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ABSTRACT

Hard-to-reach (HTR) energy users encompass individuals who are physically difficult to reach, underserved, or
challenging to engage and motivate in demand-side energy programmes. Given a mix of societal challenges (e.g.
inequity, energy poverty, decarbonisation, the COVID-19 pandemic), HTR energy users are receiving increasing
attention. However, there is a lack of knowledge on the performance of interventions that target (explicitly or
implicitly) HTR energy users, particularly from a behaviour change perspective. Our study addresses this
knowledge gap, and aims to provide a systematic ex-post comparative cross-country assessment of nineteen case
studies, implemented in eight countries. From a methodological point of view, our study explores and tests the
usefulness of applying the ‘Building Blocks of Behaviour Change’ (BBBC) in assessing the extent to which in-
terventions employ design and implementation practices that are known to drive behaviour change. Our findings
reveal that interventions perform well with respect to the Audience, Behaviour, and Delivery building blocks, but
show room for improvement in the Content and Evaluate blocks. Assessing the BBBC framework reveals
promising results in terms of credibility, confirmability, transferability, and reliability; however, limitations and
uncertainties are also present. Considering the exploratory methodological nature of our study, the results
highlight numerous context-specific factors that frame our findings and the suitability of the research approach.
We underscore that greater attention must be paid to both the integration of behavioural science methods into
HTR interventions, and the systematic analysis of heterogeneity in future HTR-related energy research.

1. Introduction

opportunities to effectively engage HTR energy users, and provide rec-
ommendations to policymakers and programme managers.

Hard-to-Reach (HTR) energy users are receiving increasing attention
from policymakers, utilities, energy experts, and practitioners. A
prominent example in the energy field is the Users-Centred Energy
Systems Technology Collaboration Platform, run by the International
Energy Agency (Users TCP/IEA)," which, in 2019, launched a dedicated
Task on the subject. The HTR Task aims to identify barriers, needs and

Although there is no consensus in the literature regarding the defi-
nition of HTR energy users, most current concepts refer to people who,
for example, have limited access to energy services, lack relevant in-
formation, are hard to engage in interventions, are socially disadvan-
taged, and/or who are poorly represented in policy initiatives [1]. The
term HTR itself is not new, and has been extensively used in social work
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[2], social marketing [3] and health research [4]. The general HTR
literature underscores multiple socio-economic characteristics (e.g. mi-
nority, elusive, hidden, underserved or disadvantaged groups). When
applied to the energy field, this has led to the identification of a het-
erogeneous collection of HTR energy users in different countries,
including, for example, low-income households with children suffering
respiratory problems in Aotearoa New Zealand, high-income households
in Sweden, remote rural households in the United Kingdom, small to
medium-sized businesses in the United States, and indigenous commu-
nities in Canada [5]. In this context, and to ensure no HTR segment are
missed, the HTR Task has co-created and broadly defined HTR energy
users as “any energy user from the residential and non-residential sectors,
who uses any type of energy or fuel, and who is typically either hard-to-reach
physically, underserved, or hard to engage or motivate in behaviour change,
energy efficiency and demand response interventions” [6].

Despite the lack of conceptual clarity, the literature on HTR energy
users is growing. It has focused on, for example, energy poverty [7],
housing [8], remote communities [9], small businesses [10], low-
income households [11], and the rental property market [12]. Driven
by various societal challenges (e.g. inequity, decarbonisation, the
COVID-19 pandemic, and sharply rising energy prices), several impor-
tant insights have emerged. For example, ‘generic’ energy efficiency
(EE) interventions (such as programmes, policies, projects and pilots)
that provide ‘generic’ solutions fail to target most HTR energy users,
and, consequently, miss opportunities to engage them [7]. On the other
hand, a few empirical studies show that interventions that specifically
target HTR energy users can achieve greater energy-saving potentials
[10,12]. The literature also shows that engaging HTR users is not merely
a matter of implementing effective strategies, but also concerns co-
creation efforts, and the role of trusted middle actors during pro-
gramme design and delivery [13]. It is argued that co-creating engage-
ment strategies, such as energy advice, training and support services, is
critical to meet the needs of HTR energy users [14]. As a whole, the
literature reveals a lack of knowledge in several areas, notably: the
extent to which HTR interventions consider the psychographics of users;
whether energy behaviours are prioritised; whether interventions are
pre-tested (i.e. a given intervention has been tested or evaluated ex-ante
to its actual implementation via e.g. a randomised controlled trial); and
whether treatment effects persist in the long term [1]. In addition, there
is an excessive focus on technology and energy services, while little
attention is paid to user needs and behaviours [1,8,13,15]. Overall,
there is a dearth of evidence regarding the empirical performance of
current interventions that target (explicitly or implicitly) HTR energy
users.

Our study seeks to address this knowledge gap with a twofold
objective. It first provides a systematic, cross-country assessment of
nineteen programmes that address HTR energy users across eight
countries: Aotearoa New Zealand (NZ), Canada (CAN), Italy (IT), The
Netherlands (NL), Portugal (PT), Sweden (SW), the United Kingdom
(UK), and the United States (US) (details in Section 2). We seek to
answer the following, overarching research question: to what extent do
HTR interventions consistently consider specific energy users and behaviours,
tailored engagement strategies, successful implementation, and evaluation
practices? We present a combined ex-post assessment of interventions
targeting (implicitly or explicitly) HTR energy users, and practices that
are known to spur behaviour change (details in Section 2). Thus, direct
quantitative measures of programme performance in terms of behav-
ioural change are outside the scope of our study. Behavioural-oriented
HTR interventions are broadly defined as any public and/or industry/
utility-driven initiative that aim to promote or encourage energy con-
servation and efficiency behaviours (defined in the next section) among
HTR energy users. The analysed interventions target behaviour change
either at the individual or the organisational level, and aims can include
both energy and non-energy objectives.

Given the analytical challenges of studying HTR energy users (e.g.
major trust barriers, difficulty identifying them, privacy and gatekeeper
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concerns) [1], the second objective of our study is to explore and test the
suitability of a framework that can analyse HTR interventions from a
comprehensive, general behavioural perspective. Specifically, our study
applies, expands and assesses the ‘Building Blocks of Behaviour Change’
[16] (BBBC) framework, which is composed of five building blocks with
the helpful mnemonic ABCDE: Audience, Behaviour, Content, Delivery
and Evaluate (details in Section 2), and is based on a combination of
design thinking and methodological best practice in behavioural science
[16]. It has been argued that it is useful in guiding and standardising the
co-design process in behaviour change field research, with a variety of
stakeholders [16], and has been co-designed and used by the HTR Task,
from inception to implementation. While it has been used in the co-
design and evaluation of several field pilots, with a variety of HTR en-
ergy users (vulnerable and marginalised households [17], high/low-
income residential utility customers [18], small and medium-sized
businesses [19], the Municipality, University, School and Hospital
(MUSH) sector [20], and commercial building operators [21]) it has
neither been assessed, nor systematically applied before. We thus eval-
uate it against four criteria that aim to assess the rigour of qualitative
research, namely: credibility, confirmability, transferability and reliability
[22] (details in Section 2). As a whole, the present study explores the
flexibility and usefulness of the framework in international research
collaborations that combine inputs from different countries, cultures,
languages, end-use sectors and scientific disciplines.

Our paper is structured as follows. Section 2 provides details of the
methodology. Particular attention is given to the BBBC framework, and
the analysed case studies. Section 3 outlines our assessment of the in-
terventions targeting HTR energy users. Each section starts with a
summary of the findings followed by detailed results. The evaluation of
the BBBC framework is presented and discussed in Section 4. In the light
of the energy crisis (particularly in Europe), policy implications are
drawn in Section 5. Finally, we draw some conclusions in Section 6.

2. Methodology
2.1. Analytical framework: The building blocks of behaviour change

The BBBC framework was developed by the See Change Institute?
with the aim of providing a comprehensive understanding of how and for
whom behavioural interventions work best [16]. It is a transdisciplinary,
data-driven approach for designing and implementing effective behav-
iour change programmes [16]. The framework avoids categorising in-
terventions according to, for example, feedback, social norms, defaults
and commitment e.g. [23-25] as this approach runs the risk of focusing
on specific areas (e.g. a psychological intervention that focuses on in-
dividual values and motivations), and providing a limited perspective of
the interventions under analysis. Instead, it focuses on key building
blocks of interventions that support the continuous development and
integration of research findings into their design and implementation
[16]. It aims to bring together multi-disciplinary perspectives, and
capture the dynamic nature of real-world applications [16]. It is
composed of the following building blocks®:

e Audience: refers to the energy users or segments the programme
targets. This could be based on customer type (e.g. residential), de-
mographics (e.g. low-income renters), or those who (should) adopt a
specific behaviour (e.g. ensuring that they heat their homes to a
comfortable temperature to reduce respiratory illnesses). This is
important in order to understand the needs of energy users, market
barriers and context. It is also relevant to personalise the interven-
tion. Research shows that the effects of behavioural interventions
vary depending on the targeted groups. For example, one study

2 https://seechangeinstitute.com/
3 See Karlin et al. [16] for full details of the Building Block framework.
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shows that home energy reports are 2-4 times more effective with
liberals than conservatives in the United States [26], but another
shows that they are ineffective in Austria and even increase con-
sumption in already high-consuming households, being also inef-
fective in eco-conscious households who already feel they are doing
enough [27].
e Behaviour: refers to targeted behaviours. They can be simple (e.g.
turning off lights), specific (e.g. purchasing or installing a technol-
ogy), or general (e.g. reducing energy waste). Energy behaviours are
context-dependent, and are often defined as actions that (signifi-
cantly) affect use [28,29]. The HTR Task adopts a very broad defi-
nition of energy behaviour, which includes: activities and changes in
how energy-efficient technology (software and hardware) is pur-
chased or adopted, used, maintained, repaired and/or cleaned;
changes to large-scale investments such as retrofits; and changes due
to education, training, or awareness campaigns [1]. Behaviours to be
changed or encouraged need to be clearly identified, assessed and
prioritised [30].
Content: refers to the engagement strategy, communication and
(potential) framing of the message, including the language, design,
and images used in communications to promote or encourage tar-
geted behaviours. The way content is designed and communicated to
users has been found to be critical in social comparisons [31] and
smart metering [32], for example. Particular attention is paid to
whether contents are pre-tested and comparatively evaluated ex-
ante. In addition, and given the growing significance and interest in
the co-creation of energy solutions [33,34], this building block also
focuses on the co-development of communication contents with
stakeholders.
e Delivery: refers to the way an intervention is deployed to the target
group(s). It includes the medium, channel, messenger, frequency,
duration, and timing that the intervention uses to interact with, and
address energy users. Delivery is critical for the development of
segmented and targeted interventions [35]. Interventions can be
delivered in person, via print mail, email, social media, or trusted
messengers, among other options. While in-person interactions have
been shown to be most effective in many contexts [36], they can be
costly, and sometimes infeasible. In a meta-analysis, Karlin et al. [37]
identified several variables that moderated the effectiveness of
content delivery, including its frequency, medium, duration, and
combination with other interventions (e.g. goal setting, economic
incentives).
Evaluate: refers to the way (e.g. activities, plans, goals) the (cost-)
effectiveness of the intervention is measured, assessed and reported,
including (preferably) its non-energy benefits and impacts [38,39]. It
relates to internal and/or external efforts to assess the extent to
which the intervention is (not) effective in changing targeted be-
haviours. Evaluation is considered an integral part of intervention
design and implementation [40], and can generate timely and
valuable feedback for policymakers and programme managers [41].

The theoretical foundations of the BBBC come from different disci-
plines. For example, the framework emerges from social ecology, which
considers the interplay between individual, social, and societal levels of
analysis and asks us to always seek to study beyond the borders of in-
dividual disciplines when looking to understand or influence behaviour
of any kind [42,43]. Based on a review of the empirical research (for
details see [44]), the framework also builds upon two primary fields that
had been conducting research in this area: psychology and human-
computer interaction (HCI). It was found that HCI research focused on
user experience and visual design using qualitative methods, whereas
psychology research focused on the effectiveness of treatment variables
using experimental methods. Froehlich et al. [44] concluded that
“perhaps a future goal for HCI should be to initiate collaborations with
environmental psychologists” (p.7). The framework also takes into ac-
count collaborative governance [45] and design thinking [46], where it
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is important to identify and align a team or researchers or practitioners
on the right question(s) before beginning inquiry. It also rests on the
importance of landscape assessment [47,48] and literature review,
which is consistent in most scientific disciplines. It is also based on Ajzen
and Fishbein's principle of compatibility [49], which states that the
relationship between attitudes and behaviour are only as strong as their
compatibility in terms of the behaviour, the person, and the context. As
such, defining energy users and behaviour compose this step. The sup-
porting methods are mixed between qualitative and quantitative,
drawing from disciplines like social psychology [50] which largely
draws from quantitative survey research and sociology [51], which
largely draws from more qualitative interview research. The framework
is also meant to go from the exploratory, often inductive reasoning to
hypothesis testing using actual pilots and controlled experiments.
Finally, the theoretical foundations of the framework also come from the
field of evaluation [52,53], which underlines the importance and sig-
nificance of assessing interventions and policies for a variety of reasons
(e.g. knowledge generation, performance, choice, feedback, learning,
and accountability).4 For further theoretical and conceptual details, see
[16].

2.2. Case studies

A case study approach was chosen to provide a detailed examination
of HTR interventions, based on the BBBC framework. Case studies are
the foundation for evaluation research, and have contributed to the
understanding of policy formulation processes [54,55].

Our research focused on 19 case studies that addressed HTR energy
users and entailed various interventions in eight different countries (see
Table 1 for an overview). For a detailed description of each case study
and related data and information, see Ashby [56], Butler [57], Feenstra
[58], Mundaca [59], Realini and Maggiore [60], Rotmann [61], and
Sequeira et al. [62]. Our selection was based on four criteria: 1) targeted
(implicitly or explicitly) at HTR energy users; 2) a focus on energy (ef-
ficiency) and/or climate mitigation; 3) the promotion of behavioural or
organisational change; and 4) the willingness of case study programme
managers and stakeholders to be part of our study, and disclose infor-
mation. The chosen case studies focus on the residential (e.g. low-
income households with other intersecting vulnerabilities such as
renters or minority groups) and commercial (e.g. small to medium-sized
enterprises [SME]) energy users. However, note that not all in-
terventions were conceived explicitly to focus on HTR energy users. The
identification of cases studies was also supported by using a mixed
methods approach (e.g. a survey, interviews, a literature review, an
expert workshop) based on e.g. the definition of HTR energy users
[5,13]. Importantly, we do not claim that our sample is representative of
interventions targeting HTR energy users; moreover, our choice was
subject to various methodological limitations (e.g. related to external
validity), which are identified and discussed in Section 4.

Table 1 reveals that while interventions targeting the commercial
sector focused on SMEs, target groups in the residential sector varied,
and context-specific arguments were used to justify their implementa-
tion (e.g. fuel poverty in the UK). Regardless of the sectoral focus, pro-
gramme management also differed, with cases from the US and CAN
predominantly managed by utilities. With the exception of the ECAS
programme (SE) and Warm Fuzzies (NZ), most of the reviewed initia-
tives have been implemented recently, and all deploy(ed) a mix of in-
terventions that include information, economic, technological and
regulatory approaches to promote behaviour change. Many also offer in-
home advice, along with the training of, and engagement with, com-
munity middle actors and frontline providers.

4 See [77] for specific disciplines and recent contributions to the field of
behavioural insights for sustainable energy use.



Table 1

Overview of analysed case studies addressing HTR energy users.

Country

Case study

Sector(s)

Management

Period

HTR energy user(s)

Main objective(s)

Main intervention(s)

Aotearoa-New
Zealand
(N2)

Canada
(CAN)

Italy
an

The Netherlands

(NL)

Portugal
(PT)

Sweden
(SE)

United Kingdom
(UK)

Healthy Homes
Initiative (HHI)

EnergyMate (EM)

Well Homes (WH)

Warm Fuzzies (WF)

Indigenous
Community
Programme (ICP)

Small Business DSM
programme (SB-DSM)

Assist2gether

Social Housing (SH)

LIGAR - Energy
Efficiency for All

Energy Efficiency in
Telheiras' Traditional
Commerce (EETTC)

Energy Efficiency
Network (EENet)

Energy and Climate
Advisory Services
(ECAS)

Big Energy Saving
Network (BESN)

Warm Minds (WM)

Residential

Residential

Residential

Residential

Residential

Commercial

Residential

Residential

Residential

Commercial

Commercial

Residential
and
Commercial

Residential

Residential

Government (Ministry of
Health)

Association of Electricity
Retailers

Social Enterprise
(Sustainability Trust)
Social Enterprise
(Sustainability Trust)

Utility (BC Hydro)

Utility (FortisBC)

Multi-stakeholder
Steering Committee

Municipality (s-
Hertogenbosch)

Government (National
Energy Agency)

Academia (NOVA
University Lisbon)

Regional governments

Regional governments
and municipalities

Government (BEIS) and
NGO (Citizen Advice)

NGOs (National Energy
Action) and Mental
Health North East) and
Utility (E.On)

2013 - to
present

2019 - to
present

2013 -to
present
2008 - to
present

2019-2019

2017 - to
present

2017-2020

2016-2019

2017-2019

2015-2016

2016-2021

1977 - to
present

2013 -to
present

2012-2017

Low-income, highly
vulnerable households

Low-income households

Low-income households

Low-income households

Indigenous communities

Small and medium
enterprises

Vulnerable households;
energy poor

Energy-poor households
and tenants of social
housing

Energy-poor, vulnerable
households

Small and medium
enterprises

Small and medium
enterprises

Homeowners; housing
associations; SMEs;
social organisations

Vulnerable households;
energy poor

Households with
occupants dealing with
mental health issues

To devise individualised action plans to help
create warmer, drier, healthier homes

To reduce energy hardship by providing in-
home budget advice and support

To assist families and build on their pre-
existing knowledge of energy behaviour and
link them with existing government
programmes for insulation and heating

To design and deliver demand side
management (DSM) programmes in ways
that better serve Indigenous customers

To support and promote energy efficiency
improvements

To design and implement a standardised
intervention to tackle energy poverty

To create energy-efficiency packages that
are easier to install, better to use, and
cheaper for the (social housing) market

To implement consumer engagement
actions to increase energy efficiency in
vulnerable homes and reduce energy
poverty.

To explore energy-saving potential and
understand the drivers and barriers
influencing energy-related behaviours and
decisions

To support and promote energy efficiency
improvements

To provide impartial, free, technologically
neutral and commercially independent
advice on energy and climate mitigation
matters

To raise the awareness of and access to
energy-related advice and support

To mitigate the impact of fuel poverty and
support people with mental health issues,
and their carers, to reduce energy use,
promote more efficient use of energy, and
achieve warmer, healthier homes

Expert advice; home energy assessments; provision
of free or subsidised insulation, curtains, flooring,
ventilation, heating, etc.; support with energy bills
Energy literacy; energy saving tips; provision of
adequate tariff plans; connecting households with
relevant services (e.g. housing, social services)
Expert advice; home energy/social assessments;
energy saving tips; energy literacy. WH is part of the
HHI rollout in Wellington and is funded by the
government. WF targets energy users who are
outside of the WH eligibility criteria and is funded
by the social enterprise arm of the Sustainability
Trust.

Community information sessions; education and
training; community energy planning; provision of
energy education positions for community members

Awareness-raising campaigns; expert advice; free
energy audits; assistance with sourcing contractors
and applying for rebates

Energy training of ‘middle actors’ (e.g. social/
health workers); expert advice; energy literacy;
implementation of efficiency measures

‘Quadruple helix collaboration’ (i.e. public-private-
academia-civil society partnerships); retrofitting of
social housing; development of business models;
site-visits; energy training

Development of an ‘Energy Poverty Vulnerability
Index’; selection of priority regions;
characterisation of energy-poor households;
identification of efficiency measures; ‘Energy
Brigades’; training sessions; home visits
Characterisation of energy users; energy audits;
expert advice; site visits; awareness-raising
campaigns

Expert advice; energy audits; access to technical
information; site visits; seminars; peer-to-peer
learning; guidance on available economic schemes
Expert advice; in-person visits; seminars; public
events

Awareness-raising campaigns; recruitment and
training of ‘Energy Champions’; training of
frontline workers; support with energy bills; energy
literacy; guidance on available economic schemes
Training of frontline workers; energy advice
sessions; support with energy bills; energy literacy;
guidance on available economic schemes

(continued on next page)
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Table 1 (continued)

Main intervention(s)

Main objective(s)

Sector(s) Management Period HTR energy user(s)

Case study

Country

Promotion of interagency work to avoid duplication
of efforts; expert advice; energy saving tips; home
visits; support with energy bills; energy literacy;

guidance on available economic schemes;

To strengthen interagency working to tackle
fuel poverty and the social determinants of

health

Rural and remote

Local Housing Energy 2018-2020

Residential

Moving Together

(MT)

communities (Western

Isles, Scotland)

Agency, National Health
Services (Western Isles,

Scotland)

Awareness-raising campaigns; energy training

sessions; energy literacy

To empower recent or new refugees on

Refugees

2019 - to

NGO (National Energy

Action)

Residential

Empowered by
Energy (EbE)

energy systems, processes and support

mechanisms

present

Online training; development and implementation
of practical toolkit; value-based energy audits

To develop and promote a set of resources

Small and medium

enterprises

2017-2019

Academic and non-

Commercial

Promoting

targeted towards intermediaries that work
on promoting sustainability among SMEs

academic partners
To provide rebates via simplified

Sustainability in
Business (PSiB)

Provision of rebates; home energy assessments;

energy literacy; energy saving tips

2019 - to Manufactured home

Utility (Puget Sound

Energy)

Residential

Manufactured Homes

(MH)

United States

applications and online tools to help

residents (often low-

present

us)

customers to manage their energy use

income; low-English
proficiency; renters)
Small and medium

enterprises

Expert advice; energy audits; bundling multiple

To improve energy efficiency among small

business customers

Commercial Utility (Duke Energy) 2012 - to

Small Business
Energy Saver

energy saving measures; provision of performance-
based financial incentives (up 80 % of total project

costs)

present

Programme (SBES)
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2.3. Data collection

First, data collection included a review of both academic and grey
literature (e.g. government websites, evaluation reports, publications
from non-governmental organisations) that described the design,
implementation and evaluation of the case study. Second, we also con-
ducted more than 30 interviews (lasting 20-90 min) with case study
programme managers and key stakeholders. Interviewees represented a
variety of positions and organisations, notably programme managers,
regional/national coordinators, energy advisors, technology providers,
evaluators, consultants, project developers, academics, and partici-
pants.” Interviews were guided by a common protocol (see Annex 1) that
focused on the BBBC analytical framework. Whenever possible and/or
needed, triangulation [63] was used to strengthen the credibility and
validity of the collected information (as discussed in Section 4).

Third, we developed 22 markers to operationalise the BBBC frame-
work in terms of data collection and analysis. Their identification was
first guided by the reviewed literature indicated on Section 2.1 and then
created from and supported by specific literature associated with e.g.
behaviour change, behavioural economics, energy efficiency, energy
policy, environmental psychology and policy evaluation. The aim was to
capture in a simple but consistent manner, key elements of the BBBC
framework across all the analysed case studies. These markers, their
rationale and supporting literature are shown on Table 2.

Drawing upon 19 case studies, and the 22 markers listed above, we
developed a matrix of 418 cells. Fig. 1 illustrates and summarises the
results. All markers have an equal weight of importance. Based on the
outcome of our assessment, cells were coded as green (positive evidence
= 1) or red (negative evidence = 0). By ‘positive evidence’ we mean that
an intervention has activities, procedures, decisions, measures and/or
official information that provide testimony about the different building
blocks. On the contrary, by ‘negative evidence’ we mean that an inter-
vention does not have any activity, procedure, decision, measure and/or
official information that provides testimony about the building blocks.
When no relevant information was available, or conflicting evidence
was found, the cell was coded as yellow (inconclusive evidence =
unknown).

The process to populate the matrix can be summarised as follows.
First, the matrix was preliminarily coded and filled in by a member of
the team not involved in the development of a case study, but based on
data and information reported in the specific case study. This person
acted as an “external evaluator” of the submitted material. For example,
if a given case study found and reported that ‘target groups are clearly
identified’ (marker 1), then ‘positive evidence’ was allocated to that
particular cell. On the contrary, if a given case study did not find any
activity, procedure or measure leading to knowledge on ‘psychographics
of target groups’ (marker 3), then ‘negative evidence’ (=0) was allo-
cated to that particular cell. In a second step, the author(s) from each
case study checked, modified, confirmed or rebutted the initial findings
contained in the matrix. Authors were also asked to provide examples to
support cross-checks, findings and/or rebuttals. In certain cases, and to
increase the credibility of the findings, case study authors also consulted
with interviewees on the veracity of the outcomes generated by the
markers. Third, and once the second step was concluded for all case
studies, all researchers involved in this study had the opportunity to
cross-check, question and refine the results. Finally, the drafting of the
results began once the outcomes of the matrix were fully settled. After
due completion, case study authors once again had the opportunity to
double check all reported results.

5> Names and their respective organisations can be found in the country re-
ports, available on the project website https://userstcp.org/hard-to-reach-ener
gy-users-task/.
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Table 2
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Proposed building block markers and main rationale supporting their use.

Building Marker Main rationale References (e.g.)
Block
Audience (1) Are target groups clearly identified? Justify and tailor energy conservation/efficiency programmes to the needs, behaviours, [64,65]
market barriers and context of target group(s)
(2) Are socio-economic demographics (for Provide key characteristics, attributes and relative importance of target group (s) [66-68]
individuals) or firmographics (for companies)
known?
(3) Are the psychographics of target groups known?  Support the identification of motivational and cognitive factors that drive relevant [30,69]
energy behaviours among target group(s)
(4) Are market barriers/failures affecting target Detect the mechanisms that hinder sustainable energy behaviours and/or the adoption of ~ [39,70]
group(s) known? profitable energy-efficient technologies
Behaviour (5) Are energy behaviours clearly identified? Guide the specification, analysis and evaluation of the behaviours to be changed, [30,71]
encouraged, improved or motivated
(6) Are energy behaviours prioritised? Assist the segmentation, importance and integration of target energy behaviour(s) in the ~ [29,68,72]
intervention and policy context
(7) Are other stakeholders involved in this process? ~ Enable and promote a joint selection and deeper understanding of target energy [34,73,74]
behaviour(s) and feasibility of behaviour/organisational change
(8) Do energy behaviours inform the intervention Guide (pre-) selection or identification of (potential) measures that are most suitable to [24,30,75]
(s)? address target energy behaviours
Content (9) Do the interventions have a defined engagement ~ Support and further advance intervention's content by addressing critical barriers and [16,76]
strategy? leveraging motivations and opportunities
(10) Are interventions pre-tested and evaluated ex- Feedback intervention's design and improve (potential) implementation. Prevent failure [16,77]
ante? and related costs
(11) Is there any comparative assessment of the Identify, compare, assess and select most suitable and (cost-) effective intervention(s) to [23,78,79]
intervention and its content? target chosen energy behaviours
(12) Are interventions co-developed with Advance design and implementation of intervention(s), including access to and the [80-83]
stakeholders? degree of ownership, trust and future feedback from stakeholders. Includes gaining
support from gatekeepers to help identify and recruit target group(s)
Delivery (13) Do the case studies use multiple channels to Define, analyse and implement the most suitable and effective communication and [76,84,85]
communicate their interventions? marketing mix to address target group(s) in ways they will respond to
(14) Do the case studies have a defined timing for Identify duration, frequency and/or strategic timing of interventions. Open up [23,85-87]
delivering those communications? opportunities for (gradual) improvements or corrections.
(15) Do the case studies use specific messengers to Support communication strategy and increase trust with and level of engagement of [83,88-90]
deliver their interventions? target group(s) by using key or trusted messengers
(16) Do the interventions engage their target group  Analyse and refine communication strategy to further support the implementation of the [89,91]
(s)? intervention(s), this can lead to different strategies for different target group(s)
Evaluate (17) Do the case studies have defined key Enable to monitor and understand performance of intervention(s) and support ex-post [92-95]
performance indicators (KPIs)? evaluation
(18) Are the case studies internally evaluated? Support organisation and management of intervention(s) and provide recommendations ~ [96-98]
and actions for improvement
(19) Are the case studies externally evaluated? Convey objectivity, accountability, feedback and (alternative) perspectives to the [40,99]1
performance of the intervention(s)
(20) Do the case studies consider stakeholder Support suitability and feasibility of evaluation, and provide input and reality checks [100-102]

feedback?

(21) Are the interventions effective at generating
behavioural/organisational change?

(22) Do the interventions generate persistent effects
in the long term?

about the experience of target group(s)

Evaluate the extent to which the intervention(s) produce expected changes in behaviour
and addressed the problem(s) and/or opportunity(ies) that justified implementation
Assert if, why and how treatment effects persist in the long term or after intervention(s)
are withdrawn

[23,31,103]

[104-106]

2.4. Criteria to assess suitability of the BBBC framework

The second objective of our study was methodological, and aimed to
explore and test the suitability of applying the BBBC framework to assess
ex-post interventions aimed at HTR energy users. To that end, we used
the following assessment criteria, suggested by Lincoln and Guba [22]
that define rigorous qualitative research:

e Credibility: refers to the level of confidence that results are true,
credible, believable and can support, as far as possible, claims about
potential causes and effects. The focus is on internal validity.
Confirmability: refers to the extent to which the outcomes of the
analysed case study can be verified or corroborated by other re-
searchers or external parties.

Transferability: refers to the extent to which the results of the case
study can be generalised or transferred to other cases and/or con-
texts. The focus is on external validity.

Reliability: refers to the extent to which the results are repeatable if
the investigation was re-run with the same cohort of participants and
context. The primary focus is on dependability.

These criteria have the advantage of parsimony, and they are
increasingly used in social science and policy research [107]. In the
context of energy policy, they have been applied to a variety of contexts,
including, for example, comparisons of energy-related research [108],
investigations of policy formulation [109], and electric vehicle adoption
[110].

In our case, each researcher applied the assessment criteria after her/
his/their respective case study(s) analyses were completed. A four-point
Likert-type scale (Nil = 0; Low = 1; Moderate = 2; High = 3) was used to
measure qualitatively the level of rigour for each criterion. Each
researcher was asked to provide arguments and examples supporting
their respective scores. To reduce confirmatory bias, all the criteria were
first applied individually. Results were then brought together via an
average score to provide a unified interpretation of the assessment under
each criterion. The results of this exercise, including methodological
lessons learnt, are presented and discussed in Section 4.

3. Results

The application of the BBBC framework revealed a diverse picture
(Fig. 1). As a whole, we found positive evidence in 313 cases (75 %),
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Fig. 1. Overview of the BBBC assessment across all analysed case studies.
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negative evidence in 79 cases (19 %), and inconclusive evidence in 26
cases (6 %). Interventions perform well with respect to the Audience (83
%), Behaviour (84 %) and Delivery (93 %) building blocks, but less well
with respect to Content (50 %) and Evaluate (68 %). A variety of spe-
cific, cross-case patterns also emerged. The following sections provide
detailed results.

3.1. Audience

Overall, our findings demonstrate that most case studies performed
well with respect to the Audience building block: we found positive
evidence in 83 % (63/ 76) of cases, compared to negative evidence in 17
% (13/76) cases, mostly due to unknown psychographics. We discuss
findings for each individual marker below.

The target group is clearly identified in all cases (}°/19). Case studies
target vulnerable (energy poor) groups (NZ, IT, PT, UK), rural and/or
remote communities (CAN, PT, SE, UK), migrant groups (US, UK), SMEs
(PT, SE, UK), Indigenous communities (CAN, NZ), low-income segments
(US, IT, NZ), social organisations (SE), and (social) housing associations
(NL, SE). Despite the small sample, there is considerable diversity, along
with some overlaps (e.g. Indigenous communities living in remote areas,
social housing associations that focus on vulnerable groups). It should be
noted that none of the target groups were explicitly labelled as HTR. In
addition, we did not identify any case study that targeted high-income
households, even though this segment has significant carbon [111]
and energy [112] footprints, and has been identified as HTR [1,5,13].
Only two cases (SH, ECAS) focus on renters and/or landlords; these
segments have been identified as HTR [1] for whom split incentives
prevail [113].

The majority of the reviewed programmes (18/14) collected socio-
economic or firmographic information. For individuals or households, this
included age, gender, ethnicity, household type and size, tenure, in-
come, education, and geographical location. In certain cases (e.g. ECAS),
however, design features or legislation (e.g. the General Data Protection
Regulation [GDPR]) prevented programme managers or energy advisers
from collecting specific data (e.g. income). For case studies that target
the non-residential sector (e.g. SB-DSM, EENet, EETTC, PSiB) firmo-
graphic data were collected, and most elements relate to the size, type,
and location of organisations. As a whole, the case studies confirm the
importance of knowing the characteristic attributes and relative
importance of target energy users [67].

Much less is known about psychographics—only 7 /49 cases reported
collecting data in this area. This may be because psychographic infor-
mation is either more difficult to obtain, or is less of a priority. For
example, case studies that target individuals or households neglected to
study their values, goals, interests, lifestyle choices, etc. Consistent with
the literature [75], it is unclear how cognitive and motivational aspects
were taken into account, which can be highly detrimental to identifying
the specific factors that influence energy behaviours [30]. As psycho-
graphics may also explain the choice and use of energy technologies,
comprehensive knowledge of energy behaviours and related in-
terventions designed to change them is thus limited. Similarly, for case
studies that targeted non-residential energy users, little was known
about the organisation's objectives, goals, core values, priorities,
decision-making approaches and communication styles. Following
Robertson and Wind (1980), we also observed that nothing is known
about organisational motivation and resistance to change, and the only
available data related to perceptions.® We hypothesise that the sensitive
nature and resource intensity of attaining psychographic data may have
prevented collection and disclosure.

Market barriers and failures were known in all case studies (19/19),

6 For example, networking activities in the context of EENet allowed co-
ordinators and expert advisors to gain an informal overview of the innova-
tiveness of participating companies.
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suggesting that their understanding is essential for the design, imple-
mentation and effectiveness of the interventions [114]. The starting
point appears to be a set of well-known issues that prevent the efficient
or sustainable use of energy; including the adoption of profitable energy
efficient technologies. In the residential sector, and consistent with the
literature [115], dominant barriers related to split incentives, lack of
finance, lack of trust and lack of information. Interestingly, similar
barriers were found in the non-residential sector. In addition, interviews
revealed a lack of not only of awareness, but also a long-term vision and
a strategic approach to energy efficiency barriers.

3.2. Behaviour

Our findings reveal that, overall, most case studies had an under-
standing of the behaviours that interventions aimed to encourage (84 %,
64/ cases). Negative evidence (12 %, 9/, cases) was mostly focused on
the prioritisation of energy behaviours, and the evidence was incon-
clusive in 4 % (%/7¢).

In principle, energy behaviours are defined in all cases (}°/10). Case
studies specified, to some extent, the behaviours they expect the inter-
vention to influence. The latter range from, for example, simple no-cost
or low-cost actions (e.g. adjusting blinds, opening windows, turning off
lights, changing clothing), to relatively more sophisticated activities
requiring higher investment (e.g. purchasing energy-efficient goods and
services; repairing energy-consuming devices) [28,29]. However, many
behaviours are context-specific. Some refer to actions that are the aim of
the interventions itself (e.g. conservation, retrofitting). Others relate to
causes that prevent these actions (e.g. a lack of awareness), or focus on
specific elements of the intervention (e.g. educating installers and
landlords, increasing collaboration among key stakeholders). Thus,
while energy behaviours appeared to be central to the design and
implementation of all interventions, the lack of a clear definition or
conceptual framework specifying what, exactly, an energy behaviour is,
lead to multiple interpretations and thus uncertainties. This situation is
consistent with the lack of metatheoretical definitions of behaviour
found in various disciplines see [116].

Regarding the prioritisation of energy behaviours, only some case
studies (11/19) made this clear. While some (e.g. EMP, SB-DSM, LIGAR)
focused on well-known market barriers (e.g. information asymmetries),
and targeted specific behaviours (e.g. energy conservation), others (e.g.
EETTC) addressed behaviours more broadly (e.g. insufficient knowledge
of EE potentials among the target group). In addition, and given the
significant heterogeneity of SMEs in the sample, some case studies (e.g.
PSiB, EENet) did not prescribe specific energy behaviours, but instead
emphasised value-based discussions (e.g. “transitioning towards Net
Zero carbon targets”; PSiB) or overarching practices (e.g. “systematic
and structured work on energy issues”; EENet). However, the literature
stresses that the prioritisation of behaviours is essential to e.g. focus on
those that significantly affect environmental quality and wellbeing [30].
We speculate that this situation could be driven by the lack of a con-
ceptual or policy framework that states what an energy behaviour is,
together with uncertainties about which behaviours should be priori-
tised for a specific target group, and/or optimism that interventions are
“robust” enough to address multiple energy behaviours at once.

However, regardless of whether behaviours are prioritised or not,
other stakeholders are involved in most cases (15/19). Stakeholders were a
diverse group, ranging from civil society organisations (e.g. EETTC), to
local authorities and social workers (e.g. LIGAR), to private companies
(e.g. EM), and community representatives (e.g. WF). Engagement also
differs. In some cases, it consists of simple consultations (e.g. SH), while
in other cases, stakeholders are fully involved as co-designers (e.g. HHI).
In two cases (MT and EbE), the evidence was inconclusive.

Finally, reviewed information confirm that behaviours inform in-
terventions. In all cases (1°/ 19), interventions consider the action(s) that
(will) influence the efficient use of energy among target groups. For
example (and setting aside differences in connotations or interpretations
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of energy behaviours), ‘conservation’ informed the need for education
or training (e.g. HHI, MS, ASSIST2gether), ‘collaboration’ informed the
need for knowledge exchange platforms (e.g. SH, EENet), and ‘repair
and retrofit’ informed the need for expert advice (e.g. WM, ECAS).
However, little is said about the extent to which specific behavioural
anomalies or factors (e.g. loss aversion, heuristics, present bias, pro-
crastination, norms) can explain the identified energy behaviours. This
area deserves further research.

3.3. Content

Unlike the previous building blocks, the analysed case studies per-
formed less well regarding content. We found positive evidence in 50 %
(38/76), while negative evidence made up 45 % (34/76). Although consistent
positive patterns were found for some markers (e.g. a defined engagement
strategy), most interventions failed in critical areas, notably with respect to
ex-ante analyses. The evidence is inconclusive in 5 % (4/76) of cases.

All case studies (1°/10) have a defined engagement strategy that sup-
ported or framed the interventions. Strategies encompass numerous
components that went beyond content and highlighted the role that
marketing could play [76]. In addition to components that addressed the
target groups (see Section 3.1), and delivery (e.g. communication
channels, see Section 3.4), there were three others: language and
context, messaging, and avenues for communication. Specific language
was used with different target groups, reflecting the context (e.g. the
term ‘energy poverty’ was avoided when targeting vulnerable house-
holds). Messaging included, for example, the potential benefits of
participating in the intervention(s) (e.g. access to rebates, energy sav-
ings, better comfort/health), or value-based aspects and (business)
practices (e.g. pro-environmental behaviours in the PSiB and ECAS
programmes), and was co-designed with stakeholders in certain cases
(details below). Avenues for communication related to the platforms
that were used to approach the target group, or to implement the
intervention (e.g. energy cafés, in-person/site visits, community events,
a dedicated project website) (further details are given in Section 3.4).
Some cases (e.g. WH, WF, ASSIST2gether) adopted a holistic approach
to designing engagement strategies, while others worked with third-
party contractors or marketing companies (e.g. SB-DSM, SH).

While details of the intervention (e.g. training, advice, audits,
adoption of practices, use of rebates) were given in all cases, most failed
to run ex-ante tests or experiments and assess the potential for behaviour
change. This prevented e.g. the generation of evidence-based knowl-
edge, and the reduction of uncertainties and potential failure [77]. Only
2/19 case studies tested and evaluated the intervention, and 2z 19 per-
formed comparative assessments. With a few exceptions (details below),
this pattern was consistent across all case studies. Our evaluation of the
two markers prior test and evaluation and comparative assessment showed
that 79 % (30/38) of cases neglected to run ex-ante tests or perform an ex-
ante comparison; in 11 % (4/18) of cases, the evidence was inconclusive.
Consistent with the literature on EE policy evaluation e.g. [40,117] this
may be due to, for example, a lack of capacity, limited resources,
methodological challenges (particularly for ‘information provision’ in-
terventions), a lack of evaluation requirements, partners with expertise
in technology rather than behavioural sciences, optimism about ex-
pected outcomes, and the low priority given to evaluations and the
resulting learning. Furthermore, for interventions that were based on
experience in other countries and/or sectors, interviews revealed that
ex-post evidence from these other contexts was (informally) understood
as prior testing.

Nevertheless, we found a few exceptions. For example, the MH
programme ran a comparative assessment of intervention messages and
technologies to identify cost-effective solutions, and explore how to
encourage participation. Messaging was pre-tested under the SBES
programme, run by Duke Energy. The utility found that the target group
was more responsive to language that focused on the opportunity to
achieve “energy savings up to 20 per cent”, rather than “incentives up to
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80 per cent”. It should be noted that these two examples come from
North America, leading to the hypothesis that experimentation is more
common there, particularly in utility-driven programmes [118].

Our analysis of the co-development of content marker revealed that
most case studies (15/19) worked with stakeholders to define their
engagement strategy and develop the intervention, including the lan-
guage, design, and images used in communications. Interviews revealed
that stakeholder collaboration was understood by programme managers
as content validation, implicitly replacing formal testing or experi-
mentation with the target group. In some cases (e.g. ICP, HHI, LIGAR,
EETTC) programme managers worked with communities to better-
understand their needs, and improve the design of the engagement
strategy or specific interventions. Other case studies relied on insights
from professionals and practical expertise within a given sector to
construct their contents (e.g. BESN, EENet). In certain cases (e.g.
ASSIST2gether, SH, WM, ECAS), the intervention design phase antici-
pated the involvement of local actors or intermediaries (e.g. installers,
business councils, charities, health professionals, municipalities) to
develop, adapt or improve the intervention's contents and/or engage-
ment strategies. Finally, some cases (e.g. EM, PSiB, EENet, SH, HHI) had
established dedicated co-creation workshops with stakeholders, how-
ever, it is unclear whether these collaborative efforts were explicitly
implemented to also address trust.

3.4. Delivery

This is the building block where positive outcomes were most
dominant (93 %, 71/76). Negative (3 %, 2/76) and inconclusive (4 %,
3/76) outcomes were only identified in a few cases.

All case studies (19/ 19) used multiple channels to communicate and/or
implement the intervention. These included, for example, social media,
home/site visits, websites, written material (e.g. brochures, leaflets,
letters, emails, newsletters, advice guides), phone calls, discussion fo-
rums, expert-facilitated workshops, online webinars, videos, community
events, and advertising via local newspapers, radio and magazines.
Some channels (e.g. site/home visits, community events) were used with
the purpose of engaging the target group first, before deploying the
intervention (e.g. EM, HHI, MH, ASSIST2gether, LIGAR). Interviewees
also reported that word-of-mouth emerged as an effective channel (e.g.
EETTC, ECAS). For case studies that used face-to-face or door-to-door
channels (e.g. BESN, ECAS, HHI, MH), we identified significant chal-
lenges during the early stages of the COVID-19 pandemic. Although this
provided an opportunity to expand their delivery via virtual or remote
tools, it also meant that segments with limited or unequal access to
digital technologies (e.g. the elderly, Indigenous communities, vulner-
able groups) were negatively impacted.

Regarding timing, the majority (}”/10) of interventions had a defined
timing of the delivery but the duration, frequency and/or latency varied
considerably. Furthermore, demand for some interventions (e.g. ECAS,
EM) peaked at certain times (e.g. early winter when households start to
think more about their energy bills) and programme managers planned
or adjusted the timing or latency of delivery (e.g. seasonal, before hol-
idays, to meet deadlines for related subsidies). In some cases, the
duration of the intervention and that of the case study were also
considered the same: examples include the SBES (which has been
running since 2012) or ECAS (running since the 1970s). In some cases, it
was difficult to distinguish between the timing of the intervention, and
the duration of the programme that managed and implemented it.
Considering Wade et al. [86], one could argue that a lack of ex-ante
evaluation or experimental outcomes (as indicated above) may explain
the different approaches we identified regarding the duration or timing
of the specific delivery varied across the case studies. In fact, ex-ante
evaluations can support the comparative assessment of strategically-
timed delivery. All case studies (}°/10) used key messengers to engage
target groups and/or deploy interventions. Gaining trust among target
groups was of utmost importance. The latter point was highly illustrated
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by the ‘Local Partnership of Telheiras’. This initiative, which brings
together several local associations and informal groups active in the
Telheiras neighbourhood in Portugal, has played an essential role as a
trusted middle actor between the EETTC programme and local busi-
nesses. Similarly, under the ICP programme, community members,
together with the training and hiring of local installers, have been
particularly important in gaining the trust of Indigenous communities.
Another example is the ASSIST2gether programme, where trained
Household Energy Advisors (middle actors, with a variety of economic
and social backgrounds) were instrumental in providing expert advice to
vulnerable groups. Similarly, trusted middle actors (e.g. churches,
community organisations, social service providers) play a critical role in
the EM, WH and HHI programmes in NZ. In the context of the UK's BESN
programme, ‘Energy Champions’ (i.e. local frontline organisations that
are commissioned to provide energy-related advice), particularly those
with strong local networks and partnerships, have played a key role in
reaching out to vulnerable groups. These findings seem to be consistent
with Parag and Janda [83], who argue that the agency and capacity of
middle actors can play a significant role in advancing energy transitions.

Finally, engagement with the HTR energy users was considered pos-
itive in most cases (16/19). Only one negative case was identified.
Consequently, delivery was generally understood, or assessed as effec-
tive in engaging, motivating, interacting and/or reaching out to the
respective target group(s). Engagement was often understood as
participation or attendance rates (e.g. in dissemination events and
workshops), and it is another important KPI (see the next section).
However, some cases (PSiB, MH) did not provide, or collected insuffi-
cient data to be able to determine whether delivery has been successful.
Importantly, as elaborate in the next section, engagement does not
necessarily mean that the intervention has been effective.

3.5. Evaluate

This building block generated the most diverse outcomes. Overall, six
markers were used in the analysis, and we found positive evidence in 68 %
(78/114) of cases. Negative evidence, equivalent to 18 % (21/114), of cases
refers to various markers. Inconclusive evidence represents 14 % a6/ 114)
of cases, and mostly concerns uncertainties about the persistence of effects.

More than half of the analysed case studies (12/19) had defined KPIs.
For programmes targeting the residential sector (e.g. SH, HHI, ASSIS-
T2gether, MT, LIGAR, HHI), examples included the number of home
visits, houses retrofitted, installed EE measures, trained advisors/com-
munity members, assisted households, respiratory health outcomes, and
energy savings. Qualitative KPIs included customer satisfaction and
perceived/experienced indoor comfort (e.g. HHI). For cases addressing
the non-residential sector (e.g. EENet, SB-DSM, SBES) KPIs were rela-
tively similar, and target aspects such as the number of business visits,
installed EE measures, achieved energy savings, dedicated events, and
given energy assessments/audits. Design and implementation issues
were the most common explanation for a lack of KPIs. For example, case
studies that paid less attention to formal evaluation in the initial phase
overlooked KPIs in the design phase. Others (e.g. PSiB, WH, EETTC)
focused more on achievements than pre-defined KPIs. In some cases (e.g.
ECAS), a lack of KPIs was due to their long duration (some case studies
have been running for many decades) and decentralisation (multiple
actors with context-specific, and evolving policy agendas).

In most cases (1°/19) there has been an internal evaluation. These
assessments were carried out by the same organisation (or partners)
responsible for implementation. In some instances (e.g. SH, ASSIS-
T2gether, EENet, EbE) the evaluation was a requirement and funding
organisations determine the orientation (e.g. questionnaires, or pre-
determined outlines) and frequency of reporting. For initiatives with
defined KPIs (e.g. ASSIST2gether, MH, SBES, LIGAR, EM), the nature
and scope of evaluations were determined by outcomes. For initiatives
that did not have KPIs, but did carry out an internal evaluation (e.g. WH,
WF, ECAS, EbE), the latter's nature and scope were often guided by a
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process evaluation, with an emphasis on the undertaken activities, ser-
vices and operations. For example, the WH programme focused on
whether families feel more empowered, and engaged with the commu-
nity and social support, as a result of the intervention. The ECAS pro-
gramme underlined the provision of impartial, free-of-charge advice,
and why and how this is sought and delivered. We identified a mix of
process and outcome evaluations, depending on design elements and the
existence of KPIs. Here, both goals, and co-creation processes and ac-
tivities were assessed (e.g. EENet, SH). We observed that a lack of KPIs
was correlated with a lack of internal evaluation in only two cases
(EETTC and PSiB).

Regarding external evaluations, a small number of case studies %/ 19)
were assessed independently by external actors (e.g. consultancy com-
panies, academics). Consistent with the above observations, the in-
tervention's design and requirements framed whether evaluations were
oriented towards outcomes, processes, or both (e.g. HHI, EENet).
Depending on the case study's duration, several external evaluations
were carried out (up to two or three for HHI and EENet). All external
evaluations rely heavily on stakeholder interviews and surveys, while
engineering approaches (e.g. the net-to-gross ratio under SBES; a mix of
ex-ante and random ex-post measurements under EENet) were often used
in case studies that focused on quantitative elements (e.g. energy and
cost savings). Beyond any specific objectives, other critical aspects
related to, among others, communication and equity (e.g. HHI, ICP),
costs and benefits (e.g. HHI, EM, SBES, EENet), health (e.g. HHI, EM,
BESN), learning and knowledge (e.g. EM, EENet, ECAS, ASSIST2gether,
BESN, SBES, EETTC), collaboration (e.g. SH, EENet, ASSIST2gether, MT,
EETTC), energy hardship and communities (e.g. HHI, MT, EETTC), and
market and behavioural barriers (e.g. SH, ECAS, ASSIST2gether, EENet).
We observed that a lack of KPIs was correlated with a lack of external
evaluation in only three cases (WF, EbE, and PSiB). With very few ex-
ceptions (HHI, WH), the reviewed evaluations did not take non-energy
impacts into account.

The majority of case studies (1°/14) reported stakeholder feedback in
the context of internal and/or external evaluations. The views and ex-
periences of target groups were often captured via, for example, surveys
(e.g. SB-DSM), (semi-structured) interviews (e.g. EENet), and focus
groups (e.g. HHI). We also found some evidence of informal stakeholder
feedback (e.g. MH, EETTC).

We investigated whether evaluations (internal or external) provided
evidence that a given case study was deemed effective for behaviour
change at individual or organisational levels. In most cases (15/19), the
given answer was yes. However, different case studies had different
ways to conceptualise, measure or approach behaviour change, and
understandings were highly context-specific. For example, some pro-
grammes were deemed to be ‘effective’ if outcome evaluations revealed
that they have achieved their objectives, and/or KPIs were met (e.g. EM,
WH, ICP, SB-DSM, EENet, MH, EETTC). In some cases (e.g. ASSIS-
T2gether, HHI), process evaluations were used to qualify success. Under
the HHI, for example, the successful co-design and involvement of
community partners was used as key argument to assert that the pro-
gramme has been effective. Likewise, the development of a national
‘Household Energy Advisors’ network, under the ASSIST2gether pro-
gramme, and the implementation of further interventions after the
programme ended, are considered as evidence of behaviour change.
Capacity building (under the EETTC), and the establishment of formal
energy management systems (under the EENet) were also taken as evi-
dence of effectiveness. In the UK, the implementation of the ‘Cascade
Training Model’ across several cases (WM, Ebe, PSiB) was used as a key
argument to support assertions of success.” In three cases (WF, LIGAR,

7 Under the 'Cascade Training Model', trained actors (e.g. health pro-
fessionals) returned to their organisations and not only raised the profile of
energy vulnerability awareness, but also shared their knowledge, skills, and
resources with colleagues and partners.
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ECAS), effectiveness was unclear. This was mainly due to a lack of
evaluation and/or counterfactuals. In one case (MT), the evidence
indicated that the intervention was ineffective—here, most of the
documentation focused on the energy performance of properties, rather
than the behaviour of their occupants.

Finally, our findings show that the persistence of intervention effects
was rather uncertain. In most cases (12/19) we were unable to assert
whether the intervention has had (or will have) lasting effects. This
situation was often due to a lack of ex-post or follow-up evaluation (e.g.
PSiB, SB-DSM, EETTC, LIGAR). We also encountered conflicting infor-
mation (e.g. verbal claims about persistent effects but lack of quantita-
tive evidence). In cases where an evaluation (internal or external) was
carried out, persistence was not measured (e.g. WH, SBES). Interviewees
also reported constraints related to a lack of financial and other re-
sources. This is consistent with Frey and Rogers [104] who argue that
while organisations (e.g. public agencies, utilities, NGOs) dedicate
important resources to promote behaviour change, much less (if any) is
devoted to understanding ‘when ad why’ behaviour change persists. In
the few cases ("/19) that were considered to generate persistent effects
(e.g. HHI, EMP, SH, BSEN), a variety of (mostly qualitative) arguments
were used to support the claim. One example related to interventions
that have resulted in positive health outcomes; these were considered to
improve wellbeing in the long term, under the HHI programme. Like-
wise, the SH programme claimed that retrofitted houses generate energy
savings for decades, which emphasised the importance of technology
over behaviour change. In two other cases (EM and ICP), persistence was
measured via self-reported behaviour, and captured via surveys and
interviews.

4. Discussion: Using the BBBC framework for ex-post case study
assessments

The following discussion focuses on whether the application of the
BBBC framework is a suitable way to analyse and compare, ex-post, the
selected case studies. Taking into account the exploratory nature of our
study, this section focuses on methodological aspects related to limita-
tions and avenues for improvements. The scores listed below represent
the team's average evaluation results. As indicated in Section 2.4, scores
range from O (nil) to 3 (high).

4.1. Credibility

Our experience indicates a moderate to relatively high level of con-
fidence that the results are credible (average score = 2.6). We base this
claim on several observations that emerged during and after the research
process. In line with Johnson [119], the framework constitutes a sys-
tematic guideline for researchers to identify the factual cause(s) of a
given issue, with respect to five building blocks. In turn, the specification
of markers for each block systematises the search for positive, negative
and inconclusive results with respect to a variety of aspects (‘detective
searching’ [119]). The framework also supports the identification of
potential causal relationships, by facilitating the visualisation of hypo-
thetical counterfactuals—i.e. what would have happened if causal factor
X had not taken place—along with the development of mental com-
parisons, and/or the identification of saturation points during in-
terviews. It also facilitates the identification of patterns (e.g. unknown
psychographics, lack of prior testing), and rival explanations for
observed or potential causal relationships. Furthermore, it enables the
questioning of source materials, and supports, in principle, the trian-
gulation of inputs provided by programme managers and stakeholders.
For cases with established information systems and for which evalua-
tions are available, outputs are either peer-reviewed academic publi-
cations that have been assessed, or are multi-author, sometimes multi-
partner, non-academic outputs that have gone through similar consul-
tative steps prior to publication. Taken together, these considerations
increase the level of confidence that the results obtained by applying the
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BBBC framework are credible.

However, we also must acknowledge that the analysis is only
moderately credible because most programmes were not developed with
the BBBC framework in mind. Hence, there is an inherent degree of
uncertainty regarding some aspects, particularly about evaluation (e.g.
the persistence of effects), which are difficult to capture due to design
issues and lack of evaluations. In addition, the framework is geared to-
wards the implementation of evaluation and monitoring activities (e.g.
for programme managers) or identification of evaluation practices (e.g.
for researchers), but not the specific assessment of an intervention per se
(e.g. to undertake an outcome evaluation and determine treatment ef-
fects of given intervention). Some case studies were also designed with a
high degree of flexibility (e.g. with no strict definition of energy be-
haviours in order to better meet the needs of target group(s)), and there
is relatively less information regarding some building blocks (e.g.
Behaviour) than others (e.g. Delivery). In addition, the amount of in-
formation related to the different blocks varies according to the avail-
able materials and input from interviewees/managers, which could
negatively impact credibility. For case studies that lack robust data,
information about certain elements (e.g. prioritised energy behaviours)
may be more dependent on the experience and/or knowledge of pro-
gramme managers. Thus, the degree of confidence in claims about
causal relationships (e.g. behaviours inform interventions) may be
influenced by other factors (e.g. staff turnover) or contextual issues (e.g.
lack of evaluation culture).

Based on these limitations, there are various ways to enhance the
credibility of the BBBC framework for the type of ex-post assessment we
have conducted. For example, explicit guidance could be provided
regarding triangulation (both data and methods) to systematically cross-
check information via multiple independent routes [63]. The integration
of process tracing would support the methodical identification of diag-
nostic evidence (i.e. causal-process observations) to enhance the
robustness of descriptive inferences about causal explanations [120]. It
would also be advisable to identify a statistically representative sample
of interviewees to better capture the characteristics of stakeholders
involved in intervention design, administration and development. Sys-
tematic efforts should be made to capture direct feedback from actual
participants, in order to verify any insights [119]. Whenever possible,
attempts should be made to theorise, measure or report data regarding
potential moderators (e.g. pro-environmental behaviours) for each HTR
(sub) segment [121]. Attention also needs to be paid to other policy
interventions (e.g. energy taxes/subsidies) that could explain the (in)
effectiveness of HTR programmes. Ongoing engagement and observa-
tions with participants would increase the credibility of future studies
[122]. Finally, none of the programmes in our sample had adopted the
BBBC framework. It can be argued that if this had been the case, cred-
ibility could have been tested in the field.

4.2. Confirmability

Confirmability refers to the extent to which the outcomes of the case
studies can be verified or corroborated by other researchers. Here, our
assessment leans towards a moderate level (average score = 2.2).

On the one hand, cases from the NZ and UK reported a high level of
confirmability, indicating that several requirements were met and be
confirmed by external parties. First, the majority of the analysed docu-
ments and data sources were either official and/or publicly available.
Second, data and observations were collected via interviews, which, in
most cases, were recorded. Data collected in this way can be confirmed
by other researchers if made publicly available, or provided upon
request. Third, ‘member checking’ [123] ensured that findings were
reviewed and confirmed by interviewees prior to publication. In some
cases (e.g. NZ, SE, UK), even reports with a single author included
contributions from the project team; the latter discussed and reviewed
the output, which was subsequently reviewed by internal colleagues
prior to publication. Finally, previous evaluations (either internal or
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external) were also used to confirm the validity of outputs.

However, a moderate level of confirmability (e.g. PT, SE) reflects the
fact that there were (potential) language barriers, and data access re-
strictions. Some interviews were conducted in their respective native
language, posing a challenge for multilingual confirmability. In addi-
tion, raw, unpublished data were sometimes used to support findings.
Data restrictions (e.g. confidential SME information) prevented the
verification of specific aspects, particularly with respect to the Evaluate
building block.

Furthermore, we also found a low level of confirmability due to
unreliable or subjective information sources. Case studies that lacked
robust information systems were more likely to rely on informal infor-
mation provided by, for example, programme managers. High staff
turnover also limited access to this source of information, and made it
more difficult to confirm. The problem was most likely amplified if
programmes did not adopt the BBBC framework from the outset, and/or
have been running for a long time. Furthermore, it was sometimes
difficult to clarify or know which phase of the programme a stakeholder
or researcher was referring to, and/or confirm what happened years ago,
under different staffing arrangements.

Based on our experience, we recommend two approaches to enhance
the confirmability of findings generated with the BBBC framework. First,
as for any other research method, the framework needs to be transparent
and implement good practices [cf. 124]. For example, data management
should follow FAIR principles (be findable, accessible, interoperable and
reusable).® To that end, researchers must overcome multiple obstacles
related to legal, ethical and data storage requirements [125]. ‘Prolonged
engagement’ should be adopted as standard practice, as this would
allow researchers to reflect upon any potential bias during data collec-
tion and analysis [126]. Second, and when possible, confirmability
could be strengthened by the use of external evaluations and cross-sector
stakeholder reviews for each specific building block. Programmes that
adopt the BBBC framework enable other researchers to confirm their
findings—particularly if information systems follow a similar structure,
and an ‘inquiry audit’ or ‘audit trail’ is established [cf. 127]. In this
process, one should still accept that different researchers may produce
dissimilar constructions with the same observations and data for a given
building block; however, it is imperative to be able to trace construc-
tions back to their source [122]. Finally, we learnt that the framework
could be supplemented with calibrated language to communicate the
precision of findings (e.g. high agreement, robust evidence; low agree-
ment, limited evidence).’

4.3. Transferability

The extent to which the results of our analyses can be generalised or
transferred to other cases and/or contexts ranges from low to moderate
(average score = 1.6). Case studies, let alone behaviours and contexts,
are indeed very specific, thus external validity is likely limited.

Different contexts, intervention designs, and the small sample size
are the reason for a low level of transferability. As Section 3 underlines,
energy behaviours are context-dependent, and are likely to be unique to
the combined policy, market, technology and socio-demographic con-
ditions in which a HTR intervention is implemented. In addition, we
selected cases where there was sufficient case study information, and
that targeted specific HTR energy users. Certainly, these cases are un-
likely to be representative of interventions that target behaviour change
more broadly. The small number of case studies, their specific

8 For details see https://forcell.org/info/the-fair-data-principles/.
9 Similar to the guidance given to IPCC Lead Authors for the consistent
treatment of uncertainties. See [132].

12

Energy Research & Social Science 104 (2023) 103205

engagement strategies,'’ and the multitude of target group profiles
make it difficult to transfer the results to other contexts.

However, and with due caution, some moderate generalisations are
possible. For example, findings could be transferred to countries with
similar contexts (e.g. a very poor housing envelope, or high levels of
energy hardship and chronic respiratory disease). Thus, we argue that it
may be more productive for policymakers or researchers interested in
transferability to ask in which contexts results can be reasonably
transferred [128]. Some interventions are designed to be replicated”
and generalisability may simply depend on the contexts, resources and/
or experience of those involved (e.g. funders, management). With due
limitations, one could argue that the BBBC framework and the chosen
markers proved to be relatively well-suited to the identification of pat-
terns, which could then help to develop hypotheses regarding shared
strengths and shortcomings in other behaviour change interventions
located elsewhere. Together, these aspects can inform current and future
interventions that target similar HTR energy users.

Transferability can thus be improved by examining more case
studies. In addition, the investigation should be refined, and focus on for
example different typologies of identified energy users, behaviours,
contents, delivery strategies, and evaluation approaches. This would
increase the resolution of the analysis and, in turn, provide a deeper
understanding about the feasibility or extent to which results can be
transferred to other contexts. Furthermore, a rigorous adoption of the
BBBC framework is likely to improve cross-country and -context trans-
ferability, especially with respect to metrics, KPIs, and methods [15].
These considerations seem to be in line with Malterud [128], who argues
that a detailed presentation of the context and the method is needed for
policymakers and researchers elsewhere to be able to ascertain in which
other contexts results might be valid and useful. That said, we must also
acknowledge that transferability may not always be the main goal of
research and policymaking focused on HTR energy users.

4.4. Reliability

In general, reliability ranged from moderate to high, while a low
level was found in two cases (average score = 2.2).

A moderate-to-high level of reliability is based on several consider-
ations. First, each case study, and our cross-country analysis was based
on a systematic search of the literature. This material was duly identi-
fied, analysed and reported for each case study.'? Markers were another
straightforward approach to guide data collection, code our results and
facilitate replication in the future. Second, each case study followed the
same interview protocol, interviewees were explicitly acknowledged
and interview transcripts were generated.'® If repeated with the same
cohort of participants, in the same context, we argue that interviews
should deliver similar results. In any case, the results of interviews,
along with the respective markers, must be considered complementary
to document analyses (e.g. ex-post external evaluations). Third, reli-
ability was considered to be better in short-term interventions, or those
that were managed by one member of staff at each organisation.

On the other hand, staff turnover decreases reliability. Importantly,
as we experienced, replication becomes difficult if interventions do not
have systematic, updated and transparent information systems, or if
they have been running for a long time. Consistent with the confirm-
ability arguments presented above, it may be difficult (or impossible) for

10 For example, word-of-mouth proved to be an instrumental engagement
strategy in the EETTC case study, while local authorities played a role in LIGAR.
These approaches might not be well-suited to other contexts.

11 For example, the Swedish EENet built upon ‘Learning Energy Efficiency
Networks’ implemented in Germany and Switzerland.

12 As indicated in Section 2, all case study reports are publicly available at
https://userstcp.org/hard-to-reach-energy-users-task/.

13 Quotations were used whenever interviewees gave their permission.
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other researchers to, for example, clarify which phase of the intervention
our results refer to, and uncover historical information about what
happened under an earlier management team. Furthermore, it must also
be noted that our case studies were conducted around the time of the
COVID-19 pandemic, which is likely to have shaped the views of in-
terviewees about the operation and performance of some programmes.
It is unlikely that the COVID-19 context can be repeated in the future.

Based on these limitations and uncertainties, we propose some ave-
nues to enhance the reliability of the BBBC framework and generated
outcomes. Following Lincoln and Guba [129], any practices that aim to
increase credibility and confirmability (e.g. prolonged engagement,
persistent observations, data/method triangulation, inquiry audit) will
also enhance reliability [see also 130]. Data sources, notably a list of
interviewees, must be made explicit. Building blocks must be clearly
defined to avoid potentially different interpretations across cultures,
languages and research cultures and settings. For a cross-country anal-
ysis, this means that researchers must follow the same protocols, and
share the same ontological understanding of the subject area. Interview
guides can be designed for different target groups (e.g. programme
managers, beneficiaries, external evaluators). A larger sample of in-
terviewees will reduce uncertainties, particularly if the framework is
applied to HTR interventions with high staff turnover. Heterogeneity
can be addressed by over-sampling HTR (sub) segments to increase the
power of moderation tests [121]. Although making data public increases
transparency, disclosure must comply with legislation (e.g. GDPR in
Europe) and ethical considerations. Here, we note the work of Pratt et al.
[130] who state that “tying transparency tightly to replication” can be
problematic in qualitative research. For example, publishing interview
transcripts can allow the general public to know the identity of the
interviewee; a practice that is unlikely to be approved by an ethical
review panel [130]. Trust and confidentiality must therefore be taken
into consideration when using the BBBC framework to increase the
reliability of findings [cf. 130,131].

5. Policy implications

From a policy perspective, and in the light of the energy crisis
(particularly in Europe), the analysis of the case studies reveals various
implications. First, the energy crisis (and its global market ramifica-
tions) has intensified fuel poverty and energy inequity among some HTR
segments (e.g. low-income households and small businesses), many of
whom had never experienced vulnerability of this kind before (e.g. as in
Sweden). For a just, clean and equitable energy transition, the findings
highlight the importance for policy makers of constantly and proactively
understanding, monitoring and assessing current or new interventions
addressing vulnerable households. Whereas the crisis has imposed
numerous challenges on them, the analysed case studies also revealed
learning opportunities for strengthening the (co-)design and imple-
mentation of interventions targeted towards new, or previously under-
served energy users. Working with HTR energy users also involves
establishing new practices, resources, and mechanisms of engagement,
as well as time to understand the needs, behaviours and barriers faced by
HTR energy users, and the support networks that may exist outside of
energy-related environments (e.g. via health workers). The experience
in the UK and NZ suggests that this work is very often time-consuming
and challenging, but an essential investment for meaningful design
and effective implementation by building ongoing trusted relationships
with community and frontline providers.

Second, the crisis has also triggered new policy efforts (e.g. energy
price compensations, retrofitting subsidy packages) addressing energy
users that have not been effectively (previously or) reached, supported
or engaged in the past. However, we notice that there is a risk that on-
going interventions may be confined to one-off financial or
technology-oriented measures that focus on the short-term impacts on
energy bills. This situation has the potential to overlook significant long-
term structural socio-economic and demographic inequities or injustices
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that characterise, frame or generate HTR energy users. In addition, our
findings also reveal the importance of policy mixes, as HTR in-
terventions do not work in isolation (e.g. the need for energy literacy
and awareness raising campaigns to support HTR interventions, as in
Italy). Thus, there is also a risk that policy interventions that address the
crisis (e.g. tax rebates) have not been duly integrated into the mix of
other policy interventions, which may have been further constrained by
the urgency of tackling the crisis. Such reactive interventions, if not
assessed and co-designed through an energy equity lens, may lead to
unintended consequences (e.g. increased energy demand and higher
inflation) and deepen energy injustice.

Third, much more attention needs to be given to participation re-
quirements, energy footprints (e.g. per capita energy use instead of area-
normalised energy use), and income groups. On the one hand, high and
unsustainable energy behaviours are found among high-income earners,
who have been also hard to engage and remain largely unaddressed by
energy and climate policies. Interestingly, high-income households have
been in the position to claim energy price compensations as a result of
the energy crisis (e.g. as in Sweden). One way to address this problem is
to clearly define, for example, ‘energy hardship’ and what eligible
criteria or metrics to use when identifying households suffering from it
(e.g. like in NZ). On the other hand, income status alone is unlikely to
capture all those who need to be targeted. In the U.S., for example,
residential HTR energy users often face overlapping and intersecting
vulnerabilities so it is common for any given individual to fall into more
than one of HTR categories (e.g. minority, elusive, hidden, underserved
or disadvantaged groups), yet utilities are typically only mandated to
prioritise low-income users. As a result of stringent regulation, many
utilities are mandated to meet specific cost-effectiveness requirements,
with occasional allowances only for programmes aimed at low-income
customers. Expanding the types of programmes beyond low-income
would allow programme administrators to better engage HTR energy
users to also encompass other (underserved) energy users.

Fourth, policy makers also need to encourage bottom-up co-design,
flexibility, early experimentation (or piloting) and due evaluation. For
example, in Canada, utilities are typically owned by the government and
are usually considered crown corporations. While often held to strict
regulatory requirements, the intervention approach for the Indigenous
community case study benefited from early freedom from the require-
ment to achieve specific energy savings. Ultimately, the pilot later led to
the development of several interventions that increased both pro-
gramme participation and energy savings. Applying this to the ongoing
energy crisis, the freedom to explore potentially beneficial approaches
before energy-savings requirements must be achieved has the potential
to open the door to more substantial energy savings in the long term.

Finally, the analysed case studies (e.g. PT and NZ) also suggest that
actions with the support of trusted middle actors can be successful,
strengthening the argument for targeted and tailored interventions at
the local scale. Some utilities have focused their efforts on reducing
energy hardship for their customers, including by reaching out to and
co-creating and delivering community energy pilots (e.g. like EM in NZ).
While some countries (e.g. NL) have opted for a decentralised policy
approach to mitigate energy poverty, spatial energy inequality and
related HTR issues may be exacerbated if local actors (e.g. municipal-
ities) lack the resources and capacity to design, implement and evaluate
(ex-ante and ex-post) policy interventions.

6. Conclusions

The objectives of our study are twofold. First, we provide a system-
atic, cross-country assessment of case studies that explicitly or implicitly
target HTR energy users. We focus on several areas related to behaviour
change. Second, we assess the ability of the Building Blocks of Behaviour
Change framework to capture the dynamics and complexities of
behavioural-oriented HTR interventions.

Our ex-post assessment shows that the case studies perform relatively
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well regarding Audience, Behaviour and Delivery building blocks, but
less well regarding Content and Evaluate blocks. Our findings highlight
heterogeneity with respect to multiple dimensions (e.g. energy users,
behaviours, contexts, market barriers). Although psychographic
knowledge of HTR energy users can improve intervention design and
resulting outcomes, this data is not routinely collected. While energy
behaviours are both context-specific and clearly defined, a lack of pri-
oritisation leads to a lack of focus, and the suboptimal allocation of
limited resources. Furthermore, despite clear engagement strategies, the
vast majority of the interventions fail to test their content, and learn
from ex-ante evaluations, which is another area where improvements
can be made. Regarding Delivery, how interventions are communicated
and disseminated among HTR energy users appears comprehensive.
Nevertheless, prior testing and better knowledge of psychographics
would avoid an inefficient, all-out communication strategy, and help to
determine the most effective channels, messengers and timings.
Regarding the Evaluate block, our assessment revealed heterogeneous
outcomes. Consistent with the energy (efficiency) policy evaluation
literature, our results confirm that evaluation (whether ex-ante or ex-
post) is not a top priority for policymakers or programme managers. In
some cases, it generates uncertainty about actual behaviour or organ-
isational change, either in the short or the long term. Multiple factors
limit the provision of timely and valuable feedback regarding design and
implementation activities.

From a methodological perspective, the BBBC framework allowed us
to identify a variety of complexities, challenges and uncertainties asso-
ciated with HTR initiatives and the design, implementation and evalu-
ation of interventions. However, the approach is very resource intensive
if used for ex-post assessment purposes, and to effectively evaluate all of
the building blocks, data must be available, reliable, timely and useful.
Considering the exploratory nature of our study in methodological
terms, results indicate various limitations but also reveal avenues for
improvement, including systematic triangulation, process tracing, and a
calibrated language for certainty levels. Our experience strongly sug-
gests that the credibility and transferability of programme outcomes
would be improved if they were designed around the framework itself. A
common design approach based on the BBBC framework can also make
comparative assessments more feasible. Depending on the specific ob-
jectives of evaluation studies, future research could also explore the
application of the framework based on markers weighted by e.g.
importance. Although our results are highly context-dependent, the
application of the framework illustrates that rigorous and comprehen-
sive evaluations are needed to understand how, why, when and for
whom, HTR interventions work best.

Overall, our ex-post assessment highlights the need for systematic
integration and analyses of heterogeneity in future HTR-related energy
research. Our study underscores the value of evidence-based evaluation
in supporting the design, choice and implementation of behavioural-
oriented interventions that target HTR energy users. It also emphasises
the value of integrating behavioural science methods, together with
holistic evaluation approaches at an early stage in the design of HTR
programmes.
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Annex 1. Interview protocol

General questions on WHY the intervention was designed and
implemented

e What was the main motivation or justification to implement this

initiative?

Did you identify and bring together various stakeholders who could

help you with the project design, implementation and/or evaluation

before starting?

o If so, how did you identify and facilitate these stakeholders?

Did you clearly decide with your stakeholders on shared goals and

objectives?

o If so, can you share them here please?

e Did you return to this shared objective and change/reiterate it in any
way?

o If so, why/how?

e Did you undertake any type of analysis before starting to design your

project/programme/pilot?

o If so, what form did this take? E.g. lit review, market or landscape
analysis, talking to other programme managers doing similar
interventions...

Did you assess any regulatory and/or ethical obligations or barriers?

Questions about the Building Blocks of Behaviour Change framework
1. AUDIENCE

e Who was your target audience(s)?
Would you regard this audience group as hard-to-reach?

= Yes/No, why?
Did you aim to choose any specific HTR audience segment(s)?
e How was your target audience chosen/prioritised?
How was your target audience identified, defined,
characterised?

= Did you undertake any socio-economic, demographic/psy-

chographic, needs or barrier analyses?

e Were there any inclusion/exclusion criteria (e.g. income, level of
energy use) used for your target audience?
Please provide any information on audience definition or research
conducted, as available (e.g. via official document, publicly available
information)

and

2. BEHAVIOUR

e What were the chosen target behaviour(s) for the intervention?
e How were they chosen/prioritised?

e Who was involved in that prioritisation process?

e What is it that the intervention wanted people to do/change?

3. CONTENT
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e How did you decide on the approach? (Please describe overall
approach here)
= Can you provide us with any case study reports, materials or
examples?
m Are they publicly available/able to be published by this
Annex?
What engagement strategy and messages were used in the inter-
vention? (e.g. was it a competition/pledge?)
Was this content tailored to the intended audience?
m If yes, how?
How was the messaging strategy created/decided upon?
Was there any prior test, evaluation or comparative assessment?
Who was part of this decision-making process (e.g. internal mar-
keting team or consultants/designers?)
What materials were created and shared with the target audience?
m Please provide examples, as available.

4. DELIVERY

What mediums/media were used to communicate the intervention to
your target audience? (e.g. mass email/radio ads/in person visits/
website/text message)
What messenger(s) were used for your intervention? (i.e. who did the
messaging come from - utility/researcher/government agency/
community NGO/peers)
How was the intervention timing decided? What was the frequency
and duration of the intervention messaging? (E.g. was it scheduled
around the holidays/following a news article/after a new policy
announcement?)
Did you conduct any pre-market message or strategy testing?

m If yes, what adjustments were made as a result?
Was this programme decided as a once-off or is it scalable for wider
roll-out?

m Please provide examples and any other research conducted,

as available.

Is the deployment of the programme considered to be effective in
engaging the target audience(s)?

= Yes/no, why?

5. EVALUATE

Has the intervention been evaluated?
m If so, what were the metrics/indicators/goals/methods of
evaluation?
m Was it a process/impact/outcomes/goal-based evaluation?
e Who was involved in evaluation decisions, and when?
m Who were the evaluators? Internal and/or external?
m Were they included in the intervention design or added
later?
Has the programme considered stakeholder feedback during the
evaluation process?
e What were the evaluation findings and lessons learned? What
changes (if any) were made to the pilot or intervention as a result?
Have you evaluated any effectiveness and persistence in the long-
term?
= Yes/no, why?

References

[1] S. Rotmann, L. Mundaca, R. Castano-Rosa, K. O’Sullivan, A. Ambrose, R.
Marchand, M. Chester, B. Karlin, K. Ashby, D. Butler, J. Chambers, Hard-to-
Reach Energy Users: A Literature Review, SEA - Sustainable Energy Advice Ltd.,
Wellington, 2020.

[2] R. Lindenberg, Hard to reach: client or casework agency? Soc. Work 3 (1958)
23-29.

15

[3]

[4

[5

[6

[7]

[8

[9

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Energy Research & Social Science 104 (2023) 103205

H. Beder, Reaching the hard-to-reach adult through effective marketing, in: New
Directions for Continuing Education 8, 1980, pp. 11-26.

K. Tinker, Casework with hard-to-reach families, Am. J. Orthopsychiatry 29
(1959) 165-171, https://doi.org/10.1111/J.1939-0025.1959.TB00176.X.

K. Ashby, J. Smith, S. Rotmann, L. Mundaca, A. Ambrose, HTR Characterisation,
Users TCP HTR annex: Wellington, Wellington, 2020, https://doi.org/10.47568/
3XR102.

Users TCP by IEA, Hard-to-Reach Energy Users Task. https://userstcp.org/hard-t
o-reach-energy-users-task/, 2019. (Accessed 11 November 2022).

L. Ramsay, J. Pett, Hard to reach and hard to help: bringing energy efficiency to
elusive audiences, in: ECEEE (Ed.), ECEEE 2003 Summer Study, European
Council for an Energy Efficient Economy, 2003, pp. 1205-1215. St-Raphaél.

R. Raslan, A. Ambrose, Solving the difficult problem of hard to decarbonize
homes, Nature Energy 7 (8) (2022) 675-677, https://doi.org/10.1038/s41560-
022-01075-w, 7 (2022).

R. Dwivedi, R. Kumar, R. Buyya, A multi agent based energy and fault aware
scheme for WSN of hard-to-reach territories, Int J Auton Adapt Commun Syst. 15
(2022) 126-139.

S. Meyers, S. Guthrie, More and faster: increasing the achievable energy
efficiency potential through best-practice processes and data management tools,
in: ACEEE (Ed.), ACEEE Summer Study on Energy Efficiency in Buildings,
American Council for an Energy-Efficient Economy, 2006, pp. 266-279.
Washington, D.C.

R. Cluett, J. Amann, S. Ou, Building Better Energy Efficiency Programs for Low-
Income Households, Washington, DC, 2016. https://www.southeastsdn.org/wp-
content/uploads/2019/11/Building-Better-Efficiency-Programs-for-Low-Income-
Households.pdf (accessed November 10, 2022).

K. Johnson, G. Willoughby, W. Shimoda, M. Volker, Lessons learned from the
field: key strategies for implementing successful on-the-bill financing programs,
Energy Effic. 5 (2012) 109-119, https://doi.org/10.1007/512053-011-9109-7/
TABLES/2.

K. Ashby, J. Smith, S. Rotmann, L. Mundaca, J. Reyes, A. Ambrose, S. Borelli,
M. Talwar, Who are hard-to-reach energy users? Segments, barriers and
approaches to engage them, in: ACEEE Summer Study for Energy Efficiency in
Buildings, 2020. Monterey, https://userstcp.org/wp-content/uploads/2020/10/
Ashby-et-al-2020_ACEEE-summer-study.pdf.

A. Ambrose, W. Baker, E. Batty, A. MacNair, “I have a panic attack when I pick up
the phone™: experiences of energy advice amongst ‘hard to reach’ energy users,
People, Place and Policy. 14 (2020) 58-64, https://doi.org/10.3351/
ppp.2019.3479427335.

B. Karlin, S. Rotmann, K. Ashby, L. Mundaca, D. Butler, M.M. Sequeira, J. P.
Gouveia, P. Palma, A. Realini, S. Maggiore, Process matters: assessing the use of
behavioural science methods in applied behavioural programmes, in: ECEEE
(Ed.), ECEEE 2022 Summer Study, European Council for an Energy Efficient
Economy, 2022, pp. 541-549. Hyeres.

B. Karlin, H. Forster, D. Chapman, J. Sheats, S. Rotmann, The Building Blocks of
Behavior Change: a scientific approach to optimizing impact, Venice, CA, https://
seechangeinstitute.com/wp-content/uploads/2021/08/Building-Blocks-of-Beha
vior-Change.pdf, 2021 (accessed August 23, 2022).

S. Rotmann, V. Cowan, Piloting Home Energy Assessment Toolkits (HEAT kits) to
empower hard-to-reach energy users, in: ECEEE (Ed.), ECEEE, Summer Study,
European Council for an Energy Efficient Economy, Hyéres, 2022, p. 2021.
Uplight, Bridging the Gap: Driving Energy Customer Action, 2021. https://userst
cp.org/wp-content/uploads/2019/10/Bridging-the-Gap_-Driving-Energy-Cust
omer-Action.pdf (accessed November 17, 2022).

Uplight, Six Reasons Why Most SMBs Don'"’t Switch Rates. https://userstcp.org/
wp-content/uploads/2019/10/U_eBook _SMB_RateResearch.pdf, 2022. (Accessed
17 November 2022).

Uplight, MUSH! Untapped opportunities to support energy decision making. https
://userstcp.org/wp-content/uploads/2019/10/Getting-to-%E2%80%98Yes-wit
h-Municipalities-Universities-Schools-and-Hospitals.pdf, 2021. (Accessed 17
November 2022).

S. Rotmann, B. Karlin, Training commercial energy users in behavior change: a
case study, in: ACEEE (Ed.), ACEEE Summer Study for Energy Efficiency in
Buildings, Montery, 2020, pp. 1-12. https://userstcp.org/wp-content/uploads/
2020/10/Rotmann-and-Karlin-2020_ACEEE-summer-study.pdf (accessed
November 17, 2022).

Y.S.Y. Lincoln, E. Guba, But is it rigorous? Trustworthiness and authenticity in
naturalistic evaluation, New Directions for Program Evaluation 1986 (1986)
73-84, https://doi.org/10.1002/EV.1427.

W. Abrahamse, L. Steg, C. Vlek, T. Rothengatter, A review of intervention studies
aimed at household energy conservation, J. Environ. Psychol. 25 (2005)
273-291, https://doi.org/10.1016/j.jenvp.2005.08.002.

R. Miinscher, M. Vetter, T. Scheuerle, A review and taxonomy of choice
architecture techniques, J. Behav. Decis. Mak. 29 (2016) 511-524, https://doi.
org/10.1002/BDM.1897.

K. Farrow, G. Grolleau, L. Ibanez, Social norms and pro-environmental behavior:
a review of the evidence, Ecol. Econ. 140 (2017) 1-13, https://doi.org/10.1016/
j.ecolecon.2017.04.017.

D. Costa, M. Kahn, Energy conservation “nudges” and environmentalist ideology:
evidence from a randomized residential electricity Field experiment, J. Eur. Econ.
Assoc. 11 (2013) 680-702, https://doi.org/10.1111/JEEA.12011.

K. Kaestner, C. Vance, On Home Energy Reports and Boomerangs: evidence from
Austria, Hamburg. http://hdl.handle.net/10419/264122, 2022 (accessed
December 6, 2022).


https://doi.org/10.1111/J.1939-0025.1959.TB00176.X
https://doi.org/10.47568/3XR102
https://doi.org/10.47568/3XR102
https://userstcp.org/hard-to-reach-energy-users-task/
https://userstcp.org/hard-to-reach-energy-users-task/
https://doi.org/10.1038/s41560-022-01075-w
https://doi.org/10.1038/s41560-022-01075-w
https://www.southeastsdn.org/wp-content/uploads/2019/11/Building-Better-Efficiency-Programs-for-Low-Income-Households.pdf
https://www.southeastsdn.org/wp-content/uploads/2019/11/Building-Better-Efficiency-Programs-for-Low-Income-Households.pdf
https://www.southeastsdn.org/wp-content/uploads/2019/11/Building-Better-Efficiency-Programs-for-Low-Income-Households.pdf
https://doi.org/10.1007/S12053-011-9109-7/TABLES/2
https://doi.org/10.1007/S12053-011-9109-7/TABLES/2
https://userstcp.org/wp-content/uploads/2020/10/Ashby-et-al-2020_ACEEE-summer-study.pdf
https://userstcp.org/wp-content/uploads/2020/10/Ashby-et-al-2020_ACEEE-summer-study.pdf
https://doi.org/10.3351/ppp.2019.3479427335
https://doi.org/10.3351/ppp.2019.3479427335
https://seechangeinstitute.com/wp-content/uploads/2021/08/Building-Blocks-of-Behavior-Change.pdf
https://seechangeinstitute.com/wp-content/uploads/2021/08/Building-Blocks-of-Behavior-Change.pdf
https://seechangeinstitute.com/wp-content/uploads/2021/08/Building-Blocks-of-Behavior-Change.pdf
https://userstcp.org/wp-content/uploads/2019/10/Bridging-the-Gap_-Driving-Energy-Customer-Action.pdf
https://userstcp.org/wp-content/uploads/2019/10/Bridging-the-Gap_-Driving-Energy-Customer-Action.pdf
https://userstcp.org/wp-content/uploads/2019/10/Bridging-the-Gap_-Driving-Energy-Customer-Action.pdf
https://userstcp.org/wp-content/uploads/2019/10/U_eBook_SMB_RateResearch.pdf
https://userstcp.org/wp-content/uploads/2019/10/U_eBook_SMB_RateResearch.pdf
https://userstcp.org/wp-content/uploads/2019/10/Getting-to-%E2%80%98Yes-with-Municipalities-Universities-Schools-and-Hospitals.pdf
https://userstcp.org/wp-content/uploads/2019/10/Getting-to-%E2%80%98Yes-with-Municipalities-Universities-Schools-and-Hospitals.pdf
https://userstcp.org/wp-content/uploads/2019/10/Getting-to-%E2%80%98Yes-with-Municipalities-Universities-Schools-and-Hospitals.pdf
https://userstcp.org/wp-content/uploads/2020/10/Rotmann-and-Karlin-2020_ACEEE-summer-study.pdf
https://userstcp.org/wp-content/uploads/2020/10/Rotmann-and-Karlin-2020_ACEEE-summer-study.pdf
https://doi.org/10.1002/EV.1427
https://doi.org/10.1016/j.jenvp.2005.08.002
https://doi.org/10.1002/BDM.1897
https://doi.org/10.1002/BDM.1897
https://doi.org/10.1016/j.ecolecon.2017.04.017
https://doi.org/10.1016/j.ecolecon.2017.04.017
https://doi.org/10.1111/JEEA.12011
http://hdl.handle.net/10419/264122

L. Mundaca et al.

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]
[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

G. Wood, M. Newborough, Dynamic energy-consumption indicators for domestic
appliances: environment, behaviour and design, Energy Build. 35 (2003)
821-841, https://doi.org/10.1016/S0378-7788(02)00241-4.

M. Lopes, C. Antunes, K. Janda, Energy and Behaviour: Towards a Low Carbon
Future, Academic Press, London, 2019.

L. Steg, C. Vlek, Encouraging pro-environmental behaviour: an integrative review
and research agenda, J. Environ. Psychol. 29 (2009) 309-317, https://doi.org/
10.1016/j.jenvp.2008.10.004.

M.A. Andor, K.M. Fels, Behavioral economics and energy conservation — a
systematic review of non-price interventions and their causal effects, Ecol. Econ.
148 (2018) 178-210, https://doi.org/10.1016/j.ecolecon.2018.01.018.

S. Bager, L. Mundaca, Making ‘Smart Meters’ smarter? Insights from a
behavioural economics pilot field experiment in Copenhagen, Denmark, Energy
Res Soc Sci. 28 (2017) 68-76, https://doi.org/10.1016/j.erss.2017.04.008.

K. Kotilainen, U.A. Saari, S.J. Makinen, C.M. Ringle, Exploring the
microfoundations of end-user interests toward co-creating renewable energy
technology innovations, J. Clean. Prod. 229 (2019) 203-212, https://doi.org/
10.1016/J.JCLEPRO.2019.04.296.

S. Sillak, K. Borch, K. Sperling, Assessing co-creation in strategic planning for
urban energy transitions, Energy Res. Soc. Sci. 74 (2021), 101952, https://doi.
org/10.1016/J.ERSS.2021.101952.

R. McAndrew, R. Mulcahy, R. Gordon, R. Russell-Bennett, Household energy
efficiency interventions: a systematic literature review, Energy Policy 150 (2021),
112136, https://doi.org/10.1016/J.ENPOL.2021.112136.

S. Mazur-Stommen, K. Farley, ACEEE Field Guide to Utility-Run Behavior
Programs, ACEEE, Washington DC, 2013. https://www.aceee.org/sites/default
/files/publications/researchreports/b132.pdf (accessed August 23, 2022).

B. Karlin, J. Zinger, R. Ford, The effects of feedback on energy conservation: a
meta-analysis, Psychol. Bull. 141 (2015) 1205-1227, https://doi.org/10.1037/
A0039650.

IEA, Multiple Benefits of Energy Efficiency. https://www.iea.org/reports/
multiple-benefits-of-energy-efficiency, 2019. (Accessed 11 November 2022).
H.D. Saunders, J. Roy, I.M.L. Azevedo, D. Chakravarty, S. Dasgupta, S. De La Rue
Du, A. Can, R. Druckman, M. Fouquet, B. Grubb, R. Lin, R. Lowe, D.M. Madlener,
L. McCoy, T. Mundaca, S. Oreszczyn, D. Sorrell, K. Stern, T. Wei Tanaka, Energy
efficiency: what has research delivered in the last 40 years? Annu. Rev. Environ.
Resour. 46 (2021) 135-165, https://doi.org/10.1146/ANNUREV-ENVIRON-
012320-084937.

M. Harmelink, L. Nilsson, R. Harmsen, Theory-based policy evaluation of 20
energy efficiency instruments, Energy Effic. 1 (2008) 131-148, https://doi.org/
10.1007/s12053-008-9007-9.

K. Gillingham, A. Keyes, K. Palmer, Advances in evaluating energy efficiency
policies and programs, Ann. Rev. Resour. Econ. 10 (2018) 511-532, https://doi.
org/10.1146/ANNUREV-RESOURCE-100517-023028.

K. Collins, A. Tapp, A. Pressley, Social marketing and social influences: using
social ecology as a theoretical framework, J. Mark. Manag. 26 (2010) 1181-1200,
https://doi.org/10.1080/0267257X.2010.522529.

C. Panter-Brick, S.E. Clarke, H. Lomas, M. Pinder, S.W. Lindsay, Culturally
compelling strategies for behaviour change: a social ecology model and case
study in malaria prevention, Soc. Sci. Med. 62 (2006) 2810-2825, https://doi.
org/10.1016/J.SOCSCIMED.2005.10.009.

J. Froehlich, L. Findlater, J. Landay, The design of eco-feedback technology, in:
Conference on Human Factors in Computing Systems - Proceedings, 2010,

pp. 1-11, https://doi.org/10.1145/1753326.1753629. Atlanta, Georgia.

C. Ansell, A. Gash, Collaborative governance in theory and practice, J. Public
Adm. Res. Theory 18 (2008) 543-571, https://doi.org/10.1093/JOPART/
MUMO032.

S. Magistretti, L. Ardito, A. Messeni Petruzzelli, Framing the microfoundations of
design thinking as a dynamic capability for innovation: reconciling theory and
practice, J. Prod. Innov. Manag. 38 (2021) 645-667, https://doi.org/10.1111/
JPIM.12586.

K.L. Wolf, Assessing public response to freeway roadsides, Transportation
Research Record: Journal of the Transportation Research Board. 2006 (1984)
102-111, https://doi.org/10.1177,/0361198106198400110.

R.L. Ryan, The social landscape of planning: integrating social and perceptual
research with spatial planning information, Landsc. Urban Plan. 100 (2011)
361-363, https://doi.org/10.1016/J.LANDURBPLAN.2011.01.015.

1. Ajzen, M. Fishbein, Understanding Attitudes and Predicting Social Behavior,
Prentice-Hall, NJ, 1980.

P. Upham, P. Bogel, K. Johansen, Energy Transitions and Social Psychology: A
Sociotechnical Perspective, Routledge, London, 2019, https://doi.org/10.4324/
9780429458651.

S. Guy, E. Shove, The Sociology of Energy, Buildings and the Environment:
Constructing Knowledge, Designing Practice, Taylor and Francis, London, 2014,
https://doi.org/10.4324,/9781315812373.

M. Scriven, Evaluation Thesaurus, SAGE Publications Inc, London, 1991.

M.C. Alkin, Evaluation Roots: Tracing Theorists’ Views and Influences, Sage
Publications, Newbury Park CA, 2004.

C. Hakim, Research Design: Succesful Designs for Social Economics Research, 2nd
ed., Routledge, London, 2000.

M. Patton, Qualitative Evaluation and Research Methods, Sage Publications,
London, 1990.

K. Ashby, Case study analysis - the US and Canada, Boston (2021), https://doi.
org/10.47568/3XR118.

D. Butler, Case study analysis - the United Kingdom, London (2021), https://doi.
org/10.47568/3XR117.

16

[58]
[59]
[60]
[61]
[62]
[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

771

[78]

[79]

[80]

[81]

[82]

[83]

[84]

Energy Research & Social Science 104 (2023) 103205

M. Feenstra, Case study analysis - the Netherlands, Delft (2021), https://doi.org/
10.47568/3XR114.

L. Mundaca, Case study analysis - Sweden, Lund (2021), https://doi.org/
10.47568/3XR116.

A. Realini, S. Maggiore, Case study analysis - Italy, Milan (2021), https://doi.org/
10.47568/3XR113.

S. Rotmann, Case Study Analysis, Aotearoa New Zealand, Wellington, 2021,
https://doi.org/10.47568/3XR112.

M.M. Sequeira, J.P. Gouveia, P. Palma, Case study analysis - Portugal, Lisbon
(2021), https://doi.org/10.47568/3XR115.

S. Mathison, Why triangulate? Educ. Res. 17 (1988) 17, https://doi.org/10.2307/
1174583.

S. Paramonova, P. Thollander, Energy-efficiency networks for SMEs: learning
from the Swedish experience, Renew. Sust. Energ. Rev. 65 (2016) 295-307,
https://doi.org/10.1016/J.RSER.2016.06.088.

M. Franke, C. Nadler, Energy efficiency in the German residential housing
market: its influence on tenants and owners, Energy Policy 128 (2019) 879-890,
https://doi.org/10.1016/J.ENPOL.2019.01.052.

M.A. Brown, A. Soni, A.D. Doshi, C. King, The persistence of high energy burdens:
A bibliometric analysis of vulnerability, poverty, and exclusion in the United
States, Energy Res. Soc. Sci. 70 (2020), 101756, https://doi.org/10.1016/J.
ERSS.2020.101756.

T. Al-Shemmeri, L. Naylor, Energy saving in UK FE colleges: the relative
importance of the socio-economic groups and environmental attitudes of
employees, Renew. Sust. Energ. Rev. 68 (2017) 1130-1143, https://doi.org/
10.1016/J.RSER.2016.08.004.

G. Trotta, Factors affecting energy-saving behaviours and energy efficiency
investments in British households, Energy Policy 114 (2018) 529-539, https://
doi.org/10.1016/J.ENPOL.2017.12.042.

M. Lang, R. Lane, K. Zhao, S. Tham, K. Woolfe, R. Raven, Systematic review:
Landlords’ willingness to retrofit energy efficiency improvements, J. Clean. Prod.
303 (2021), 127041, https://doi.org/10.1016/J.JCLEPRO.2021.127041.

R.J. Sutherland, Market barriers to energy-efficiency investments, Energy
Journal. 12 (1991) 15-34.

C. Egmond, R. Jonkers, G. Kok, One size fits all? Policy instruments should fit the
segments of target groups, Energy Policy. 34 (2006) 3464-3474, https://doi.org/
10.1016/J.ENPOL.2005.07.017.

C. Camerer, S. Issacharoff, G. Loewenstein, T. O’'Donoghue, M. Rabin, Regulation
for conservatives: Behavioral economics and the case for asymmetric paternalism,
Univ. Pa. Law Rev. 151 (2003) 1211-1254, https://doi.org/10.2307/3312889.
A. Morton, A. Reeves, R. Bull, S. Preston, Empowering and engaging European
building users for energy efficiency, Energy Res. Soc. Sci. 70 (2020), 101772,
https://doi.org/10.1016/J.ERSS.2020.101772.

S. Badi, Facilitating ESCO market development through value co-creation: role of
utility sector intermediaries, Energy Effic. 14 (2021) 1-22, https://doi.org/
10.1007/S12053-021-09972-X/TABLES/5.

L. Mundaca, J. Sonnenschein, L. Steg, N. Hohne, D. Urge-Vorsatz, The global
expansion of climate mitigation policy interventions, the Talanoa dialogue and
the role of behavioural insights, Environ Res Commun. 1 (2019), 061001, https://
doi.org/10.1088/2515-7620/AB26D6.

K. Wortmann, W. Mohring-Hiiser, Off., Really off? Eco-marketing as energy
efficiency approach, in: ECEEE (Ed.), ECEEE 2022 Summer Study, European
Council for an Energy Efficient Economy, Hyeres, 2022, pp. 368-379, in: https
://www.eceee.org/library/conference_proceedings/eceee_ Summer_Studies/
2001/Panel 2/p2 9/ (accessed April 24, 2023).

L. Mundaca, X. Zhu, M. Hackenfort, Behavioural insights for sustainable energy
use, Energy Policy 171 (2022), 113292, https://doi.org/10.1016/J.
ENPOL.2022.113292.

T. Dietz, G.T. Gardner, J. Gilligan, P.C. Stern, M.P. Vandenbergh, Household
actions can provide a behavioral wedge to rapidly reduce US carbon emissions,
Proc. Natl. Acad. Sci. 106 (2009) 18452-18456, https://doi.org/10.1073/
pnas.0908738106.

L. Mundaca, D. Urge-Vorsatz, C. Wilson, Demand-side approaches for limiting
global warming to 1.5 °C, Energy Effic. 12 (2019), https://doi.org/10.1007/
$12053-018-9722-9.

F. Pardo-Bosch, C. Cervera, T. Ysa, Key aspects of building retrofitting:
strategizing sustainable cities, J. Environ. Manag. 248 (2019), 109247, https://
doi.org/10.1016/J.JENVMAN.2019.07.018.

M. Boesiger, M. Jourdan, J.P. Bacher, Influencing user behavior in office
buildings through a co-creation process in order to achieve better energy
efficiency and comfort, J. Phys. Conf. Ser. 1343 (2019), 012140, https://doi.org/
10.1088/1742-6596,/1343/1/012140.

L. Dupont, J. Mastelic, N. Nyffeler, S. Latrille, E. Seulliet, Living lab as a support
to trust for co-creation of value: application to the consumer energy market,
Journal of Innovation Economics & Management. 1 (2019) 53-78. https://www.
cairn.info/revue-journal-of-innovation-economics-2019-1-page-53.htm?WT.ts
re=cairnEmailAlert& WT.mc_id=JIE_028&contenu=resume (accessed April 24,
2023).

Y. Parag, K.B. Janda, More than filler: middle actors and socio-technical change in
the energy system from the middle-out, Energy Res. Soc. Sci. 3 (2014) 102-112,
https://doi.org/10.1016/J.ERSS.2014.07.011.

S.N. Ruiz, J.K. Day, K. Govertsen, M. Kane, Communication breakdown: energy
efficiency recommendations to address the disconnect between building
operators and occupants, Energy Res. Soc. Sci. 91 (2022), 102719, https://doi.
org/10.1016/J.ERSS.2022.102719.


https://doi.org/10.1016/S0378-7788(02)00241-4
https://doi.org/10.1016/j.jenvp.2008.10.004
https://doi.org/10.1016/j.jenvp.2008.10.004
https://doi.org/10.1016/j.ecolecon.2018.01.018
https://doi.org/10.1016/j.erss.2017.04.008
https://doi.org/10.1016/J.JCLEPRO.2019.04.296
https://doi.org/10.1016/J.JCLEPRO.2019.04.296
https://doi.org/10.1016/J.ERSS.2021.101952
https://doi.org/10.1016/J.ERSS.2021.101952
https://doi.org/10.1016/J.ENPOL.2021.112136
https://www.aceee.org/sites/default/files/publications/researchreports/b132.pdf
https://www.aceee.org/sites/default/files/publications/researchreports/b132.pdf
https://doi.org/10.1037/A0039650
https://doi.org/10.1037/A0039650
https://www.iea.org/reports/multiple-benefits-of-energy-efficiency
https://www.iea.org/reports/multiple-benefits-of-energy-efficiency
https://doi.org/10.1146/ANNUREV-ENVIRON-012320-084937
https://doi.org/10.1146/ANNUREV-ENVIRON-012320-084937
https://doi.org/10.1007/s12053-008-9007-9
https://doi.org/10.1007/s12053-008-9007-9
https://doi.org/10.1146/ANNUREV-RESOURCE-100517-023028
https://doi.org/10.1146/ANNUREV-RESOURCE-100517-023028
https://doi.org/10.1080/0267257X.2010.522529
https://doi.org/10.1016/J.SOCSCIMED.2005.10.009
https://doi.org/10.1016/J.SOCSCIMED.2005.10.009
https://doi.org/10.1145/1753326.1753629
https://doi.org/10.1093/JOPART/MUM032
https://doi.org/10.1093/JOPART/MUM032
https://doi.org/10.1111/JPIM.12586
https://doi.org/10.1111/JPIM.12586
https://doi.org/10.1177/0361198106198400110
https://doi.org/10.1016/J.LANDURBPLAN.2011.01.015
https://doi.org/10.4324/9780429458651
https://doi.org/10.4324/9780429458651
https://doi.org/10.4324/9781315812373
https://doi.org/10.47568/3XR118
https://doi.org/10.47568/3XR118
https://doi.org/10.47568/3XR117
https://doi.org/10.47568/3XR117
https://doi.org/10.47568/3XR114
https://doi.org/10.47568/3XR114
https://doi.org/10.47568/3XR116
https://doi.org/10.47568/3XR116
https://doi.org/10.47568/3XR113
https://doi.org/10.47568/3XR113
https://doi.org/10.47568/3XR112
https://doi.org/10.47568/3XR115
https://doi.org/10.2307/1174583
https://doi.org/10.2307/1174583
https://doi.org/10.1016/J.RSER.2016.06.088
https://doi.org/10.1016/J.ENPOL.2019.01.052
https://doi.org/10.1016/J.ERSS.2020.101756
https://doi.org/10.1016/J.ERSS.2020.101756
https://doi.org/10.1016/J.RSER.2016.08.004
https://doi.org/10.1016/J.RSER.2016.08.004
https://doi.org/10.1016/J.ENPOL.2017.12.042
https://doi.org/10.1016/J.ENPOL.2017.12.042
https://doi.org/10.1016/J.JCLEPRO.2021.127041
https://doi.org/10.1016/J.ENPOL.2005.07.017
https://doi.org/10.1016/J.ENPOL.2005.07.017
https://doi.org/10.2307/3312889
https://doi.org/10.1016/J.ERSS.2020.101772
https://doi.org/10.1007/S12053-021-09972-X/TABLES/5
https://doi.org/10.1007/S12053-021-09972-X/TABLES/5
https://doi.org/10.1088/2515-7620/AB26D6
https://doi.org/10.1088/2515-7620/AB26D6
https://www.eceee.org/library/conference_proceedings/eceee_Summer_Studies/2001/Panel_2/p2_9/
https://www.eceee.org/library/conference_proceedings/eceee_Summer_Studies/2001/Panel_2/p2_9/
https://www.eceee.org/library/conference_proceedings/eceee_Summer_Studies/2001/Panel_2/p2_9/
https://doi.org/10.1016/J.ENPOL.2022.113292
https://doi.org/10.1016/J.ENPOL.2022.113292
https://doi.org/10.1073/pnas.0908738106
https://doi.org/10.1073/pnas.0908738106
https://doi.org/10.1007/s12053-018-9722-9
https://doi.org/10.1007/s12053-018-9722-9
https://doi.org/10.1016/J.JENVMAN.2019.07.018
https://doi.org/10.1016/J.JENVMAN.2019.07.018
https://doi.org/10.1088/1742-6596/1343/1/012140
https://doi.org/10.1088/1742-6596/1343/1/012140
https://www.cairn.info/revue-journal-of-innovation-economics-2019-1-page-53.htm?WT.tsrc=cairnEmailAlert&amp;WT.mc_id=JIE_028&amp;contenu=resume
https://www.cairn.info/revue-journal-of-innovation-economics-2019-1-page-53.htm?WT.tsrc=cairnEmailAlert&amp;WT.mc_id=JIE_028&amp;contenu=resume
https://www.cairn.info/revue-journal-of-innovation-economics-2019-1-page-53.htm?WT.tsrc=cairnEmailAlert&amp;WT.mc_id=JIE_028&amp;contenu=resume
https://doi.org/10.1016/J.ERSS.2014.07.011
https://doi.org/10.1016/J.ERSS.2022.102719
https://doi.org/10.1016/J.ERSS.2022.102719

L. Mundaca et al.

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

[98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

M. McMichael, D. Shipworth, The value of social networks in the diffusion of
energy-efficiency innovations in UK households, Energy Policy 53 (2013)
159-168, https://doi.org/10.1016/J.ENPOL.2012.10.039.

F. Wade, J. Webb, E. Creamer, Local government capacities to support net zero:
Developing comprehensive heat and energy efficiency strategies in Scotland,
Energy Res. Soc. Sci. 89 (2022), 102544, https://doi.org/10.1016/J.
ERSS.2022.102544.

A. Sanguinetti, K. Dombrovski, S. Sikand, Information, timing, and display: a
design-behavior framework for improving the effectiveness of eco-feedback,
Energy Res. Soc. Sci. 39 (2018) 55-68, https://doi.org/10.1016/J.
ERSS.2017.10.001.

T. Fawcett, G. Killip, Re-thinking energy efficiency in European policy:
Practitioners’ use of ‘multiple benefits’ arguments, J. Clean. Prod. 210 (2019)
1171-1179, https://doi.org/10.1016/J.JCLEPRO.2018.11.026.

G. Nair, L. Gustavsson, K. Mahapatra, Owners perception on the adoption of
building envelope energy efficiency measures in Swedish detached houses, Appl.
Energy 87 (2010) 2411-2419, https://doi.org/10.1016/J.
APENERGY.2010.02.004.

S. Ebrahimigharehbaghi, Q.K. Qian, G. de Vries, H.J. Visscher, Municipal
governance and energy retrofitting of owner-occupied homes in the Netherlands,
Energy Build. 274 (2022), 112423, https://doi.org/10.1016/J.
ENBUILD.2022.112423.

C. Isaksson, C. Hiller, A.L. Lane, Active, passive, non-existing or conditional?
Social relations shaping energy use at workplaces, Energy Res Soc Sci. 51 (2019)
148-155, https://doi.org/10.1016/J.ERSS.2018.12.014.

G. May, 1. Barletta, B. Stahl, M. Taisch, Energy management in production: a
novel method to develop key performance indicators for improving energy
efficiency, Appl. Energy 149 (2015) 46-61, https://doi.org/10.1016/J.
APENERGY.2015.03.065.

P.P. Xu, E.H.W. Chan, Q.K. Qian, Key performance indicators (KPI) for the
sustainability of building energy efficiency retrofit (BEER) in hotel buildings in
China, Facilities. 30 (2012) 432-448, https://doi.org/10.1108/
02632771211235242/FULL/PDF.

J. Terés-Zubiaga, R. Bolliger, M.G. Almeida, R. Barbosa, J. Rose, K.E. Thomsen,
E. Montero, R. Briones-Llorente, Cost-effective building renovation at district
level combining energy efficiency & renewables — methodology assessment
proposed in IEA EBC annex 75 and a demonstration case study, Energy Build. 224
(2020), 110280, https://doi.org/10.1016/J.ENBUILD.2020.110280.

L. Neij, K. Astrand, Outcome indicators for the evaluation of energy policy
instruments and technical change, Energy Policy 34 (2006) 2662-2676, https://
doi.org/10.1016/J.ENPOL.2005.03.012.

E. Vine, W. Saxonis, J. Peters, B. Tannenbaum, B. Wirtshafter, Training the next
generation of energy efficiency evaluators, Energy Effic. 6 (2013) 293-303,
https://doi.org/10.1007/S12053-012-9177-3/FIGURES/8.

E. Vine, Strategies and policies for improving energy efficiency programs: closing
the loop between evaluation and implementation, Energy Policy 36 (2008)
3872-3881, https://doi.org/10.1016/J.ENPOL.2008.06.038.

B.W. Youker, The SAGE Encyclopedia of Educational Research, Measurement,
and Evaluation, SAGE Publications, Inc., 2018, https://doi.org/10.4135/
9781506326139.

S. Mathison, External Evaluation, in: Encyclopedia of Evaluation, Sage
Publications, Inc., 2005, https://doi.org/10.4135/9781412950558.

O. Renn, P.J. Schweizer, Inclusive governance for energy policy making:
conceptual foundations, applications, and lessons learned, in: O. Renn, F. Ulmer,
A. Deckert (Eds.), The Role of Public Participation in Energy Transitions,
Academic Press, 2020, pp. 39-79, https://doi.org/10.1016/B978-0-12-819515-
4.00003-9.

D.M. Kramer, R.P. Wells, N. Carlan, T. Aversa, S.M. Dixon, K. McMillan, Did You
Have an Impact? A Theory-Based Method for Planning and Evaluating
Knowledge-Transfer and Exchange Activities in Occupational Health and Safety,
doi:https://doi.org/10.1080/10803548.2013.11076965. 19 (2015) 41-62. doi:
https://doi.org/10.1080/10803548.2013.11076965.

M.L. Lode, S. Heuninckx, G. te Boveldt, C. Macharis, T. Coosemans, Designing
successful energy communities: a comparison of seven pilots in Europe applying
the multi-actor multi-criteria analysis, Energy Res. Soc. Sci. 90 (2022), 102671,
https://doi.org/10.1016/J.ERSS.2022.102671.

S. Mertens, M. Herberz, U.J.J. Hahnel, T. Brosch, The effectiveness of nudging: a
meta-analysis of choice architecture interventions across behavioral domains,
Proc. Natl. Acad. Sci. U. S. A. 119 (2022), 2107346118, https://doi.org/
10.1073/PNAS.2107346118/SUPPL _FILE/PNAS.2107346118.SAPP.PDF.

E. Frey, T. Rogers, Persistence: how treatment effects persist after interventions
stop, Policy Insights Behav. Brain Sci. 1 (2014) 172-179, https://doi.org/
10.1177/2372732214550405.

J. Schleich, C. Faure, M. Klobasa, Persistence of the effects of providing feedback
alongside smart metering devices on household electricity demand, Energy Policy
107 (2017) 225-233, https://doi.org/10.1016/J.ENPOL.2017.05.002.

E. Vine, N. Hall, K.M. Keating, M. Kushler, R. Prahl, Emerging evaluation issues:
persistence, behavior, rebound, and policy, Energy Effic. 6 (2013) 329-339,
https://doi.org/10.1007/512053-012-9174-6/METRICS.

17

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]
[120]

[121]

[122]

[123]

[124]

[125]

[126]

[127]

[128]

[129]

[130]

[131]

[132]

Energy Research & Social Science 104 (2023) 103205

A. Bryman, S. Becker, J. Sempik, Quality criteria for quantitative, qualitative and
mixed methods research: a view from social policy, Int. J. Soc. Res. Methodol. 11
(2008) 261-276, https://doi.org/10.1080/13645570701401644.

K. Bickerstaff, P. Devine-Wright, C. Butler, Living with low carbon technologies:
an agenda for sharing and comparing qualitative energy research, Energy Policy
84 (2015) 241-249, https://doi.org/10.1016/J.ENPOL.2015.04.015.

A. Dagoumas, F. Flouros, Energy policy formulation in Israel following its recent
gas discoveries, Int. J. Energy Econ. Policy 7 (2017) 19-30.

G. Krishna, Understanding and identifying barriers to electric vehicle adoption
through thematic analysis, Transp. Res. Interdiscip. Perspect. 10 (2021), 100364,
https://doi.org/10.1016/J.TRIP.2021.100364.

L. Chancel, Global carbon inequality over 1990-2019, Nature Sustainability 5
(11) (2022) 931-938, https://doi.org/10.1038/541893-022-00955-z.

Y. Oswald, A. Owen, J.K. Steinberger, Large inequality in international and
intranational energy footprints between income groups and across consumption
categories, Nature Energy 5 (3) (2020) 231-239, https://doi.org/10.1038/
541560-020-0579-8.

K. Gillingham, M. Harding, D. Rapson, Split incentives in residential energy
consumption, Energy J. 33 (2012) 37-62.

K. Wohlfarth, W. Eichhammer, B. Schlomann, E. Worrell, Tailoring cross-sectional
energy-efficiency measures to target groups in industry, Energy Effic. 11 (2018)
1265-1279, https://doi.org/10.1007/512053-018-9619-7/TABLES/8.

L. Mundaca, S. Kloke, On-bill financing programs to support low-carbon energy
technologies: an agent-oriented assessment, Rev. Policy Res. 35 (2018) 502-534,
https://doi.org/10.1111/ROPR.12302.

J. Uher, What is behaviour? And (when) is language behaviour? A
metatheoretical definition, J Theory Soc Behav. 46 (2016) 475-501, https://doi.
org/10.1111/JTSB.12104.

B. Boza-Kiss, S. Moles-Grueso, D. Urge-Vorsatz, Evaluating policy instruments to
foster energy efficiency for the sustainable transformation of buildings, Curr.
Opin. Environ. Sustain. 5 (2013) 163-176, https://doi.org/10.1016/].
cosust.2013.04.002.

R. Hahn, R. Metcalfe, The impact of behavioral science experiments on energy
policy, Econ. Energy Environ. Policy 5 (2016) 27-44. https://www.jstor.org
/stable/26189504?seq=1.

B. Johnson, Examining the validity structure of qualitative research, Education
118 (1997) 282-292.

D. Collier, Understanding process tracing, PS Polit Sci Polit. 44 (2011) 823-830,
https://doi.org/10.1017/51049096511001429.

C.J. Bryan, E. Tipton, D.S. Yeager, Behavioural science is unlikely to change the
world without a heterogeneity revolution, Nat. Hum. Behav. 5 (8) (2021)
980-989, https://doi.org/10.1038/541562-021-01143-3, 5.

P. Clissett, Evaluating qualitative research, J. Orthop. Nurs. 12 (2008) 99-105,
https://doi.org/10.1016/J.JOON.2008.07.009.

C. Amber, Exploring the function of member checking, Qual. Rep. 24 (2019)
619-628. https://www.proquest.com/docview/2213787326?pg-origsite=gschol
ar&fromopenview=true (accessed November 7, 2022).

G. Cao, The pattern-matching role of systems thinking in improving research
trustworthiness, Syst. Pract. Action Res. 20 (6) (2007) 441-453, https://doi.org/
10.1007/S11213-007-9069-1.

M. Boeckhout, G. Zielhuis, A. Bredenoord, The FAIR guiding principles for data
stewardship: fair enough? Eur. J. Hum. Genet. 26 (7) (2018) 931-936, https://
doi.org/10.1038/s41431-018-0160-0, 26 (2018).

J. Johnson, D. Adkins, S. Chauvin, A review of the quality indicators of rigor in
qualitative research, Am. J. Pharm. Educ. 84 (2020) 138-146, https://doi.org/
10.5688/AJPE7120.

B.L. Rodgers, K.V. Cowles, The qualitative research audit trail: a complex
collection of documentation, Res Nurs Health. 16 (1993) 219-226, https://doi.
org/10.1002/NUR.4770160309.

K. Malterud, Qualitative research: standards, challenges, and guidelines, Lancet
358 (2001) 483-488, https://doi.org/10.1016/50140-6736(01)05627-6.

Y.S. Lincoln, E.G. Guba, Establishing trustworthiness, in: Naturalistic Inquiry,
SAGE, Newbury Park, CA, 1985, pp. 289-331, https://doi.org/10.1016/0147-
1767(85)90062-8.

M. Pratt, S. Kaplan, R. Whittington, The tumult over transparency: decoupling
transparency from replication in establishing trustworthy qualitative research*,
Adm. Sci. Q. 65 (2019) 1-19, https://doi.org/10.1177/0001839219887663.

A. Moors, The trouble with transparency: reconnecting ethics, integrity,
epistemology, and power, Ethnography. 20 (2019) 149-169, https://doi.org/
10.1177/1466138119844279.

M.D. Mastrandrea, C.B. Field, T.F. Stocker, K.L. Ebi, D.J. Frame, H. Held,

E. Kriegler, K.J. Mach, P.R. Matschoss, G.-K. Plattner, G.W. Yohe, F.W. Zwiers,
Guidance Note for Lead Authors of the IPCC Fifth Assessment Report on
Consistent Treatment of Uncertainties, Jasper Ridge, CA, 2010. https://www.ipcc
.ch/site/assets/uploads/2018/05/uncertainty-guidance-note.pdf (accessed
November 15, 2022).


https://doi.org/10.1016/J.ENPOL.2012.10.039
https://doi.org/10.1016/J.ERSS.2022.102544
https://doi.org/10.1016/J.ERSS.2022.102544
https://doi.org/10.1016/J.ERSS.2017.10.001
https://doi.org/10.1016/J.ERSS.2017.10.001
https://doi.org/10.1016/J.JCLEPRO.2018.11.026
https://doi.org/10.1016/J.APENERGY.2010.02.004
https://doi.org/10.1016/J.APENERGY.2010.02.004
https://doi.org/10.1016/J.ENBUILD.2022.112423
https://doi.org/10.1016/J.ENBUILD.2022.112423
https://doi.org/10.1016/J.ERSS.2018.12.014
https://doi.org/10.1016/J.APENERGY.2015.03.065
https://doi.org/10.1016/J.APENERGY.2015.03.065
https://doi.org/10.1108/02632771211235242/FULL/PDF
https://doi.org/10.1108/02632771211235242/FULL/PDF
https://doi.org/10.1016/J.ENBUILD.2020.110280
https://doi.org/10.1016/J.ENPOL.2005.03.012
https://doi.org/10.1016/J.ENPOL.2005.03.012
https://doi.org/10.1007/S12053-012-9177-3/FIGURES/8
https://doi.org/10.1016/J.ENPOL.2008.06.038
https://doi.org/10.4135/9781506326139
https://doi.org/10.4135/9781506326139
https://doi.org/10.4135/9781412950558
https://doi.org/10.1016/B978-0-12-819515-4.00003-9
https://doi.org/10.1016/B978-0-12-819515-4.00003-9
https://doi.org/10.1080/10803548.2013.11076965
https://doi.org/10.1080/10803548.2013.11076965
https://doi.org/10.1016/J.ERSS.2022.102671
https://doi.org/10.1073/PNAS.2107346118/SUPPL_FILE/PNAS.2107346118.SAPP.PDF
https://doi.org/10.1073/PNAS.2107346118/SUPPL_FILE/PNAS.2107346118.SAPP.PDF
https://doi.org/10.1177/2372732214550405
https://doi.org/10.1177/2372732214550405
https://doi.org/10.1016/J.ENPOL.2017.05.002
https://doi.org/10.1007/S12053-012-9174-6/METRICS
https://doi.org/10.1080/13645570701401644
https://doi.org/10.1016/J.ENPOL.2015.04.015
https://doi.org/10.1016/J.TRIP.2021.100364
https://doi.org/10.1038/s41893-022-00955-z
https://doi.org/10.1038/s41560-020-0579-8
https://doi.org/10.1038/s41560-020-0579-8
https://doi.org/10.1007/S12053-018-9619-7/TABLES/8
https://doi.org/10.1111/ROPR.12302
https://doi.org/10.1111/JTSB.12104
https://doi.org/10.1111/JTSB.12104
https://doi.org/10.1016/j.cosust.2013.04.002
https://doi.org/10.1016/j.cosust.2013.04.002
https://www.jstor.org/stable/26189504?seq=1
https://www.jstor.org/stable/26189504?seq=1
https://doi.org/10.1017/S1049096511001429
https://doi.org/10.1038/s41562-021-01143-3
https://doi.org/10.1016/J.JOON.2008.07.009
https://www.proquest.com/docview/2213787326?pq-origsite=gscholar&amp;fromopenview=true
https://www.proquest.com/docview/2213787326?pq-origsite=gscholar&amp;fromopenview=true
https://doi.org/10.1007/S11213-007-9069-1
https://doi.org/10.1007/S11213-007-9069-1
https://doi.org/10.1038/s41431-018-0160-0
https://doi.org/10.1038/s41431-018-0160-0
https://doi.org/10.5688/AJPE7120
https://doi.org/10.5688/AJPE7120
https://doi.org/10.1002/NUR.4770160309
https://doi.org/10.1002/NUR.4770160309
https://doi.org/10.1016/S0140-6736(01)05627-6
https://doi.org/10.1016/0147-1767(85)90062-8
https://doi.org/10.1016/0147-1767(85)90062-8
https://doi.org/10.1177/0001839219887663
https://doi.org/10.1177/1466138119844279
https://doi.org/10.1177/1466138119844279
https://www.ipcc.ch/site/assets/uploads/2018/05/uncertainty-guidance-note.pdf
https://www.ipcc.ch/site/assets/uploads/2018/05/uncertainty-guidance-note.pdf

	Hard-to-reach energy users: An ex-post cross-country assessment of behavioural-oriented interventions
	1 Introduction
	2 Methodology
	2.1 Analytical framework: The building blocks of behaviour change
	2.2 Case studies
	2.3 Data collection
	2.4 Criteria to assess suitability of the BBBC framework

	3 Results
	3.1 Audience
	3.2 Behaviour
	3.3 Content
	3.4 Delivery
	3.5 Evaluate

	4 Discussion: Using the BBBC framework for ex-post case study assessments
	4.1 Credibility
	4.2 Confirmability
	4.3 Transferability
	4.4 Reliability

	5 Policy implications
	6 Conclusions
	Declaration of competing interest
	Data availability
	Acknowledgements
	Annex 1 Interview protocol
	References


