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Abstract

Energy as a service, smart home opportunities, and electrification of heat and transport, can lead to
new ways of switching supplier or choosing new energy contracts. Here we used business model
collaboration workshops to create ‘archetypes’ of new utility business models that were then tested
with a representative sample of British energy consumers to explore their attractiveness to different
segments of society. We show that some of these segments have a substantial appetite for new
business models. However, the segments that choose these models are more likely affluent,
educated homeowners. Without intervention, innovation in utility business models risks
exacerbating existing social inequalities, as lower incomes, lower home ownership, and low
education, result in lower preferences for, or no ability to engage with, new utility business models.
We also find that institutional trust beyond the energy sector is a key driver of consumer
segmentation.

The energy companies that domestic consumers choose in competitive markets affects energy
transitions?. Energy utilities have adopted a ‘volume sale’ business model to reduce costs and
attract consumers**>%7_ This incumbent business model is threatened by low-carbon transitions®®,
because large renewables reduce the profitability of legacy fossil plant®, prosumers and

microgeneration reduce predictability and volume salesb11

t7,12

, more suppliers are entering the

market’12, and more flexible demand competes with traditional plant for flexibility services 3. These

pressures are forcing the volume sale model to change and adapt to survive the energy transition*.

The changes utilities make to survive in low-carbon transitions can also change the consumer energy

9,16

contract’®. New consumer contracts are emerging that integrate decentralised renewables”!®, move

1718 ‘and reward consumer behaviour

to ‘energy as a service’ as opposed to ‘pay per kilowatt’ tariffs
change®?%2!, The energy transition in liberalised markets is shaped by these trends?2. However little
has been done to understand consumer preferences for these new business models and how these

consumer preferences could affect the transition.
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Most research on consumer preferences in energy retail markets relates to switching suppliers?.
This work shows that consumers do not respond well to price signals, and the number of households
who enter the market to find a better deal is lower than 'regulators would hope or economists
predict 24252627 Recent research has turned to behavioural economics? to explain these trends.
Behavioural economics recognises consumers are not perfectly rational; they operate in dynamic
markets, where options are too complex to fully process®.

This complexity leads consumers to adopt ‘satisficing’ over ‘optimising’ behaviour. Satisficing
behaviour aims at satisfactory levels of performance given existing resources and imperfect
information®. There is strong evidence that consumers are satisficing in their choice of energy
supplier 33233 Consumers are likely to make decisions based on simplification strategies that reduce
the complexity of decision making and fall back on heuristics such as trust in institutions to
distinguish between options3#*®. Consumers also exhibit status quo bias and loss aversion behaviour
in making energy choices®®. This satisficing behaviour comes at a price however, as even consumers
on the poorest energy contracts report high confidence they are on the best deal for them, and
report high trust in their current supplier23.

Consumer satisficing is problematic enough when consumers are choosing between contracts
competing only on price. This problem may be compounded if consumers are being asked to choose
between diverse contracts created by utility business model innovation. Yet there has been little
work to explore the types of utility energy contracts consumers are likely to opt for when presented
with a range of possible offers. This is the problem we address in this study. We explicitly assume
both the utility companies and their consumers are operating under uncertainty, both are searching
for satisfactory strategies in the market and these decisions will evolve with each other to affect the
direction and outcomes of energy transitions. To explore this relationship, we define the business
models utilities are exploring to respond to the pressures of a low carbon transition and what
contractual attributes might they offer consumers, and test how consumers respond to those new
business models, and which consumers prefer which new contracts. We then use the results to
explore the implications of these data on energy transitions and market regulation.

We found that utilities are developing new ways of electrifying heat and transport, servitising the
energy contract, bundling energy services with other infrastructure services, and facilitating peer to
peer platforms. We also identified four consumer segments with varying appetites for new utility
contracts. The segment with the highest appetite for new models is also the smallest (16% of
respondents), suggesting new utility business models might only have a limited niche to expand into.
The other three segments face barriers to participation based on tenancy type, or income levels; or
barriers to acceptance based on social trust or market engagement. Based on our segmentation we
define three challenges for the energy transition. First, the potential for market innovation to stall
due to the most receptive segments being relatively small and/or most likely to rent; and the most
disengaged segments being most likely to own homes and have the ability to include building fabric
alteration in their energy contracting. Second, there is a social trust barrier to overcome that leads
to low confidence in new utility business models but also applies across other societal institutions.
Finally, the culmination of these issues could lock in existing social inequalities and lock out some
sectors of society from participating in low carbon transitions.

Business Model Generation



We adopted a collaborative business model innovation process®’ to explore how utility business
models can evolve to meet the challenges of a low carbon transition. We followed Rohrbeck et al,
who uses this approach to support collaborative business model generation in the German utilities
sector®. The workshop was undertaken on June 15 2016 with 38 industry, academic and
government stakeholders. We identified 11 future utility business model ‘archetypes’ that
responded to a hierarchy of threats to the current utility business model. We use the term
‘archetype’ to describe a new utility business models. Rohrbeck et al suggest collaborative business
model generation is done in three stages: 1) Idea generation, 2) prioritisation and 3) validation. As
this research was time constrained to a one day workshop, we used a project steering group
comprising three utility executives, two infrastructure consultants and two energy financiers drawn
from the Energy Research Partnership for initial ‘idea generation’ and took these ideas on utility
business models for further development in the workshop. See Supplementary Methods for details
of the workshop process.

Stage 1 prioritised the ‘systemic challenges’ to the incumbent utility business model (see
Supplementary Figure 6). The six highest priority threats to the incumbent volume sale utility model
were: 1. Policy Uncertainty, 2. Large Penetration of Intermittent Renewables, 3. Demand side
management, 4. Diversifying Supply Market, 5. Cost of Capital, and 6. Increasing Micro-decentralised
Optimisation.

In Stage 2 groups were asked to explore the implications of six proposed innovative utility business
models designed to address these systemic challenges. These business models were visualised in
component diagrams® The six initial business model concepts and component diagrams were
generated by the project steering group and were refined and expanded by workshop participants.
Figure 1 shows the resultant utility business models, Supplementary Figures 7-17 show all business
models considered in the workshop.

The five business model archetypes shown in Figure 1 were derived from the workshop in June 2016
and set the business models to be researched to the middle of 2019. During this time, some of these
propositions have been tested by utilities in the UK and elsewhere, none have been rendered obsolete
or unlikely since their conception. Indeed new electric vehicle tariffs are beginning to enter the
market“’, peer to peer trials are ongoing*!, automated switching models that show the early stages of
the ‘third party control’ archetype are emerging*, and bundled retrofit and energy service models are
being piloted®.

The attributes of the business models which could be presented to a consumer in a switching
situation were then developed by the research team and are shown in Table 1, along with a control
business model ‘same but smart’.

Conceptual model development

The attributes of each business model were presented to 2,024 British residential utility bill payers in
a questionnaire survey. The theoretical basis of the questionnaire design was the Technology
Acceptance Model (TAM)*. The value of TAM, or adapted variants of it, has been demonstrated in
several technology contexts including the uptake of IT services, e-commerce, and smart grids®.
Using an adapted version of the TAM in the technology driven context of innovative utility business
models is justified given that each business model involves different engagement with
technologically mediated, energy ‘smart’ behaviour?®.



The original TAM model explains willingness to adopt a technology by two factors: perceived ease of
use and perceived usefulness. Expanded versions of the TAM have found additional constructs to
add explanatory power and these capture individual experience as well as beliefs about how the
innovation under study would perform in relation to multiple societal factors. We ensured that our
measure of perceived ‘usefulness’ includes specific measures of expected value for adopters of
energy contracts as they involve both technology and service components*’. The model draws upon
diffusion of innovations theory by capturing notions of perceived ease of use and complexity*® and
the theories of reasoned action or planned behaviour®. These social-psychological theories have
informed behavioural economic approaches which recognise consumers are not perfectly
economically rational; they operate in dynamic markets, where choice is expanding and options are
too complex to fully process?®.

Through a combination of our domain specific knowledge of energy efficiency and tariff switching
behaviours within current energy markets, together with the components of trust® and personal
innovativeness® both proven to enhance the TAM, we developed a conceptual framework on which
to base the questionnaire design and analysis (see methods). The key constructs consist of
Experience (current knowledge, engagement and status quo bias), Salient Beliefs (concern about the
future, green beliefs), Personal innovativeness (openness to new technology), Trust (trust in
operators and perceived risk of system use), Perceived ease of use, Perceived usefulness (including
the value perceived from adopting the contracts), and Intention (stated likelihood to adopt).

Archetype preference

Survey participants were presented with the information in Table 1 on each archetype and were
asked to score it on several semantic differential attribute scales. This exercise provided for some
reflection on and assimilation of each option. Intention to adopt was measured using a ‘likelihood to
adopt’ scale. Participants were asked: “If this option was available today, what is the likelihood that
you would sign up for it?”. Responses were made using a sliding scale from 0 (not at all likely) to 1
(Very likely), which was then banded to create a 3-point scale (likely, neutral, unlikely). Figure 2
shows the control case ‘Same but Smart’ (see Table 1) performed best, followed by ‘Peer-to-peer’
with ‘Energy Service Company’ showing lowest overall attractiveness.

Consumer segments

We then identified energy consumer segments based on their likelihood of adopting the new energy
contracts. Segmentation studies have been used to identify different types of consumer in relation
to household electricity storage®, acceptance of demand control®3, energy conservation
behaviours®, or acceptance of smart grids. Some studies have used measured or metered
consumption data combined with only basic household and building characteristics to identify
groups of energy consuming households®. Others use a richer suite of variables based on qualitative
surveys and constructs from behavioural psychology to capture the psychosocial antecedents of
likely market acceptance and targets for behaviour change®. The bases used to cluster the sample
populations in these studies are multifarious, ranging among general values, lifestyles, general



patterns of energy consuming behaviours, attitudes to environmental issues, and specific energy
related behaviours. Some focus the clustering on the antecedents of behaviour only*?, others mix
both the antecedents and the intentions or behaviours themselvesError! Bookmark not defined. as
we have done here.

The cluster analysis identified four groups individually representing between 16% and 35% of the
sample. The groups were profiled using the variables used to create them as well as other factors
such as demographic characteristics and current energy use. Profiling consists of characterising each
segment individually using descriptive statistics as well as in comparison to the other segments using
measures of variance and association. Each of these segments was given a short name and a
representative narrative statement (Figure 3).

Segment archetype preferences

In a paired comparison task, respondents were forced to choose one or the other archetype in each
of the ten paired cases (order randomized). Each archetype was presented using the short paragraph
in Table 1, with two paragraphs displayed side by side. Whilst this method means that the key
attributes are less directly comparable than can be the case with some forms of conjoint analysis, it
was designed to promote engagement with the task by requiring identification and consideration of
salient characteristics of each business model.

Figure 4 shows the number of times each business model was chosen as a proportion of the number
of times it was available to be chosen (out of 4 eligible times for each archetype for each person).
This is the unweighted probability which shows that there was a statistically significant difference
between at least two of the segments for all but the New Electrifier archetype. Table 2 provides
these probability variables weighted by the stated ‘likelihood to adopt’ score to account for the fact
that the paired comparison exercise forces people to make a decision of some kind. Here there are
differences between at least two of the segments on all of the archetypes. This shows that some
segments are more discriminating across the archetypes than others.

The status quo option (SBS) is the standout preference of three of the segments although Engaged
but Cautious are still significantly more likely than all other groups to choose this option. This
segment demonstrates the joint-highest tendency to switch utility providers now and have achieved
high levels of satisfaction and engagement by doing so. They therefore represent an engaged and
informed group of consumers, but do not perceive the current system to be problematic enough to
need to change.

P2P stands out as being the second most favourable option for three out of four of these groups.
The Aspiring Opt-Outs are the most enthusiastic about this archetype (and the least in favour of the
ESC), motivated by a chance to break free from large utility companies and to achieve greater cost
savings.

Although the differences in preference for the NE archetype are less strong and more dependent on
which measurement of likelihood to adopt that we use, this option is nevertheless consistently
perceived more favourably than ESC for all but the Pragmatic Innovators for whom it is no more or
less acceptable than any other. The long contract term involved in the ESC seems to be off-putting to
both those who are less trusting of large energy suppliers (Unconvinced & Unmotivated or Aspiring
Opt-Outs) or those who are more trusting but still want to take some control and look for the best
deals when they can (Engaged but Cautious or Pragmatic Innovators).



The Pragmatic Innovators have the highest appetite for new types of contract overall, although they
have a lower tendency than the other three groups for the P2P solution. This segment is already
markedly more likely to have adopted new technology such as solar PV or electric vehicles and
express great faith in scientific and technological solutions. However, they are shown to have greater
levels of trust in larger companies than all the other segments, and feel less convinced that there are
large financial savings to be made from choices about energy suppliers. This might explain why the
greater level of ‘hands on’ decision making involved in P2P is not regarded as so necessary to
overcome trust and financial issues as the Aspiring Opt-Outs or even the Unconvinced and
Unmotivateds. Whilst the Unconvinced & Unmotivateds appear marginally more receptive to this
option than both the Engaged but Cautious and the Pragmatic Innovators, when the scores are
weighted by the stated likelihood to adopt (Table 2), their tendency to say they are unlikely to adopt
any of the models means they are the least enthusiastic for all the options.

Demographic, experiential and attitudinal characteristics

Table 2 displays characteristic variables for each segment, organised by the constructs of the
conceptual model in addition to some demographic variables which were not used in the
segmentation. Figure 5 focusses on one construct that proved to be one of the strongest predictors
of segment membership. Out of the 23 predictor variables of the segments identified using
discriminant analysis, ‘Trust in existing supplier’ is ranked fifth, and in ‘other suppliers’ ranked sixth.
Figure 5 shows further differences between the segments on trust of additional societal institutions
using a question that has been used to understand comparative switching behaviour in a number of
different markets and to set this in context of a person’s general trust tendency®’. In Table 3, we
bring together the analysis of all of the characteristics to provide a brief summary profile of each
segment and the implications for energy market transitions.



Discussion

These data show that there is some consumer demand for innovative retail energy contracts.
Although it is clear that the business archetype which represents only an incremental change from
the status quo (SBS) has proven the most popular, there are clear indications that different
consumers would be attracted to some other types of contractual relationships. Even the least
innovative segment in our sample (Engaged but Cautious) rejects the SBS model 15% of the time,
rising to 45% for the most innovative segment (Pragmatic Innovators). These show some desire for
tying in new services, appliances, and even building works into an energy bill. This goes well beyond

what energy retail market regulation was initially designed to achieve®®.

As flexible tariffs, home retrofit/appliance bundles, and potential Peer-to-peer trading are all now
technically possible®®, and these data show they each can find a compatible consumer segment,
there is substantial potential for market disruption.

Given the UK retail market already experiences regulatory challenges from expanding conventional
competition>¥ this latent demand for innovative business models complicates the regulatory task
further and invites a policy and regulatory response. From this data we extract three challenges:

Pragmatic Innovators show a high preference for two utility business model archetypes that are
radical departures from the current utility model ‘Energy Service Company’ and ‘Third Party Control’.
Importantly, the two segments with above average owner occupation status (Engaged but Cautious
(66% owned outright or mortgaged) and Unconvinced & Unmotivated (72%)) are the least likely to
choose the two archetypes that require alterations to building fabric, i.e. Energy Service Company
and Third Party Control. This is a problem when these business models rely on changes to the
building fabric which are paid for by long term energy bill savings. UK housing tenure trends show a
reduction in owner occupation and in increase in private rented tenure®. This is especially true for
younger demographics (op cit). Since both Pragmatic Innovators and Aspiring Opt-Outs are younger
than the average in the sample, and of below average or decreasing likelihood of owning their own
home, this means there is a disconnect between the segments that find such business models
attractive and their ability to sign up to them when in rented tenure.

For ‘Aspiring Opt-Outs’, who are younger, lower income, and likely renting, the opportunity to
benefit from their preferred archetype of ‘Peer-to-peer’ may be limited as they are least likely to
have their own microgeneration to trade. With an average of 36% of the whole study sample in
rented tenure there is a large proportion of consumers unable to access many of the benefits of new
utility energy contracts.

Trust in one’s own and other suppliers is a significant driver of segment membership. However it may
not be trust in the utilities alone that drives segments to prefer different business models, but also
trust across societal institutions. Other recent work has pointed to the role of trust and legitimacy

t®1. However the data reported here show

between consumers and the evolving retail energy marke
remarkably consistent trust scores across societal institutions by segment, in sectors as diverse as

broadband provision, insurance, banks, and car manufacturers.

While societal legitimacy and institutional trust is important for energy transitions®, this work shows
that the sector may make more progress on business model innovation by targeting segments that
already trust the system, than working to change the perceptions of Aspiring Opt-Outs or



Unconvinced and Unmotivated consumers. The low trust levels displayed by these segments may be
relatively fixed across institutions, resistant to trust messages from the energy community, and not
entirely unfounded, given the Competition and Markets Authority found UK utilities were serially
overcharging less engaged consumers by hundreds of pounds per year”.

We may expect utilities to focus new tariffs and services towards Pragmatic Innovators and Aspiring
Opt-Outs, which make up 43% of the sample and are much more likely to choose a new type of utility
business model in a future switching decision. Further investigation of the Pragmatic Innovators
shows they are also amenable to direct load control of appliances and most likely to already have or
to purchase a plug-in electric car in the next 10 years. This segment also reports the highest income;
these segments find this innovation most attractive and are likely to have the highest ability and
desire to purchase smart, flexible appliances and vehicles first. Therefore, to mitigate the risk that
the monetary benefits of flexible electricity tariffs are most likely to be captured by higher income
groups, groups such as the Aspiring Opt-Outs who also desire flexibility and autonomy but more
specifically in order to manage their more limited income more freely, need to be targeted directly
and given the means to act on their preferences. This segment expresses the greatest preference for
the Peer-to-peer archetype yet has the least understanding of current bills, lowest trust scores, and
lowest incomes. This highlights a particular risk as Peer-to-peer offers may only be beneficial to
flexible, active consumers or those with microgeneration to trade. While the current energy market
suffers from inequitable outcomes for unengaged consumers, the types of utility business model
innovation explored here may only risk entrenching poor distributional outcomes.

Here we have shown that some consumers do want the types of business model being developed by
utilities in response to the pressures of existing low carbon energy policy. While the entry of these
new types of contractual relation into the energy market may be disruptive by itself, it also poses at
least three specific challenges to the UK sector, which under similar demographics and market
conditions may be present in other liberalised, decarbonising power sectors. First, there is the
potential for market innovation to stall due to the most receptive segments being most likely to rent,
and the most disengaged segments being most likely to own homes and have the power to opt for
contracts that include building alteration. Second, there is a social trust barrier to overcome in the
energy sector with low confidence across societal institutions for some segments. Finally, there is a
real risk that the culmination of these issues could lock out some sectors of society, including low
income, low information, and renting demographics, from participating in low carbon transitions. As
the market diversifies and contracts become more complex, consumers may rely even more on
heuristics to make decisions, introducing more complex consumer risks. The challenge for regulatory
institutions, is to recognise these risks and evolve the regulatory model of the retail market.

Methods

Survey design

The research aim for the questionnaire was to elicit the preferences of domestic energy consumers across a set
of business archetypes and to identify a rich set of possible explanatory factors for these choices. The explanatory
factors included in the study were based on the Technology Assessment Model combined with a literature review
detailed multiple situational, demographic and attitudinal antecedents of engagement with electricity and
energy usage in the home, including energy efficiency and tariff switching behaviours*>:636485_These findings
were used to inform the design of the survey including some batteries of questions already tried and tested in
the UK context in the examination of domestic energy usage® %4768 The novelty in the present study is the



profiling of potential future consumer groupings based on theoretically underpinned conceptual framework of
individual motivations involved in opting for different ways of engaging with their energy supply arrangements.

The questionnaire contained nine sections consisting of: (1) Domestic arrangements including housing type and
occupancy; (2) Supply of energy to the home including billing, tariff and expenditure, and comprehension of
these elements; (3) Heating methods and fuel including perceived levels of insulation and satisfaction; (4)
Perceived comfort and affordability, concern for and likely response to future energy prices, experience with
smart metering and demand control; (5) Reasons for choice of supplier, switching behaviour, satisfaction and
trust in energy suppliers and other types of service provider; (6) Business archetype attribute rating, paired
choice experiment and overall likelihood to adopt each model; (7) Current car ownership and usage, willingness
to adopt electric vehicles and shared mobility; (8) Attitudes towards different forms of energy generation, energy
supplier regulation and environmental beliefs/concerns, and (9) Individual and household socio-demographic
characteristics.

Addressing limitations of hypothetical choices

Eliciting beliefs about and preferences towards a set of ‘products’ that are not currently available and also
represent an area of consumption (domestic energy use) in which consumers tend to be minimally engaged, is a
serious research challenge. Three principal strategies were used to mitigate this:

1. Sampling of householders at least partially responsible for (and therefore most likely to be engaged
with) energy supply in the household (see ‘sampling’)

2. Building up engagement with the issues successively through the questionnaire by starting with factual
questions about current arrangements for energy supply against which people can mentally benchmark
future archetypes

3. Inclusion of topic areas which have been found by other studies to result in a diversity of opinion relating
to trust in organisations, environmental behaviour and cost of energy.

Altogether, the questionnaire took a minimum of 15 minutes to complete, with a median duration of 30 minutes.
The data that support the plots within this paper and other findings of this study are available from the
corresponding author upon reasonable request.

Data collection

The study employed a market research company (Accent) to programme the online survey and organise the data
collection. Accent specialise in online stated preference surveys with randomisation and have access to the SSI’s
global market research panel of demographically diverse adults (>18 years of age) who have voluntarily
subscribed to undertake such research. People register by providing varying amounts of personal and
demographic information that is later used to select participants for specific surveys. Thus, as is typical with such
panels, the SSI panel does not use probability-based recruitment. Nevertheless, the panel from which this study’s
participants were selected is large enough to enable the selection of a nationally representative sample or sample
representative of sub-groups that reflect the actual breakdown of their key demographics (e.g. age, gender,
region, social grade, ethnicity, disability etc.).

Participants were sent an electronic communication (email or through a phone app) to be asked to participate
and were rewarded a small incentive (approximately 0.85 GBP) for completion of the survey. The survey
underwent a pilot test in March 2017 during which 66 participants completed this version. This led to some
removal of attitudinal questions eliciting a disproportionate number of neutral responses. The final questionnaire
was in the field between 30" March and 13t April 2017.

Sampling

The aim was for a representative sample of electricity bill payers in England, Wales and Scotland. To screen for
such people, we used the following question:



Sample screening question

“Which one of the following describes your level of involvement in decisions about which company your
household uses to supply gas and/or electricity?

1. Itis my responsibility entirely

2. I have equal responsibility with someone else in the household

3. I have some involvement in the decision

| have no involvement at all THANK & CLOSE

As there are no reliable statistics against which to benchmark our achieved demographic profile of bill payers to
achieve representativeness among them, we used a proportionate stratified sampling approach to mirror the
general population® with quotas based on age (six groups), gender and residential location (eleven Government
Office Regions). Thus the sample itself is made up only of bill payers but unlikely to be entirely representative of
them. For example, the number of 18-24-year-old respondents had to be specifically boosted as a
disproportionate number of this age group were otherwise consistently screened out due to being less likely to
fall in to this group. However, given the focus of this research requires future facing preferences, over-
representing this group was justified.

SSl sent a total of 41,579 invites, of whom 3,552 started and 2090 completed the survey (i.e. a 5% response rate
and a 59% completion rate). Whilst this appears as a low response rate, it is not possible to calculate one with
on-line samples due to the need to consider the incidence rate (the proportion of respondents contacted who
qualify for the survey) and the fact the survey closes as soon as the required sample size has been achieved. Once
full quotas are considered, the incidence rate was 57%. The final achieved sample was 2,024 respondents after
some were removed (N=66) who were deemed to have provided incomplete or invalid data based on ‘straight
liner variables’ detected to indicate whether participants had given the same response for all sub questions in a
relevant block.

Participant characteristics

As discussed, this is a sample comprising only of domestic energy bill payers but with their proportions set
through quota sampling to match the characteristics of the general population. Comparisons with national data
for England, Wales and Scotland’®’%72 suggested that participants were somewhat better-educated, more likely
to be on ‘home duties’, included higher shares of people amongst the higher earners (>£40k per household per
year), more ‘owned outright’ but also more ‘rented’ households and had slightly higher car accessibility than
the general population. Otherwise the study population was largely representative in its demographic, socio-
economic and geographical characteristics. Therefore, no post-stratification weighting was applied. See
Supplementary Table 1 for details.

The sample was segmented using hierarchical followed by non-hierarchical cluster analysis. The clustering
variables were those representing the constructs in the conceptual model which are a compilation of beliefs,
experiential and preference factors. Note that we chose to include a measure of ‘likelihood to adopt’ among
the clustering variables. The mixing of generic and specific attitudinal variables in this way has a solid
conceptual justification. If based only on general antecedent constructs to intention (ie not including the
likelihood variable), the segmentation model could fail to identify that there is more than one group exhibiting
similar core beliefs or psychological processes but expressing different intentions or behaviours due to
important contextual or experiential antecedents. The converse may also be present whereby groups with
similar intentions may be present, but with markedly different beliefs or experience. If only one or the other
type of variable is put into the segmentation, there is a risk that such multi-faceted ‘attitude-behaviour’
linkages are hidden among generic groupings. It is important to realise that we are not developing a
segmentation model here that we claim will stand the test of time. The purpose is to understand now what the
appetite for change is, for what and by whom. We believe, therefore, that our model can serve as a practical



tool that offers a robust building block for the development of strategy in the initial market evolution of new
utility business models.

Identification of preference factors

The first stage in identifying variables to use as the bases for the cluster analysis was the development of
measures of ‘preference’ for the five business archetypes. Five measures were derived from the various
questions on the survey: (i) Likelihood to adopt each archetype (‘Likely_1" — ‘Likely_5’) using a single question
asked after each archetype was scored on a number of sematic differential attribute scales. (ii) Adoption spread
(‘Adoptspread’) is the highest value of ‘Likely’ minus the lowest for each individual to generate a signal of
preference certainty. If a person scores one or more options very high in terms of likelihood to adopt, and
another option very low, they have a larger spread than someone who scores all options similarly. (ii)
Probability of adoption (Prob_1 — Prob_5) the number of times chosen during the paired comparison
experiments divided by the number of times available to be chosen (see SI1 figure SI1.4). (iv) Weighted
probability of adoption (“WeightedP_1" — ‘WeightedP_5’) from the ‘Prob’ score and multiplied it by the ‘Likely’
score. (v) Preference stability (‘Reversals’) was a test of internal consistency calculated using an excel macro to
detect reversals between each combination of 3 options and then adding up the number per person. The
majority of people were perfectly internally consistent as 76% did not reverse their ‘ranking’ of options across
the three possible combinations with each option.

Data reduction

The attitudinal variables on the survey were subjected to data reduction in order to reduce the variables to a
smaller set of underlying dimensions to be used in the subsequent segmentation. In Factor Analysis, variables
that show similar patterns of variation across respondents are assumed to be associated with the same
underlying construct. Principal axis factoring was used in IBM SPSS Statistics v.22.0, chosen to account for some
non-normal distribution in the data. Rotation of the final solution is necessary in order to clarify the underlying
structure and produce a set of arbitrary factors which provide the clearest conceptual picture of the
relationships among the items’3. A direct oblim rotation was used as this maximises the variance of the
loadings within factors across variables so that each of the original items loads on only one factor. Oblim
rotation also allows the factors to correlate which avoids unnecessary loss of information in orthogonal
methods and thus leading to more reproducible solutions’.

The three batteries of questions each subject to the Factor Analysis (amounting to 30 statements in total, each
measured on a 5-point scale (usually strongly agree to strongly disagree)) were: (i) Attitudes towards the
environment and renewable energy (ii) General approaches to purchase decision making (iii) Process of
choosing energy suppliers. Each of these were subject to a series of analyses which were ran iteratively, each
time excluding items with low communalities (h < 0.5). Communalities identify the items’ variance and thus the
ones which form highly consistent scales that discriminate well in the clustering procedure’. Each component
was subject to reliability test using Cronbach’s Alpha (o) which measures internal consistency based on item
correlation. Alpha coefficients range from 0 to 1 and may be used to describe the reliability of each factor. 0.5
is generally regarded as an acceptable reliability coefficient’® and was used here.

The three batteries of questions were reduced to six latent constructs: (i) Green Urgency (ii) Green Scepticism
(iii) Information seeking when purchasing (iv) Inspiration seeking (v) Perceived Savings (vii) Engagement with
energy usage Discerning about trustworthiness and quality of service suppliers. Six questions had been
discarded from the analysis as inspection of the correlation matrix revealed that they were not significantly
related to any other items in this set or were found to be responsible for a lower alpha value. These factors are
a very valuable set of internally consistent constructs to be used in further analyses to understand consumer



perceptions and motivations. Factor scores, as opposed to summated scale scores, were computed for each
respondent in the data set to be used in the cluster analysis.

Supplementary Table 2 itemises the constructs with the interpretive label, factor loadings, Cronbach’s Alpha
score and percentage of variance explained in each of the three ‘batches’ of questions.

Cluster analysis

A two-stage cluster analysis common in market research”” was performed to identify segments of potential
consumers of the business archetypes. Segmentation market research begins with the assumption that there is
little value in targeting the average customer and more value in treating different people in different ways
because they are motivated by varying rationales’®. Hierarchical cluster analysis (HCA) is used first in an

exploratory ‘structure-seeking’ phase, followed by the iterative partitioning method (K-means) to ‘fine tune’

the analysis76.

HCA was performed on a set of 31 standardised variables comprised of those detailed in Supplementary Table
3 and chosen to represent the constructs of the conceptual model. The variables were standardized and
subjected to HCA, applying Ward’s method. The squared Euclidean distance was used as the proximity measure
in the clustering procedure. This gave an indication of how the sample population was partitioning and hints at
the optimal number of clusters to be used in the second stage. Following visual inspection of the HCA
Dendrogram (Supplementary Figure 4) a range of cluster solutions was chosen (from three to six segments) to
be carried to the next step.

The k means clustering takes the cluster centres of the HCA cluster solution as input and re-clusters the sample
according to the squared Euclidean distance from the centres. Since HCA does not correct cluster assignments,
k means can generate more homogeneous groups and hence improved solutions whereby variability within
clusters is minimised whilst maximising the variability between them’®. The number of clusters was specified at
three, four, five and six. Selection criterion suggested in the literature range from highly subjective to complex
mathematical procedures. The Agglomeration Schedule (Supplementary Figure 5)’° shows a jump in which the
value of the error coefficient nearly doubles when 4 clusters are reduced to three, giving a strong indication that
a four cluster solution made the most senses. This was confirmed by inspecting one-way ANOVA tables
performed for the different solutions using the 31 variables used to create them to ensure high variability
between groups compared to within them and the presence of discrete and concentrated clusters. This
procedure indicated that the four-cluster solution may be marginally better than both the three and five cluster
solutions, although significant and meaningful differences were found across all 30 segmentation variables for
all solutions. Since the four-cluster solution separated clusters with particularly distinctive views on adoption
likelihood, this solution was selected. Two participants were not clustered due to some missing data on key
variables. Hence the sample size for the cluster profiling is 2022.

Characterising the segments

The cluster analysis concluded that four relatively stable groups could be identified ranging from 16% to 35% of
the sample. The groups were profiled on the variables used to create them as well as other factors such as
demographic characteristics. ANOVA with Tukey post hoc tests were used for means comparisons, and chi-
square tests (two-tailed) where we compared relative frequencies of categorical variables across clusters.

We also undertook at discriminant analysis (DA) to test whether it was possible to define a set of variables
which could predict group membership with adequate reliability without including the specific willingness to
adopt (‘likelihood’) variables in the analysis. The DA confirmed that segment membership could be predicted
by only using the antecedent model constructs used to form the clusters as well as some demographic
variables we had found to strongly discriminate across segments. As explained in Supplementary Note 1, a
satisfactory solution that would predict group membership with 80% accuracy was found using 23 out of the
original 31 variables.
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Figure 1: Utility business model archetypes. The business models synthesised from the business
model collaboration workshop. The pure low carbon generator is not analysed in the consumer
facing experiment as it sells only to wholesale markets. Reproduced from ref®°

Table 1: The consumer facing attributes of each new business model archetype

New utility Consumer facing attributes
business model

Same but Smart Free to switch companies as and when you want to. You will have a ‘smart meter’ with ‘live’

(sBS)* information at home and on your phone etc. Your supplier can see how and when you use electricity.
You can change your behaviour (not use the washing machine etc) when you see that electricity is
cheaper.




New Electrifier
(NE)

You have a two-year contract. You get a discount for switching your home from gas to electric heat. It
will cost about the same as now. You might have some new things installed like electric radiators or a
heat pump. Your supplier can pause your heating occasionally for up to 15 minutes at a time, or take
control of when to charge your electric car to help you avoid paying the highest prices, though you can
opt out of this.

Energy Service
Company (ESC)

You have a 10-year contract. Your energy bills are guaranteed to be lower than you are currently paying
for the duration of the contract. You receive one bill for all your light, heat and any electric car needs.
You might have some new things installed, like insulation and a home energy management system.
Your supplier can pause your heating and appliances (such as your fridge) occasionally for up to 15
minutes at a time, or take control of when to charge your electric car to help you avoid paying the
highest prices, though you can opt out.

Peer-to-peer (P2P)

You have no contract with an energy supplier. You use an app on your phone to choose who to buy
energy from - you can choose based on price, type or location of energy. (For example, you might want
local green energy, even though it might not be the cheapest). You can change who you get your
energy from as often as you like. If you have a solar panel on your roof you can make money by selling
the energy from it through the app.

Third Party Control
(3PC)

You have a multi-year contract. You tell the company how you want to live your life and it takes
decisions on your behalf to deliver this. You receive one bill for all your energy, broadband, TV, mobile
phone, electric vehicle and water services. Your company may offer to install equipment like insulation
and a home energy management system to make your home more efficient and smarter. Your
company can pause your heating and appliances (such as your fridge) occasionally for up to 15 minutes
at a time, or take control of when to charge your electric car to help you avoid paying the highest
prices, though you can opt out of this.

*Control archetype used to reflect contracts available to consumers today

Figure 2: Likelihood of adopting each archetype. Percentage of participants (n = 2024) that
were likely, unlikely or neutral in their intention of adopting each archetype. Responses were
scored on a sliding scale from 0 to 1 (‘Very unlikely’ to ‘Very likely’) that were then coded as
unlikely (0-0.4), neutral (0.5), and likely (0.6-1).

Figure 3: Consumer segments. Labels, size and defining statement for each consumer segment.

Figure 4: Probability of adoption of each archetype in each consumer segment. Using ANOVA the
segments differ on all of the 5 archetypes at p>0.0001 with the exception of New Electrifier (NE) with
p=0.21 (SBS: F=95.138 (3) p>0.0001; NE: F=1.509 (3) p=0.21; ESC: F=36.898 (3) p>0.0001; P2P:
F=22.477 (3) p>0.0001; 3PC: F=37.408 (3) p>0.0001).

Figure 5: Trust across societal institutions by consumer segment. For each institution, the question was: “To
what extent do you trust or distrust the following types of organisation to treat you in a fair and honest way?” This was
measured on a 5-point scale from 1 (Distrust Strongly) — 5 (Trust Strongly). Using ANOVA, the segments differ significantly
on all of the 10 institutions at p>0.0001 Supplementary Table 5 shows the mean value, standard deviation, ANOVA and
Tukey post hoc tests for these 10 comparisons.

Table 2: Profile statistics on each segment on demographic characteristics and clustering variables

(A) (B) (c) (D) X2/F (df) p-value *
Engaged but Aspiring Opt- Unengaged Pragmatic
Cautious Outs and Innovators

% or % or Unmotivated % or




Mean (SD) ~ Mean (SD) ~ % or Mean (SD) ~

Mean (SD) ~
Demographics
Male (%)  45.9* 425" 55.9" 52.7 24.424 (6) p=0.00
Owner-occupier (%)  66.1 53.1° 71.7° 58.8 43.459 (6) p=0.00
With children (%) 23.8 28.7 1297 49.4° 134.081 (3) p=0.00
Degree+ education (%) 387 35.4 283" 43.6 24.399 (9) p=0.00
In work (%) 51.1 60.0 44.8 ° 75.5" 83.908 (4) p=0.00
> £60k p.a. income (%) 155 10.2 7 11.1 18.7" 43.039 (12) p=0.00
Mean age (yrs)  49.6(15.8) 5¢P 44.2(14.9) AP 55.1" (14.0) ABP 36.6 * (13.0)ABC 113.413 (3) p=0.00
Experience/ Engagement
Never switched supplier (%) 27.2° 49.2° 35.9 315 24.034 (6) p=0.00
Satisfaction with supply*  4.1°(0.5) 8¢ 3.17(0.8)AcP 3.5(0.7)8 4.0(0.6)® 262.091 (3) p=0.00
No. of energy actions®  3.2(0.5).<° 3.2(0.5)¢P 3.17(0.5)A80 3.6" (0.7)A8P 58.788 (3) p=0.00
Think about electricity ~ 2.7(0.8) &¢P 3.4(0.9)ACP 2.3 7(0.8)ABD 3.87(0.9)A8¢ 254.647 (3) p=0.00
Willingness to think ~ 2.6(0.8) 5P 3.1(0.9)A¢P 2.17(0.8)AB0 3.7°(0.9)#8¢ 286.575 (3) p=0.00
Energy engagement  3.6(0.9) B¢P 3.3(0.9) AcP 3.1 7 (1.0)ABD 3.8"(0.7) ABC 5.794 (3) p=0.00
Salient Beliefs
Worried about price now 1.6 7 (0.8) &P 3.1(1.2) AP 1.7(1.1)8P 2.6(1.3)ABC 275.571 (3) p=0.00
Worried for future 2.5 (0.9)8° 3.8(0.9)A¢P 2.6(1.1)80 3.4(1.1)8¢ 223.035 (3) p=0.00
Environmentally responsible  3.8(0.6) € 3.8(0.6)¢ 3.2 7 (0.7)AB0 3.97(0.6)¢ 101.669 (3) p=000
Environmentally Sceptic 2.4~ (0.6) B<P 2.8(0.6) AP 2.7(0.6) AP 3.47 (0.8)A8¢ 191.267 (3)p=0.00
Descriptive norm  3.3(0.9)° 3.27(0.9)° 3.3(0.9)° 3.6"(0.9)#8¢ 16.928 (3)p=0.00
Personal Innovativeness
Adopts latest technology ~ 2.7(1.0)¢P 2.7(1.1)¢P 2.17(0.9)ABD 3.8" (1.0)A8C 176.039 (3) p=0.00
TRUST
Trust own energy Co.  3.8(0.7)5¢P 2.8 7 (0.9)AcD 3.1(1.0)A8P 4.1" (0.8)ABC 233.642 (3) p=0.00
Trust other energy Co.’s  3.2(0.7)8¢P 2.6 7 (0.8)AP 2.6 7 (0.8)AP 3.77 (0.8)AB¢ 225.853 (3) p=0.00
Willing to share info ~ 3.3(0.8) 8P 3.1(0.8)ACP 2.37(0.9)ABD 3.97 (0.7)A8¢ 249.425 (3) p=0.00
Perceived Ease of Use
SBS  0.7°(0.2) B¢P 0.6(0.2) A< 0.4 (0.2) ABD 0.6(0.2) A< 8.906 (3) p=0.00
NE 0.5(0.2) 8Co 0.5(0.2) A&P 0.37(0.2) ABD 0.6" (0.2) ABC 165.999 (3) p=0.00
ESC 0.4(0.2) 8¢D 0.4(0.2) AP 0.3 7(0.2) ABD 0.6" (0.2) ABC 136.260 (3) p=0.00
P2P 0.4(0.2) &P 0.4(0.2) &P 0.2 7 (0.2) ABD 0.6" (0.2) ABC 135.804 (3) p=0.00
3PC 0.5(0.2) BCP 0.4(0.2) ACP 0.37(0.2) ABD 0.6" (0.2) ABC 115.045 (3) p=0.00
Perceived Usefulness
Perceived savings ~ 2.4(0.9) 5P 3.57(0.8)A¢ 3.1(1.0)A8P 3.57 (0.9)A¢ 158.602 (3) p=0.00
Less energy to save money  3.9(0.7) 8¢ 4.2(0.7)A¢ 3.5 7 (0.8)A8P 4.17(0.8)¢ 93.795 (3) p=0.00
Less energy for Environment ~ 3.6(0.9) <P 3.7(0.9)¢ 2.7 7 (1.0)ABP 3.9 (0.9)A¢ 132.611 (3) p=0.00
Smart control benefits ~ 3.2(1.0)<? 3.0(1.0) <P 2.0 7 (1.1)ABD 4.17 (0.8)ABC 280.458 (3) p=0.00
Intention
Weighted probability**: SBS  0.56" (0.27) &P 0.45(0.26) ACP 0.27 7 (0.24) A8 0.32(0.23) A8 158.955 (3) p=0.00
Weighted probability: NE  0.20(0.18) ¢® 0.22(0.19) ¢ 0.10 “ (0.14)ABD  0.27" (0.20) ABC 160.901 (3) p=0.00
Weighted probability: ESC  0.15(0.20) P 0.12(0.17) &P 0.07 “ (0.13)A4BD  0.31" (0.25) ABC 179.495 (3) p=0.00
Weighted probability: P2P  0.22(0.24) B¢ 0.32" (0.27)AcP 0.14 7 (0.19)ABP  0.25(0.23) B¢ 129.876 (3) p=0.00
Weighted probability: 3PC  0.13(0.17) &P 0.14(0.17) P 0.06 “ (0.11)A8>  0.29" (0.24) ABP 170.559 (3) p=0.00
Spread of scores ~ 0.55" (0.26)BS>  0.49(0.26) ACP 0.30(0.24)A8 0.29 ” (0.21) A8 145.771 (3) p=0.00
Consistency of scoring  0.25 * (0.64) ° 0.34(0.80) ° 0.31(0.72) 1.27" (1.45)AB¢ 114.550 (3) p=0.00
Cluster size (N) 706 537 449 330 2022
Cluster share 35% 27% 22% 16% 100%

~The homogeneity of variance test was met in each case to apply the Tukey post-hoc test alongside the ANOVA test. Different
letters indicate significant differences between specific segments using this test (p<0.05)

*A one-way analysis of variance (ANOVA) producing the F statistic or Chi Square (X2) was conducted to evaluate the
relationship between cluster membership and each variable

*For each segmentation variable, the value of the segment with the highest score is denoted with™ and the lowest with ~
whereby in all cases a low score equates to lowest agreement or most negative score on each statement

For an explanation of each variable name and the measurement scale used, please see Supplementary Table 3. In each case,
the higher the mean score, the greater the agreement or value on this construct or issue

**The probability score (proportion of times chosen (0-1)) multiplied by the stated likelihood of adoption score (0-1)

Table 3: Summary profiles of each segment and implications for energy market transitions. See
Supplementary Table 4 for a longer version and Supplementary Data for background response scores.

Summary Profile Implications for energy market
transitions




Engaged but
Cautious (EbC)
(35%)

These consumers are engaged in their energy, the
most likely to shop around and switch supplier,
finding it relatively straight forward, understand tariff
information and calculate potential savings. They
have high trust in own and other suppliers and high
willingness to share information with them. However,
because they feel satisfied that they can get what
they want out of the current market, are paying the
least for their energy and have the highest
satisfaction levels, they are not enthusiastic about
alternative business archetypes.

They appear more motivated at getting the best price
for their energy than saving money through demand
reduction or by being early adopters of alternative
energy sources. Their motivations for being price
conscious do not appear to be driven strongly by
affordability or fuel poverty.

They are the most environmentally conscious and
most consistently minded towards green energy,
although cautious about paying more. Although they
are environmentally motivated, they do not want to
work very hard for this. For instance, they are the
most likely to admit that they could reduce their
energy demand, despite being highly likely to say that
reducing energy would make them feel good. But,
they are clear about being not overly willing to spend
time thinking about the energy they use and this is
reflected in them being unconvinced by smart meters
and not standing out for undertaking many other
energy saving behaviours.

Tendency to be older, female, childless, educated, in
employment, average income and owner occupiers.

This group stands out as the
highest scorer on SBS with only
moderate rankings of all the
other archetypes. So, although
they are motivated to shop
around and inform themselves
about tariffs, their satisfaction
with the status quo appears to
lead to resistance towards new
business models.

Importantly, the two segments
with above average owner
occupation status (Engaged but
Cautious and Unconvinced &
Unmotivated) are the least likely
to choose the two archetypes
that require alterations to
building fabric, i.e. ESC and 3PC.

Aspiring Opt-
Outs (SO0)
(27%)

These consumers are the least likely to have switched
supplier despite lowest satisfaction and the highest
tendency to say they have thought about switching.
Those who have switched have the greatest tendency
to say they found it difficult and believe tariffs to be
deliberately confusing, with little financial gain from
one company or tariff to another. They are the most
likely to say they find their bills difficult to
understand. This is also reflected in them showing
the lowest levels of trust in their own and other
suppliers and the greatest resistance to suppliers
controlling appliances.

They do have some tendency to think about their
energy use and do show the highest engagement in
energy saving, as they are very motivated to save
money. They are paying above average for their
energy bills yet are by far least likely to say they are
able to keep warm in winter with a high proportion
citing cost as the reason. Despite being most worried
about keeping warm in winter, they are by far the
most likely of all segments to say they would cut
down on the amount of energy used if prices were to
rise by 20%.

They are only moderately environmentally concerned
and have the lowest faith in science and technology,
not considering themselves to be early adopters of
technology. They are reluctant to pay more for
environmental gain.

Highest overall for P2P, though
SBS still highest for them. Low for
ESC and 3PC.

It is interesting that those who
currently have the greatest
difficulty navigating the energy
market now would want to take
responsibility for a more
interactive market experience.
However, it makes sense in that
they do not trust the larger
suppliers and this would enable
them to ‘opt out’ of their control.
Their low trust is likely to have
led to ESC being their least
favoured archetype as this would
involve being tied in for such a
long period. NE is their third most
preferred option, perhaps based
on their expressed desire for
improvements to their home
heating systems.




Tendency to be younger, female, with children, less
educated, average employment, low income and high
renting.

Unconvinced and
Unmotivated
(U&U) (22%)

This group are indifferent about their energy use and
seem to have paid very little attention to it in terms
of their supply or their own behaviour.

Although this group have switched suppliers in the
past at an average frequency for this sample and they
are not particularly likely to say that it is too hard to
switch, they have low satisfaction with their current
supplier and are the least likely to know things such
as the tariff they are on, the insulation level of their
home or to believe that they understand their energy
bills.

They are not motivated by money savings or climate
change to change behaviour and they are the least
likely to be paying attention to any deals or their own
energy use. They are the least likely to say they are
thinking about electricity use now and want to think
more about it in the future or that they want to
change anything about their home energy system.
They are the least likely to have a smart meter or say
they want one, with the highest likelihood to say that
this kind of information is ‘not at all’ helpful and the
lowest (8%) saying they want one. They have the
lowest willingness to share their energy data with
others or having suppliers control their appliances.
They consider themselves to be late adopters of
technology.

Oldest, out of work or retired, male, childless, low
education, slightly below average income although
high owner occupier

Although P2P is the second most
popular archetype after SNS for
this group, their tendency to say
unlikely to actually adopt any of
them gives them lowest
likelihood of choosing any of the
business models. They
consistently rate all the
archetypes as complicated with
the most extreme scores on this
measurement of all the
segments. SBS is rated as the
least complicated and P2P the
most.

This group of consumers appear
difficult to ‘hook’ in to any
alternative models as they are
not engaged in their energy use
or particularly motivated by cost
or environmental benefits. Even
though it would seem that they
do not want to put the effort in
to anything which involves them
having to think much about their
supply, they are also very
negative towards the idea of
their data being shared or
appliances being controlled.

Pragmatic
Innovators (PI)
(16%)

This group of consumers are engaged, potentially
active but discerning.

They have the joint-highest experience of switching
suppliers so far, have very high awareness and
understanding of their energy tariff and are the most
likely to be actively undertaking energy saving
activities now and spending time thinking about their
electricity use. They are the most likely to say their
homes are already insulated, to have a smart meter
and they are by far the most likely to have a source of
heat or electricity individual to the dwelling such as
solar panels. They are also the most likely to have
alternatively fuelled cars. So, they are early adopters
and perceives themselves as such.

Interestingly, they have high trust in energy suppliers
and do believe that switching suppliers brings much
benefit because they are too similar. This means they
have the greatest preparedness to share information
with these suppliers and fore suppliers to control
appliances.

They have a complex view about the environment.
They say they are motivated to do something about it
and believe that issues are urgent, but do not believe
people’s freedoms should be curtailed and that the
problems may be slightly exaggerated.

They do believe that reducing energy use can save
money and be environmentally beneficial and they

Fairly equal choices among the
options. Highest of all the groups
on 3PC which may have appeal
across the variety of lifestyle
services involved in a working
family home with some
innovation tendencies.

Largest number of reversals
showing some ambivalence in
choice. So this groups appears
the least wedded to the status
quo and can see meritin a
number of different solutions




are the most likely to say that reducing energy
consumption would make them feel good. However,
they are also the most likely to say they could not
reduce their energy use any further.

Youngest with few above 55 years, balanced gender,
with children, highest education, highest income,
highest employment, owner occupiers
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