business, Energy and
Industrial Strategy (BEIS) Energy Innovation Programme to fund activity by the Energy Systems
Catapult (ESC) between Summer 2017 and March 2019. The programme was set up to develop
evidence on how to facilitate the take up of low-carbon heating technologies across the UK
through the development of new digitally enabled services. The total funding was approximately
split 70/20/10 between the three activities of the programme; the research and development
winter trial, business modelling and local engagement.
These work packages consisted of:
1. A winter trial of households equipped with advanced heating controls. A ‘living lab’ of
108 homes was created to understand consumer energy use and preferences and test the
concept of ‘Heat as a Service’ during winter 2017/18.
2. Business modelling. A series of market engagement, research and analyses were
conducted to explore the business case for consumer-focused delivery of heat
decarbonisation.
3. Local engagement. ESC worked collaboratively with Greater Manchester Combined
Authority, Bridgend County Borough Council and Newcastle City Council around smart
energy planning.
As part of the grant for SSH2, the ESC committed to deliver both an interim and final evaluation of
the programme. In consultation with the programme delivery team, three core aims of the
evaluation were agreed, a programme learning aim, a system learning aim and a strategic learning
aim. A number of High-Level Questions (HLQs) were designed in support of these aims.
The approach to the evaluation was theory based. As part of the evaluation, a theory of change
was developed at the outset of the evaluation in consultation with SSH2 programme staff. The
theory of change sets out the expected pathways towards the overall outcomes and goal of SSH2
through describing the activities, outputs and expected outcomes of the programme.
The theory of change was revisited part way through the evaluation and in the closing months of
the programme with the final version being significantly different to the one developed at the
outset. This reflected increased understanding of what the programme could do (within the context
of the wider decarbonisation agenda) as well as an evolving understanding of theory of change as
a tool to structure evaluation learnings.
The following sources of evidence were then used to assess the evaluation questions and to test
and refine the theory of change:


Qualitative interviews with internal stakeholders. 22 interviews were conducted with a
purposive sample of ESC staff involved in delivering SSH2. A further three interviews were
conducted with employees of BEIS, SSH2 project sponsors.



Qualitative interviews with external stakeholders. 32 interviews were conducted with a
selection of external stakeholders. The sample population was compiled and provided by
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ESC and comprised any organisations that ESC had attempted to engage with as part of the
programme.


Analysis and review of programme deliverables and programme delivery documents.
A number of programme deliverables and data items were reviewed. The key points from
each report were recorded in a spreadsheet, alongside researcher assessment of the
implications for the evaluation.

The analysis was structured by the theory of change and the evaluation questions. This was an
Excel workbook comprising the evaluation questions and assumptions from the theory of change
as rows and data sources as columns, so enabling data to be summarised and reduced to that
relevant to – and which could support the answering of - the evaluation questions and testing and
inform the theory of change.
A more comprehensive, larger evaluation was initially planned to run alongside the programme,
comprising in-house and contracted resource, but delays and difficulties recruiting an embedded
evaluation manager meant that a more modest approach needed to be undertaken.

Findings
The key findings of the evaluation have been set out in response to the three evaluation aims:
1. ‘Programme learning’ aim: to provide evidence of what has been delivered: alongside

understanding that supports and improves SSH2 delivery

Delivery of programme outputs
The main conclusions from examining how far the programme delivered outputs, are as follows:


SSH2 successfully defined - and built understanding amongst stakeholders of - the
concept of Heat as a Service (HaaS) At the outset of the programme, Heat as a Service
was a relatively new concept, and as such there was no existing language for this or
methodology to explain it, either to consumers or to industry. Both a language and a
methodology needed to be developed as part of the programme in order to deliver a
number of the component activities. This involved explaining the concept so that the term
was less abstract. Through exploration of how consumer change was facilitated in other
markets (e.g. the move to electric vehicles) it was identified by ESC that consumers would
need an explanation of compelling improvements to their heating in order to significantly
change their use/spending habits. This was also felt to be true of historical transitions in
the provision of heat. Therefore, the messages around Heat as a Service (communicated in
a range of ways, including through videos) focused on potential for increased control and
increased comfort.



SSH2 generated learning about the take-up of heat plans: After trial participants had
become accustomed to using the new heating system installed as part of the trial, they
were introduced to the concept of a heat plan by an information video and by attending a
demonstration event. A heat plan allowed consumers to buy a ‘warm hour’ (heating used
for an hour), rather than the traditional method of paying by unit of fuel used. A heat plan
sold the homeowner a number of warm hours per month, at a fixed price, with flexibility to
purchase additional warm hours. Three types of plans were developed, allowing
homeowners to decide whether they wanted a lower cost and fixed number of hours,
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flexibility at a higher price, or unlimited heating at a higher price. This process took place in
late February and March 2018. 50% of those offered it, ‘bought’ a heat plan, indicating they
sufficiently understood the concept and felt it offered them benefits as a consumer to
invest in it. Follow-up consumer research with these homeowners identified that they were
largely comfortable with the concept of a ‘heat plan’, how it worked, and what it offered
them as a user of heat. In general, cost certainty appeared to be a clearer benefit than
comfort certainty for participants and was the reason most often cited for take-up.



SSH2 identified a number of business models to delivery decarbonisation of domestic
heat:
ESC conducted research and worked with, industry, Energy Service Providers (ESPs), and the
supply chain to identify the appetite and barriers for delivering Heat as a Service and other
pathways to decarbonisation. Evidence of the understanding built through these
relationships is documented in reports on the market transformations required to deliver
Heat as a Service. It was argued within these reports that the significant increase in uptake
of advanced energy services will require disruption to existing value chains, increased
collaboration between industry partners, and the development of new service models.



SSH2 identified opportunities for delivering decarbonisation of domestic heat at a
local level: In three areas – Manchester, Newcastle, and Bridgend – ESC funded personnel
to develop Smart Energy Plans, and to develop an understanding of the issues concerning
their implementation. Further support from the central team was provided to demonstrate
how local area energy planning and analysis can be translated into local initiatives and
actions. Outside of the SSH2 programme, the context for heat decarbonisation helped to
facilitate these plans e.g. in Manchester plans for carbon neutrality by 2038, and
commitments for addressing fuel poverty have facilitated interest in the Smart Energy Plan.
The three local areas have partnered with ESC for three local dissemination events, which
have been shaped around finding partners to deliver the projects identified in the plans
(providing evidence of intention to further the projects identified in the plans).

Delivery of programme outcomes
At the time of programme conclusion, there was already some evidence that some SSH outcomes
had been achieved. Generally, the outcomes from SSH2 were not expected to be realised until
beyond the end of the programme, from April 2019 onwards. The following evidence of programme
outcomes can be observed:


Market response to SSH2: There were some clear examples of particular organisations
that were using the data, insight and learning from the programme. A follow-on winter trial
took place in 2018/19. This involved Bristol Energy (an ESP) and Baxi (a provider of smart
heating and hot water solutions) offering Heat as a Service to the 80 homes that
participated in the 2017/18 trial, and an additional 20 recruited to replace those that were
no longer participating. This was in response to the learning from SSH2 and the interest
this had generated with them. Other ESPs interviewed as part of the evaluation had some
interest, and some desire to explore and test Heat as a Service and / or pathways to
consumer-focused delivery of heat decarbonisation and kept a “watching brief” on the
programme. The data, insight and learning arising from the trial has been made available
(both in published outputs and ‘on request’) so that ESPs and wider industry can use them
to design interoperable heat products, services and policies / regulations, to support and
deliver decarbonisation of heat through Heat as a Service.
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Policy response to SSH2: It was envisaged that policy engagement with the programme
would form part of the evidence base that policy makers draw from to develop policies
which support decarbonisation of domestic heat. At the close of the programme, messages
from Government did not directly and explicitly push for market driven consumer-focused
delivery of heat decarbonisation. However, there was evidence that Government engaged /
is engaging with the findings of SSH2 in order to inform these and other future approaches
(including market driven approaches) to consumer-focused delivery of heat
decarbonisation. The insight developed from the programme has been well received and
there is evidence that the Heat and Business Energy team within BEIS has benefited from
what they describe as “thought-provoking and engaging sessions on long-term heat
decarbonisation” and that meetings have “stimulated further debate amongst the policy
team.” In addition, BEIS’ ‘Clean Growth – Transforming Heating’ published in December
2018 references the work carried out on SSH2 by ESC in several chapters, in particular
acknowledging that Heat as a Service and Energy as a Service (EaaS) business models for
consumers could provide opportunity for supporting the uptake of low carbon heating and
the importance of local energy plans and strategies to decarbonisation solutions.



Local area response to SSH2: It is too early to see whether the Smart Energy Plans deliver
on their potential for local area heat decarbonisation and / or inspire activity at local level in
other areas. However, there was evidence from interviews with representatives in each of
the three local areas in which Smart Energy Plans have been developed that the projects
identified in the plans are beginning to be taken forward. A Smart Energy Plan has also
been formally adopted in one area. When interviewed, representatives of each of the local
areas supported felt that they would have, however, been progressing energy projects in
the absence of the support from, and engagement with, SSH2. There is evidence that SSH2
has influenced the design and implementation of projects arising from Smart Energy plans.
In particular, the work in SSH2 was recognised as important in setting out the opportunities
and shaping long term strategy / direction.



Development of ESC capabilities and assets: As a result of the trial, ESC is in a good
position in development of a test bed / living lab for testing future products and services
seeking to decarbonise heating. From interviews with programme staff and reviewing
reports which summarised learnings from conduct of the winter field trial, it was evident
that ESC has developed knowledge, such as recruitment of homeowners, design and
delivery of a trial, and collection and analysis of data. ESC has also developed and
purchased assets for wider use, for example the HESG research platform, the hardware
required to control heating in homes and the hardware required to provide feedback and
data for analysis by the ESC (heating choices, etc), and cloud-based storage of data.

Learning
The evaluation confirmed that the component activities of SSH2 were appropriate to delivering the
anticipated outputs and outcomes. However, it also identified a number of ways in which the
delivery of those activities could be improved for this programme / future programmes of this
nature:


Allow sufficient time for project preparation, development of software and recruitment
(so starting the trial earlier in the winter period). The delay to the start of the programme
(partly resulting from the 2017 election and partly from BEIS and partners requesting
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programme scope modifications) was not within the control of ESC, it did affect the delivery of
outputs and outcomes and these would have been better delivered without the delay. In
particular it delayed the start of the winter 2017/18 trial and whilst some heat use data was
collected from October 2017, the concept of heat plans was only able to be introduced to
customers in March 2018, limiting the time in which heat plans could be meaningfully tested.


There needs to be a stronger and more explicit focus on decarbonisation – and how this is
being delivered – running through all project activity. Decarbonisation was a key objective
of SSH and the main reason for BEIS investment. There was not a clear link between the Heat as
a Service concept, being tested through the trial, and the decarbonisation of domestic heat. In
part, this was because the programme did not place much emphasis on low carbon heating
systems in the first instance. However, this link was also missing from the original programme
narrative. Tools, such as theory of change, could have been used at an earlier stage in the
programme to articulate the link to low carbon heating. The absence of the link to
decarbonisation was evident in the way that the programme was explained by the programme
team to those outside of the programme. This created a barrier to stakeholder engagement
with the trial. It was not well understood by external stakeholders how decoupling heating
outcomes (warmth, comfort) from energy purchased (kWh) provides a pathway to domestic
decarbonisation or how offering domestic consumers ‘Heat as a Service’ overcomes barriers to
moving to low carbon energy sources at both pace and scale.



The programme team should be better coordinated and communication targeted to avoid
teams working in isolation. It was acknowledged that there was an issue with internal
communications in the first few months of the programme, however, the role of Technical lead
for the field trial was created and filled in July 2017, to ensure teams looking after specific
elements of the trial were better coordinated and that there were clear responsibilities and a
shared understanding of why certain activities were being conducted. In discussion with the
programme team, it was observed that where understanding of the purpose of activities was
often different. This was often as a result of a tension between those seeking to deliver the
activities as agreed in the original scope of the programme and those seeking to maximise the
learning from the programme, even if it meant deviating from the original scope. While at some
points this tension was challenging for the team, it did not result in any delays to the delivery of
activities. In fact, although perhaps difficult for delivery teams at the time, outputs may have
also benefitted from this continuous scrutiny and challenge.



Sufficient time and resource should be allowed for development and installation of
software and hardware. The winter trial required greater preparatory work in software and
hardware development and installation than anticipated: the software used to control heating in
homes (the Home Energy Services Gateway; HESG) had reduced functionality to that anticipated
at the outset of the trial (due in part to timescales and attempting to build on the software used
in SSH1). Hardware installation highlighted the need for technical support alongside
installations, inclusion of instructions for manual control, pairing of components well in advance
of installation, and timed and ordered checks on the hardware following installation.



Sufficient time should be allowed for data analysis: There were a number of challenges for
directing data analysis and outputs including the range of stakeholders the results needed to
face / engage (particularly the results of the trial), the volume of data collected and the fact that
some of the data required the development of new approaches to analysis. In light of this, there
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was some feeling amongst some of the programme team that the overall project plan may have
underestimated the time needed for analysis, especially where an iterative approach was used.


The expectations of delivery partners (local authorities and industrial partners) need to be
carefully managed. Throughout the course of SSH2 delivery, partners had high expectations of
the outcomes of SSH2. This is, in the main, a legacy of their involvement in SSH1. Based on
conversations in SSH1, delivery partners hoped for a larger scale of trial than was delivered in
SSH2 plus they expected to have responsibility for part of the delivery budget in SSH2 and to sit
alongside ESC as a decision maker for the programme. However, the reality of SSH2, was that
delivery partners performed more of a consultative role, being consulted on decision making
and kept informed of the progress of the programme and outcomes. For some, this change in
anticipated role, albeit understood, has not met their expectations: "… we don’t think we have
got sufficient outcomes from the programme as expected."
2. ‘System learning’ aim: To provide understanding and evidence of the extent to which

SSH2 is developing an effective pathway to decarbonisation

Near term assumptions underpinning the longer term steps on the path to decarbonisation
appear to be being fulfilled through SSH2. In the longer term it is anticipated that the
programme will result in one or more pathways to deliver heat decarbonisation being identified
and tested. However, the first step, and a key objective of the work, was to identify and remove
barriers to the decarbonisation of heat. The novelty of the approach was not to start with
technology; instead it was based on building an understanding of consumers’ willingness to
engage with heating from the perspective of the experience of comfort as a in a technologyneutral way. This provides insight into the need for ”bringing consumers with you” in the journey to
low carbon heating solutions. By next demonstrating that Heat as a Service approaches and / or
alternative pathways to deliver heat decarbonisation are technically achievable, commercially
viable, desirable for consumers and can be supported by decarbonisation policy there will be
evidence to support the case for future work. This evidence will enable investment in
decarbonisation of domestic heat, government policy to support the decarbonisation of domestic
heat and a regulatory landscape that supports decarbonisations of domestic heat.
SSH2 has demonstrated that HaaS approaches to delivering heat decarbonisation are
technically achievable. As outlined above, the programme did not place clear emphasis on low
carbon heating systems in the first instance; low carbon heating systems were not tested in the
2017/18 winter trial. By only including fossil fuelled households in the 2017/18 winter trial, SSH2
did not explicitly demonstrate that HaaS approaches to delivering heat decarbonisation are
technically achievable. However, SSH2 did provide evidence of consumers’ interest and willingness
to engage in change in the way they perceive and interact with heating in their homes. This
supports the programme’s hypothesis that if consumers are more engaged, they may be willing to
move to low carbon heating sources. Although further work is needed to establish evidence that
consumers will in fact move to low carbon heating at scale, the next step to understand this was
explored in the 2018/19 trial. HESG has been integrated with heat pumps, and may therefore lead
to the learning required for technical achievement of Heat as a Service with heat decarbonisation.
As outlined in a number of reports developed as part of the programme and echoed in interviews
with wider stakeholders, what is now required is the development and testing of the systems to
support the delivery of such technologies at scale. This includes a broader understanding of how
reliable technologies are and how they pair up / how applicable they are in different scenarios.
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SSH2 has not clearly demonstrated the commercial viability of HaaS. The trial was not
designed to test commercial viability, and therefore further work is required to demonstrate if
commercial viability is achievable. This was one of the key concerns for programme delivery
partners in SSH2, understanding the distribution of value within the supply chain to deliver heat
decarbonisation. Several stakeholders interviewed as part of the evaluation voiced a concern that it
had not demonstrated cost feasibility to ESPs. This is, however, a function of the trial as learning
exercise (rather than a failing of the trial).
Logically, heat plans could increase uptake of low carbon heating by increasing consumers’
confidence they will get the heating they want for a predictable price. ESC gradually tested this
hypothesis over several years. In this first year the trial tested whether consumers would buy a heat
plan. 91 participants were offered a heat plan. The aim was to discover if consumers might be
willing to pay more for a better service. Just over half (47) decided to buy a heat plan. This provides
evidence that some were willing to pay more for a heat plan than they were already paying for
their heating. Price was only one of various reasons others decided not to buy a Heat Plan. Despite
the trial providing some evidence, SSH2 has not clearly demonstrated consumer appetite for
Heat as a Service approaches. SSH2 has gone some way in terms of testing consumer acceptance
of Heat as a Service, but on a small scale. The link to low carbon was not made / tested with
customers in the 2017/18 winter trial. In the 2018/19 winter trial, acceptance of heat pumps was
(through optional installations) tested in a sample of five homes. This indicates that Heat as a
Service can be a gateway to low carbon heating, but again on a very small scale. These are the next
steps for testing, as well as work to address the three following challenges before there is
widespread uptake:


Comfort: People will want to be able to get the experiences they wish for from their
heating: warm homes, hot showers and so on. This is especially hard because there are
many low carbon options and the best solution varies with the home and the area it is in.



Control: People will want to be able to control how much they spend getting the heating
they want, but everyone wants something different. Based on the survey work that ESC has
conducted about how they use their heating (involving thousands of consumers), some are
willing to spend time adjusting their heating to match the times they are home. Others
prefer to save the effort and spend more money making sure their homes are warm when
they are in.



Convenience: People will want it to be easy to install a low carbon system. Today around a
third of people replace their existing heating system when it breaks. Low carbon heating is
not really a viable alternative if they have to spend weeks preparing their home before they
can restore their heating.

3. ‘Strategic learning’ aim: Reflecting beyond SSH2, to provide broader understanding and

evidence about the models, capabilities, and contextual factors required to enable market
innovations to be delivered at sufficient scale to meet 2050 targets.

The SSH2 winter trial has provided a specific example of how an Energy Service Provider (ESP)
service offering could work and generated a large number of learnings about Heat as a Service as a
potential service and how a ‘Heat as a Service’ concept might be designed. Although, as a result of
the trial, the exploration of the Heat as a Service concept went further than the exploration of other
supply and service models for delivery heat decarbonisation, other supply and service models for
delivering heat decarbonisation were explored as part of the programme.
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Energy Systems Catapult produced a report1 as part of SSH2 which provided a detailed
examination of potential future market approaches which may deliver decarbonisation. Twentyeight high level business models were outlined and then distilled into a set of five, based upon a
set of scoring criteria (considering benefits to society, benefits to energy system resilience, benefits
to sustainability / efficiency robustness of the business model) and which have been explored in
detail. These five business models appear most feasible in enabling innovation to be delivered at
sufficient scale to meet 2050 targets. The business models are:










Building / retrofit and operation. An energy service provider provides services at low /
zero upfront costs to new build / retrofit properties to address energy efficiency and create
smart-enabled homes. Costs are paid back by the customer over time through energy
service bills.
Municipal Energy Service Companies (heat and power). Aimed at municipal owned
social housing, and providing services for tenants for deep retrofit, with tenants paying back
costs over time through energy service contracts.
LISCo (both the data and capital-intensive versions). A lifestyle services company,
providing energy and wider services through a one-stop shop for all services, including
installation of equipment and other home improvements, with no upfront costs and a
contract for repayment.
Supplier – aggregator. An Energy Service Provider, similar to a supplier in the existing
model, but with added service to aggregate and sell consumer flexibility to markets, thus
offsetting the customer bill. This is a model that customers will be familiar with, as it is a per
kWh offering.
Commercial ESCo. A model already mainstream in the commercial sector but yet to be
demonstrated for private customers.

Although the work of the programme is a necessary step to inform pathways to decarbonisation of
domestic heat (whether or not that is delivered through Heat as a Service). As set out in the theory
of change, it will not be sufficient (nor is it intended to be). Other enablers will be required to drive
these market innovations to be delivered at sufficient scale to meet 2050 targets. These enablers
are:
Private and public sector investment in decarbonisation of domestic heat. Amongst the wider
literature read to inform this evaluation and echoed by stakeholder comments, there is wide
recognition that substantive investment will be required to facilitate the decarbonisation of
domestic heat in both supporting an upgrade to existing infrastructure / funding new infrastructure
and the capital required to retrofit properties or build new homes that are decarbonised. It is not
yet identified how this will be financed.
Through the work on the programme, ESC identified that businesses need a motive to act to
decarbonise heat, and that investment by the private sector will “remain stifled” until a clear signal
to the market of how to tackle decarbonisation is provided2.
Government policy that supports a market-led approach to decarbonisation of domestic
heat. Stakeholders interviewed as part of the evaluation were generally in agreement that a
market-led approach to decarbonisation of domestic heat needs a consistent policy framework,

1
2

Market Transitions Report
This is outlined in the conclusions and recommendations of D10-14 Market Transformations Report
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and direction from Government about the shape of future technology / technology mix and future
fuel or power sources. In terms of fuel or power sources, key policy levers were cited by
stakeholders including the phase out of fossil fuel boilers for retrofit and expansion of electricity
grids. With regards to technology, stakeholders referred to the phase out of gas boilers for new
build3, introduction of heat pumps and use of district heat networks. What was clear, however, was
that ESPs and industry were looking for more indication of direction and preferences.
A regulatory landscape that supports decarbonisation of domestic heat. A number of wider
reports on the subject recognise the role that regulation can play in supporting the
decarbonisation of domestic heat. Reference is often made to the role of regulation in driving the
electrification of cars, for example, through the commitment to end of sale of petrol and diesel cars
from 20404. A mixture of tax penalties and new build regulations have helped to introduce
decarbonising heat technologies to some extent in a number of countries.5

Which was announced in the Spring Budget subsequent to the interviews taking place
E.g. BEIS A Future Framework for Heat in Buildings Call for Evidence Government Response (Dec 2018).
5
Imperial College London, International Comparisons of Heating, Cooling and Heat Decarbonisation Policies
(November 2017)
3
4

Page 13 of 82

D32: Evaluation Report

1. Introduction
Background to Smart Systems and Heat Phase 2 (SSH2)
Heating accounts for 37% of total UK carbon emissions, with heating for our homes and buildings
responsible for around 20%. To achieve our Net Zero targets, the UK’s 27 million households will need to
rapidly adopt new low carbon heat solutions through the 2020s and 2030s..

The Smart Systems and Heat (SSH) programme was designed to help innovators address this
market gap and unlock the commercial opportunity of low carbon heating, by:


Addressing the technical, regulatory, economic and social barriers that block new low
carbon heat products, services and business models getting to market,



Establishing a range of platforms, insights and modelling tools to help innovators discover
new low carbon heating solutions that consumers value,



Bringing innovators, businesses, local authorities, networks, policy-makers, regulators and
consumers together to create new markets that deliver low carbon heating solutions at
scale.

The Energy Technologies Institute (ETI) launched SSH in 2012 and funded Phase 1 of the
programme, which was delivered by Energy Systems Catapult (ESC) and its partners. This was part
of a £100m portfolio of work (funded by the UK Government and delivered by ETI) focused on the
design and provision of energy services to UK domestic and commercial customers in a manner
that is affordable, secure and sustainable. The SSH programme had a primary focus on the area of
heating and hot water. The substantive elements of the programme were delivered by 2016, with
some outputs delivered subsequent to this.
Smart Systems and Heat Phase 2 (SSH2) was a successor programme to Phase 1 and took the form
of a £9.8m grant from the Department of Business, Energy and Industrial Strategy (BEIS) to fund
activity between Summer 2017 and March 2019. The programme was set up to develop evidence
on how to facilitate the take up of low-carbon heating technologies across the UK through the
development of new digitally enabled services.
The aim of SSH Phase 2 was to deliver a test bed with local authorities and industrial partners
(delivery partners) for understanding the needs and desires of discerning energy consumers in
order to develop and evaluate examples of potential new service offerings, as well as developing
the understanding of the related policy implications.
At the outset of the programme, there wasn’t any market activity of the type being tested by SSH2.
SSH2 was designed as an opportunity for learning about what and how to innovate and to inform
an understanding of what step(s) are required next to meet 2050 targets.

Evaluation background and aims
As part of the grant for SSH2, ESC committed to deliver both an interim and final evaluation of the
programme. This was commissioned in early 2018 and reported in 2019, shortly after the close of
SSH2 as a programme.
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In designing an evaluation three key contextual issues were considered. The SSH2 programme was
part of a broader suite of work being delivered by Energy Systems Catapult6. The whole suite of
work around Smart Systems and Heat (including Phases 1 and 2) was building understanding and
evidence of how to decarbonise heat and explored to what extent this could be achieved by
changing the market to one which delivers Heat as a Service. This was a long-term objective, which
did not and was not intended to be achieved within the timescales of the SSH2 programme, but to
which SSH2 contributed. The boundaries between SSH2, its predecessors and other work in the ESC
is not always clearly defined.


As part of the SSH2 programme, ESC developed a Benefits Management Framework (BMF)7.
This was a framework of expected benefits of SSH as a whole, which was envisaged to
ultimately help transform the market to enable the required wide decarbonisation of
domestic heat. The theory of how different elements link together, and of some elements
themselves, continued to evolve as understanding improved through the programme. A key
aim of SSH2 (and thereby a learning from this evaluation) was to build on this framework
and understand how such goals can be achieved. The evaluation needed therefore to build
on the existing project management tools as well as understand how the programme
developed over time to changing evidence.

Three core aims of the evaluation were agreed:
1. ‘Programme learning’ aim: To provide evidence of what has been delivered alongside
understanding that supports and improves SSH2 delivery (evidence that can inform steering
and implementation of the programme).
2. ‘System learning’ aim: To provide understanding and evidence of the extent to which
SSH2 is developing an effective pathway to decarbonisation.
3. ‘Strategic learning’ aim: Reflecting beyond SSH2, to provide broader understanding and
evidence about the models, capabilities, and contextual factors required to enable market
innovations to be delivered at sufficient scale to meet 2050 targets.
A number of High-Level Questions (HLQs) were set out aligned with these aims. These were
supplemented by a more specific series of questions to identify and decide what data to collect,
how to analyse and report it8.
1. ‘Programme learning’ aim: To provide evidence of what has been delivered alongside

understanding that supports and improves SSH2 delivery (evidence that can inform
steering and implementation of the programme and future activity beyond SSH2)

HLQ1) Is the work delivering – how and to what extent are the activities that the ESC is
undertaking delivering outputs and outcomes as anticipated?
1. How and to what extent have the intended outputs of SSH2 been delivered? If not, why
not?

6

This was also dependent on Government heat policy, regulators and other actors.

7

Included in Appendix 8.2

8

Note these are not specific questions that are asked in an interview or a questionnaire, however they informed who was
asked which questions and why, within the evaluation.
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2. How and to what extent are the expected outcomes/impacts of SSH2 observable? If not,
why not?
3. What is the contribution of SSH2 to observed outcomes?
4. Are there any unintended outcomes? And, if so, how can negative outcomes be mitigated,
and positive outcomes be exploited?
5. From the perspective of both internal and external programme stakeholders, what aspects
of SSH2 add the most value and why?
6. How could the activities that the ESC is undertaking be changed or adapted to better
deliver the outputs and expected outcomes as anticipated?
2. ‘System learning’ aim: To provide understanding and evidence of the extent to which
SSH2 is developing an effective pathway to decarbonisation.
HLQ2) Is the ESC doing the right things – how and to what extent is the rationale for the
activities that the ESC is taking and their pathways to decarbonise domestic heat logical and
sound?
1. How and to what extent are the expected outcomes / impacts that ESC is seeking to
stimulate, sufficient and necessary to achieve the SSH2 programme goal?
2. How and to what extent are the outputs that the ESC is aiming to deliver sufficient and
necessary to deliver the expected outcomes / impacts?
3. How and to what extent are the activities that the ESC is aiming to deliver sufficient and
necessary to deliver the intended outputs?
4. How is the surrounding context for SSH evolving - e.g. markets, activities, technologies,
policy etc. – and what are the implications for the SSH programme?
5. How is understanding of interdependencies between SSH and its surrounding context
evolving – e.g. adoption of connected home technologies for non-energy related use cases
– and what are the implications for the SSH programme?
6. What are the implications for the Benefits Management Framework, and how should it be
changed to help further inform and focus activities?
3. ‘Strategic learning’ aim: Reflecting beyond SSH2, to provide broader understanding
and evidence about the models, capabilities, and contextual factors required to enable
market innovations to be delivered at sufficient scale to meet 2050 targets.
HLQ3) What is being learnt – what is the wider learning from the evaluation for efforts to
enable the decarbonisation of domestic heat?
1. What supply and service models appear most feasible in enabling innovations to be
delivered at sufficient scale to meet 2050 targets?
2. What are the capabilities required to enable innovations to be delivered at sufficient scale
to meet 2050 targets?
3. Is there any wider learning that can be applied to other organisations outside of the Energy
Systems Catapult?
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Evaluation design and methodology
The approach to the evaluation was theory based. HM Treasury guidance on evaluation describes
theory-based evaluation as providing an overarching framework for understanding, systematically
testing and refining the assumed connections (i.e. the theory) between an intervention and the
anticipated impacts9.
The guidance goes onto describe how theory-based evaluation will generally seek to identify each
of the various elements in an underlying logic model and examine the links between each element.
As part of this evaluation, a theory of change was developed. at the outset of the evaluation in
consultation with SSH2 programme staff. The theory of change set out the expected pathways
towards the overall outcomes and goal of SSH2 through describing the activities, outputs and
expected outcomes of the programme. It was a useful way of understanding, making explicit, and
defining the assumed connections (i.e. the theory) between the activities undertaken as part of the
programme and their anticipated impacts.
The theory of change was reviewed at the conclusion of the interim evaluation and a number of
revisions proposed. These informed fieldwork activities for the final evaluation. A more in-depth
review of the theory of change10 was conducted during the final evaluation, involving consultation
with SSH2 programme staff.
The final theory of change therefore encapsulates shared understanding of how SSH2 activities
worked as understood at the conclusion of the programme and the key assumptions behind them.
This theory of change was significantly different to the one developed at the outset of the
evaluation. This reflected increased understanding of what the programme could do (within the
context of the wider decarbonisation agenda) as well as an evolving understanding of theory of
change as a tool to structure evaluation learnings.
Due to the timescales in which these revisions were made, it did not inform fieldwork activities for
the final evaluation. However, it was used to structure the analysis.
The following sources of evidence were used to provide evidence to assess the evaluation
questions and to test and refine the theory of change:

9



Qualitative interviews with internal stakeholders. 22 interviews were conducted with a
purposive selection of ESC staff involved in delivering SSH2, and a further three were
conducted with employees of BEIS, SSH2 project sponsors. The interviews were conducted
face-to-face where feasible (by telephone when not) using a qualitative topic guide to
instigate an open discussion between participant and researcher. Broadly, the topics
covered in the evaluation interviews with internal stakeholders covered SSH2 delivery,
engagement with stakeholders, learning from the programme. Interviews were recorded,
transcribed and key points recorded in a spreadsheet (alongside supporting quotes).



Qualitative interviews with external stakeholders. 32 interviews were conducted with a
selection of external stakeholders. The sample population was compiled and provided by
ESC and comprised any organisations that ESC had attempted to engage with as part of the
programme. A sampling approach was proposed on the basis of organisation type (i.e.

HM Treasury (2011) The Magenta Book: Guidance for Evaluation. London: HM Treasury, p.57
Section 3.2 outlines the theory of change – this is presented as a diagram in section 9.4

10
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manufacturers / hardware developers, local authorities, energy service providers, policy /
regulators and registered social landlords) and extent of ESC interaction (including subcontractors on the programme). Interviews were conducted by telephone using qualitative
questions to instigate an open discussion between participant and researcher. Eight of the
32 external stakeholder interviews were conducted with partners involved in delivering the
programme (including those on the steering group for the work).
We interviewed11:
o

11 manufacturers / hardware developers (one of which was a delivery partner)

o

Eight local authorities (three of which were delivery partners)

o

Five energy service providers (one of which was a delivery partner)

o

Three suppliers

o

Three respondents with a policy / regulatory remit

o

Two registered social landlords

The topics covered in the evaluation interviews with external stakeholders covered
awareness and understanding of SSH2 and interest and engagement with SSH2 outcomes.
The questions varied by organisation type (ESPs, hardware developers, local authorities and
social landlords, and policymakers and regulators) in line with the potential outcomes that
could be achieved by each group. Key points from each interview were recorded in a
spreadsheet (alongside supporting quotes). Interviews were recorded to aid recall of key
points.
We used the AIDAR framework (AIDAR: standing for Awareness, Interest, Desire, Action and
Retention) to organise the data collected by external stakeholders. AIDAR is a marketing
model12 that describes the different cognitive steps in the process of purchasing or taking
action. Based on the evidence provided in their interview, each stakeholder interviewed was
assessed against this framework to understand where they were in the model, relative to
the outcome that SSH2 was seeking for their organisation type. For example, to what
extent were ESPs testing Heat as a Service and / or other pathways to consumer-focused
delivery of heat decarbonisation (were they aware? interested? etc.). At an aggregate level,
this provided a sense of where different organisations were, relative to the outcome that
SSH2 was seeking. Data were also organised according to the drivers and barriers at each
point in the model (e.g. the drivers and the barriers for ESPs to take action / test Heat as a
Service and / or other pathways to consumer-focused delivery of heat decarbonisation).
The relative strength of SSH2 as a driver was also assessed to understand the contribution
that the programme has made (given the other interests and influences affecting
stakeholders).

These are the self-identified categorisations. It may be that over the coming years, respondents move
between groups (i.e. a manufacturer becomes an ESP).
12
The AIDA model was introduced by businessman Elias St. Elmo Lewis in the late 19th century to explain the
concept of personal selling. The ‘R’ has been added by marketing professionals more recently, and is used to
represent ‘retention’, ‘reorder’, or ‘replication’ i.e. repeating the ‘sale’
11
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This has been helpful in understanding where key actors are currently with respect to their
role in the decarbonisation of domestic heat, the broader drivers and barriers for this and
the relative role of SSH2 within this.


Analysis and review of programme deliverables and programme delivery documents.
Through the course of delivering SSH2, ESC produced a variety of documents including
information documents (mainly for an internal audience) and programme deliverables. ESC
also collated information provided by third parties as part of delivering the programme,
including information about stakeholders and input from third parties. As part of
governance structures, a number of project management documents were also produced
and updated. Corporate communications were also produced and circulated. A number of
these programme deliverables and data items were reviewed (the list of data items
reviewed is included in Appendix 9.1). The key points from each report were recorded in a
spreadsheet, alongside researcher assessment of the implications for the evaluation.

The analysis was structured by the theory of change and the evaluation questions using a
structured analytical framework13. This was used to structure the data to both summarise and
reduce the data from the different evidence sources in order to support answering the evaluation
questions and testing and informing the theory of change.
The framework was organised in a spreadsheet format with each row representing an evidence
requirement or question (e.g. there was a row for each output identified in the theory of change)
and each column a sub-set of the data (e.g. the views of staff at BEIS formed a column in the
spreadsheet). Evidence was summarised in the most appropriate cell (along with the source of that
evidence). Evidence synthesis was done two ways, in sequence, after a workshop to ensure shared
understanding the evidence requirements and further familiarisation time. Method 1 involved
systematic review of the individual spreadsheets for each evaluation element to identify relevant
evidence. Method 2 involved reflecting on the evidence required and seeking evidence for this
based on familiarity with fieldwork undertaken. Different researchers were responsible for review
of different sub-sets of the data and their synthesis into the analytical framework. For verification
purposes, all content was reviewed and challenged by a second researcher.
Direct quotes were added to the spreadsheets, taken from transcriptions of recorded interviews or
directly from reports and documents where they exemplified a particular piece of evidence. Some
of these have been used in the report representing the most exemplary quote for the point that is
being made and a spread of respondents (i.e. to avoid relying too much on a few participants).
When the analytical framework was complete, and based on all the sources of evidence, a
judgement was made about the strength of the evidence supporting different elements of the
theory of change and a code was introduced for this – weak, medium and strong. The judgement
was made based on both the breadth of the evidence (e.g. was it arising from one or multiple
sources) and the depth of the evidence (e.g. the level of detail and examples). This reflects the
joint judgement of the evaluation team.

13

This approach was adapted from the Framework Method most commonly used for the thematic analysis of
semi-structured interview transcripts
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Limitations of the evaluation
The evaluation was subject to the following risks and limitations which should be borne in mind
when considering the findings outlined in this report:


Timing; the evaluation was conducted concurrent to delivery of SSH2 as the deadline for
the evaluation was the same as the date for programme conclusion. This has limited the
extent to which the achievement of intended outcomes (especially downstream policy
changes and market effects that may not yet be apparent) have been captured by the
evaluation. A more comprehensive and larger evaluation was initially planned to run
alongside the programme, comprising in-house and contracted resource, but delays and
recruitment difficulties (an embedded evaluation manager could not be recruited) meant
that a more modest approach needed to be undertaken.



Identifying the most appropriate contacts within stakeholder organisations: We were
guided by the type of / nature of influence that SSH2 was seeking to have with each of the
external stakeholder groups. So for hardware providers, for example, this might be
someone involved in new product development / business development. For local
authorities, this might be someone involved in energy planning decisions. In the main,
existing contacts for SSH2 were approached. However, there is a risk that consultation with
incumbent stakeholders may be a source of bias in the data.



Covering the range of issues relevant to the evaluation in internal and external
stakeholder discussions: there were many stakeholders involved in SSH2, and for several
of them, a range of issues were relevant in interviews. This needed to be carefully managed
within the constraints of limited time engaging with them. As a consequence, there is a risk
that some of the data represents more salient views rather than generally held views –
although very few views seen as more salient were captured in interviews.

Structure of this report
The remainder of the report is structured as follows:







Section 2 sets out the aims and objectives of SSH2, the rationale for the programme and
the theory of change
Sections 3, 4 and 5 set out the evidence in line with the theory of change, first considering
the outputs delivered by SSH2, then the extent to which outcomes are observable and then
current progress towards delivery of the programme goal
Section 6 provides an assessment of how SSH2 was delivered
Section 7 draws out lessons learnt for the design, delivery and management of innovation
policy
Overarching conclusions are set out in Section 8.
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2. Overview of SSH2 and theory of change
Aims and objectives of SSH2
When the SSH programme was initiated, Phase 2 was structured as consisting of two stages:
Development and Delivery. The Development phase was scoped to build the evidence for the SSH
concept. The Delivery stage was envisaged as a large-scale demonstration of the SSH concept
(thousands of homes). During the evolution of the programme and specifically the plans for Phase
2, the Delivery stage was excluded (to be considered at a later date), and so Phase 2 did not include
the originally envisaged large-scale demonstrations. As a consequence, the term SSH Phase 2
Development, fell out of use, with all work referred to as SSH Phase 2.
The objectives of Phase 2 were therefore agreed with BEIS14 in June 2017 as follows:
1. Develop and test a “Home Energy Services Gateway” test bed in 100 homes. In practice this
meant consumers had a device in their home controlling heat, cost and providing consumer
feedback. This was intended to bring an understanding of how energy could be provided as
a service (heat/comfort), how people interact with smart systems, what the required
algorithms are, how such services could be structured and priced, what the related risk
(costs and performance) are. Ultimately, following development in later phases, HESG could
act as a platform for the delivery of new services which in turn could enable consumers to
purchase service provision (e.g. comfort) instead of purchasing energy. The HESG test bed
was expected to have intrinsic benefits irrespective of whether or not consumers were
particularly attracted to the idea of purchasing ‘comfort’ rather than energy, as the
technology could enable customers to sign-up to Demand Side Response (DSR) tariffs and
could be used to support ‘payment’-by-results thermal retrofits.
2. Use data and insights from the field trial to inform ESPs as they develop their business cases
for participating in future gateway projects. For instance, possibilities considered included
enabling them to generate HESG-enabled energy service propositions (including retrofit,
low-carbon heating technology, and ancillary services such as ‘smart’, storage etc.).
3. Use the learning of the EnergyPath Networks tool developed in SSH Phase 1 to support
Partner Local Authorities’ infrastructure project plans that could be delivered in the real
world, including collaboration with the network operators, suppliers, local authorities, and
the private sector – across gas, heat and power to develop a shared understanding of the
energy plan for an area.
4. Engage with the supply chain (e.g. generators, network operators, energy suppliers, device
suppliers) to understand the issues relating to the value of ancillary services and identify
potential service offerings which could result in the uptake of low-carbon solutions.
5. Bring the above four elements together to answer key questions for policy and industry,
including:
a. What are the energy companies’ current business developments and are they
aligned to an SSH approach?
b. What could the new service offerings be?
14

In the June 2017 Project Initiation Document.
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c. How realistic is it that consumers would be attracted to this/these approach(es)?
d. What potential policy changes would be required to support the energy sector in
this transition?
e. What does the time-scale for adoption look like, and what further work is needed?
f. If the SSH approach to decarbonisation (as envisaged at the start of the programme)
does not work (for whatever reason) what does this tell us about alternative
pathways to heat decarbonisation and the design and implementation of further
work on innovation in this space?
These objectives were delivered through a number of work packages. There were a number of
deliverables associated with these work packages15. These were shared with BEIS.
A winter trial of households equipped with advanced heating controls
A ‘living lab’ of c. 108 homes was created to test the concept of ‘Heat as a Service’ during the
winter 2017/18. As part of the trial, an advanced heating control system (referred to by the
programme as the Home Energy Services Gateway; HESG) was installed in participants’ homes. For
most participants, the equipment was installed between October and November 2017. The system
provided room by room control of the heating. Participants used the equipment to control heating
in their homes during the winter while data was collected about their heating requests and usage
patterns. After participants had become accustomed to using their new systems, they were
introduced to the concept of a heat plan by an information video and by attending a
demonstration event. A heat plan allowed consumers to buy a ‘warm hour’ (heating used for an
hour), rather than the traditional method of paying by unit of fuel used. A heat plan sold the
homeowner a number of warm hours per month, at a fixed price, with flexibility to purchase
additional warm hours. Three types of plans were developed, allowing homeowners to decide
whether they wanted a lower cost and fixed number of hours, flexibility at a higher price, or
unlimited heating at a higher price. This process took place in late February and March 2018.
Participants were then offered the choice to transfer to a heat plan from mid-March 2018 onwards,
allowing investigations into how people would react to this opportunity. These heat services were
an initial attempt to mimic the services that may be available in a future energy service market.
Throughout the winter trial, participants were asked to complete various research activities in order
to provide an understanding of participants’ experiences of HESG and the ‘Heat as a Service’ offer.
A wide range of data were generated from these research activities and the HESG platform itself.
These data were analysed in Summer and Autumn 2018, and the implications for development of
exploring offering Heat as a Service described.
Energy Service Design and Market Transformation
A series of analyses have been conducted assessing new business models and wider market
changes (including policy and regulatory levers) which could enable consumer-focused delivery of
heat decarbonisation.
This was informed by:


Policy and stakeholder journey mapping - a two-stage process of mapping potential
policies, before a cross-disciplinary team worked together to consider the likely actions of

All deliverables have been numbered and pre-faced with the letter ‘D’; a full list can be found in section 9.2
of the report annexes below.
15
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various stakeholders were the policy introduced, as well as outlining the wider implications
this raises


Energy Service Provider Business Model Analysis - a literature and research review into
potential energy service provider business models, followed by a scoring and selection
process leading to a shortlist of promising models for further development



Business Model Canvassing - a process of laying out the detail of a business model to
highlight its key particulars, such as the activities the business would undertake and its
value proposition



Industry engagements - a series of engagements to gauge opinion and elicit feedback on
the key issues and potential solutions in delivering a future energy services market.

The outputs of the work included:


A back-casting exercise - analysis which starts from a desired future state (in this case a new
market) and ‘back-casts’ to identify how a journey to get there might unfold. It will be used
here to layout a potential market transition pathway



Industry workshops - with incumbents, new entrants, and consumer advocates to gauge
opinion and elicit feedback on the key issues and potential solutions generated in the backcasting activity to identify a potential pathway to market transformation



Consumer research - surveys to understand initial reactions to a range of potential policy
interventions and exploring consumers’ preferences when placed in the scenario of
navigating a transition to low carbon heating.

Developing Local Smart Energy Plans & Demonstrator Opportunities
As part of SSH2, ESC worked collaboratively with Greater Manchester Combined Authority,
Bridgend County Borough Council and Newcastle City Council to develop a Smart Energy Plan in
each area. The work was scoped Autumn 2017 – Spring 2018, and ESC provided dedicated
resources to work with each area to develop the plans. The plans were envisaged to set out the
themes that each area wished to focus on in developing future innovation projects/demonstrators
linked to the ideas of SSH.

Theory of change
This section describes the framework for the evaluation of SSH2 by setting out the inputs and
activities being delivered by the programme and explaining the way in which these are anticipated
to lead to its desired outputs and outcomes and the programme goal.
This is illustrated below in the form of a diagram.
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Rationale for SSH2
To achieve an 80% reduction in UK CO2 emissions, from 2025 through to 2050, around 20,000
homes each week will need new, low-carbon heating systems installed. This rate is around fifty
times greater than achieved to date (i.e. business as usual is insufficient to achieve decarbonisation
of domestic heat at scale). The recent UK commitment to bring greenhouse gas emissions to net
zero by 2050 makes this even more urgent.
At the outset of the SSH programme, although many of the technical options for decarbonising
domestic heat existed and were well understood, there had been little co-ordination of activities
amongst industry and the public sector to capitalise on this understanding. The technical options
had also not been integrated together in a way that allowed end users’ needs to be met, with value
flowing throughout the upstream supply-chain. Thus, although the commercial opportunities for
Energy Service Providers and wider industry in low carbon heating were acknowledged, there was a
lack of plausible business models for low carbon heating.
The Energy Technologies Institute (ETI) launched the Smart Systems and Heat (SSH) Programme to
help tackle some of these issues and identify how to mitigate the range of technical, regulatory,
economic and social barriers that blocked new low carbon heat products, services and business
models getting to market.
During Phase 1 of the Programme (SSH1), a suite of research was conducted to build insight and
understanding of the domestic heating market. Consumer research showed that customers were
more concerned about the quality of energy services (e.g. comfort), than what sort of heating
technology delivers them. Technical research showed that it was possible to design a ‘Home Energy
Services Gateway’ that would allow a service driven, rather than energy driven, business model
(referred to as ‘Heat as a Service’). Business research was also conducted to identify the
requirements for different consumer/supplier relationships (or business models) that would
support the roll-out of low-carbon technologies. SSH1 therefore provided some evidence that the
concept of delivering Heat as a Service had technical and consumer potential.
SSH2 was intended to build on the concepts developed in SSH1, to discover the potential for
service providers to offer – and customers to accept – the concept of heat as a service. It was
envisaged that this would enable a range of potential new service offerings and propositions to be
developed that could support the take up of low carbon heating and ancillary services.

Inputs
The main input into the scheme was organisational resources (ESC internal staff time and time from
sub-contractors) which was funded by BEIS as an innovation programme. The total funding
provided by BEIS was £9.8M, some of which was also used to purchase materials.
Additional inputs came from SSH1 (the previous portfolio of work funded by the UK Government
and delivered by ETI). The learnings and outputs from SSH1 were a starting point for much of the
activity in SSH2. A number of the delivery partners and stakeholders from SSH1 provided strategic
and operational advice and guidance to SSH2 and SSH1 had established the relationships with the
three local areas that were targeted in some of the programmes activities.

Activities
There were three work packages within the SSH2 programme:
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1. A winter trial of households equipped with advanced heating controls. A ‘living lab’ of
108 homes was created to understand consumer energy use and preferences and test the
concept of ‘Heat as a Service’ during winter 2017/18. To test the concept of Heat as a
Service, consumers in the trial were invited to buy a ‘warm hour’ (heating used for an hour)
through a ‘heat plan’, rather than the traditional method of paying by unit of fuel used.
2. Business modelling. A series of market engagements, research and analyses were
conducted to explore consumer-focused delivery of heat decarbonisation.
3. Local engagement. ESC worked collaboratively with Greater Manchester Combined
Authority, Bridgend County Borough Council and Newcastle City Council around smart
energy planning.
The total funding was approximately split 70 / 20 / 10 between the three activities of the
programme; the winter trial, business modelling and local engagement.

Outputs
The expected outputs from the activities described above include:



From the winter trial:
o

The materials and resources to deliver the trial in the form of software and
hardware for use in homes to control heating. Sufficient homeowners recruited to
take part in the trial were also required to test the concept of Heat as a Service
along with a language and methodology for talking to consumers and industry
about the Heat as a Service user experience and the collateral (e.g. written materials)
to do this.

o

New insights on consumer energy use and preferences through exploring the
uptake and user experience of Heat as a Service. These would take the form of
understanding of consumer heating choices and behaviours (e.g. temperatures,
hours of operation, proportion of house heated) and understanding of thermal
performance of domestic buildings, and of existing domestic heating systems. As
well as insight into consumer preferences for Heat as a Service, and preferences
for low carbon alternatives and understanding of how to deliver Heat as a
Service with gas boilers, and adoption by consumers.



From the business modelling analyses – the identification and assessment of new business
models and wider market changes required to enable consumer-focused delivery of heat
decarbonisation. This would take the form of new insight into what might be required
within the energy market, wider supply chain and at policy level to enabled consumer
focused delivery of heat decarbonisation either in the form of Heat as a Service or other
pathways. In particular the work sought to understand the appetites / barriers and
changes required for heat decarbonisation amongst ESPs and the wider supply chain, the
technology capabilities required and the policy levers available and required.



From the local engagement work – the development of local area Smart Energy Plans, with
an understanding of the issues concerning their commencement and the relationships
with the appropriate people at local area level to enable their commencement. Through
this work, new insight was also sought in the form of understanding of future challenges
and opportunities for regulations, and consumer protection.
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Outcomes
Initial anticipated outcomes from the programme can be summarised into four categories:



Uptake of data, insight and learning by Energy Service Providers and wider industry to
help them design interoperable heat products, services and policies / regulations, to
support and deliver decarbonisation of heat through Heat as a Service.



Further trials and modelling to further test decarbonisation of heat and Heat as a Service
by ESPs, industry and the supply chain. It was anticipated that through the winter trial ESC
would obtain the knowledge, assets and relationships to build a test bed / living lab for
future products and services seeking to decarbonise domestic heat. Whether using these
assets or capabilities or not, it was anticipated that the trial would lead to further trials and
modelling by ESPs, industry and the supply chain to continue to test pathways to
decarbonisation of heat, including through Heat as a Service.



Policy development. The engagement with policy, would form part of the evidence base
that policy makers draw from to develop policies which support decarbonisation of
domestic heat. A pre-cursor to this would be messages from government which could
enable market driven consumer-focused delivery of heat decarbonisation.



Implementation of local Smart Energy Plan projects. It is anticipated that these
outcomes would culminate in further insight and learning about the decarbonisation of
domestic heat. In particular insight and learning about consumer acceptance of products
and services which enable decarbonisation of domestic heat, which low carbon domestic
heat products and services could be developed and which low carbon domestic heat
business models could be developed. Alongside this, increased interest and activity in this
space would see low carbon heat supply chains and infrastructure developing through
increasing market confidence and the experiences of implementing projects from Smart
Energy plans would lead to other areas engaging with ideas of local area energy planning.

Goal
In the longer term it is anticipated that one or more pathways to deliver heat decarbonisation will
be identified and tested. This is based on the assumptions that there is investment in
decarbonisation of domestic heat, government policy to support the decarbonisation of domestic
heat and a regulatory landscape that supports decarbonisations of domestic heat. None of these
are expected to be observed yet as they are conditional on the following assumptions holding true;
that Heat as a Service approaches and / or alternative pathways to deliver heat decarbonisation are
technically achievable, commercially viable, desirable for consumers and supported by
decarbonisation policy.
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3. Outputs delivered by SSH2
This section sets out the evidence for whether or not the expected outputs from SSH2 (as set out in
the theory of change) have been achieved. The outputs are set out in turn against each of the
three activities in the programme; the winter trial, the business modelling analyses and the local
engagement work. The outputs from the winter trial have been further split between the materials
and resources to deliver the trial and the new insights arising from the trial.
In summary, the winter trial was conducted with slightly more participants than the original target
household sample. Software to control heating was installed in all homes and heat plans were
designed, offered and taken up. As a result, evidence on a range of issues – such as the
practicalities of designing and delivering a Heat as a Service offering, how to engage consumers on
Heat as a Service, consumer heating behaviour and consumer appetites have been generated and
analysed.
In addition, new business models and wider market changes required to enable consumer-focused
delivery of heat decarbonisation were identified and assessed and the ESC worked collaboratively
with a number of areas to inform and develop Smart Energy Project Plans to test and demonstrate
the emerging innovative ideas from the winter trial and business modelling analyses.
The process of implementing the trial encountered some difficulties (e.g. there were delays to
introducing the concept of heat plans and the software developed for in home heating lacked the
full functionality anticipated at the outset), but in terms of the intended component activities of
SSH2, these were largely delivered as planned.

Materials and resources to deliver the trial
The expected outputs from the winter trial included the materials and resources to deliver the trial
in the form of software and hardware for use in homes to control heating. Sufficient
homeowners recruited to take part in the trial were also required to test the concept of Heat as a
Service including a language and methodology for talking to consumers and industry about Heat
as a Service (also referred to as the ‘Heat as a Service user experience’) and the materials (e.g.
reports, presentation slides) with which to do this.
The table below sets out the outputs required to deliver the trial and, for each, assesses the extent
to which these were successfully developed and learnings in relation to them. The table explores
the HESG software, heating control hardware, the recruitment of 100 households, and the
development of a language and methodology for talking to consumers and industry about the
Heat as a Service concept. To inform assessment of the extent to which these were successfully
delivered, evidence is drawn from both the programme deliverables and reports generated by the
team, as well as insights from internal and external stakeholder interviews:
Table 1: Table assessing the extent to which outputs required to deliver the trial were successfully developed

Output

Progress and evidence of achievement of output

Software
developed
for use in
homes to
control
heating

Software was developed and used in 108 homes to control heating as part of the
winter trial; this software was referred to as the Home Energy Services Gateway
(HESG). All internal stakeholders and programme documentation were in
agreement that functioning software has been developed which could be used in
homes to control heating. Specifically, HESG allowed individual room
temperatures to be controlled. “It’s giving them [the homeowners] the information
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that they need to be able to actually see within HESG … how they control the
heating system”16
ESC produced a document as part of the programme (Deliverable D1617) which
outlined the state of readiness of the HESG R1.0 software prior to release to the
trial; it confirmed that R1.0 had been approved for the trial: “It has been tested
and reviewed and has been found acceptable for release to production.”
HESG was an evolution of a software called HEMS (Home Energy Management
System) created by an external agency as part of SSH118. It was more
sophisticated than the HEMS inherited from SSH1. Deliverable D16 details the
software and deployment architecture development from the original HESG RO.1
platform (essentially the SSH1 HEMS with minor changes) to R1.0. These included
a new user interface, new functionality (such as heating overrides) and a greatly
extended software architecture to allow significantly more powerful algorithms
to be implemented.
However, HESG did not ultimately do everything anticipated at the outset of
SSH2; for example, updated displays containing recommendations to customers
on heat plans19 that would suit their use.
Although the lack of these levels of functionality were not mentioned by trial
participants (or ‘customers’) as an issue, this was a frustration for the software
development team. The reduction of functionality was largely as a result of two
challenges:
 Agreeing the specification for the software; “My problem was that I felt that
we hadn’t described, and we kept having confusing conversations internally
about, what actually is HESG.” There was a lack of a shared understanding
between the software development and other teams as to what the HESG
should be designed to achieve, and too little documentation of requirements.
One software team representative felt the focus at the outset should have
been on trying to produce heat plans before even considering the more
enhanced features. Linked to this, there was insufficient understanding of the
scale of the task when requesting and implementing improvements: “even the
smallest change is fraught with difficulty and extremely complicated”. As a

Throughout the report, text in italics with parenthesis represents quotes from individual stakeholders
interviewed for the evaluation.
17
As set out above, there were a number of deliverables associated with the work packages in SSH2. These
have been shared with BEIS. The deliverables are numbered are prefixed with the letter ‘D’. This deliverable
is ‘D16 SSH Phase 2 Home Energy Services (HESG) Field Trial Readiness Report’
18
Developed by Cambridge Consultants and described as a digital service enabling homeowners to set up
a room by room heating schedule through understanding how they heat and cool and then adjusting heat to
achieve required comfort level and manage energy use, while also tracking costs.
19
See section 3.1 for a description of a heat plan
16
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symptom of this underestimation of the scale of the work, some members of
the programme team felt the software development team was too small.
 Developing software under time pressure; “When you’re developing software
under huge pressure there’s going to be hurdles there. Whether we delivered
everything that we would have liked to deliver, probably not, but we delivered
enough to do a meaningful trial.” The issues with the software and the need
to deliver something in advance of the trial also meant more time spent in
Summer 2018 fixing the problems rather than working on new features: “you
focus on the meat and potatoes and save pudding for later.”
In addition, there were challenges associated with the fact that HESG was built
from a previous system that was built for gathering much less detail from fewer
houses. It was felt retrospectively that it may have been easier to start something
from scratch than try to build the suite of requirements into a pre-existing
software: “We have been quite constrained by the digital platform we have been
working with…it’s not the type of software that you can make changes to rapidly.”
The process didn’t allow for iterative testing either: “there was very little
progressive testing we could do, so we had to wait until pretty much everything
was done to do proper system testing, which carried a lot of risks…when we tried to
deploy to a large number of homes, real time computing issues and sheer volume
meant that some proved to be unstable.”
Despite these challenges, on the whole, the software was reliable; “There was only
one significant issue where a majority of people were unable to control their heating
through the app and that was for a couple of hours over Easter, but it got resolved.”
Despite the fact that the team produced functional software for in-home heating,
there is a risk that this is perceived as something different and the programme
team spent time educating stakeholders that the HESG was not a commercial
prototype but a purpose-designed testing tool; “...People can misinterpret it to
think that the Catapult is trying to develop a new home energy control box that
will compete with Alexa or Nest or something, and we’re not.”

Hardware
installed in
homes to
control
heating

Hardware was installed in 108 homes to control heating as part of the trial. All
internal stakeholders were in agreement that hardware was installed in homes to
control heating and that customers valued the zonal controls:
“For me, the major pros of this system is that you have zonal heating control …
people loved having zonal heating control. To be able to use that at any point, you
can be sat down, and you can just turn on the heating in one room if that’s what
you want … there are major benefits to be taken from that.”
Through the experience of developing and installing the HESG hardware, ESC
learnt a number of lessons. These were documented in a specific report
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(Deliverable D18) capturing lessons from installing the HESG20. 142 lessons were
captured across eleven categories; those highlighted as key in the report are as
follows:
 Successful installations should have technical support engineers in the field
along with the installers
 The instructions for manual control should be attached to the boiler, along
with appropriate contact details (in the case of the winter 2017/18 trial this
was an 0800 number and the helpline email)
 Pairing of hardware components must happen well in advance (at least two
weeks) of installation and multiple attempts at pairing components should be
made to minimise “instabilities” encountered during installation.
 Ensuring a defined order in which components are installed and a series of
timed checks to foresee potential communication issues between
components and ensure good time in which they can be resolved.

Homeowners
recruited for
participation
in a trial

There was an intensive recruitment phase for the trial – involving a telephone
interview to identify eligible homeowners followed by a physical survey to
confirm the eligibility of the home.
A recruitment agency bought a sample of ~20,000 homeowners living in parts of
Newcastle and Bridgend. From this sample, and the telephone interviews and
physical surveys that followed, 108 homeowners were recruited onto the trial.
Response rates for consumer research vary hugely. It may be as low as 20% for
an online survey for a product or as high as 98% for the UK census. The rate
depends on how willing and able consumers are to take part in the research. It
was necessary to work with a large pool of consumers to recruit 108 homes to
take part in the trial. Documentation shows that
 Nearly 45,000 homes were called to try to recruit the 108 participants;
 Only 50% answered after being called three times
 Of these, only 32% agreed to take part in an eligibility survey (despite
having assurance that the programme had local council backing),
showing that most consumers did not want to take part in the trial
 Of those surveyed, only 3% were eligible to take part, because the criteria
were very stringent. The criterion relating to the age of the boiler was
relaxed during recruitment, in order to improve the eligibility rate. This is
0.6% of the 45,000 who were called.
Achieving a representative sample was not an intention of the trial, and therefore
the recruitment process, although effort was made to ensure some variation in
the sample.
The eligibility criteria restricted the sample variation, therefore there will be bias
in the sample (for example, as might be expected under a ‘trial’ scenario, no

20

D18 SSH Phase 2 Home Energy Services Gateway (HESG) Installation Lessons
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households with significant health risks were included). In addition, the
participants were self-selecting and the fact that 108 were selected from 20,000
likely meant some self-selection bias, with the trial capturing those atypically
enthused about the concept.
However, there was lots of variation in the sample in terms of the types of
households and dwelling type (i.e. households with / without children, retired
householders, pre / post war housing, detached, semi-detached, terrace, flat and
so on).
During the recruitment phase, the experience of low eligibility upon conducting
physical surveys highlighted an opportunity for more detailed questions at the
telephone survey stage to filter more homes in advance: “It was challenging to
recruit these people and we have done it through basically mostly cold calling. We
had to call tens of thousands of people, half of whom didn’t even want to answer
and those who did were ruled out for various eligibility reasons. We had a selected
number of homes and we had to go and do physical surveys which highlighted
homes weren’t suitable. We have learned throughout this process how to improve
our phone filtering, rather than doing surveys.”
A number of learnings on household recruitment were also set out in the specific
report capturing lessons from installing the HESG (Deliverable D18), the key ones
being:
 Commence recruitment earlier; it took four months to recruit the required
number of homes rather than the originally anticipated two months. In
particular, it was found that booking home surveys, visits and installations
took longer than expected and householder availability around traditional
holiday periods was limited.
 ‘Recommend a friend’ techniques should be used from the outset as these
proved particularly effective.

Language
and
methodology
developed
for talking to
consumers
and industry
about Heat
as a Service
(HaaS user
experience)
and the

At the outset of the programme, Heat as a Service was a relatively new concept,
and as such there was no existing language for this or methodology to explain it,
either to consumers or to industry. Both a language and a methodology needed
to be developed as part of the programme in order to deliver a number of the
component activities.
The recruitment of 108 homes onto the trial indicates that the language for
communicating with consumers about Heat as a Service had been developed,
given that these homeowners were happy to have hardware installed in their
home, and risked, for the purposes of a trial, their heating and hot water
requirements not being met. A website was set up, specifically used during
recruitment, to explain and communicate Heat as a Service, and provide
reassurance to homeowners about the programme. This further indicates the
development of an approach to articulating Heat as a Service.
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After trial participants had become accustomed to using their new heating
systems, they were introduced to the concept of a heat plan by an information
video and by attending a demonstration event. A heat plan allowed consumers
to buy a ‘warm hour’ (heating used for an hour), rather than the traditional
method of paying by unit of fuel used. A heat plan sold the homeowner a
number of warm hours per month, at a fixed price, with flexibility to purchase
additional warm hours. Three types of plans were developed, allowing
homeowners to decide whether they wanted a lower cost and fixed number of
hours, flexibility at a higher price, or unlimited heating at a higher price. This
process took place in late February and March 2018.
Half of homeowners offered a heat plan ‘bought’ one, indicating they sufficiently
understood the concept and felt it offered them benefits as a consumer to invest
in it. Follow-up consumer research with these homeowners identified that they
were largely comfortable with the concept of a ‘heat plan’, how it worked, and
what it offered them as a user of heat.
ESC drafted a report (the Market Transitions report; D10-14) which seeks to
characterise potential consumer propositions to accelerate decarbonisation, their
supporting business models, market and regulatory barriers to those, and
considers how policy, industry and digitisation could enable these. Part of this
report outlines the consumer reactions to the Heat as a Service offerings from
the trial and highlights, through evidence, the difference that the presentation of
the offer makes to acceptance. The report therefore summarises what has been
learnt through the trial with regards to development of a language and
methodology for talking to consumers about Heat as a Service:
 Customers needed compelling improvements in products or services in
order to significantly change their use/spending habits. This was also felt
to be true of other transitions in the provision of heat e.g. the transition
from coal fires to gas central heating.
 Cost certainty appeared to be a clearer benefit than comfort certainty for
participants.
 Although participants expected that the costs of running different heating
systems might differ from gas central heating, they did not expect their
experience of heating to vary.
 Participants were less influenced by perception of the capability of their
provider as they generally assumed that each concept would still deliver
the energy outcomes they wanted. Issues around the quality of service
rarely emerged naturally in conversations.
 The most preferred business model presented to consumers was a
company seeking to deliver an outcome rather than either selling different
technology or having the consumer make a decision about how to
spend/avoid spending money themselves.
 Heat supplier and ‘On-off Energy’ represent newer, more ‘abstract’

21

Media to support the selling of a future service offering.
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concepts about virtually controlling delivery of energy into homes;
commensurately participants found these more confusing (than, for
example, Municipal ESCos, District Heat or Retrofit) and needed to discuss
the concepts with consumers in order for them to understand them.
 Participants reacted more positively to ‘On-off Energy’ when they
understood how the business model generated financial savings.
Participants were more positive to Heat Supplier when they understood
how it might save carbon.
 An open, transparent, accessible and flexible market requires common
rules of engagement, language and transparency for all participants and
devices.
As well as developing a language and a methodology for talking to consumers
about Heat as a Service, a language and a methodology was also developed for
talking to industry.
External stakeholder interviews showed that several respondents could describe
the Heat as a Service concept in detail, and accurately identify potential
problems, indicating understanding. An external stakeholder commented on the
usefulness of ESC workshops, and analogies to existing services, in
understanding the Heat as a Service concept: “I wasn't a fan of this concept until I
attended the workshop where a working model was shown. When it’s explained as
a mobile phone contract, I can see how that works.”

Understanding consumer energy use and preferences
The anticipated outputs from the winter trial include new insights on consumer energy use and
preferences through exploring the uptake and user experience of Heat as a Service. These were
envisaged to take the form of understanding of consumer heating choices and behaviours (e.g.
temperatures, hours of operation, proportion of house heated) and understanding of thermal
performance of domestic buildings, and of existing domestic heating systems. As well as insight
into consumer preferences for Heat as a Service, and preferences for low carbon alternatives and
understanding of how to deliver Heat as a Service with gas boilers, and adoption by
consumers.
The table below sets out the outputs expected to be generated by the trial and, for each, as in
section 3.1, assesses the extent to which these were successfully developed and learnings in
relation to them. The table explores understanding of consumer heating choices and behaviours,
domestic building thermal performance, and understanding of how to deliver HaaS through gas
boilers. Assessment is again informed by evidence drawn from both the internally developed
programme deliverables and insights from internal and external stakeholder interviews:
Table 2: Table assessing the extent to which outputs expected to arise from the trial were successfully delivered

Output

Progress and evidence of achievement of output

Understanding
of consumer
heating
choices and

As well as the hardware installed to control heating, additional hardware was
installed in homes as part of the trial which captured data on various heating
choices and behaviours, temperature preferences, and proportion of house
heated.
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temperatures,
hours of
operation,
proportion of
house heated)

Progress and evidence of achievement of output
Data were analysed and homeowners profiled into three clusters depending
upon their operation of their heating system. A member of the programme
team described how the data helped to define clusters with different
preferences: “Normally people think it [preferred temperature] is about 19 or
20 degrees…but actually you find that there are three different clusters that
have seven preferred temperatures, three different clusters that have four
preferred temperatures and then one cluster that has two preferred
temperatures. So, you’re not just looking at a temperature level, you’re looking
at the proportion of time spent at each of those temperatures for each of the
different temperature clusters.”
ESC drafted a report at the end of the trial, summarising the key findings and
conclusions arising from the trial (the field trial report D2122). This report
provided key findings with respect to the technical performance of the HESG
technology in trial, performance against consumer requirements and
consumer attitudes to HESG.
In addition to defining clusters by temperature preferences the report
describes how the data collected through the trial were used to define three
segments with regards to the number of hours per week heating is used23;
three segments were also defined with regards to the proportion of the
house heated24.
Some of the programme team reflected on the fact that having data on
heating use and preferences both pre and post HESG implementation as a
comparison would have made the data even more powerful i.e. revealing
behaviours rather than stated preferences:
“Ideally you are going to need to know the behaviours before and after those
systems went in…the change in energy use, the change in any demand
patterns, the response to signals and levers…you need to see some data on
those things.”.
It would also be noted that participants were aware that this was a
pioneering trial with a lot of stakeholder attention / involvement. This may
have affected their behaviour. It was also very clearly explained that this was
a zero-risk undertaking for the participant households in terms of incurring
any cost above their normal bill level; which again, may have affected their
behaviour.

D21 HESG Trial: System Test Reports and Trial Conclusions
Longer than 110 hours/week, 60-110 hours/week, and less than 60 hours/week.
24
Some wanted circa one-quarter of rooms to be warms, some preferred to heat about one-half of the
rooms, others opted for about two-thirds of the rooms in their home.
22

23
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That some participants still chose not to adopt a heat plan was principally
due to general reticence regarding adopting a new process (especially as
some were switching off heating as Summer approached), whilst some felt
their heat plans were not sufficiently flexible (e.g. no rollover of unused warm
hours).

Understanding
of thermal
performance
of domestic
buildings, and
of existing
domestic
heating
systems
developed
through
exploring Heat
as a Service 25

The trial developed limited understanding of the thermal performance of
domestic buildings, and of the performance of existing heating systems. This
was partly as a result of few data being collected in this regard, but mainly
because the behavioural data and insights developed through the trial were
determined to be of more interest and value for further consideration and
exploration in the time and resources available for analysis. A member of the
programme team involved in writing the field trial report (D21) commented
“The sensor data alone is valuable but not so valuable as to know why people
are doing certain things”.

Developed
understanding
of how to
deliver Heat as
a Service with
gas boilers,
and adoption
by consumers

As described above, the trial ensured that almost all participant households
were offered a heat plan at some point in the trial – based on heat use - and
had the potential to take this up; around half of those offered accepted the
offer made. This was a greater proportion of householders than anticipated
“… people have taken it up more than we ever expected, even though it was a
trial environment”.
“I guess the prize of the phase two trial is we did sell Heat as a Service to half
the people on the trial. That’s completely amazing and when I reflect on that
I’m really proud of it.”
In addition, although it was a trial environment, without actual costs to the
trial householders, an internal stakeholder commented that some individuals
said they would be happy to pay more for their energy to access heat
through a heat plan than they were paying for their current energy use.
The trial has developed new, empirical data around consumer preferences for
Heat as a Service: “We knew nothing really about how people were going to
respond to heat plans, or how best to design heat plan services. It was a kind of
best guess; early kind of MVP26 and I think we’re in a much better position to
shape that going forward now”.
One of the key findings from the test environment was the significance of
the increased control arising through a heat plan. One stakeholder

Evidence for meeting this output is combined with evidence for meeting the output relating to
understanding of consumer heating choices.
26
Minimum Viable Product
25
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commented that: “The bit that people actually benefit from is improved
control, people want that. I think that’s the biggest thing. That’s what will drive
people to change things if they want to.”
There was little change in consumer behaviour once they were part of a heat
plan: “So once everybody had the smart controls, all playing around at the
beginning, setting the things they liked and once they were settled and then
had a heat plan, there was very little change to how they actually used it.”
The conclusions of the field trial were set out in the aforementioned field trial
report (deliverable D21). As discussed above, this covered HESG
performance against consumer requirements and consumer attitudes to
HESG. An important finding of the consumer insight work set out in the
report was that it was found that acceptance of Heat as a Service and heat
plans increased the likelihood of acceptance of changing the heating system
(i.e. from a gas boiler to a low / lower carbon alternative), and therefore
could be seen as a gateway or a first step towards decarbonised heating. This
is relevant to the programme’s aim of developing understanding of how to
deliver Heat as a Service with gas boilers and adoption by consumers
One member of the programme team did however highlight the need for
decarbonisation to take place, “if all we end up having is a Smart energy
system which continues to use gas boilers, that would be a failure.”
Subsequent to SSH2, BEIS funded a further trial in the winter of 2018/19.
Within this trial, heat pumps were integrated with HESG (as part of a hybrid
heating system, alongside a gas boiler). The technical learning required to
deliver Heat as a Service with a heat pump, in terms of integration with HESG,
was developed during the SSH2 programme, and is set out in a report that
specifically covered this (D41 SSH Phase 2 Plan for testing HESG and heatpumps in a test house).
In the 2018/19 winter trial, 18 homeowners who had participated in the
2017/18 winter trial were offered a heat pump, with nine returning a form
consenting to their home being surveyed. From those nine, five were
assessed as being suitable and have had a heat pump installed27. This will
allow for an assessment of whether the concerns raised by some of the
programme team, regarding the operational issues associated with heat
pumps (in comparison with gas boilers, along with running and upfront
costs), are warranted: “It is very obvious that you cannot simply take the boiler
out and put the heat pump in, even if you ignore the fact that it is […] more
expensive to buy, and then it is […] more expensive to run, it doesn’t work in
the same way.”

27

An alternative route of recruitment, through social media, did not result in any heat pumps being installed
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A member of the programme team indicated that the HESG software had
been developed to integrate with heat pumps, but also highlighted market
concerns: “We do have another supplier who is providing heat pumps and
working with us and has been very helpful in terms of providing the necessary
technical information and so on to enable HESG to integrate with the heat
pump and control it. [However] most business out there don’t think that the UK
is a good market for heat pumps.”

Identification and assessment of new business models
The anticipated outputs from the business modelling analyses included the identification and
assessment of new business models and wider market changes required to enable consumerfocused delivery of heat decarbonisation. This was envisaged to take the form of new insight into
what might be required within the energy market, wider supply chain and at policy level to enabled
consumer focused delivery of heat decarbonisation either in the form of Heat as a Service or other
pathways. In particular, the work sought to understand the appetites / barriers and changes
required for heat decarbonisation amongst ESPs and the wider supply chain, the technology
capabilities required and the policy levers available and required.
The table below sets out these anticipated outputs from the business modelling analyses and, for
each, assesses the extent to which these were successfully delivered and learnings in relation to
them. The table explores: (a) understanding of the appetite / barriers / changes to consider for
industry in developing HaaS and other pathways to decarbonisation of domestic heat; (b)
engagement on possible policy pathways to decarbonisation of domestic heat. As in section 3.1
and 3.2, assessment is informed by evidence drawn from both the internally developed programme
deliverables and insights from internal and external stakeholder interviews:
Table 3: Table assessing the outputs from the business modelling analyses

Output

Progress and evidence of achievement of output

Developed
understanding
of the appetite
/ barriers /
changes
required for
ESPs in
developing
Heat as a
Service and
other pathways
to
decarbonisation
of domestic
heat

ESC developed a Stakeholder Engagement Plan setting out a strategy for
engaging stakeholders during SSH2 (report D3). Stakeholder maps were
developed for the different envisaged outcomes of the programme28. For
example, a stakeholder map was developed identifying the potential
stakeholder groups for the following outcome ‘Data available to others on
building characteristics and consumer preferences to help them design low
carbon heat products, services and policies and regulations’.

28

The plan set out priorities and topics for discussion with different stakeholder
groups (e.g. installers, consumer groups) underpinned by a detailed plan
setting out ideal structures for engagement across groups and topic areas, a
timetable for engagement, resource allocation, risks and mitigations, and how
the effectiveness of engagement activity would be assessed. It was a live
document, with activities considered and re-considered (e.g. prioritisation of
certain stakeholder groups) in light of findings throughout the programme.

Outcomes as set out in the Benefits Management Framework for the programme
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In the report, five categories of stakeholders were identified and plans for
engagement with each were set out. Energy Service Providers (ESPs) were a
core part of this and were targeted and engaged in the early stages of the
programme.
An understanding of the appetite, barriers and changes required for ESPs to
develop Heat as a Service, and / or other paths to decarbonisation of domestic
heat has been developed. Much of this understanding is evident in two reports
written by the programme team. One report (D7) set out lessons learned from
other large-scale market transitions from abroad to determine how a heat
network rollout may proceed in the UK. This was referred to as the ‘Market
Transitions Report’)
A second report (D25 in interim form and D27 in final form) provided an
overview of the retail domestic energy market and an assessment of actor
interest in providing advanced energy services.
In these reports:
 It is identified that there are multiple strategies to make heat generation
more energy efficient, or to decarbonise heating
 A gap is identified in the market for delivering advanced energy services
 It is identified that a package of policies, covering regulation, information,
standards, research and development, and long-term targets, are required
in order to deliver advanced energy services29
 The creation of Local Area Energy Plans (LAEP) is identified as a method to
scope least cost transitions to low carbon heating, supported by
EnergyPath Networks30
 Urban areas are identified as being particularly suitable for district heating
 Industry is interested in the opportunities in an evolving market, requiring:
o Greater consumer awareness and engagement in low carbon
heating
o Greater cross-industry collaboration to deliver solutions
o Further exploration and development of commercial models
o A flexible regulatory environment to explore opportunities.
It is identified that in other countries, market forces and policy have been the
key drivers to low carbon heating, as well as new build homes and off-gas-grid
homes.

29

Defined in the programme as retail models that guarantee service outcomes for domestic consumers, such
as comfort-based heating agreements. The configuration of this service is not defined and may include a
range of energy-related activities to provide commercial models of comfort-based heating (e.g. inclusion of
hardware or flexibility services).
30
An ETI software modelling tool used in the planning local area energy systems.
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Engaged with
wider industry
on the appetite
/ barriers /
changes
required in the
supply chain in
developing
Heat as a
Service and
other pathways
to
decarbonisation
of domestic
heat

The ESC established a team responsible for identifying key stakeholders,
approaching them, keeping them engaged and disseminating to wider
industry. There was demonstrable activity to involve wider industry in
emerging findings as the trial progressed e.g. workshops and one-to-one
conversations.
In the early months of the programme the engagement with wider industry
was deliberately a “slow burn” as much of the insight was only produced at the
end of the programme and ESC were conscious of maximising stakeholder
availability / interest in the work by engaging them where there were findings
to share.
At the outset of the programme there was engagement activity with wider
industry on the appetite / barriers / changes required in the supply chain in
developing Heat as a Service and other pathways to decarbonisation of
domestic heat. Much of this engagement activity was to generate learning for
ESC, and wider stakeholders.
For example, a workshop was hosted by ESC for BEAMA UK31 and Energy UK
members. The focus of the workshop was on identifying the barriers and
changes required to transform the way people heat homes through the use of
Smart Energy Systems.
At the outset of the programme low carbon product vendors were identified
as a key stakeholder for SSH2 and work was undertaken to identify and
characterise the market. Much of this work was set out in a report (D26
Market Reactions Report) which details a mapping exercise to identify
technology providers that may engage with an advanced energy services
market. This review identified over 150 organisations that were manufacturers
and/or providers of heat generation technologies concluding that:
 There were multiple technologies, actors and markets serving domestic
heating needs
 There was no overall market dominance in the wider smart heat
technology market
 There were strong incumbent players but also emerging device
providers.
However, during the course of delivering SSH2, in response to work done as
part of Energy Service Design and Market Transformation, the focus shifted
away from the concept of low carbon product vendors necessarily needing to
develop products to work within an open architecture. Instead, it was
recognised that a cloud-based solution for interoperability could be one way

31

British Electrotechnical and Allied Manufacturers Association
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Output

Progress and evidence of achievement of output
to support decarbonisation. Within industry engagement, focus then shifted
from low carbon product vendors to cloud based operators and providers.
Following on from this shift, ESC drafted a report32 (D28) which provided an
assessment of the drivers for smart heat technology providers to engage in
advanced energy services. A finding set out in the report was that heat
technology devices varied significantly in terms of scale of deployment, routes
to market and consumer demand; yet overall, the report concluded that there
had been limited uptake of low carbon heat technology device options. The
requisite technologies are established but are traditionally siloed markets with
limited integration.
It was argued within this report that to significantly increase uptake of
advanced energy services disruptions to existing value chains are required,
including increased collaboration between industry partners and the
development of new service models. It is set out in the report, that a number
of drivers are envisaged for heat technology providers to engage in advanced
energy services, both to mitigate threats to existing markets and for additional
value. It is argued within the report that integrated packages of smart heat
technologies may strengthen the consumer pull for alternative devices by
overcoming some of the current market complexity and delivering a service
the consumer wants. It is noted that consumers are engaging with the market
at different paces and providers need to be adaptable to different consumer
journeys.

Engaged with
policy on
market driven
consumer
focused
opportunities
and possible
pathways for
decarbonisation
of domestic
heat (including
but not
exclusive to
HaaS)

32
33

A positive relationship with BEIS was established, through regular meetings and
reports33, the latter covering description of SSH2 activities conducted, insights
from these, and implications for Heat as a Service as part of a future energy
system.
At the outset of the programme the relationship between BEIS and the programme
team was less than optimal, but the relationship improved following a concerted effort
in early summer in 2018 to ensure better communications: “ … the situation has
changed very drastically where [previously] we were struggling to even have them
coming to our meetings, now the meeting has been very well received. They are coming,
they’re asking for me, they’re asking for papers, the papers and news to inform their own
papers.”

D28 SSH Phase 2 Smart Heat Technology Providers - Market Reaction Report
A number of these are cited in this report – known as programme ‘deliverables’
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Output

Progress and evidence of achievement of output

Engaged with
policy on range
of technologies
capable of
delivering
decarbonisation
of domestic
heat (including
heat-pumps
and heat
networks)34

In the latter part of the programme, the engagement with policy - on market driven
consumer focused opportunities and possible pathways for decarbonisation of
domestic heat and on the range of technologies capable of delivering decarbonisation
of domestic heat - was particularly effective. A BEIS stakeholder commented after
attending an engagement session: “…it was one of the most thought-provoking and
engaging sessions on long-term heat decarbonisation I’ve been to in a long while. It is
testament to how far we’ve come over the last few months and the feedback from
around the team has been glowing – it has stimulated a lot of follow-on debate, which is
always a sure sign that messages have landed.”
However, because SSH2 hasn’t actually tested appetite for low carbon heating
technology (yet) there was a feeling that it can’t help external stakeholders pursue this:
“There is a whole different market structure and business model that might apply to a
low carbon version of a heat contract. There are many dimensions for why it might be
different, but that’s the piece that we haven’t tackled quite yet and put into practice.”

Local engagement and development of local area Smart Energy
Plans
The anticipated outputs from local engagement work included the development of local area
Smart Energy Plans, with an understanding of the issues concerning their commencement and the
relationships with the appropriate people at local area level to enable their commencement.
Through this work, new insight was also sought in the form of understanding of future
challenges and opportunities for regulations, and consumer protection.
The table below sets out these anticipated outputs from local engagement work and, for each,
assesses the extent to which these were realised and learnings in relation to them. The table
explores development of Smart Energy Plans, engaging actors at a local level to enable Plans to be
implemented, and understanding of future challenges and opportunities for regulations and
consumer protection. Again, assessment is informed by evidence drawn from both the internally
developed programme deliverables and insights from internal and external stakeholder interviews:
Table 4: Table assessing the outputs from the SSH2 local engagement work

Output

Progress and evidence of achievement of output

Developed
local area
Smart Energy
Plans and
understood
issues
concerning
their
implementation

Smart Energy Plans have been developed for three local areas (Greater
Manchester, Bridgend and Newcastle). Smart Energy Plans are being used
alongside Local Area Energy Strategies, with a greater focus on
innovation. Specifically, the Smart Energy Plans focus on developing a
pipeline of innovation projects that explore pathways to decarbonise the
domestic heat market and deliver substantial emissions reduction in the
longer term in specific local authority areas.

Evidence for meeting this output is combined with evidence for meeting the output relating to engaging
with policy on market driven opportunities for decarbonisation
34
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Progress and evidence of achievement of output
The development of Smart Energy Plans was detailed across several
Built
reports (issued to BEIS as programme deliverables):
relationships
with actors at
 Two reports (D33 & D34) described the development of a Smart
local area level
Energy Plan in Bridgend County Borough. A separate report finalised
to enable
the Plan (D37/38).
future
 One report (D35) described the development of a Smart Energy Plan
implementation
in Newcastle. A separate report finalised the Plan (D39).
of Smart
 One report (D36) described the development of a Smart Energy Plan
Energy Plans35
in Greater Manchester. A separate report finalised the Plan (D40).
In each of the reports, a vision is translated into a roadmap that engages
stakeholders to develop a pipeline of innovation projects for
decarbonising domestic heat. The reports explain how those innovation
projects will be prioritised on the basis of agreed criteria that address the
future energy system outcomes required at local and national levels.
A member of the programme team confirmed that the Smart Energy
Plans have been developed, were in use, and were of a high quality:
“…we have delivered the three Smart Energy Plans … later than
planned but higher quality…they are all being used by the local
authorities, more than I expected. They are taking them very
seriously and they are phasing their own dissemination events.”
That the Plans had been developed and were in use was corroborated by
the Local Authorities themselves. The Local Authorities did not comment
on the quality of their Plans but the fact that they co-developed them,
signed them off, and are implementing some of the component projects
indicates a level of satisfaction.
The Smart Energy Plan developed for Bridgend has been adopted and
many of the component projects and activities are at the early stages of
development. The plan is considered a live document that can / will be
updated as further information is gathered or opportunities become
available. Bridgend are in the process of working with the planning
department to align the plan with the local area development framework.
For Greater Manchester, as of November 2018, the intention was that the
plan would be adopted. It would also be updated as further information
was gathered, opportunities became available and project scopes
developed. The energy plan produced through SSH2 was formally noted
by the Greater Manchester Combined Authority (GMCA) Executive

Evidence for meeting this output is combined with evidence for meeting the output relating to developing
local area Smart Energy Plans
35
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Progress and evidence of achievement of output
Committee in May.
The Smart Energy Plan for Newcastle has not been formally adopted. The
local authority acknowledged that the plan identified projects and
activities that could be delivered to achieve decarbonisation. In addition,
the local authority noted that several “spin-off” projects were being
implemented, though feel these are more due to SSH2 bringing
dedicated capacity to develop projects and partnerships than as a direct
result of the Smart Energy Plan itself.
The ESC’s March 2019 publication of the ‘Phase 2 Summary of key
insights and emerging capabilities’ notes, in the context of local level
planning, that “further work is needed to consolidate evidence and
establish formal decision-making frameworks, funding streams and
planning processes…”.
Through the local authorities that have been involved in the programme,
ESC has built relationships with actors at local area level to enable future
commencement of Smart Energy Plans. This includes individuals /
departments within the local authorities themselves as well as wider local
stakeholders e.g. Energy Network Operators and local industry.
“Through them there’s been engagement with a ‘fan out effect’ of parties
that they work with and some which has been another manifestation of
stakeholders.”
Bridgend has engaged with colleagues in the planning department with
respect to their Smart Energy Plan, identifying this department as
important to implementation of the plan.
Manchester has developed a consultation framework and are looking to
develop business plans with ESC. As part of the latter, they will facilitate
focus groups and workshops looking at retrofitted buildings, which have
smart energy. They have engaged with public, private organisations and
community based organisations on this.
Newcastle has an established long-term partnership with an organisation
to develop wider, infrastructure, schemes in the city and are talking to
them about the implications of the Smart Energy planning work.
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Progress and evidence of achievement of output

Understanding
of future
challenges and
opportunities
for regulations,
and consumer
protection

ESC has undertaken horizon scanning and engaged with relevant bodies
(e.g. Ofgem) to understand future challenges and opportunities for
regulations, and consumer protection. One key challenge identified
through this work was the scale of the regulations in the UK energy
market, and lack of instruction on how to interpret them: “[We need] an
order of magnitude re-organisation of the regulatory regime. It would be
helpful if the sum total of regulation in the energy sector, including all the
relevant legislation, industry codes and licensing came to no more than 100
pages - but at the moment, it's 10,000.”
The Market Transitions Report, D10-14, identifies ‘analogous transitions’;
transformations undertaken in other markets / domains which share some
characteristics with the transitions required in the energy sector, and
highlights the lessons learnt from regulation in these markets (such as
communication (where bundling is common), shared economy (Peer-topeer, finance), gig economy (Uber, Deliveroo, etc.) and emerging servicebased business models.
The opportunities around regulation were seen as dependent on policy
by an external stakeholder: “There needs to be an indication from the
Government and ourselves about the direction of what we would favour /
look to support through subsidy and regulation … to enable longer term
investment.”
One area of consumer protection explored through the trial was the issue
of data protection. During the winter trial in 2017/18, agreements were
put in place between the ESC and homeowners concerning the handling,
storage and destruction of both personal data and trial data
(consumption, temperatures, etc). These provide a potential template for
any future trials (for use by ESC and / or others).
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4. Observable outcomes of SSH2
This section sets out the evidence for whether or not the expected outcomes from SSH2 (as set out
in the theory of change) have been achieved. Initial anticipated outcomes from the programme
can be summarised into four categories:



Uptake of data, insight and learning by Energy Service Providers and wider industry to
help them design interoperable heat products, services and policies / regulations, to
support and deliver decarbonisation of heat through Heat as a Service.



Further trials and modelling to further test decarbonisation of heat and Heat as a Service
by ESPs, industry and the supply chain. It was anticipated that through the winter trial ESC
would obtain the knowledge, assets and relationships to build a test bed / living lab for
future products and services seeking to decarbonise domestic heat. Whether using these
assets or capabilities or not, it was anticipated that the trial would lead to further trials and
modelling by ESPs, industry and the supply chain to continue to test pathways to
decarbonisation of heat, including through Heat as a Service.



Policy development. The engagement with policy, would form part of the evidence base
that policy makers draw from to develop policies which support decarbonisation of
domestic heat. A pre-cursor to this would be messages from government which could
enable market driven consumer-focused delivery of heat decarbonisation.



Implementation of Smart Energy Plan projects.

It was anticipated that these outcomes would result in further insight and learning about the
decarbonisation of domestic heat. In particular insight and learning about consumer acceptance
of products and services which enable decarbonisation of domestic heat, which low carbon
domestic heat products and services could be developed and which low carbon domestic heat
business models could be developed. Alongside this, increased interest and activity in this space
would see low carbon heat supply chains and infrastructure developing through increasing market
confidence and the experiences of implementing projects from Smart Energy Plans would lead to
other areas engaging with ideas of local area energy planning.
Findings with respect to each of these outcomes is set out below.
Generally, the outcomes from SSH2 were not expected to be realised until beyond the end of the
programme, from April 2019 onwards. However, at the time of the programme conclusion, there
was already evidence of some of these outcomes to a certain extent. In particular, there was
evidence of SSH2 insights being drawn upon in both government and industry thinking on heat
decarbonisation and service design. However, there were some limitations to the activities
delivered by the programme, which may have some bearing on the extent to which the outcomes
may be achieved. These include:
 The extent to which the size and range of the trial sample – and so the findings from it – can be
seen as representative of the wider consumer market, and so the extent to which stakeholders
feel confident in using SSH2 data as a robust evidence base.
 That through focusing on houses with conventional gas boilers, SSH2 did not provide
demonstration of the central thesis that Heat as a Service /Energy as a Service can engineer a
path to decarbonisation. Albeit this was explored with a small sample in the extended trial in
2018/19
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The fact that some aspects of the trial (e.g. the scale of the wider support to households) served
to indicate a real challenge in designing a commercially viable Heat as a Service offering that
bears close resemblance to that deployed in SSH2.

Uptake of data, insight and learning by Energy Service Providers
and wider industry
It was envisaged that Energy Service Providers (ESPs) and wider industry would use the data,
insight and learning arising from the trial to help them design interoperable heat products, services
and policies / regulations, to support and deliver decarbonisation of heat through Heat as a
Service.
BEIS considered this outcome to be of particular importance for the programme, “I don’t think
government is where the outputs of that work should be facing. It’s interesting … but we’re not the
people that are going to try and design those offers to consumers. I feel that we’ve set up a project
which is still facing government but it’s value, if it has any really, is to the market.”
In order to encourage use of the data, insight and learning arising from the trial, ESC actively
disseminated this. This was on the basis of a Dissemination Plan detailing how they were planning
to communicate findings from the programme including through events and conferences,
publishing articles, and information shared through the ESC website and social media channels.
There were also plans to make the data available.
There have been two well publicised public outputs from the work that have sought to share
insight and learning with ESPs and wider industry – a final report from the work and a final
showcase event.
The final report, published in March 201936, provides a summary of key insights (many already
discussed above) from the SSH2 trial; the online overview of the report presents these across the
following broad topics:


Consumer trials of smart energy propositions – key statistics on the attitudes of the trial
participants were highlighted37 to evidence the message that smart energy services enabled by
digital controls can transform mainstream consumers’ experience and control of heating at
home, and better enable them to adopt lower carbon solutions. In addition, the report
highlighted that usage data can reveal consumers’ preferences and underpin improved design
of low carbon solutions, addressing key barriers to uptake. ESC acknowledged that the trials
confirmed the complexity and cost of building real understanding of the home environment,
consumer needs and behaviour, but concluded that a large-scale trial environment in
mainstream consumers’ homes would be an asset both for innovators and business in the UK
supply chain, and to inform future UK heat decarbonisation strategy.



Market transformation (new business models and market structures) – the report
highlighted the role of digitalisation of home energy in enabling new ‘smart energy
service’ business models, in particular that smart controls coupled with data analytics could

https://es.catapult.org.uk/news/smart-energy-services-for-low-carbon-heat/
50% electing to trail HaaS, 78% confirming that smart heating controls improved or maintained comfort
levels, 85% being open to switching to low carbon heating upon boiler replacement.
36
37
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reveal the varied detail of consumer preferences and building requirements, so enabling better
outcomes for households and the wider energy system (greater system flexibility, better power
sector management of peaks and cost-effective decarbonisation). The report also
recommended that business models align incentives throughout their products and supply
chain in order to deliver better consumer experience. The report emphasised that ensuring
the interoperability of controls, devices and interfaces will be vital to support consumer choice
and competition by reducing the risk of lock-in to proprietary platforms. The report also
suggested an outcome-based decarbonisation standard or obligation on future retailers or
home energy service providers in order to incentivise the market to deliver.


Local area energy planning – the report argued for local area energy planning as a key tool to
enable UK transition to a low carbon future, by enabling local government to build on the
insight and understanding gained from local level whole systems analysis and modelling to
identify the most promising, cost effective options for decarbonisation whilst highlighting
where investment is needed. The report also recommends embodying options in a Smart
Energy Plan, helping local authorities to define a concrete agenda for decarbonisation, aligned
with the specific local infrastructure requirements, socio-economic priorities (e.g. job creation,
fuel poverty, etc.) and emission reduction targets.

The second well publicised public output from the programme was a final showcase event, with a
ministerial keynote. This took place in March 2019 with attendees from several sectors, including
ESPs, manufacturers, central government, third sector, and local authorities. A number of
organisations were invited to speak as panellists at the final showcase event (representing ESPs and
supply chain / industry) and publicly linked their interest in Heat as a Service to the work of the ESC
and their engagement with this. The level of discussion and nature of questions from the audience
demonstrated wider industry engagement with the potential to design interoperable heat
products, services and policies / regulations and to support and deliver decarbonisation of heat
through Heat as a Service.
From the showcase event there were some clear examples of particular organisations that were
using the data, insight and learning from the programme. As introduced above, a winter trial took
place in 2018/19. This involved Bristol Energy (an ESP) and Baxi38 (a provider of smart heating and
hot water solutions) offering Heat as a Service to the 80 homes that participated in the 2017/18
trial, and an additional 20 recruited to replace those that were no longer participating. This
demonstrated an interest and desire from ESPs and wider industry, to test Heat as a Service and /
or other pathways to consumer-focused delivery of heat decarbonisation.
Bristol Energy’s interest in Heat as a Service can be linked to interest stimulated by SSH2. Having
responded to a call by ESC looking for partners, ESC presented the SSH concept to Bristol Energy.
As a local authority owned not-for-profit enterprise they were interested in exploring the concept
further as it was felt to align with their objective of delivering energy to their customers at the
lowest cost for the consumer. Bristol Energy saw Heat as a Service and heat plans as a way of
reducing the cost of energy for consumers. They are using the assets and knowledge developed
by ESC as part of SSH2 to test, live in the real world, the concept of Heat as a Service and heat
plans, and selling ‘warm hours’ rather than units of energy. There is internal interest in
commercialising the offer, if the trial proves successful.

Baxi were not interviewed as part of the evaluation, therefore evidence around the nature of their
engagement with the programme and their motivations is limited
38
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The ability for ESPs and wider industry to make use of the data and insight generated by the trial
was built on the assumption that the SSH programme was able to identify and engage with ESPs
who are open to the idea of developing low carbon domestic delivery models for heat. A further
assumption was that the programme would be able to engage with a range of existing and
potential organisations in the supply chain, with the skills and capability to make Heat as a Service
offerings a reality. There was evidence of both.
Aside from Bristol Energy, ESPs were generally in one of the two following groups with regards to
their interest, and desire to test Heat as a Service and / or pathways to consumer-focused delivery
of heat decarbonisation;
1. They had some interest, and some desire to explore, and were at an early stage of taking
action. For example:
a. One ESP was in the process of talking to heat storage companies to plug their
products into the ESP’s tariff to make them more cost effective. They were exploring
ways of making them commercially viable by using pricing signals on what's
currently available in the market.
b. Another ESP was working through concepts in their in-house incubator and product
development department. Outside of SSH, relationships have been established
between the incubator and local authorities. The ESP said this was not a direct result
of SSH but the relationships have been formed through the programme and the
thinking has been subsequently shaped.
c. A third ESP see Heat as a Service as a good future service offer. This is an area of
interest – not only does the ESP have a retail license, offer energy services and have
their own generation, they are now building and developing towns. This means they
can start offering ‘living as a service’ – as they are looking to offer any type of
service that is connected to a building. They are exploring the financial viability of
these and actively looking for grant partnerships.
This group have engaged with the programme and were keeping a ‘watching brief’;
“[name removed] could definitely be one that’s watching what we’re doing and just
tweaking it in the background, doing their own thing and testing things as well. And that’s
fine…if people pick up our ideas and tweak them and change them and use them for their
own use, then that’s having an impact.”
2. It was a fundamental part of their business model. Due to their mutual interests, a number
within this group had closely engaged with ESC but at the close of the programme there
was no evidence SSH2 had yet had an influence in informing or shaping their activities.
Whichever group, the response from some ESPs is that consumer appetite for Heat as a Service is
still relatively unproven. Some felt they needed a larger trial sample to draw firm conclusions and
there was also concern about the extent to which the model trialled by the programme could be
replicated commercially e.g. participants had a lot of attention and high levels of customer service
throughout the trial. This was also acknowledged by ESC “we are a prototype and we represent
Innovate UK and BEIS…PR [considerations are] very, very strong. But those levels of response are not
commercial.” This implies that a convincing trial would need many more household participants
being offered a service that felt much closer to what ESPs would perceive to a commercial reality
(and therefore something closer to something that could be replicated),
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In addition, several ESPs mentioned regulations – e.g. around the need to sell energy on a £ per
kWh basis - as a barrier to rolling out an offering or they do not feel the infrastructure or
generation capacity is there.

Further trials and modelling
It was anticipated that through the winter trial, ESC would be able to build a test bed / living lab for
future products and services seeking to decarbonise domestic heat. In fact, a further trial was
undertaken in winter 2018/19, thus continuing to develop the test bed / living lab.
This outcome was predicated on the assumption that the winter trial had developed sufficient
knowledge, assets and relationships to start to build this test bed / living lab for future products
and services seeking to decarbonise domestic heat. In other words, further investment would not
have occurred unless Energy Systems Catapult had demonstrated their ability to run a successful
trial initially.
As a result of the trial, ESC is in a good position in development of a test bed / living lab for testing
future products and services seeking to decarbonise heating. ESC has developed knowledge, such
as recruitment of homeowners, design and delivery of a trial, and collection and analysis of data.
This knowledge has been developed through the ESC’s experience and expertise from the winter
trial in 2017/18 and is building on this know-how with a winter trial in 2018/19. ESC has also
developed and purchased assets for wider use, for example:




The HESG research platform,
The hardware required to control heating in homes,
The hardware required to provide feedback and data for analysis by the ESC (heating
choices, etc), and cloud-based storage of data.

ESC has also developed relationships with the critical actors – local authorities, the wider supply
chain delivering the trial elements (e.g. hardware installers), and in particular the householders who
were part of the winter trial - to enable continued testing: “Out of our 108 participants, we asked
them if they wanted to carry on next year, 80 of them accepted, which is also very high take up I
think.”
Whether using the assets or capabilities of ESC or not, it was anticipated the trial would lead to a
range of trials at a number of levels in terms of scale and complexity in order to further test
decarbonisation of heat and Heat as a Service by ESPs, industry and supply chain. Trials could
include:




Individuals homes (in ESC test bed and / or other homes)
Energy Town concept39 (with or without ESC support)
Local area led trial of Smart Energy Plans (with or without ESC support).

This would be supported by simulation and modelling of trial test conditions to understand their
scalability.

Energy Systems Catapult is developing a town-scale demonstrator – the Energy Town Support Platform –
which will provide a national capability for innovators to test and demonstrate new technologies and
business models under simulated new market arrangements with real consumers.
39
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SSH2 has delivered capacity and knowledge which enabled the effective delivery of further R&D.
ESC took a number of steps in the design and delivery of the programme to ensure that a legacy of
the programme was the knowledge, assets and relationships within the Catapult that could be
leveraged by others to test future products and services seeking to decarbonise heat. These steps
included delivering lots of elements of the trial internally (as opposed to contracting them out). For
example, ESC used their own team and capabilities to develop the HESG software.
Where the programme team worked with external contractors to deliver elements of the trial, work
was often co-produced or co-delivered (rather than being wholly sub-contracted) so that the
Catapult retained knowledge. Part way through delivery of the programme, ESC (as an
organisation) underwent a restructure as an asset-based organisation so that the knowledge, assets
and relationships arising from programmes such as SSH2 could be maintained and managed for
future use.
Further use of the knowledge, assets and relationships developed by ESC as part of SSH2 is
dependent on further investment available for the ESC test beds (homes and Energy Towns) for
testing of future products and services seeking to decarbonise domestic heat.

Policy development
It was envisaged that policy engagement with the programme would form part of the evidence
base that policy makers draw upon to develop policies which support decarbonisation of domestic
heat. Evidence that policy was being influenced would be messages from government which
could enable market driven consumer-focused delivery of heat decarbonisation.
At the close of the programme, messages from Government did not directly and explicitly push for
market driven consumer-focused delivery of heat decarbonisation. Shortly before writing this report,
however, the Government delivered a very strong message about a regulatory approach to
consumer-focused delivery of heat decarbonisation. In the March 2019 Budget, it was announced
that new homes built after 2025 will be heated through low-carbon systems instead of gas boilers.
A BEIS paper published in December 2018 - ‘Clean Growth: Transforming Heating’ - describes an
approach to heat decarbonisation comprising decisive near-term actions (e.g. the existing
Renewable Heat Incentive scheme) and optimisation, with development of longer-term policy
framework adjustments and more ambitious zero-carbon projects (to 2050). BEIS have also recently
published a call for an ‘Electrification of Heat Demonstration Project’40.
There was therefore evidence that Government engaged / is engaging with the findings of SSH2 in
order to inform these and other future approaches (including market driven approaches) to
consumer-focused delivery of heat decarbonisation:


The insight developed from the programme has been well received and there is evidence
that the Heat and Business Energy team within BEIS have benefited from what they describe
as “thought-provoking and engaging sessions on long-term heat decarbonisation” and that
meetings have “stimulated further debate amongst the policy team”

The evaluation interviews with BEIS representatives took place prior to this tender being launched but one
respondent stated that “we’re developing a demonstration project for electric heating…and we will look to use
some of their innovations in that work, but it’s not dependent on that.”
40
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One stakeholder from BEIS felt that the SSH2 outputs and engagement with BEIS has
underpinned a “shift of thinking within BEIS”, with teams now viewing the ESP / Energy as a
Service model as a concept worth investigating; in particular SSH2 produced unexpectedly
positive findings around willingness to pay, and therefore opened greater opportunities
than had been envisaged.
Members of the programme team also cited a shift in thinking within policy over the
lifetime of the programme “People aren’t now turning around and saying, ‘I don’t believe
there’s a service model or that energy as a service makes sense’; we’ve moved on from that a
bit and it’s seen as something that’s well worth investigating.”



The SSH2 project was described by one BEIS representative as a useful forum for the
objective discussion of energy systems.



The Ministerial Keynote at the final showcase event for the programme demonstrates
commitment to capitalise on the learnings arising from the programme.



BEIS’ ‘Clean Growth – Transforming Heating’ published in December 2018 references the
work carried out on SSH2 by ESC in several chapters, in particular acknowledging:
o

o

That new technologies (as being tested in SSH2) innovative Heat as a Service and
Energy as a Service (EaaS) business models for consumers (rather than purchasing units
of fuel) could provide opportunity for supporting the uptake of low carbon heating. The
opportunities highlighted in the report mirror those forming the basis of – and that
were tested by - SSH2: enabling providers to better understand customer needs, design
better low carbon heating solutions and so overcome barriers such as high up-front
costs.
The importance of local energy plans and strategies to decarbonisation solutions: “the
Government is supporting the development of local energy strategies and the Energy
System Catapult’s recent Local Area Energy Planning report advocate the development of
energy plans for all local areas to inform future UK heat policy decisions.”

The view from some within the programme was that to deliver decarbonisation will require ‘carrots’
and ‘sticks’ beyond the existing landscape. They viewed SSH2 as trying to help ESPs develop the
carrot but felt that policy ‘sticks’ would also be necessary in the form of obligations on suppliers or
carbon pricing.

Implementation of Smart Energy Plan projects
There was evidence from each of the three local areas in which Smart Energy Plans have been
developed that the projects identified in the plans are being taken forward to a certain extent. The
plan has also been formally adopted in one area.
The outcome of implementation of local area Smart Energy Plan projects is predicated on the
assumption that appropriate and sufficient actors at local area level have continued interest in
enabling future commencement of Smart Energy Plans. There is a range of evidence to support
this assumption. ESC note that in one area “they have commissioned two heat networks looking at
new development sites and whether heat networks are appropriate. A project is about to commence
which is Innovate UK funded, looking at a smart energy system - integrating electricity supplying
generation along with heating requirements and transport systems of the future.” In another area
the Local Authority are in the process of aligning the work that they've done through SSH2 into the
local area strategy and integrating the Local Area Energy Strategy with their local area
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development plan: “… that is useful because it gives them a plan with more teeth than it would have
if it stands alone.”
Further to this is the fact that the three local areas have partnered with ESC for the three local
dissemination events, which have been shaped around finding partners to deliver the projects
identified in the Smart Energy Plans.
SSH1 piloted the Local Area Energy Plan process in three local areas and developed a range of
tools and guidance to support local authorities in formulating long-term strategic plans, in line with
local priorities and targets. It also included the development of EnergyPath Networks (EPN), a
modelling and analysis tool to provide an analytical and empirical grounding for exploration of
future scenarios and formulation of plans. The focus of the SSH2 Local Area Energy Plan work was
to translate this these tools, systems modelling and analysis into actionable ‘smart energy plans’,
focusing on a range of near-term (up to 2025) deployment and innovation projects targeted at
addressing the technical, commercial, policy and consumer barriers to low carbon heat in each
local area.
The ESC worked directly with several local areas on their Smart Energy Plans and supported
activities within these: identifying funding and investment sources, providing technical consultancy
(e.g. scoping innovative low carbon heating options), helping to develop project plans and financial
models, helping in funding applications, engaging local stakeholders, and bringing in relevant SSH
project insight as it arose.
Although representatives of each of the local areas supported felt that they would have been
progressing energy projects in the absence of the support from, and engagement with, SSH2, there
is evidence that SSH2 has influenced the design and implementation of projects arising from Smart
Energy plans.






The energy plans were recognised as important in setting out opportunities and shaping long
term strategy / direction: “The work that we’ve done under the smart energy plan will set out fiveyear goals and from that policies will follow, so that’s been really helpful.”
Several respondents acknowledged the winter trial as having an influence on their thinking:
o “The winter trial…probably forms 5% of thinking in the smart energy plan.”
o “The winter trial piece will reinforce and inform our policy direction e.g. it supports the
information that we re-emphasise to our social landlords.”
One respondent from Bridgend noted that, as a smaller town, involvement in SSH2 and the living
lab has probably attracted suppliers and companies wanting to test energy systems to Bridgend:
“All of that just helps build up the brand [and helps business realise] Bridgend are interested in this
kind of thing.”

In addition to this, representatives from local areas noted that even where there they didn’t currently
have the funds to invest in some of the ideas SSH2 is promoting, involvement in the programme has
provided them with a pipeline of ideas for when they do bid for grant funding.
The evaluation also found evidence of the wider contribution that involvement in the SSH2
programme has made to thinking about energy planning at a local area level. Specifically:


The SSH2 programme has brought attention to the decarbonisation of heat and enabled a
broader range of local area stakeholders to be engaged in a discussion around the issues (thus
raising their awareness of the subject and fuelling interest in further activity on the topic): “the
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profile raising that SSH2 has given to decarbonising heat has helped the discussion we've had in
the authority around addressing heat.”


SSH2 has enabled several LAs to get a clear understanding of the range of low carbon heat
solutions that could be feasible in a city to decarbonise effectively: “It’s opened eyes to other
opportunities and the different business models / thinking out there that…as a result of this, we’re
looking wider, at heat pump projects for example.”



For one local area it has opened up thinking around how to deal with industrial
decarbonisation of heat (moving on from the focus on domestic heat in SSH2).

Insight and learning about decarbonisation of domestic heat
It was anticipated that the above outcomes would culminate in further insight and learning about
the decarbonisation of domestic heat. In particular insight and learning about consumer
acceptance of products and services which enable decarbonisation of domestic heat, which low
carbon domestic heat products and services could be developed and which low carbon domestic
heat business models could be developed. Alongside this, increased interest and activity in this
space would see low carbon heat supply chains and infrastructure developing through increasing
market confidence. In addition, the experiences of implementing projects from Smart Energy
Plans would lead to other areas engaging with ideas of local area energy planning.
The outcome was predicated on the assumption that data arising from the trial is made available to
industry and policy in a way that they can use this to develop low carbon heat products, services
and policies / regulations (which may include Heat as a Service). Following events held in the three
local areas, ESC received requests for follow up meetings, and sharing of reports and data.
A specific deliverable from the project was the trial data. A report accompanying this (Deliverable
D20 ‘HESG Trial Data’) describes the raw data gathered by HESG from each home during the
Winter 2017/18 research and development trial. The report includes a description of the data
available and its quality, with an accompanying guide covering its structure and how to access it.
The report also provides details of how the data may be obtained by BEIS and a proposal for how
data may be made available to third parties.
Product developers will be able to use the SSH2 data and analysis to understand which pieces of
equipment are used / needed by customers and price tolerance. Service developers will be able to
use SSH2 data and analysis to understand potential service designs, recruitment approach, costs,
likely timescale from recruitment to participation, types of data required, and support required. In
the 2018/19 winter trial, these data, insight and learning were being used by both Bristol Energy
and Baxi.
At the conclusion of the programme, ESC wrote a report (Deliverable D6: Communications,
Dissemination and Publication Impact report) which detailed dissemination activities conducted at
the conclusion of the programme, identifying messages, audiences and communication channels,
as well as monitoring. It lists a number of deliverables which are publicly available (or available on
request) and will be of use to ESPs, industry, and the supply chain to help design interoperable heat
products / services.
The reports that are publicly available include:


A report introducing and explaining the concept of Heat as a Service
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A report drawing together some of the insights gathered by Energy Systems Catapult about
the process of running an effective field trial
An insight report from the field trial outlining the findings from the trial41
An insight paper summarising what was learnt through the programme with regards to
different aspects of interoperability, the extent to which different businesses might
implement interoperability; and the values and opportunities presented through
interoperability.
An insight paper summarising the energy transitions work. This summarises the work done
exploring and assessing new market structures to help decarbonise heating through
research in a range of non-energy sectors in the wider economy, where analogous
transitions have taken place.
A report setting out the key findings from the local area planning work.

Unintended outcomes of SSH2 delivery
The evaluation sought to identify any unintended outcomes – whether positive or adverse – arising
from SSH2 activity. When asked about any unintended outcomes of SSH2 delivery in interviews,
ESC stakeholders often focused upon the usually positive insights and outcomes that they had not
anticipated at the outset.
The general consensus from ESC was that, aside from small technical issues which were quickly
resolved (e.g. related to consumer experiences of interacting with the HESG software), there were
no significant adverse outcomes. However, those mentioned by a small number of wider
stakeholders were as follows:


Due to valuing comfort over cost, it was noted by a delivery partner that some customers
may choose to buy more energy than they were using previously: “so they actually start
polluting more.” However, it should be noted the experience of the programme team was
that increased control led to reductions in energy consumption.



There were two homes where the change in environment due to heating changes was
deemed unacceptable by the customer and therefore the heat plan – whilst initially
approved – had to be changed. The need for some homes to change heating plan was not
an unintended or unexpected outcome; however, the severity of their issue with the heat
plan was perhaps unexpected (especially as it had been based on historic use data).



A number of external stakeholders shared a similar concern that through delivering higher
standards of heating, without decarbonising the heating system, customers in the trial were
actually using more gas ("they are not achieving any decarbonisation interventions"). This
possibility therefore needs to be managed in any ongoing trialling of heat plans, and for
heat plans and Heat as a Service to be ‘sold’ to those trialling them as being the first steps
on a packaged journey to decarbonisation, with a change to the incumbent technology
required as part of the package at a later date.

There was one unanticipated insight arising from the trial. This was the extent to which customers
valued the comfort that could be associated with heating. The consumer insight work conducted as

Alongside the report, ESC note that data could enable industry to design high-quality low carbon solutions
that consumers will want because they are as good as, or even better than, what they have today
41
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part of the trial identified that lower energy bills are not necessarily the main incentive for all
householders in seeking to manage their heating differently.
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5. Delivery of programme goal
Learning about what is required to deliver heat decarbonisation
In the longer term it is anticipated that, stemming from the programme, one or more pathways to
deliver heat decarbonisation will be identified and tested. In the longer term it is anticipated that
the programme will result in one or more pathways to deliver heat decarbonisation being identified
and tested. The first step towards this is demonstrating that Heat as a Service approaches and / or
alternative pathways to deliver heat decarbonisation are technically achievable, commercially
viable, desirable for consumers and supported by decarbonisation policy. There is some evidence in
support of this (the next steps from here are investment in decarbonisation of domestic heat,
government policy to support the decarbonisation of domestic heat and a regulatory landscape
that supports decarbonisations of domestic heat).
There is some evidence in support of some of these nearer term assumptions required to deliver
the programme goal:
Heat as a Service approaches and/or alternative pathways to deliver heat decarbonisation
are technically achievable.
The programme did not place clear emphasis on low carbon heating systems in the first instance;
low carbon heating systems were not tested in the 2017/18 winter trial. By only including fossil
fuelled households in the 2017/18 winter trial, SSH2 did not demonstrate that HaaS approaches to
delivering heat decarbonisation are technically achievable.
However, SSH2 did provide evidence of consumers’ interest and willingness to engage in change in
the way they perceive and interact with heating in their homes. This supports the programme’s
hypothesis that if consumers are more engaged they may be willing to move to low carbon heating
sources (but further work is needed to establish evidence that consumers will in fact move to low
carbon heating at scale).
In the 2018/19 winter trial, HESG has been integrated with heat pumps, and may therefore lead to
the learning required for technical achievement of Heat as a Service with heat decarbonisation.
There is also evidence that ESPs and the wider industry are investing in the technology to deliver
low carbon domestic heating;
“We've created a technology that, incredibly efficiently, manages the amount of power that a
householder consumes to generate heat from hot water and our technology is future proof”.
“We have a development programme for hydrogen boilers. We are looking at heat pumps and hybrid
systems and have plans to bring in products to market. We’re making sure we have products that
people need in 3 to 5 years’ time”.
What is now required is the development and testing of the systems to support the delivery of
such technologies at scale. This includes a broader understanding of how reliable technologies are
and how they pair up / how applicable they are in different scenarios:
“… they need someone to dig in to the question at a systems level what the options are for
decarbonising heat and decentralising electricity and optimising the grid for the greatest extent. If
everyone had solar panels etc to what extent would they be to electrify heat and what policy
framework would be needed to get there and how quickly would that be possible?”
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Heat as a Service approaches and/or alternative pathways to deliver heat decarbonisation
are commercially viable.
The trial has also produced a number of findings for a potential ESP on how Heat as a Service could
be structured, the means of communicating this to consumers and the technical / equipment
requirements to deliver it. However, the trial was not designed to test commercial viability, and
therefore further work is required to demonstrate if commercial viability is achievable.
The 2017/18 winter trial highlighted that making Heat as a Service economically viable may be
challenging for both customers and ESPs. There may not be sufficient savings from the approach to
cover the cost of purchasing and installing the equipment, such as heating controls. It is also
unclear how certain elements of the process can be monetised if ESPs choose to outsource those.
This was one of the key concerns for programme delivery partners, understanding the distribution
of value within the supply chain: “what isn’t clear to me at the moment is how do you take a more
expensive piece of technology and potentially more expensive way of offering energy, package it up in
a way which means that customers can see the value and be willing to pay that premium.”
In the 2017/18 Winter trial, some consumers were open to increasing their heating costs in order to
receive a heat plan. Two of the three heat plans were set at a fixed cost that was higher than the
homeowner was paying before the trial, indicating that flexibility in heating use, and unlimited
heating use, are attractive propositions to consumers and they may be willing to pay more for
them.
However, there is still more to do in demonstrating the commercial viability of Heat as a Service
approaches and / or alternative pathways to deliver heat decarbonisation. One programme
delivery partner commented: “Some of the work around costings, I don’t think that is yet in the right
format, so there’s no disputing the narrative that low carbon transition may cost money and may cost
more money than doing nothing but what it does not do is put into perspective the costs of doing
nothing.”
Heat as a Service approaches and/or alternative pathways to deliver heat decarbonisation
are desirable for consumers.
In order to meet the UK’s climate change targets, we will have to decarbonise how we use heat at
home. Consumers were open to previous changes in heating because they were better than what
they had. In the 1970s, only around a quarter of homes had central heating; now practically
everyone has it because it is cleaner, safer and more convenient than what they had. Even fewer
homes had showers; now almost every home has one or more, because consumers were willing to
pay for a better experience despite the disruption to install them.
Low carbon heating can be as good as or better than existing systems, but there are three
challenges to solve before there is widespread uptake (even if the costs are comparable):


Comfort: People will want to be able to get the experiences they wish for from their
heating: warm homes, hot showers and so on. This is especially hard because there are
many low carbon options and the best solution varies with the home and the area it is in.
For instance, heat pumps might suit well-insulated homes best; district heating might be
best in dense urban areas; and repurposing the gas grid to distribute hydrogen will
decarbonise heating for homes that are connected to it.



Control: People will want to be able to control how much they spend getting the heating
they want, but everyone wants something different. Based on the survey work that ESC has
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conducted about how they use their heating (involving thousands of consumers), some are
willing to spend time adjusting their heating to match the times they are home. Others
prefer to save the effort and spend more money making sure their homes are warm when
they are in.


Convenience: People will want it to be easy to install a low carbon system. Today around a
third of people replace their existing heating system when it breaks. Low carbon heating is
not really a viable alternative if they have to spend weeks preparing their home before they
can restore their heating.

SSH2 has gone some way in terms of testing consumer acceptance of Heat as a Service, but on a
small scale. The link to low carbon was not made / tested with customers in the 2017/18 winter
trial. However, in the 2018/19 winter trial, acceptance of heat pumps was (through optional
installations), found, indicating that Heat as a Service can be a gateway to low carbon heating.
These are the next steps for testing.
“SSH2 has shown that when customers have trialled it, and have first-hand experience of it, they like
it, but some choose not to adopt it even though it's explained to them and they're part of the trial. So
commercial business need to understand how they can come up with the right range of offerings for
all of their customers.”

Context for delivering heat decarbonisation
There are a number of contextual factors that have supported delivery of SSH2, these provide
further evidence in support of some of the assumptions required to deliver the programme goal:


Accelerated / more ambitious carbon reduction targets have supported SSH2 at the
local area level. In this regard local policy is supporting Heat as a Service approaches and /
or alternative pathways to deliver heat decarbonisation. For example, in Greater
Manchester, the Mayor has set out a plan for carbon neutrality by 2038. This has led to
planning for a move away from gas powered heating. SSH2 programme funded local area
activity has helped in the delivery of ambitions and targets at the local area level. One local
authority representative reflected; "I would say the use … local area energy planning … was
really insightful. The work that we’ve done under the smart energy plan, that will set out fiveyear goals and from that policies will follow, so that’s been really helpful”.



Drivers to address fuel poverty. National policy is creating the context for Heat as a
Service approaches and / or alternative pathways to deliver heat decarbonisation. As part
of their Energy Company Obligation (ECO) energy providers need to demonstrate their
commitment to address fuel poverty. Similarly, local authorities are looking for steps they
can take to protect their vulnerable citizens. Although the winter trial deliberately did not
focus on the fuel poor, the work undertaken with SSH2 is seen by both local authorities and
ESPs as complementing commitments to address fuel poverty.

However, there are also some contextual factors that have made delivery of SSH2 more challenging
and are therefore potential barriers to achievement of the goal of SSH2 (that one or more
pathways to deliver heat decarbonisation will be identified and tested):


A lack of resources and political engagement at local area level, alongside a lack of
suitable funding and challenges in securing the funding that is available make the
implementation of projects identified through Smart Energy Plans challenging. Coupled
with this, local authority areas cited challenges in engaging elected members on their plans
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(given they have a range of competing priorities). The support of elected members would
help in unlocking resources and securing funding; several local authority respondents noted
the importance of political drivers for local energy activity (e.g. one council declaring a
climate change emergency and another making a political commitment to cut carbon as
well as fuel poverty) though there was no observed distinction in member support between
the three main local areas supported by the programme.


Barriers to new market entrants in ESP market and supply chain. Evidence from
engagement activity undertaken with the supply chain as part of SSH2 suggests that new
market entrants / smaller companies are keen to shake up the market and support the type
of new service offering and associated carbon policy being advocated as part of SSH2.
However, they face a number of barriers to commercialising new product and service
offerings with many citing challenges in obtaining finance / identifying funding
opportunities for start-ups / small companies. This is coupled with the large capital expense
of developing new products.
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6. How SSH2 was delivered
SSH2 was intended to provide learning and insight on potential routes to domestic heat
decarbonisation, including advancing and testing the concept of Heat as a Service. There were a
number of strengths in the way that this was delivered:


Overall the strands of SSH2 were drawn together and there was coordination of activity at
an overall management and project management level. There was sometimes limited
understanding within specific teams within the programme as to what precisely other teams
were doing and several individuals said the requirements of other teams were not
communicated fully to them, but there is limited evidence of the detrimental impacts from
this.



Stakeholder engagement was continually recognised as an important activity, worthy of
detailed plans and resource. There was a clear plan for stakeholder engagement created at
the outset of the programme as to which stakeholders ought to be engaged, for what
purpose and through what method(s).



The quality of the relationships ESC built with a number of external stakeholders added
value to programme delivery. Although this was not specifically cited by the external
stakeholders themselves, their interest in / willingness to work with ESC in future work is
perhaps testament to the quality of those relationships: “We were able to recruit a service
provider going forward. There’s been technology relationships which we were able to leverage
for the heat pumps into the next winter. Relationships with [the LAs] has improved
continuously over the period and that’s manifested itself in the various portfolios of work and
evidence of a desire to continue to work together.”



In terms of programme deliverables, many stakeholders (and members of the programme
team) commented that there were too many. However, when this is considered in the
context of the number of teams/project activities, the size and length of the project, and the
range of intended outcomes and audiences, there is a lot of value in the level of detail and
insight that was drawn out through the programme.



Having a staff resource placed in local authorities was a valuable way in which local area
activity was delivered. The benefits included greater awareness and understanding of what
ESC was doing at a local area level, through having a direct link to their activities. The
relationship between ESC and the local area was also felt to be more responsive as having a
resource placed at the local authority “helped the flow of information”.

Some of the challenges faced by ESC in the delivery of SSH2 included:
Communications with BEIS
This is further discussed above, but communications between ESC and BEIS were not as effective as
it could have been until the last nine months or so of the programme. Improvements occurred as a
result of:
 Mutual recognition from ESC and BEIS that there was a need to improve communication
and identification of ways in which this could be done e.g. meetings focused on more
specific aspects of the programme (rather than progress of the programme as a whole)
 ESC improvements in ‘telling the story’ of what they were trying to do and tailoring the
messages and learnings more to the policy audience. These efforts were recognised by BEIS:
“There is a much better relationship with the policy customers [than there has ever been
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during SSH]. I think that’s a great achievement. They’ve really focused on what is it that the
paying customer wants from this and I think that’s gone very well.”
ESC easing away slightly from the message that Heat as a Service was the primary solution
to decarbonisation: “[there was] quite a lot of thinking that had gone quite a long way to say
the energy market needs to change in a particular way and we’ve maybe rode back a little bit
from that.”

Analysis of data
An overall challenge for directing data analysis and outputs was the range of stakeholders the results
needed to face / engage.
In light of this, there was some feeling amongst some of the programme team that the overall project
plan may have underestimated the time needed for analysis, especially where it was iterative i.e.
develop some insights and explore those more: “Everything takes double the time you were expecting
and to then really get a solid understanding of it and to be able to interpret it in a meaningful way…I
knew it was going to be iterative, but I didn’t know how long that was going to take.”
Conversely, there was also some feeling amongst some of the programme team that there may have
been too much data for analysis. This was likely a result of ESC being overambitious / over-inquisitive
at the outset of the programme in terms of things of interest to explore.
Delivering insight from the programme
A general barrier to stakeholder communications until the end of the programme was uncertainty
amongst ESC staff as to how much they could share as interim findings or early headline insights:
“it’s been challenging at times, knowing what can you say, what can you not say.”
Staffing challenges
As might be expected with a programme of this scale, there was a challenge in terms of staff churn
in key roles that meant progress and work slowed in those areas. One member of the programme
team talked at length about the process of losing and replacing a data scientist, getting the new
person up to speed: “It doesn’t sound much, just one person, and people are replaceable of course,
but the opportunity costs are really, really big.”
These issues were exacerbated by a large organisational re-structure partway through programme
delivery. It meant that a) some key staff were suddenly moved onto another team; b) some staff
still on SSH2 had new roles / responsibilities and c) some staff were diverted from programme
activities to write new business plans/cases etc.
Capacity and skills to disseminate findings
ESC have recognised internal limitations in their marketing communications and engaged various
contractors to support the development of outputs. This was addressed by “bringing some people
on board to help us to do videos and things like that so that we can get some more engaging material
out there, rather than just really, really long reports.”
Governance of outputs
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Many programme outputs (including contracted deliverables) had a lot of different teams and
individuals wanting to contribute and / or commenting on outputs from a lot of different
perspectives. This meant a lengthy process for producing any one output: “it has demotivated and
frustrated some of the individuals; it hasn’t been an easy process.”
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7. Lessons Learnt
This section of the report outlined the broader lessons learnt from the programme with regards to:
 Management of SSH2 and opportunities to better deliver the outputs and expected
outcomes as anticipated
 The potential supply and service models for delivering heat decarbonisation
 The capabilities required for delivering heat decarbonisation
 Delivery of innovation.

Management of SSH2
Reflections on programme delivery did not identify any ways in which ESC could have changed the
activities themselves to better deliver the outputs and outcomes as anticipated. However, a number
of ways in which those activities were managed have been identified as being opportunities to
better deliver the outputs and expected outcomes as anticipated.
Allow sufficient time for project preparation, development of software and recruitment (so
starting the trial earlier in the winter period). A project like the SSH2 winter trial needed twelve
months before launch, both to allow sufficient time for the design of the trial and set-up of the
various aspects of the trial, but also in recognition that the impact of seasonality can mean that a
whole year can easily be lost
The delay to the start of the programme was not necessarily within the control of ESC, but it did
adversely affect the delivery of outputs and outcomes. In particular it postponed the start of the
winter 2017/18 trial, further exacerbated by delays in finalising preparatory elements for the trial.
For example, the development of HESG took longer than expected to finalise and required further
discussion between teams. As outlined above, there were issues integrating new functionality into
the existing software (used as a basis for HESG rather than starting from scratch) as well as issues
confirming the specification for the software.
As a result of the delay to the start of the 2017/18 winter trial, whilst some heat use data were
collected from October 2017, the concept of heat plans was only introduced to customers in March
2018. Therefore, much of the heat use data and data related to customer behaviour post
introduction of heat plans could only be collected in Spring 2018. The late cold weather in March
2018 was very useful in this regard and the late introduction of heat plans was more insightful than
expected; without it, in terms of winter data, a year would effectively have been lost. However, the
late introduction of heat plans generally meant that most of the collection of data on heat use –
and selling of the heat plans – took place after the main period in which heat is a key concern for
consumers. This may have affected the take up of (and engagement with) heat plans and had a
commensurate effect on the profile of data gathered for analysis of the impact of heat plans.
There needs to be a focus on decarbonisation – and how this is being delivered – running
through all project activity. A key objective of SSH2 was to reveal and test an approach to
decarbonisation of UK housing stock. However, it was not clear to all stakeholders that there was a
strong link between the activities carried out within the programme and the decarbonisation
objective. There was a lack of a strong low carbon narrative to support communicating with
stakeholders; the value of the work in revealing and substantiating paths to low carbon was
therefore diminished in the view of those stakeholders. An issue which is acknowledged is that
although the work was underpinned by a benefits framework, a formal theory of change was not
developed until late in the programme. That work later in the programme where low carbon
heating was deployed, facilitated discussion on the approach should be noted.
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The link to decarbonisation was not clearly evident in the way that the programme was explained
by the programme team to those outside of the programme. This created a barrier to stakeholder
engagement with the trial. It was not well understood by external stakeholders how decoupling
heating outcomes (warmth, comfort) from energy purchased (kWh) provides a pathway to
domestic decarbonisation or how offering domestic consumers ‘Heat as a Service’ overcomes
barriers to moving to low carbon energy sources at both pace and scale. There were a number of
comments from stakeholders that implied a communications gap in articulating how the initial step
SSH2 was testing would lead to decarbonisation; “…it has become much more of a test bed for the
interface and the behaviour of households in response to different controls and tariffs rather than
[what from our perspective] was the original intention of SSH which was much more heavily weighted
towards demonstrating how you can effectively engage consumers in decarbonising their heat.”
This was a challenge that was recognised by a number of the programme delivery team: “…we have
been challenged … that we are failing to communicate that this is all about decarbonising
heat…because of the specifics of trials we have done so far, people…often accuse us of not
decarbonising anything.”
In further support of this, there was feeling programme stakeholders early on in the programme
that ESC were a little evangelical about Heat as a Service and were not clearly explaining how SSH2
was going to aid BEIS goals: “very high-level, very big ideas but not necessarily very clear or
convincing ideas for how they were going to deliver real benefits.”
Challenges or inadequacies in explaining the link between the trial and achieving decarbonisation
meant that there were two areas of messaging required from end of project dissemination activity:
1) understanding what was done and why; 2) understanding what was learnt. Arguably, the second
objective might have been easier to achieve, if the first had been delivered earlier in the
programme.
The programme team should be coordinated and communicate to avoid silos. It was
acknowledged by ESC that there was an issue with internal communications in the first few months
of the programme. In response to this, an appointment was made to ensure teams looking after
specific elements of the trial were better coordinated and that there were clear responsibilities and
a shared understanding of why certain activities were being conducted.
There was also some tension internally regarding the extent to which SSH2 represents ‘a’ route to
decarbonisation versus ‘the’ route (and thereby some variance within the programme team as to
what the trial should seek to achieve, with some seeing it as a neutral test-bed, whilst others
viewed it more with the intention of demonstrating that ‘approach x’ works).
In discussion with the programme team, it was observed that where understanding of the purpose
of activities was different, this was often as a result of a tension between those seeking to deliver
the activities as agreed in the scope of the programme and those seeking to maximise the learning
from the programme, even if it meant deviating from the original scope.
Although at some points this tension was challenging for the team (e.g. the content of the Field
Trial report was the subject of a number of meetings and went through many rounds of internal
review), it did not result in any delays to the delivery of activities. In fact, although perhaps difficult
for delivery teams at the time, outputs may have also benefitted from this continuous scrutiny and
challenge.
The expectations of delivery partners need to be carefully managed. Throughout the course of
SSH2 delivery, partners had high expectations of the outcomes of SSH2. This is, in the main, a
Page 66 of 82

D32: Evaluation Report

legacy of their involvement in SSH1 which was not always perceived to have been a good return on
the resources (time and or money) invested. Reasons given for this included: the small size and
representativeness of the sample of households included in SSH1 (and so the robustness and
extent of the insights that could be generated), the relatively narrow stakeholder community
included in SSH1 (and so the usefulness of insights on the feasibility of concepts for the UK
market), and that due to ETI commercial arrangements few findings could be widely disseminated
from SSH1 at first. In addition, SSH1 was seen as more of a development of ‘things’ (software,
concepts) without necessarily trialling them and demonstrating their commercial viability.
Additionally, in SSH1, expectations for SSH2 were established (before ESC took over the contract)
about the role of delivery partners in relation to project participation and budget control. As a
result of conversations in SSH1, delivery partners in SSH2 expected to have responsibility for part of
the delivery budget in SSH2 and to sit alongside ESC as a decision maker for the programme.
However, the reality of SSH2 is that delivery partners performed more of a consultative role, being
consulted on decision making and kept informed of the progress of the programme and outcomes.
For some, this change in anticipated role, albeit understood, has not met their expectations: "… we
don’t think we have got sufficient outcomes from the programme as expected."
Based on conversations in SSH1, delivery partners hoped (to a greater or lesser extent) for a larger
scale of trial than was delivered in SSH242. They stated the need for a much wider demonstrator to
test the feasibility of market appetite for different elements e.g. heat plans, pricing strategy. This
ambition stems from an understanding of the enormity of the work required in the decarbonisation
of heat: “in theory a million homes a year switching to renewable energy from 2020-2050.”
Delivery partners highlighted that whilst information had been disseminated through summary
presentations, it would be useful to see and interrogate some of the data that underpinned some
of the summary statements made in these meetings: “… everyone around the table had a high level
of expertise in this area so you can give them a little bit more information.”

Supply and service models for delivering heat decarbonisation
The SSH2 winter trial has provided a specific example of how an ESP service offering could work
(albeit it would then need to be supported by a business model). It has also generated a large
number of learnings on a) customer appetite for Heat as a Service b) the process of delivering an
offering (regardless of the precise approach / business model selected). Heat as a Service is one
potential service, and the programme provided evidence of how a ‘Heat as a Service’ concept
might be designed:

42



It produced findings on approaches to engage consumers in new service offering, how to
design heat plans, the need for formulation of a supply chain to deliver new service
offerings, what is required in terms of customer technology / capabilities to deliver the
service (including the type of functionality that customers may want), customer care
requirements to change service design and the types of data that could be obtained and
analysed through the Heat as a Service concept.



It has also engaged stakeholders to think about their involvement in a service and how each
element might be monetised e.g. supply would be straightforward but platforms less so.

This is likely a legacy of conversations around SSH2 during SSH1 when a larger demonstrator was mooted.
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Although, as a result of the trial, the exploration of the Heat as a Service concept went further than
the exploration of other supply and service models for delivery heat decarbonisation, other supply
and service models were explored as part of the programme.
The Energy Systems Catapult produced a report (D8 Market Transitions Report) providing detailed
examination of potential future market approaches which may deliver decarbonisation. Twentyeight high level business models were outlined and then distilled into a set of five, based upon a
set of scoring criteria (considering benefits to society, benefits to energy system resilience, benefits
to sustainability / efficiency robustness of the business model) and which have been explored in
detail. These five business models appear most feasible in enabling innovation to be delivered at
sufficient scale to meet 2050 targets. The business models are:










Building / retrofit and operation. An energy service provider provides services at low /
zero upfront costs to new build / retrofit properties to address energy efficiency and create
smart-enabled homes. Costs are paid back by the customer over time through energy
service bills.
Municipal ESCo (heat and power). Aimed at municipal owned social housing, and
providing services for tenants for deep retrofit, with tenants paying back costs over time
through energy service contracts.
LISCo (both the data and capital-intensive versions). A lifestyle services company,
providing energy and wider services through a one-stop shop for all services, including
installation of equipment and other home improvements, with no upfront costs and a
contract for repayment.
Supplier – aggregator. An Energy Service Provider, similar to a supplier in the existing
model, but with added service to aggregate and sell consumer flexibility to markets, thus
offsetting the customer bill. This is a model that customers will be familiar with, as it is a per
kWh offering.
Commercial ESCo. A model already mainstream in the commercial sector but yet to be
demonstrated for private customers.

Capabilities for delivering heat decarbonisation
As outlined in the theory of change, the work of the programme could be seen as a necessary step
to inform pathways to decarbonisation of domestic heat (whether or not that is delivered through
Heat as a Service) but will not be sufficient (neither was it intended to be). Other capabilities will be
required to enable market innovations to be delivered at sufficient scale to meet 2050 targets:
Investment in decarbonisation of domestic heat
There is wide recognition that substantive investment will be required to facilitate the
decarbonisation of domestic heat in both supporting an upgrade to existing infrastructure /
funding new infrastructure and the capital required to retrofit properties or build new homes that
are decarbonised. It is not yet identified how this will be financed.
Several stakeholders interviewed as part of the evaluation voiced a concern that whilst the trial had
been heavily managed and there were opportunities for economies, it had not demonstrated cost
feasibility to ESPs: “At the moment I think it’s over £1000 per home to have everything installed and
up and running. An ESP wouldn’t pay £1000 for one single house for some data. You’d be looking at
trying to reduce that down to [tens of pounds per house].” This is, however, a function of the trial as
learning exercise (rather than a failing of the trial): “what we have developed is really an experimental
research platform. It was never developed with a view to become commercially viable a product.”
Page 68 of 82

D32: Evaluation Report

Through the work on the programme, ESC identified that businesses need a motive to act to
decarbonise heat, and that investment by the private sector will “remain stifled” until a clear signal
to the market of how to tackle decarbonisation is provided43.
A number of organisations have tried to identify the potential costs of the decarbonisation of
domestic heat and made suggestions for how these costs could be financed e.g. a report by the
fuel poverty charity National Energy Action (NEA) identified three routes to decarbonisation.
Annual running costs depended upon the chosen route and were estimated as between £200 £800 per annum increase per household; with up-front capital costs ranging from £0 - £1500 per
household. The report describes three options for funding and financing these costs: subsidies
direct to householders; providing incentives to establish a market; and providing finance to
householders to help with up-front costs.
Government policy that supports a market-led approach to decarbonisation of domestic
heat.
Stakeholders interviewed as part of the evaluation were generally in agreement that a market-led
approach to decarbonisation of domestic heat needs a consistent policy framework, and direction
from Government about a future technology / technology mix and future fuel or power sources. In
terms of fuel or power sources various policy areas were cited by stakeholders including:


The phase out of fossil fuel boilers for retrofit: “have a sliding scale with retrofit oil boilers you can replace your oil boiler, but it will become less and less affordable, with a cut-off date
to prevent any more”.



Expansion of renewable sources as a proportion of electricity grid provisions



Supporting biofuels; “they need to allow the increase of biofuels to come more into the mix
because not everyone will have the type of properties that work on the electric economy”.

With regards to technology, stakeholders referred to the phase out of gas boilers for new build44,
introduction of heat pumps and use of district heat networks.
However, what was clear, was that ESPs and industry were looking for some indication of
preference: “pushing government to get the actual service offering right for customers and then any
company whether it's a network service operator or supplier can come along and offer packages of
services that may include the new technology for their heating because they've got an actual market
that they can play into. Whereas at the moment, the pricing, the charging structure, flexibility services
aren’t providing that business case.”
A regulatory landscape that supports decarbonisation of domestic heat.
A number of wider reports on the subject recognise the role that regulation can play in supporting
the decarbonisation of domestic heat. Reference is often made to the role of regulation in driving
the electrification of cars, for example, through the commitment to end of sale of petrol and diesel
cars from 204045.

This is outlined in the conclusions and recommendations of D10-14 Market Transformations Report
Which was announced in the Spring Budget subsequent to the interviews taking place
45
E.g. BEIS A Future Framework for Heat in Buildings Call for Evidence Government Response (Dec 2018).
43
44
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A mixture of tax penalties / incentives, other incentives / subsidies and new build regulations have
helped to introduce decarbonising heat technologies to some extent in a number of countries.46

Delivery of innovation
Beyond what was learnt with respect to understanding pathways to decarbonisation, there are a
number of learnings from the evaluation which may be of use for organisations seeking to deliver
innovation:


How to fund innovation. SSH2 was funded as a ‘programme’ i.e. the content of the work
was specified at the outset of the funding. To evidence the work that was undertaken, a
number of deliverables were agreed – these took the form of reports with agreed dates for
delivery.
There are some observable advantages of this approach:
o

The level of detail agreed at the outset of the programme enabled activity to be
mobilised quickly.

o

The specification of activity suggested a structure for delivery that meant roles and
responsibilities could be defined quite clearly (in line with the requirement to produce
various deliverables).

o

Delivery activity was clearly accounted for i.e. programme staff could log their time in
relation to certain deliverables.

o

There is a clear legacy of the programme as a result of the number of reports produced.

However, there are some disadvantages of this approach:
o

It is perhaps inflexible, and it was not always easy to adapt future activity on the basis of
previous learning.

o

The reports produced were primarily for a policy audience and key programme findings
were shared in a series of workshops with BEIS policy stakeholders. However, the
reports themselves were subsequently not well read beyond the policy group. Whilst no
one suggested a specific unnecessary output, there was a feeling that SSH2 had
generated a lot of reporting and there was some doubt as to how useful some would
transpire to be: “There’s a danger that you end up with reports that are 60 pages on a
very small niche area. There’s two people in the world who are going to be interested in
reading that, one of them was the author.”

o

Other funding mechanisms may allow innovation to be delivered at a better pace: “I can
see that we’re on a journey and maybe our aspiration was for the journey to be a bit
quicker, a lot quicker.”

Although the most appropriate route to fund innovation is a key Government consideration
when developing project business cases, funding innovation as a programme may not be
the most effective. There may be other less prescriptive options – and adaptive
management approaches which innovation R&D could adopt to achieve outcomes. It

Imperial College London, International Comparisons of Heating, Cooling and Heat Decarbonisation Policies
(November 2017)
46
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cannot be known what SSH2 would have delivered had it been funded in a different way –
but it may have been quite different.


Dissemination of innovation. The nature of the programme was that there was a period of
learning before this was distilled into messages for an external audience. However, this
meant that dissemination activity was concentrated into the final two months of the
programme. Given the timing of the evaluation, it was too early to say what the impact of
this dissemination activity was. However, in recognition of the fact that messages will be
more effective with stakeholders when repeated, there was likely insufficient time for
repetition of key messages with industry stakeholders within the funded period of the
programme for the full potential impact of those messages to have been realised. It may
be useful to consider funding some ongoing dissemination activity for a period after the
programme e.g. up to a year.



Extension of evaluation activity. Canvassing the views of key stakeholders beyond the
official programme end date in March 2019 would mean a greater distance for respondents
from the programme delivery – and therefore potentially a new perspective. An extension
to evaluation would also be valuable in exploring the extension to the trial.
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8. Conclusions
Smart Systems and Heat Phase 2 (SSH2) has developed evidence on how to facilitate the take up of
low-carbon heating solutions across the UK through the development of new services. The aim of
SSH2 was to deliver a test bed with local authorities and industrial partners (delivery partners) for
understanding the needs and desires of discerning energy consumers, in order to develop and
evaluate examples of potential new service offerings, as well as developing the understanding of
the related policy implications.
The key findings of the evaluation have been set out in response to the three evaluation aims,
before some overall reflections on the theory of change:
1. ‘Programme learning’ aim: To provide evidence of what has been delivered alongside
understanding that supports and improves SSH2 delivery
Overall, the intended outputs of SSH2 were delivered and there is evidence of the good pace and
quality with which these outputs were delivered.
A trial in domestic dwellings, testing the concept of ‘Heat as a Service’, took place in winter
2017/18. ESC developed a research platform, ‘Home Energy Services Gateway’ (HESG), which
integrated software and hardware to control and deliver heating in each room in each home, and
to collect data on the preferences of the homeowner, such as desired temperatures and hours of
operation, as well as thermal performance of the dwellings.
ESC recruited 108 homes to participate in the trial across four locations, representing a diverse mix
of dwelling types (by age of building and size) and homeowner profiles (by number and age of
occupants). In recruiting homeowners and implementing the winter trial, ESC developed the
language and methodology for talking to consumers about Heat as a Service, as well as an
understanding of the appetite and consumer preferences for Heat as a Service. Evidence of this is
the ‘selling’ to 47 of the 108 homeowners of a ‘heat plan’ – a method for homeowners to purchase
‘warm hours’ rather than units of fuel.
ESC conducted research of - and worked with - industry, Energy Service Providers (ESPs), and the
supply chain to identify their appetite for, and barriers to, delivering Heat as a Service and other
pathways to decarbonisation, as well as built relationships with policy to identify market driven
opportunities and suitable technologies. Evidence of the understanding built through these
relationships is documented in a number of reports that the programme team drafted on the
market transformations required to deliver Heat as a Service.
In three areas – Manchester, Newcastle, and Bridgend - ESC worked with the local stakeholders, in
particular with local authorities, to develop Smart Energy Plans, building relationships with local
actors, and an understanding of the issues concerning their implementation.
Building on the capabilities and assets developed through the 2017/18 trial, ESC now has a test bed
/ living lab for trialling efforts to decarbonise domestic heat. A winter trial was conducted in
2018/19 testing advanced control of a hybrid heating system (gas boiler and heat pump) using
HESG, and further demonstrated a pathway to decarbonisation of heat, in accordance with the SSH
concept. In the course of the 2018/19 winter trial, ESC has partnered with Bristol Energy and Baxi –
demonstrating market appetite for testing the SSH concept and other pathways to
decarbonisation.
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Reflections on programme delivery did not identify any ways in which ESC could have changed the
activities themselves to better deliver the outputs and outcomes as anticipated. However, a number
of ways in which those activities were managed were identified as opportunities to better deliver
the outputs and expected outcomes as anticipated.





Allow sufficient for project preparation, development of software and recruitment (so
starting the trial earlier in the winter period)
There needs to be a focus on decarbonisation – and how this is being delivered – running
through all project activity
The programme team should be coordinated and communicate to avoid silos
The expectations of delivery partners need to be carefully managed.

2. ‘System learning’ aim: To provide understanding and evidence of the extent to which
SSH2 is developing an effective pathway to decarbonisation.
In the longer term it is anticipated that the programme will result in one or more pathways to
deliver heat decarbonisation being identified and tested. The first step towards this is
demonstrating that Heat as a Service approaches and / or alternative pathways to deliver heat
decarbonisation are technically achievable, commercially viable, desirable for consumers and
supported by decarbonisation policy. There is some evidence in support of this (the next steps
from here are investment in decarbonisation of domestic heat, government policy to support the
decarbonisation of domestic heat and a regulatory landscape that supports decarbonisations of
domestic heat). There is some evidence in support of some of these nearer term assumptions
required to deliver the programme goal.
The programme did not place clear emphasis on low carbon heating systems in the first instance;
low carbon heating systems were not tested in the 2017/18 winter trial. In the 2018/19 trial, HESG
has been integrated with heat pumps, and may therefore lead to the learning required for technical
achievement of Heat as a Service with low carbon heat technologies. SSH2 has gone some way in
terms of testing consumer acceptance of Heat as a Service, but on a small scale.
However, at this stage, less is known concerning the commercial viability of Heat as a Service and
the desire / appetite of consumers for heat decarbonisation through Heat as a Service. Through
further development of the test bed / living lab, greater understanding of the commercial viability
and desirability of heat decarbonisation will be delivered.
Market analysis and engagement with stakeholders has identified the characteristics of potential
business models and market structures required to support the development of an effective
pathway to decarbonisation. The use of analogous case studies has helped to communicate these.
However, whilst these have been sense tested through debate and industry challenge, the next step
is to test these models in a commercial environment. It is not yet clear whether and how this might
be done and challenging barriers, concerning finance and capital expenditure, may prevent or slow
new entrants to the ESP and supply chain markets.
SSH2 has provided the resource and focus to demonstrate how local area energy planning and
analysis can be translated into local initiatives and actions. Outside of the SSH2 programme, the
context for heat decarbonisation has helped to facilitate these plans e.g. in Manchester plans for
carbon neutrality by 2038, and commitments for addressing fuel poverty have facilitated interest in
the Smart Energy Plan. It is too early to see whether these plans deliver on their potential for local
area heat decarbonisation.
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3. ‘Strategic learning’ aim: reflecting beyond SSH2, to provide broader understanding and
evidence about the models, capabilities, and contextual factors required to enable market
innovations to be delivered at sufficient scale to meet 2050 targets.
Energy Systems Catapult produced a report providing detailed examination of potential future
market approaches which may deliver decarbonisation, and consideration of 28 business models,
five of which appear most feasible.
Although the work of the programme is a necessary step to inform pathways to decarbonisation of
domestic heat (whether or not that is delivered through Heat as a Service), it will not be sufficient
(nor is it intended to be). Other enablers will be required to drive these market innovations to be
delivered at sufficient scale to meet 2050 targets:


Investment in decarbonisation of domestic heat (whether through public or private sector)



Government policy that supports a market-led approach to decarbonisation of domestic
heat



A regulatory landscape that supports decarbonisation of domestic heat.

Investment by the private sector is identified as ‘being stifled’ by the lack of a clear policy signal;
however, the announcement in the Chancellor’s Spring Statement (2019) mandating the end of
fossil-fuel heating systems in all new houses from 2025 is an initial indication of policy intentions in
this area. Further policy and regulatory changes are required to provide the context of
decarbonisation of domestic heat e.g. expansion of electricity networks and support for biofuels,
tax penalties / incentives / subsidies, and regulations affecting new build and refurbishments.
Reflections on the theory of change
As discussed throughout this report, a theory of change for SSH2 was developed in consultation
with SSH2 programme staff. The theory of change sets out the expected pathways towards the
overall outcomes and goal of SSH2 through describing the activities, outputs and expected
outcomes of the programme.
This final section provides some reflections on what has been learnt from the evidence on what the
stronger and weaker elements of the theory of change are. This is indicated in the theory of
change diagram through the colour of the lines linking each element of the theory (inputs,
activities, outputs, outcomes and the programme goal). The colour of the line indicates whether
there is currently weak, medium or strong evidence of the pathways set out in the theory of
change.
The evidence is stronger for the nearer term pathways within the theory of change, the pathways
linking inputs to activities and activities to outputs. The outputs in the theory of change are
informed by the deliverables of the SSH2 programme; given the fact that those deliverables are
contractual, it is perhaps expected there is strong evidence for these pathways. The strong
evidence linking inputs to activities and activities to outputs is also a reflection of the fact that the
theory of change was finalised with ESC in the final months of the programme. This provided the
benefit of hindsight in terms of setting out what were known to have been the outputs of the
programme.
At the outset of the programme, it was not anticipated that any outcomes would be evident within
the timescales of the programme. However, there is evidence for some of the outcomes and
evidence that these result from the outputs of the programme. In particular, there is strong
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evidence that the knowledge and assets developed through the winter trial are being used by ESC
to build a test bed / living lab for future products and services seeking to decarbonise domestic
heat. It should be acknowledged that this outcome is within the control of the ESC and – largely does not depend on other actors,
There is some evidence that the programmes’ interest in, and engagement with, ESPs has
contributed to ESP interest in, and desire to, test HaaS and / or other pathways to consumerfocused delivery of heat decarbonisation. However, the evidence that ESPs and the supply chain /
industry are the using data, insight and learning to help design interoperable heat products,
services and policies / regulations, to support and deliver decarbonisation of heat through HaaS is
currently weak. It may be that, in time, there is further evidence of this – evidence to inform this
assessment was being collected at the same time that the programme was making data, insights
and learning available to ESPs (i.e. at the close of the programme). This might be something that
BEIS seek to explore 12 months or so after the conclusion of the programme.
As hypothesised in the theory of change, many consulted in the evaluation (both internal and
external programme stakeholders) felt that Government could use their soft power or legislative
powers to drive ESP interest in delivering decarbonisation of heat e.g. by indicating this as an area
of policy. The evaluation found some evidence for Government using the learnings from the
programme to inform messages that could enable market driven consumer- focused delivery of
heat decarbonisation. However, this is an area where Government could do more (if they wanted
to stimulate market driven change). The programme set out evidence of how Government policy
had stimulated market driven changes in analogous markets (e.g. electric cars).
The vision for SSH2 (as reflected in the theory of change) was that the interest and awareness
stimulated by the programme would result in ESPs, industry and the supply chain delivering further
trials (at a number of levels in terms of scale and complexity) in order to further test
decarbonisation of heat and HaaS. Trials could range from individual homes (in the ESC test bed
and / or other homes) to local area led trials of Smart Energy Plans. There was evidence of an
appetite for trials, and some evidence of trials being planned or delivered e.g. the Electrification of
Heat Demonstration Project (funded by BEIS). This is an area that Government could seek to
promote through funding calls and competitions in order to accelerate learning.
There was evidence of local areas planning to implement energy projects, including those
identified through the Smart Energy Plans developed with the support of SSH2. Following the
conclusion of SSH2, there may be a role for Government to track the learning that results from this
and to create a forum for sharing this knowledge. This would inform both wider trials and other
areas engaging with ideas of local area energy planning.
Finally, building on the above, there may be a further role for Government in creating a wider
forum for capturing and sharing the learning for identifying and testing pathways to deliver heat
decarbonisation.
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9. Appendices
How evaluation questions are addressed in the report
Table 5: How evaluation questions are addressed in the report

Question

Where covered in
the report
(chapter ref)

HLQ1) Is the work delivering – how and to what extent are the activities that the ESC is undertaking
delivering outputs and outcomes as anticipated?
How and to what extent have the intended outputs of SSH2 been delivered? If not,
why not?

3

How and to what extent are the expected outcomes/impacts of SSH2 observable? If
not, why not?

4

What is the contribution of SSH2 to observed outcomes?

4

Are there any unintended outcomes? And, if so, how can negative outcomes be
mitigated, and positive outcomes be exploited?

4

From the perspective of both internal and external programme stakeholders, what
aspects of SSH2 add the most value and why?

6

How could the activities that the ESC is undertaking be changed or adapted to better
deliver the outputs and expected outcomes as anticipated?

7.1

HLQ2) Is the ESC doing the right things – how and to what extent is the rationale for the activities
that the ESC is taking and their pathways to decarbonise domestic heat logical and sound?
How and to what extent are the expected outcomes / impacts that ESC is seeking to
stimulate, sufficient and necessary to achieve the SSH2 programme goal?

5

How and to what extent are the outputs that the ESC is aiming to deliver sufficient
and necessary to deliver the expected outcomes / impacts?

4

How and to what extent are the activities that the ESC is aiming to deliver sufficient
and necessary to deliver the intended outputs?

3

How is the surrounding context for SSH evolving - e.g. markets, activities,
technologies, policy etc. – and what are the implications for the SSH programme?

5

How is understanding of interdependencies between SSH and its surrounding
context evolving – e.g. adoption of connected home technologies for non-energy
related use cases – and what are the implications for the SSH programme?

5

What are the implications for the Benefits Management Framework, and how should
it be changed to help further inform and focus activities?

7

HLQ3) What is being learnt – what is the wider learning from the evaluation for efforts to enable
the decarbonisation of domestic heat?
What supply and service models appear most feasible in enabling innovations to be
delivered at sufficient scale to meet 2050 targets?

7.2

What are the capabilities required to enable innovations to be delivered at sufficient
scale to meet 2050 targets?

7.3

Is there any wider learning that can be applied to other organisations outside of the
Energy Systems Catapult?

7.4
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