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Abstract—In this article, we compare adoption preferences for three important clean energy
technologies-rooftop solar PV, heat pumps and electric vehicles using primary data from a
nationally representative household survey in Ireland. The survey questionnaire explored a wide
range of techno-economic, behavioural, socio-demographic and building attributes of 1225
residential energy consumers. In our two-step analysis, we first identify four latent behavioural
variables, namely, progressive attitude, behavioural inertia, peer effects and hassle factors using
confirmatory factor analysis within a structural equation modelling framework. Next, we compare
the role, extent and direction of identified behavioural and socio-demographic factors underlying
actual adoption and stated preferences of households towards CETs, while controlling for external
attributes using a mix of binomial and ordinal regression models. Our findings suggest that actual
adoption of CETs varies widely among households despite their stated preferences and perceptions
of potential benefits. It also reveals a significant association between the latent behavioural factors,
such as progressive attitude and peer effects with adoption preference for CETs. However, the
relationships between the behavioural factors and adoption preferences appear to be moderated by
the annual income, education level and age group of respondents in a non-linear manner, requiring
further research. Further, the perceptions of hassle and discomfort appear to be acting in opposite
direction to the generally favourable progressive attitudes towards adoption preferences for solar
PVs and heat pumps. Our study supplements the contemporary literature on CET adoption
preferences in residential households and provides useful insights for better informed policy

decisions.
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Highlights

e We study three significant emission reduction technologies for households-rooftop solar PV,

heat pumps and electric vehicles from nationally representative Irish households.



e Compare actual adoption versus stated preferences of clean energy technologies using original
primary survey data.

e Study explores role of techno-economic, behavioural, socio-demographic, building attributes
and background settings from multi-disciplinary perspectives.

e The actual adoption of CETs remains low and varies across households, despite their stated
preferences and perceptions of potential benefits.

e Suggests a significant association between adoption preference and latent behavioural factors,
such as progressive attitude and peer effects.

e Perceptions of discomfort and hassle act in different directions to the generally favourable
sustainability concerns towards adoption preferences for solar PVs and heat pumps.

¢ Intrinsic behavioural factors appear to be moderated by the annual income, education level and

age group of respondents in a non-linear manner, requiring further research.
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1. Introduction

Clean energy technologies (CETs), such as solar photovoltaic (PV) panels, electric vehicles (EVs)
and heat pumps are not only considered essential for sustainable energy transition but also
important in promoting economic opportunities and energy security (IEA, 2024; EU Commission
Report, 2023). Nations and governments are prioritising investment, production and deployment
of CETs across sectoral supply chains through suitable fiscal, financial and behavioural incentives.
The global market size for six main clean energy technologies, namely, solar PV, wind, electric
vehicles (EVs), batteries, electrolysers and heat pumps has grown nearly fourfold since 2015 to
exceed USD 700 billion in 2023 (IEA, 2024). The Climate Action Plan 2024 for Ireland outlines
a roadmap to deliver on its climate ambition to achieve 51% reduction in carbon emissions from
2021 to 2030. The plan builds upon the overarching goal of achieving net-zero emissions no later
than 2050 in line with European and international agreements as adopted by the Irish government.
Some of the key performance indicators of the plan include at least 1 GW of new non-utility solar,

installation of up to 215,000 heat pumps in new and existing dwellings and adoption of 845,000



private electric vehicles by 2030 (CAP, 2024). Recognising the important role and contribution of
heat, transport and energy related emissions from residential households, a key government
objective in the delivery of climate targets focuses on societal behaviours towards environmental
sustainability and citizens’ engagement in sustainable investments in CETs (SEAI, 2025; DCEE
Report, 2024).

Despite the regulatory support, monetary incentives and their potential lifecycle benefits, the
uptake of CETs falls short of expectations and varies widely across Irish households, necessitating
careful reflection and targeted measures to address the mismatch. In this paper, we study adoption
preferences for three important clean energy technologies-rooftop solar PV, heat pumps and
electric vehicles using primary survey data from 1225 households in Ireland. We first identify some
of the dominant theoretical perspectives and analytical approaches in the contemporary literature
on adoption preferences and actual investments in CETs relevant for Ireland using the matrix
method of literature review (Garrard, 2011; Klopper, et al., 2007) and applied what theoretical
perspective and what approaches. Next, we conduct an empirical analysis to explore the role of
relatively under-researched intrinsic behavioural factors, while controlling for the socio-
demographic and external factors influencing adoption preferences of such technologies. By
studying and comparing these technologies together, we intend to uncover useful policy insights
on the common as well as distinct behavioural attributes associated with CET adoption preferences
that often get overlooked individually. Our study identifies key behavioural attributes that
influence the adoption preferences of Irish households, along with their techno-economic, socio-
demographic and life situations. It suggests significant association between the behavioural
factors, such as progressive attitude and peer effects and adoption preference for CETs. However,
the results also caution that they do not translate on their own for actual adoption, requiring more
nuanced and targeted policy measures. It also provides empirical evidence on the role of
households’ perceptions of discomfort and hassle associated with installation of appliances, such
as solar PVs and heat pumps. Additionally, our analysis suggests that intrinsic behavioural factors
get moderated by the annual income, education levels and age group of respondents in influencing
adoption preferences of CETs that future studies can explore further. We believe that our study
will not only supplement the contemporary literature on CET adoption preferences in Irish

households but also provide useful insights for better informed policy decisions.



The rest of the paper is organised as follows: with a brief overview of the theoretical and empirical
literature on adoption preferences of clean energy technologies in Irish households in section 2,
we describe the survey data, analytical methods and explanatory variables used in section 3. Next,
we illustrate the results and discuss findings from our two-part empirical analysis in section 4.

Section 5 concludes with policy insights and research directions for future studies.

2. Background context, literature overview and research questions

2.1) Background context—In general, the term clean energy technology has been used for a wide
range of energy efficient appliances and renewable energy technologies that have a vital role in the
sustainable transition of energy systems (IEA, 2024; EU Commission Report, 2023). In this paper,
we use the term clean energy technologies (CETs) narrowly for solar PV, battery or plug-in-hybrid
electric vehicles and air or ground source heat pumps that are commonly used by residential
households. Further, we limit the scope of our study to adoption preferences for CETs at the
household level as distinct from their social acceptance at community level public infrastructure
projects (Gorsch, et al., 2025; Batel, 2020; Stuhm, et al., 2025). Among the three technologies, the
role of heat pumps is rather less understood among households in comparison to the high
awareness and visibility of solar PV panels that generate electricity from sunlight or electric
vehicles that differ from conventional automobiles in terms of their fuel source and use of a storage
battery. A heat pump (HP) is essentially an energy efficient device that uses refrigerant to absorb
heat from air, ground, or water and transfers it at a higher temperature using principles of
thermodynamics, although it has also been considered as part of a wider spectrum of renewable
energy technologies (Psarra, et al., 2024; Snape, et al., 2015). A recent study summarised GHG
emission mitigation potentials across different consumption domains of food, housing and
transport sectors. The authors note that about two-thirds of global GHG emissions are
directly/indirectly linked to household consumption and identified household actions, namely
shifting to EVs, installing Solar PVs and heat pumps among the top five options with the highest

emission reduction potentials (Ivanova, et al., 2020).

Despite being an integral part of the European Union, the ownership and usage of energy
appliances have some distinct and unique patterns in the Republic of Ireland (Leahy & Lyons,

2010). A big part of energy-related emissions in Irish homes comes from heating demand met



from multiple fuel sources, with electricity consumption accounting for only about one-fourth of
the total residential energy mix (SEAI Report, 2020). With the residential sector accounting for
about one quarter of total energy consumption and roughly 15% of the consequent carbon
emissions, some of the key energy and climate policy priorities include promoting adoption of
CETs in Irish homes (SEAI 2025; CAP, 2024). In line with the EU and national level binding
carbon emission targets, policymakers in Ireland are pursuing an ambitious plan for adoption of
CETs in Irish homes through a range of grant schemes and monetary incentives. Since 2015, a total
of 104,928 solar PVs and 18,441 heat pumps have been installed in households up to December
2025 across Ireland, supported by different government funded programmes!. Summary plots
showing annual registration/installation trends for the electric vehicles, solar PV panels and heat
pumps are displayed as figures A1, A2 and A3, respectively in the Appendix. These plots suggest
an encouraging trend in terms of the number of licenses granted for new private cars, including
the electric vehicles (EVs) and plug-in hybrid electric vehicles (PHEVs) for August 2025, when
compared with the same month in the last ten years (CSO, 2025). However, the provisional
installation numbers for solar PVs and HPs indicate a mixed trend over the years across different

counties, underlining the need for careful reflection and remedial policy measures.

2.2) Literature overview and Concept matrix—To understand the theoretical perspectives and
analytical approaches explaining households’ daily choices and long-term investment decisions
for adoption of CETs, we browsed contemporary academic literature and publicly available reports
following the matrix method of literature review (Garrard, 2011). The matrix method of literature
review is considered a simple yet powerful research tool that allows researchers to identify gaps,
converging and diverging opinions by organising reviewed literature in a tabular format
(Johanning, et al., 2024; Klopper, et al., 2007). It also minimises the scope of researcher's own
subjective bias by situating and comparing their research topic with available literature and helps
them in ascertaining sufficiency of evidence collected on studied topics. Drawing from the publicly
available records on adoption preferences of CETs in Irish homes, we compiled a list of peer-

reviewed publications to start with. Although our study focuses on Irish households, we added

1 Source: SEAI portal https://www.seai.ie/grants/home-energy-grants/home-upgrades. These figures reflect measures
installed under National home retrofit programmes, Community energy grants scheme, National home energy upgrade
scheme and Solar PV scheme excluding Warmer home scheme.



https://www.seai.ie/grants/home-energy-grants/home-upgrades

empirical examples from other countries as well, so long as the subject matter fell within the scope
of our study. It should also be noted that the artificial categorisation of reviewed literature in
distinct rows and columns based on our subjective judgment is meant for our study only,
notwithstanding the possibilities of overlaps and absence of clear boundaries. Next, we organised
a concept matrix of reviewed publications by listing citations and their country context against the
three CETs separately and in combination by arranging them in separate rows and columns as
shown in table 1 below. As the literature on CETs overlaps with several other differently named
energy appliances and technologies, we added an extra column named other similar technologies
for comparison and additional insights. To make sure that sufficient publications were identified
covering our research topic, we kept on adding to the compilation, going back and forth between
searching relevant resources and updating the table. Thereafter, we synthesised findings from a
final list of 38 peer-reviewed articles to identify some of the dominant and less explored theoretical
approaches, analytical frameworks and explanatory factors underlying households’ willingness to
adopt CETs compared with their revealed preferences in terms of actual adoption. We also
distinguished between studies that emphasised the role of techno-economic, external and
contextual drivers, barriers and their possible interactions with those focusing on intrinsic

behavioural attitudes in influencing adoption preferences of CETs.

Table 1. Concept matrix based on reviewed literature

CET type/Country/Citation

2025;Coffman et al., 2016);
(Egbue & Long, 2012).

Solar PV EV HP Other similar technologies
Germany (Jacksohn | Australia-(Higgins et al., Portugal-(Domingues | Renewable and sustainable
etal., 2019); 2012); Denmark,Finland, & Silva,2025); The energy technologies (Milani et
Ireland-(Wheatley Iceland,Norway, Sweden- Netherlands- (Psarra | al., 2024);

et al., 2022), (Noel, et al., et al., 2024); Ireland- | Denmark-Smart home
(Claudy et al., 2019);Germany-(Pl6tz, et (Meles & Ryan, technologies (Hansen et al.,
2013), (La Monaca | al., 2014); 2022); (Snape, et al., | 2024);

& Ryan, 2017);US- | Ireland-(Mukherjee & Ryan, | 2015). Canada & US-Green
(Alipour, et 2020),(MacUidhir et al., technologies (Caggiano, et al.,
al.,2022;Schelly, 2022), (Charly, et al., 2021);

2014;Graziano & 2024);California,US- Ireland-Microgeneration
Gillingham 2015). | (Robbennolt et al., technologies (Claudy, et al.,

2010), Wind farm (Brennan &
Rensburg, 2016);
Portugal-Smart home
technologies (SHTs)
(Domingues & Silva,2025),
Eleven energy sources and
mitigation technologies
(Gorsch et al., 2025);
Information technology




acceptance (Venkatesh et al.,
2003).

Comparison across regions and technologies

Four EU countries (Belgium, Germany, Latvia, and Spain)-Solar PVs and
HPs (Penaloza, et al., 2022); Germany-Solar PV & thermal systems
(Jacksohn, et al., 2019);Ireland-Solar PVs, HP and EVs(Wheatley et al.,
2022); Ireland and Italy-HP (Strazzera, et al., 2024);US-(Bull et al.,
2025;Dong et al., 2025).

Green technology preferences
across US &  Canada-
(Caggiano, et al., 2021);
Energy efficient appliances,
residential ~ clean  energy
technologies and fuel efficint
vehicles across 33 countries
(Ang et al., 2020); South Asia-

Renewable energy
technologies, (Rana, et al.,
2025), Home energy

technologies- (Antonopoulos,
et al., 2024).

Major theoretical approaches

Theory of planned
behaviour (TPB) &
extensions- (Rana
et al.,2025);
(Schulte, et al.,
2022); Behavioral
reasoning theory
(BRT)- (Claudy, et
al., 2013); Theory
of consumption
values for co-
adoption of Solar
PVsand EVs, a
consumer choice
theory that
combines elements
of economics,
sociology, and
psychology (Bull,
et al.,, 2025; Sheth,
et al., 1991).

Theory of planned behaviour
(TPB), Technology
acceptance model (TAM)
and theory of consumption
values (Robbennolt et al.,
2025 (Egbue & Long, 2012);
Combination of economic
and psychological factors
(P16tz et al.,2014); Rogers’
theory of diffusion
(Mukherjee & Ryan, 2020);
Theory of conspicuous
diffusion (Noel, et al., 2019);
Bass diffusion model & Low
Emissions Analysis Platform
(LEAP) model (MacUidhir
et al., 2022);Innovative
diffusion model linked to
multi-criteria analysis and
choice modelling (Higgins,
etal., 2012).

Theory of planned
behaviour (TPB) &
Agent based
modelling (ABM)
(Meles & Ryan,
2022); Q-
methodology to
identify three distinct
but interrelated and
shared viewpoints:
realistic users,
hesitant neighbors
and enthusiastic
advocates (Psarra, et
al., 2024).

Value belief norm theory-
(Caggiano, et al., 2021; Stern,
2000); Technology diffusion
model and adopter categories-
(Bass, 1969; Rogers, 1962;
Ang, et al., 2020); Theory of
planned behaviour (TPB)-
(Rana, et al., 2025); Extended
technology acceptance model
(TAM) (Domingues & Silva,
2025).

Drivers, barriers, co-adoption & interactions-Economic, environmental, social, personal, demographic,
technical, regulatory and market-related factors (Eppe, et al., 2025; Kumar, et al., 2025; Milani, et al., 2024;
Shakeel, et al., 2023; Schulte, et al., 2022; Coffman, et al., 2017; Claudy, et al., 2013); co-adoption of solar,

solar PVs and EVs-(Bull et al., 2025;Dong et al., 2025).

Techno-economic, social contextual, external & | Intrinsic behavioural/attitudinal-Environmental
socio-demographic-techno-economic factors with | concern, novelty seeking, perceived benefits &
sociodemographic and housing characteristics, | subjective norm- (Schulte, et al., 2022; Mukherjee &
environmental concern, personality traits (Jacksohn, | Ryan, 2020), psychological factors (Wheatley, et al.,
et al.,, 2019; Mukherjee & Ryan, 2020), policy & | 2022; Meles & Ryan, 2022),hassle factor (Snape, et al.,
regulatory framework affecting lifetime costs and | 2015), Knowledge, interests, perceptions, attitudes and
savings (La Monaca & Ryan, 2017), total cost of | views on sustainability (Egbue & Long, 2012), values,
ownership (Plotz, et al., 2014), travel characteristics | environmental concern, and lifestyle orientation
and home charging infrastructure (Charly, et al., | (Caggiano, et al., 2021), appeal/status, risk, attitude,
2024; Coffman, et al., 2017); investment costs, | demographics (Higgins, et al., 2012); social-economic
socio-demographic factors, limited awareness & | characteristics and attitudinal factors (Plotz, et al.,
legal issues (Penaloza, et al., 2022); financial | 2014).

aspects, and social networks, life situation, capital




costs, installation and functional concerns (Bull, et
al.,, 2025), utility rates, EV versus conventional
vehicle price ratios and local wealth indicators

(Dong, et al., 2025), invidious comparison and
pecuniary emulation (Noel, et al., 2019), economic
and social utility (Meles & Ryan, 2022); willingness
to pay (Strazzera, et al., 2024); tangible
costs/benefits, performance and physical limitations,
peer effects (Graziano & Gillingham, 2015;
Coffman, et al, 2017); socio-demographic &
attitudinal (Plotz, et al., 2014; Dong, et al., 2025;
Mukherjee & Ryan, 2020);age, income and
education (Schulte, et al., 2022); national
environment & energy policy indicators (Spandagos,
et al., 2022).

A comparison of reviewed literature across technologies and country examples also helped us in
mapping the drivers, barriers and their interactions for CET adoption preferences from different
theoretical perspectives and identifying research gaps in the contemporary literature as brought

out below:

2.2.1) Plurality in theoretical perspectives—Despite the rich and growing volume of literature in
the past two decades, the field of clean energy technology adoption remains fragmented and
difficult to navigate systematically due to conceptual pluralities, multiple explanations and
inconsistent taxonomies. In the absence of any standard theoretical framework, the actions,
outcomes and processes underlying CET adoption have overlapping explanations from techno-
economic disciplines, behavioural and other social sciences that vary with technologies and
background contexts. Based on a systematic study of peer-reviewed literature, Shakeel et al.,
(2023) identified 127 unique factors that influence adoption of solar PV technologies at the
household level and grouped them into eight categories: economic, environmental, personal,
social, demographic, technical, market-related and regulatory factors. They note wide variation in
theoretical explanations for solar PV adoption decisions by households with innovation diffusion
theory (Rogers, 1962), theory of reasoned action (Fishbein & Ajzen, 1975), theory of planned
behaviour (TPB) (Ajzen, 1991), unified theory of acceptance (Venkatesh, et al., 2003), technology
acceptance model (Davis, 1993) and the Bass diffusion theory (Bass, 1969) being some of the
prominent ones cited. According to TPB, the main determining factors of behavioural intention are
attitudes, which are influenced by knowledge and experience, subjective norms that the consumer

believes are acceptable by society, and the perceived impact of the behaviour (Egbue & Long,



2012). By including additional behavioural factors, such as environmental concern, novelty
seeking and general personal motivations, Schulte et al., (2022) extended the TPB model to
conduct a meta-analysis of primary studies on residential solar PV adoption intention. The authors
found medium to large correlations between environmental concern, perceived economic and
environmental benefits, subjective norm and intention to adopt, whereas socio-demographic
variables were largely uncorrelated with intention. Similarly, Claudy et. al., (2013) studied solar
PV panels adoption in Irish homes using behavioural reasoning theory by extending TPB to include
context-specific reasons for and against adoption decisions. In an effort to combine multiple
explanations, Venkatesh, et al., (2003) identified eight prominent theoretical models to develop a
unified theory of individual technology acceptance using common insights and by incorporating
moderators to account for dynamic influences, including organisational context, user experience,
and demographic characteristics. In comparison to the frequent citation of TPB, our review did not
find many instances of Stern’s value, belief, norm (VBN) theory in CET adoption literature, except
for the analysis of biospheric and altruistic values as influencing factors in a comparative study by
Caggiano et al., (2021). Separately, a recent study investigated households’ co-adoption decisions
of solar panels and plug-in electric vehicles in the US employing consumer choice theory using
five different types of consumption values in its analysis by combining elements of economics,
sociology, and psychology (Bull, et al., 2025; Sheth, et al., 1991). Building on the role of perceived
usefulness and ease of use in technology acceptance theory, Rogers’ theory of technology
innovation adds visibility, complexity and relative advantage as reliable predictors of technology
diffusion (Galster, et al., 2025; Rogers, 1962). Drawing from Rogers’s diffusion theory and
Veblen’s theory of conspicuous consumption, Noel et al., (2019) analysed how perceptions of
luxury and status impact adoption of new technologies, such as electric vehicles by relying on a
mix of empirical approaches and theoretical perspectives in Nordic countries (Rogers, 1962;
Veblen, 1900). Terming it as the theory of conspicuous diffusion, the authors identify two salient
motives for the adoption of niche technologies: i) invidious comparison, where leisure classes
conspicuously consume to distinguish themselves from comparatively lower classes, and ii)
pecuniary emulation, where the subsequent lower classes conspicuously consume to imitate the
higher classes and garner similar status (Noel, et al., 2019). However, our brief review did not
come across any other empirical study that tested for EV diffusion distinguished by conspicuous

consumption values. We also note that many empirical studies did not specifically mention



background theories while explaining CET adoption preferences using intrinsic behavioural

variables.

2.2.2) Adoption preference versus actual investment—It is generally agreed that there is a difference
between what people intend to do or think and what they actually do in practice. This discrepancy
between professed values, knowledge, attitudes, and actual pro-environmental actions has been
variously described in the literature as value-action gap (Blake, 1999; Kowalska-Pyzalska, et al.,
2014), knowledge-action gap (Frederiks, et al., 2015; Courtenay-Hall & Rogers, 2002), attitude-
behaviour gap (Byrka, 2009; Kollmuss & Agyeman, 2002; Rajecki, 1982; Coffman, et al., 2017),
and so on. In the context of residential households, it is often seen that energy consumers do not
invest in efficient products and technologies in their daily lives despite apparent benefits (Kumar,
et al.,, 2025; Abrardi, 2019). This disconnect between theoretically available cost-effective
potential and actual realised savings for investment in efficient appliances has been described as
“efficiency gap” (Jaffe & Stavins, 1994) or “efficiency paradox” (Gerarden, et al., 2017). A rich
and diverse literature explains these observations in terms of barriers at the individual level that
prevent people from purchasing efficient appliances due to behavioural anomalies explained by
Prospect theory or at the market level when demand and supply of efficient appliances are
impacted due to market imperfections (Moezzi & Lutzenhiser, 2019; Jaffe, et al., 2009; Kahneman
& Tversky, 1979). However, studies relying primarily on hypothetical survey questions and
traditional models like the theory of planned behaviour may not capture the attitude-behaviour
gap, raising critical questions about their findings on actual adoption (Claudy, et al., 2013;
Coffman, et al., 2017). A recent quantitative study based on a survey of U. S. households compared
behaviours and preferences influencing home energy technologies and their actual uptake. It found
a large gap between expressed willingness to adopt and actual adoption rates (Antonopoulos, et
al., 2024). Separately, Robbennolt et al., (2025) examined individual-level motivation to choose
EVs and their adoption decision using revealed preference for California residents. They found a
significant role of income, vehicle functionality, charging infrastructure and improved visibility
through social mechanisms in EV adoption, highlighting the need for a multifaceted approach in
promoting EVs for a diverse population. P16tz et al., (2014) studied socio-economic attributes and
attitudinal factors of German consumers who actually purchased EVs or reported that they are very
likely to purchase one in the near future. Noting that the decision-making process is not determined

by economic factors alone, they found that users for whom EVs make economic sense may not

10



necessarily be those who are actually interested in EVs (Plotz, et al., 2014). Based on a
representative study of Danish households, Hansen, et al., (2024) investigated actual uptake of
smart home technologies and their relationship with total energy consumption. While noting that
different types of efficient technologies also imply changing norms of comfort, the study suggests
that sometimes higher levels of comfort can be prioritised over possible monetary savings. Barring
a few instances, however, we find that a majority of reviewed studies either used adoption
preferences as a proxy for actual adoption of CETs or conflated them with actual adoption in

empirical analysis.

2.2.3) Drivers, barriers & comparisons- The Sustainable Energy Authority of Ireland (SEAI)
conducts a monthly online survey called the behavioural energy and travel tracker (BETT) that
gathers granular data about energy behaviours of Irish citizens over time. Using the “day
reconstruction method”, it asks people to think back over their behaviour the previous day, before
responding to detailed questions about their travel behaviour and energy use in the home. It has
identified theories of climate-related behaviour under three major categories: (i) agency of the
individual, (ii) external and social contextual factors beyond the individual’s control, and (ii)
interactions of both types of factors (SEAI Report, 2020). For electric vehicles, Coffman et al.,
(2016) broadly classify factors influencing adoption as internal (vehicle ownership costs, driving
range, and charging time) and external (relative fuel prices, consumer characteristics, availability
of charging stations, and public visibility/social norms) based on their meta-analytic review of
literature. For EVs, another study identified the role of economic, non-financial, behavioural,
psychographic, technical, spatial characteristics and socio-demographic profile of households as
potential determinants in influencing adoption decisions in an early adopter market context
(Mukherjee & Ryan, 2020). For residential solar systems, a review of literature on predictors
revealed 333 factors grouped under three overarching categories—individual, social and
information with positive and negative influences (Alipour, et al., 2020). Using data from a large-
scale representative household survey in Germany, Jacksohn et al., (2019) assessed the relative
importance of sociodemographic profile, housing characteristics, environmental concern, and
personality traits compared with the role of expected revenue returns as possible factors
influencing households’ investment decisions in solar systems. They found that the expected
economic cost and revenue return had the highest influence on adoption decisions followed by a

marginal role of socio-demographic and housing attributes, while environmental concern and
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personality traits were found to be insignificant. In comparison, Eppe et al., (2025) conducted a
global meta-analysis of psychological factors that can either accelerate or hinder uptake of
sustainable energy-technology adoption. The authors found that personal norms, attitudes, and
perceived behavioural control had the strongest positive associations with sustainable energy-
technology adoption, while perceived monetary costs and risk were identified as relevant barriers.
Using a mix of survey and historical data from Irish homes, Meles & Ryan, (2022) developed an
agent-based model to understand the adoption decision mechanism of heat pumps. The model
recognised possible factors under four broad categories as economic, socio-demographic,
psychological, and social network to simulate different adoption scenarios based on extant policies
up to the year 2030. Based on a comprehensive review of technology adoption decisions in sixteen
energy system models, Galster et al., (2025) found that in comparison to the predominant focus on
financial aspects in terms of benefit and costs, there is limited consideration and a weaker empirical
foundation for non-economic behavioural and social drivers. Using homeowners’ data in Ireland
to investigate solar panel adoption, Claudy et al., (2013) included factors for and against adoption
in their psychological model. Their findings suggest including mediating constructs (i) for
adoption, (ii) against adoption, and (iii) attitudes toward a technology, when explaining how
consumers’ think about adoption intentions. It should be noted, however, that the role and
significance of these predictors can also vary across different regions and countries. For example,
Penaloza et al., (2022) found differential role and significance of investment costs, legal, economic
and organisational challenges generally studied together as common barriers in sustainable
technology adoption literature across Belgium, Germany, Latvia, and Spain. Separately, a
comparative study of nationally representative US and Canadian households analysed the role of
behavioural antecedents using a common lens to discover similar and unique factors influencing
purchase decisions of green technologies—lightbulbs, energy efficient appliances, and electric
vehicles. It found a significant role of altruistic values, environmental concern, and lifestyle
orientation on green technology purchase intention for both countries (Caggiano, et al., 2021). A
recent study examined the possible existence of interactions or synergies between socio-
demographic, external, and attitudinal factors in influencing adoption of EVs and solar panels,
both separately and jointly. Their models identified factors that influence homeowners’ decisions
across four adoption choice outcomes: no adoption, adoption of only EVs, adoption of only solar

panels, or adoption of both technologies (Dong, et al., 2025). A related study compared motivations
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and challenges associated with co-adoption and single technology adoption of solar PV
technologies and EVs in seven US states. It found the decision-making processes for each
technology to be independent and sequential rather than being viewed together by households as

part of a singular whole (Bull, et al., 2025).

2.3) Research gap & questions— From our thematic review, we note that the literature on CET
adoption has expanded in its scope and depth from multi-disciplinary perspectives. Some of the
recent publications uncover novel insights on attitude behaviour gaps, co-adoption and comparison
across technologies and contexts, with a range of interacting intrinsic and external factors
influencing the adoption decisions. Whereas the abundant literature explores reasons underlying
adoption and adoption preferences of CETs in terms of their economic utility or pro-environmental
attributes, a section of literature also recognises the role of biospheric and materialist values
(Werft, et al., 2013; Caggiano, et al., 2021), novelties (Thollander, et al., 2010), risk-taking and
enjoyment of technical innovations associated with ownership of solar PV and electric vehicles
(Schelly, 2014). Based on a comprehensive review of the literature, Galster et al., (2025) note that
a big part of academic literature on energy systems is based on utility maximisation and cost
minimisation models despite the potential role of behavioural factors such as loss aversion or status
quo bias guided by concepts of bounded rationality (Zeckhauser & Samuelson, 1988; Kahneman
& Tversky, 1979). Despite the high frequency of studies on the monetary factors in terms of the
willingness to invest to match upfront and maintenance costs, extant literature remains inconsistent
on the potential role of behavioural factors that cause them in the first place (Eppe, et al., 2025). It
also emerges that in comparison to rich literature that examines the favourable role of pro-
environmental concerns and perception of economic benefits associated with installation of CETs,
the nature and extent of respondents’ perception of mental burden and discomfort associated with
installation, operation and maintenance of CETs, especially solar PVs and heat pumps remain
understudied (Snape, et al., 2015; Kowalska-Pyzalska, et al., 2014). Barring a few recent examples
by (Hansen, et al., 2024; Caggiano, et al., 2021; Wheatley, et al., 2022; Strazzera, et al., 2024; Bull,
et al., 2025; Dong, et al., 2025) comparing across regions, technologies and adoption preferences,
relatively fewer studies have compared CET adoption in the Irish context. Drawing from the
literature above, we explore the following questions in our two-part study using structural equation

modelling and multinomial logit regression:
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(1) What are the key intrinsic behavioural factors underlying adoption preferences of rooftop
solar PV, heat pumps and electric vehicles in Irish households?
(i1) How do the stated preferences for different clean energy technologies adoption compare

with actual ownership across Irish households?

3. Analytical approach, research methods, survey data and variables

The idea of comparing like with like is not new and has been fundamental to experimental enquiry
for a long time, as part of quantitative research methods for causal explanation by testing data
against a hypothetical counterfactual between treatment and control groups (Mill, 1843; Ragin,
1987). It has also been used for comparing like with unlikes or comparison across dissimilar cases
in concept development and theoretical practice as part of comparative case studies. Comparative
policy analysis is catching up as a research method for assessing benefits and trade-offs in
dissimilar settings across different social science disciplines (Wenzelburger & Jensen, 2022;
Schriewer, 2021; Krause, 2016; Przeworski & Teune, 1970). In this study, we use a comparative
analytical framework to explore the distinctions between actual adoption and stated adoption
preferences of CETs. We also compare the role and significance of common factors influencing
adoption preferences for the three technologies individually. In line with our research objectives
concerning the role of relatively understudied behavioural factors, we limited the scope of our
study by controlling for the influence of external factors, such as market cost benefits (CSO, 2021),
tariff structure, policy incentives and availability of necessary infrastructure for CET adoption,
assuming they will be common across Irish households. Our study also excluded distributive
impacts and class alliances arising out of CET adoption dealt with earlier by (O Maonaigh, 2023)
and (Farrell & Lyons, 2015) in the Irish context.

3.1) Empirical methods—In a recent targeted review of ten European studies on social acceptance
of renewable technologies, Stuhm et al., (2025) highlight the need for a comparative analytical
framework that combines traditional econometric methods with advanced tools that include
structural equation modelling (SEM), machine learning and agent-based modelling approaches. In
line with the research objectives and available data, our comparative empirical analysis for the
three technologies is in two parts: first, we identify latent behavioural variables (a) progressive
attitude towards technology and risk taking, (b) behavioural inertia, (c) peer effects, and (d) hassle

factor using confirmatory factor analysis. Next, we conduct binomial and ordinal logit regressions
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for actual adoption of all three technologies together (Model I) followed by stated adoption
preferences of individual technologies separately (Model II, III, IV) using the four factors
identified from the first part as explanatory variables with socio-demographic, physical, and
techno-economic factors as control variables. Our choice of regression model is based on a
hypothesised nonlinear relationship between chosen outcomes and potential predictors measured

on continuous and categorical scales.

Assuming that fewer underlying latent factors can explain a large number of observed variables
sharing a common variance in proportion to their factor loadings, we conducted confirmatory
factor analysis as part of the structural equation modelling framework. Based on our literature
review, we looked for potential intrinsic behavioural factors that influence the willingness to invest
in CETs by Irish households. Drawing from the responses to the national survey, we identified four
latent variables: peer effects, progressive views, hassle factor and behavioural inertia, whose role,
extent and significance have been relatively under-researched in empirical studies. Our choice of
SEM framework is guided by its ability to represent relationships between observed and latent
variables with the help of path diagrams (Schumacker & Lomax, 2016). SEMs also allow for
capturing simultaneous multiple regression relationships between endogenous variables with
measurement errors subject to multivariate normality assumptions (Hoyle, 1995; UCLA, 2021).
The general mathematical formulation for the measurement and structural regression models 1&2

used is as follows:
Xi=AxYi+di — (1)
Yi=a+BY:+ T Xi+G—(2)

Where, Y, represents the set of latent endogenous variables for the i™ item, Xi denotes the set of
observed exogenous variables, B and I' are the coefficient vectors for the observed endogenous

and exogenous variables respectively, a represents the set of constant terms, Ax is the factor loading

vectors and (; is the error term (Bollen & Noble, 2011; Mueller, 1996).

3.2) Binomial and ordinal logit regression— With the outcome variable coded on a “yes” and “no”
scale for Model I and on a five-point Likert scale for Models II, III and IV, our natural choice for
the regression models were binomial and ordinal logit regression models, respectively. Assuming

that an underlying linear latent variable Y:* can correspond to the observed non-linear outcome
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variable Y:. Defining Y.*as a latent variable ranging from —oo to oo, the mathematical equation of

structural and measurement models (3) & (4) respectively can be shown as below:

Yi*-a; + B Xi, k + & — (3) with the following conditions:

Y= 1 (Strongly disagree) if -0 < Y,"< T — (4)

Y= 2 (Disagree) if T1 < Y/'< T2

Y;=3 (Neutral) if T2 <Y< T3

Yi=4 (Agree) if 13 <Y/'< T4

Y= 5 (Strongly agree) if T4 <Y<

where the cut points or thresholds i, 12, 13, 14 are estimated assuming to = —o0 and 15 = o and
intercepts are parameterized as 0 (Long, 1997). Further, the odds ratio for a unit change in X«

equals [Qnm (X, Xk+1)/ Qm (X, Xx)] = exp(-Bx) — (5), assuming the parallel regression assumption
holds true.

3.3 Data—The empirical data for our study comes from a nationally representative survey
administered in September 2024 by a professional market research company across all regions in
Ireland. The survey questionnaire was built upon a previous research study conducted six years
earlier based on focus groups and in-depth interviews from representative Irish households (fig.1).
The survey was conducted after institutional ethics clearance and the data collected were
anonymised and secured to protect privacy of the respondents. To correct for unit non-responses
and minimise the sampling errors, we applied balancing weights on age, gender, region, social
class, and educational levels based on Irish Central Statistics Office census figures (Groves, et al.,
2009). A 5% margin of error for the total population in Ireland provided a statistically robust
sample size. While the survey data comes from Irish households, we expect that our findings would

be relevant for other countries that need such insights to design their policy mix for CET adoption.
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Figure 1: Survey timeline

With an adult population forming a total of 1225 respondents, who either owned a house or paid
electricity bills of their own, our survey returned a fairly balanced sample with the number of
female respondents slightly higher than their male counterparts. The questionnaire had three parts:
(1) socio-demographic questions for general respondents, (ii) building, retrofitting, energy sources,
and energy bill information, (iii) households’ attitude towards solar PVs, EVs, HPs and dynamic
tariffs. A summary table showing descriptive statistics of the primary and derived variables is

shown in the table below:

Table 1: Summary of descriptive statistics

Variables Code Category Frequency
A. Dependent variables

Adoption

Model-I: Installed/own solar photovoltaic (PV) panel 0 No 818

or electric vehicle (EV) or heat pump (HP) (CETA) 1 Yes 192

Adoption preferences

Model-II: Will install solar PV panels at my house in 1 Strongly disagree 98

future 2 Disagree 127
3 Neutral 373
4 Agree 229
5 Strongly agree 112

Model- ITI: Will install a heat pump at my house 1 Strongly disagree 181
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2 Disagree 175
3 Neutral 509
4 Agree 96
5 Strongly agree 39
Model-1V: Likelihood that next car bought will be a 1 Strongly disagree 328
battery electric vehicle 5 Disagree 189
3 Neutral 191
4 Agree 119
5 Strongly agree 82
B. Explanatory variables
Progressive views
Technology views(P1) 1 I generally prefer to use what I 122
have in the past instead of
purchasing a new technology
2 I am generally one of the last 177
people to buy a new technology
3 I tend to hold off trying a new 297
technology until the majority of
the people I know purchase and
use it
4 I am willing to try a new 461
technology but generally wait
until someone that I know first
purchases and uses it
5 I am usually one of the first 142
people to try out a new
technology
Willingness to take risks (P2) | Completely unwilling 74
2 Unwilling 315
3 Undecided 343
4 Willing 448
5 Completely willing 45
Future preference-willingness to give something up 1 Completely unwilling 17
today to receive greater benefit in future(P3) B Unwilling %)
3 Undecided 414
4 Willing 616
5 Completely willing 96
Awareness/Peer effects—Number of friends, work 1 One 33
colleagues, neighbours, and relatives who one discusses 5 Two 103
/shares info about technologies with (Model-I); Know
people who own or have installed (Model-II, III, IV). 3 Three 104
4 Four 87
5 Five 88
6 Six 75
7 Seven 71
8 Eight 22
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9 Nine 467
Solar PV(Model-II) 1 None 599
2 Yes, one 264
3 Yes, two 145
4 Yes, more than two 217
Heat pump (Model-III) | None 733
2 Yes, one 286
3 Yes, two 94
4 Yes, more than two 112
EV(Model-1V) 1 None 526
2 Yes, one 356
3 Yes, two 167
4 Yes, more than two
Behavioural inertia
Loss aversion-I feel very bad if I lose something, even 1 Strongly disagree 37
when it's not that important(I1) ) Disagree 152
3 Neither 272
4 Agree 581
5 Strongly agree 183
Inertia-I tend to keep old energy appliances around even 1 Strongly disagree 318
after they are replaced or obsolete (12) D Disagree 468
3 Neither 191
4 Agree 214
5 Strongly agree 34
Materialist values-I get ecasily attached to material 1 Strongly disagree 93
things(I3) 2 Disagree 311
3 Neither 370
4 Agree 375
5 Strongly agree 76
Hassle factors
Solar PV panels are too much trouble to install(H1) 1 Strongly disagree 159
2 Disagree 361
3 Neutral 250
4 Agree 193
5 Strongly agree 73
A heat pump is too much trouble to install(H2) 1 Strongly disagree 70
2 Disagree 149
3 Neutral 282
4 Agree 237
5 Strongly agree 130
Electric cars have low range and are unreliable(H3) 1 Strongly disagree 55
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2 Disagree 198
3 Neutral 222
4 Agree 363
5 Strongly agree 223
Sustainability concern—about environment/climate 1 Strongly disagree 84
change 2 Disagree 110
3 Neither 210
4 Agree 536
5 Strongly agree 285
Pro-environmental identity—acting environmentally 1 Strongly disagree 58
friendly is an important part of who I am B Disagree 107
3 Neither 373
4 Agree 541
5 Strongly agree 146
C. Control variables (Socio-demographic & external attributes)
Age group 1 Young (18-34) 224
2 Medium (35-54) 518
3 Old (above 55) 483
Annual household income (€) 1 Very low (below 25,999) 251
2 Low (26,000-50,999) 393
3 Medium (51,000-104,999) 379
4 High (above 105,000) 83
Family size 1 One 205
2 Two 155
3 Three 182
4 Four 83
5 Five 430
6 Six 64
7 Seven 44
Property type 1 Terraced house 206
2 Semi-detached house 452
3 Detached house 408
Education 1 Primary 136
2 Secondary 676
3 Higher 412
Building vintage (Year built) 1 Before 1976 272
2 1976-1991 202
3 1992-2004 252
4 After 2005 284
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Work from home 0 No 900
1 Yes 325

Primary heat source 0 Others 1006
1 Electricity 207

Region 1 Dublin 361
2 Rest of Leinster 314
3 Munster 353
4 Ulster/Connacht 197

In terms of educational background, more than half of the respondents had secondary level
qualifications followed by respondents having a third level or professional degree, with primary
level degree holders forming less than one tenth of the sample. Similarly, medium and older age
groups together accounted for most of the sample, with younger groups representing roughly one-
fifth of the sample. In terms of the family size, five-member households were in majority
accounting for more than a third of the sample size. Single-family households stood next, forming
17 percent of the total respondents, followed by three and two-member households, respectively.
About a quarter of the total respondents mentioned that at least one of their family members
worked from home. In terms of the annual household income, the households with annual income
of less than € 51,000 together represented more than half of the sample followed by medium and
higher income categories accounting for nearly one third and less than one tenth of the sample
size, respectively. In terms of the fuel choices, less than one-fifth of the respondents mentioned
electricity as their primary source of heating services, with the rest using multiple other energy
sources. The survey also collected detailed information on what and why questions surrounding
households’ perceptions towards clean energy technologies (CETs) from a range of behavioural,

socio-demographic, techno-economic and building attributes.

3.4) Explanatory variables—Instead of relying on any specific theoretical model, our choice of
analytical methods and explanatory variables is guided by an interdisciplinary approach that
includes insights from traditional and behavioural economics, environmental psychology and
social practice theories (Egmond & Bruel, 2007; Bryman, 2016; Little, 2023). Following the
literature suggesting inclusion of factors for and against adoption preferences (Claudy, et al.,
2010), we identified survey questions that explored behavioural attributes measured on a
bidirectional scale. In line with our research questions on the comparative role of intrinsic
behavioural and contextual factors across technologies, we identified variables that could either

drive or hinder the willingness to adopt CETs. We also tried to assess the role of daily lifestyles in
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terms of work from home situation or family size of households in their investment choices, while
controlling for the gender, age, education level, annual household income of respondents and
building attributes. We note that our choice, classification and assumptions about the nature of
behavioural variables are limited by available data and despite the distinct classifications, it may
not always be possible to have a clean distinction between them in real life. A brief description of

the rationale and choice of explanatory variables used in our study is provided below:

(iii) Progressive views—Based on their perceptions and attitudes towards handling uncertainties
surrounding technologies, prospective adopters of innovative technologies have been
distinguished from innovators, early adopters to laggard categories (Rogers, 1962). Individual
choices also differ based on differential valuation of future risks and uncertainties associated with
technology choices, energy prices and expected returns (Volland, 2017; Alipour, et al., 2020; Plotz,
et al., 2014). To capture the progressive views of the respondents based on their perception of
technology and future risk preferences, we classified the respondents based on their responses to
the following questions: I generally prefer to use what I have in the past instead of purchasing a
new technology, I am generally one of the last people to buy a new technology, I tend to hold off
trying a new technology until the majority of the people I know purchase and use it, I am willing
to try a new technology but generally wait until someone that I know first purchases and uses it,
and I am usually one of the first people to try out a new technology; willingness to take risks and
to give something up today in order to receive greater benefit from it in the future measured on a

five point Likert scale.

(i) Peer effects—In addition to the phenomenon of technology adoption over time, some studies
have also found evidence of neighbour effects or influence of word of mouth in spatial diffusion
of CET adoption(Alipour, et al., 2022; Graziano & Gillingham, 2015; Schelly, 2014). To assess
the role of peer effects in our study, we recorded responses on the number of friends, work
colleagues, neighbours, and relatives with whom one discusses and shares information about
technologies or knows people who own or have installed these CETs on a numerical scale for the

three technologies separately.

(i1) Behavioural inertia—A useful theoretical explanation for the so-called energy efficiency gap,
where individuals are biased towards maintaining the status quo instead of investing in efficient

technologies despite their potential benefits comes from Prospect theory (Kahneman, et al., 1991;
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Zeckhauser & Samuelson, 1988). Such behavioural anomalies have been explained in part by the
status quo-bias or behavioural inertia of individuals, who tend to keep their current stock of
appliances or current level of home insulation in their households (Blasch & Daminato, 2020; Li,
et al., 2016). In our analysis, we tested for the empirical significance of the behavioural inertia
using the following survey questions measured on a five point Likert scale ranging from strongly
disagree to strongly agree options: I feel very bad if I lose something even when it's not that
important, I tend to keep old energy appliances around even after they are replaced or obsolete,

and I get easily attached to material things.

(iv) Hassle factor—Previous studies have identified the role of mental barriers, such as increased
hassle or discomfort associated with installation and maintenance of solar PVs and heat pumps as
a potential reason for lower-than-expected uptake beyond a certain tipping point (Mogensen &
Thegersen, 2024; Snape, et al., 2015). In the case of electric vehicles, consumers have expressed
concerns regarding battery range and reliability as barriers to adoption, when compared with
conventional automobiles (Egbue & Long, 2012). To assess the role of these non-financial barriers,
we hypothesised hassle factor as a composite latent variable constructed from the following survey
questions measured on a five-point Likert scale: solar PV panels are too much trouble to install, a
heat pump is too much trouble to install, and electric cars have low range and are unreliable.
(v)Pro-environmental identity & sustainability concern—In addition, we also tested for the potential
role of environmental concern and pro-environmental identity of the respondents in influencing
their CET adoption and preference decisions by using survey questions on how concerned they
were about environment/climate change and whether acting environmentally friendly was an
important part of who they are, measured on a five-point Likert scale (Dermody, et al., 2018; Steg,
et al., 2018; Whitmarsh & O’Neill, 2010; Jacksohn, et al., 2019).

(v) Other variables—Finally, we controlled for socio-demographic profiles and external factors,
namely, work from home situation, age profiles, education level of respondents, grant received,
annual family income, building vintage, house attributes and region in the regression models to

situate and compare the role of explanatory variables identified above.

4. Results and discussion
Using the lavaan package in R software (R Core Team, 2023; Rosseel, Y., 2012; Venables, W. N.,
& Ripley, B. D., 2002), we proceeded first with confirmatory factor analysis under the SEM

23



framework of our empirical analysis. Based on the literature review, we identified relevant survey

questions for the four latent variables, namely, progressive attitudes, peer effects, behavioural

inertia and hassle factors in the model. We checked for the strength and robustness of the SEM

using standard model fitness indices as brought out in table 2 below.

Table 2: Fitness test results

Number of observations 1225

Model chi-square (Chisq)= 122.617, p-value 0.00 Degrees of freedom (df) 48
Comparative Fit Index (CFI>0.9) 0.909

Tucker-Lewis Index (TLI>0.9) 0.867

Standardized Root Mean Square Residual

(SRMR<0.05) 0.042

Root Mean Square Error of Approximation

(0.05<RMSEA<0.08-Reasonable fit) 0.052

With 1225 observations included in the computation, the overall model fitness indices used in

assessing the measurement and structural models, including the model versus saturated likelihood

ratio chi-squared test value of 122.617 and p-value less than 0.001, the comparative fit index (CFI)

value of 0.909 and the Tucker-Lewis index (TLI) value of 0.867 were found to be reasonably good

fit. Further, the root-mean square error of approximation (RMSEA) and the standardised root mean

square of residuals (SRMR) values below 0.08 are indicative of good model fit. From the analysis,

we find that the questions used in our survey are significant predictors of the latent variables,

supporting our choice of questions for the latent variables. The standardised path coefficients and

covariances between latent variables following the confirmatory factor analysis using the SEM

approach are shown in table 3 below.

Table 3: Standardised covariance estimates

Peer effect Covariable Estimate Std. Err z-value P(>|z))
~~ Inertia 0.026 0.02 0.576 0.565
~~ Progressive 0.407*** 0.025 6.439 0.000
~~ Hassle -0.381%** 0.031 -7.478 0.000
Inertia

~~ Progressive -0.02 0.013 -.405 0.685
~~ Hassle 0.105* 0.020 2.196 0.028
Progressive

~~ Hassle -0.353 %% 0.023 -5.789 0.000
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Note: significance codes for p value less than 0.001°**** 0.01 “**’,0.05 “*°
For better visibility, the path diagrams showing latent variables in ellipses and measured survey
responses on ordinal scales are also shown in figure 2 below. The estimated path coefficients were

considered significant if the p-value was found to be less than 0.05.
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Figure 2: Path diagram showing confirmatory factor analysis results using SEM

We note that all observed variables recorded in response to survey questions shown in rectangular
boxes are found to be significant, supporting their inclusion in the model. Further, there appears to
be a significant covariance between peer effects representing respondents’ communication
frequencies with their social network and progressive attitudes towards CET uptake. However,
the hassle factor as a latent variable representing the discomfort and inconvenience levels, appears
to be significantly and negatively associated with peer effects and progressive attitudes.
Additionally, the role and relationship between behavioural inertia and other variables do not
appear consistent and statistically significant, requiring more research.

Following SEM analysis, the factor scores of latent behavioural variables were appended to the
original dataset for use in later regression analysis. To explore possible interaction of the intrinsic
behavioural variables with the socio-demographic profile of the respondents, we compared their
factor scores for different income, education and age groups of respondents. Figures 2, 3 and 4

below show the distribution of these four latent variable factor scores plotted as bar charts on a
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bidirectional numerical scale for different age, income and education groups, respectively. We
observe a distinct heterogeneity in progressive attitudes, peer effects, behavioural inertia and
perception of discomfort associated with installation, operation and maintenance of CETs for

respondents from different socio-demographic profiles.
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Figure 2: Bar chart showing factor scores of latent variables across different age groups

The respondents from three age groups appear to have distinct views towards the latent behaviours
concerning peer effects, behavioural inertia and perception of risks, future preferences, hassles and
discomfort towards adoption of CETs. Whereas the younger population appears to score higher on
progressive attitudes and peer effects, the older cohorts have higher perceptions of discomfort and
inertia scores. Similarly, respondents with higher or professional education appear to be more
inclined towards CETs with a positive median score of progressive attitudes and peer effects. In
comparison, respondents with primary and secondary education appear to have higher scores on

the perception of discomfort and hassle scores.
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Figure 4: Bar chart showing factor scores of latent variables across different education groups

Interestingly, the perception of behavioural inertia appears to be higher for households with
respondents having primary and higher education in comparison to those with secondary

education, having small but negative median values.
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Figure 3: Bar chart showing factor scores of latent variables across different income groups

Among the three different income groups, median scores for progressive attitudes and peer effects
are highest for the high-income group followed by the medium-income group, with the low and

very low groups having slightly negative values. Further, the median value for the hassle factor
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score is negative for high-income groups in comparison to positive values for very low and low-

income groups, with a negligible negative median score for the medium-income group.

Next, we used the IBM SPSS statistical software version 29.0.2.0 (20) to conduct binomial and
ordinal logit regressions (Walker and Duncan, 1967) to compare the actual adoption and adoption
preferences for CETs using a mix of key socio-demographic and behavioural characteristics
(Models I, II, III and IV). With an original sample size of 1225, the valid number of observations
decreased somewhat after taking out the missing values. However, the sample size ranging
between 1010 to 774 across different models remained way higher to meet the robustness criteria
in terms of its explanatory statistical power. The overall goodness of fit metrics, including tests of
parallel slope assumptions for the ordinal logit models are brought out in table 4 below. For the
binomial model, the overall model was found to be a good fit with Hosmer—Lemeshow test results
failing to reject the null hypothesis and model explaining 18 to 29 percent of the variance.
Similarly, the overall models were found to be significant with Pseudo R-squared values ranging

from 0.19 to 0.26.

Table 5: Model fitness test results

Model I (All) Omnibus Tests Chi-Square df Sig.
206.16 25 <.001

Pseudo R-Square Cox and Snell 185 Nagelkerke 297

Goodness of fit test (Hosmer and Chi-square df Sig.

Lemeshow test)

Step 1 7.227 8 512
Model II (PV) -2 Log Likelihood = Chi-Square df Sig.
Intercept Only 2296.65

Final 2069.73 226.92 24 <.001
Test of Parallel Lines

Null Hypothesis 2069.73

General 1984.28 85.448 72 133
Pseudo R-Square Cox and Snell 254 Nagelkerke 268
Model III (HP) -2 Log Likelihood = Chi-Square df Sig.
Intercept Only 2172.143

Final 1997.995 174.148 24 <.001
Test of Parallel Lines

Null Hypothesis 1997.995
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General 1967.096 1.855¢ 72 1.000

Goodness-of-Fit Model chi-square ~ Degrees of freedom (df)  Sig. (p-value)

Pseudo R-Square Cox and Snell 192 Nagelkerke 206
Model IV (EV) -2 Log Likelihood  Chi-Square df Sig.
Intercept Only 2351.83

Final 2142.25 209.57 25 <.001
Test of Parallel Lines

Null Hypothesis 2142.253

General 2065.246 77.01 75 414
Pseudo R-Square Cox and Snell 236 Nagelkerke 248

The odds ratio estimates, standard errors and significance from the regression results for the four
models are shown in table 5 below. In Column (1), current adopters were defined as participants
who owned at least one of the CETs. Whereas results from ordinal regression on adoption
preferences mention respondents who demonstrated that they were likely to purchase a solar PV,

heat pumps and electric vehicles are described in Columns (2), (3), and (4), respectively.

Table 5: Binomial and Multinomial logit regression results

Model I (All) Model I1 (PV) Model II1 (HP) Model 1V (EV)
Adopted/Preference  Own/adopted Preference Preference Preference
Scale Two (0,1) Five (1,2,3,4,5) Five (1,2,3,4,5) Five (1,2,3,4,5)
Estimates Odds ratio Odds ratio Odds ratio Odds ratio
(Std. error) (Std. error) (Std. error) (Std. error)
Age group
Young Base 1.44 (0.365) 1.81%(0.233) 1.22(0.222)
Medium 0.83 (0.253) 1.55%* (0.436) 1.31(0.167) 1.06(0.175)
Old 1.338 (0.295) Base Base Base
Education level
Primary (base) Base 0.66 (0.247) 0.96(0.248) 0.40**%(0.283)
Secondary 1.16 (0.365) 0.69*(0.161) 0.95(0.16) 0.56***(0.156)
Higher 1.85 (0.385) Base Base Base
Annual household
income
Very low (base) Base 0.53* (0.323) 1.43(0.318) 0.67(0.308)
Low 1.02 (0.284) 0.57* (0.294) 2.0*(0.287) 0.97(0.267)
Medium 1.23 (0.301) 0.67 (0.285) 2.04%%(0.279) 0.76(0.252)
High 3.81%** (0.393) Base Base Base
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Peer effects 1.603** (0.179) 1.11 (0.138) 0.57%%*(0.14) 0.96(0.132)
Inertia 1.181 (0.215) 2.03**%* (0.157) 1.70%**(0.153) 0.86((0.158)
Progressive 0.675 (0.331) 1.51%* (0.228) 1.60%(0.246) 1.6%(0.235)
Hassle 0.533** (0.203) 0.44%%* (0.148) 0.37%%*(0.207) 0.49%%*(0.142)
Identity 1.09(0.132) 1.27*(0.096) 1.22%(0.096) 1.24%(0.095)
Concern 0.911(0.115) 1.15(0.082) 1.24%%(0.082) 1.28%%(0.084)
Family profile 1.083 (0.059) 1.14%% (0.042) 0.1.01(0.044) 0.99%%*(0.042)
Heat source 4.748** (0.236) 1.41 (0.266) 1.65(0.267) 0.94(0.197)
Region

Dublin (base) Base Base Base 2.39*%%((0.232)
Rest of Leinster 0.792 (0.270) 0.52%* (0.23) 0.90(0.226) 1.62%(0.221)
Munster 0.932 (0.256) 0.54** (0.21) 0.91(0.209) 1.32(0.216)
Ulster/Connacht 0.818 (0.321) 0.56** (0.20) 1.01(0.206) Base

Property type

Terraced house Base 0.86 (0.216) 1.02(.204) 1.24(0.217)
Ezumsiédetached 2.34* (0.380) 1.11 (0.171) 1.07(0.163) 1.16(0.167)
Detached house 2.749** (0.443) Base Base Base

Vintage

Before 1976 Base 0.99 (0.204) 0.52%%(0.822) 0.65%(0.199)
1976-1991 0.743 (0.326) 1.14 (0.212) 0.63%%(0.823) 0.76(0.211)
1992-2004 1.373 (0.281) 1.33 (0.201) 0.66%(0.822) 1.19(0.186)
After 2005 2.714*** (0.270)  Base Base Base

Work from home 1.17 (0.236) 1.13 (0.171) 1.0(0.17) 1.09 (0.157)
Constant/Cutoff 0.018*** (0.710)  0.15***(0.519) 0.80(0.547) 2.37(0.521)
Level 2 0.47(0.515) 2.38(0.548) 6.69%%*(0.525)
Level 3 3.36*%(0.518) 35.77%**(0.561)  20.45***(0.531)
Level 4 19.36***(0.525) 163.04**%(0.582)  68.44%**(0.541)
N 1010 774 817 777

Note: significance codes for p value less than 0.001 “***’/0.01°*** 0.05 “*’

From the binomial regression results in column I, we find a significant contribution by peer effects
and hassle factor for households that actually adopted CETs. However, we find that the perceived
role of hassle and discomfort reduces the odds of CET adoption in comparison to the favourable
role of peer effects. Parenthetically, households that had electricity as the primary source of heating
were found to be significant adopters of CETs. Among the socio-demographic factors, higher

income groups have a distinct and significant role in CET adoption in comparison to the low-
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income groups. However, the households distinguished by education levels and age groups of the
respondents do not show a significant influence on the actual CET adoption on their own. In terms
of the role and significance of the individual behavioural attributes for individual CETs, we find
the role of progressive attitudes and pro-environmental identities to be significant in influencing
favourable adoption preferences consistent across all CETs. While the role of peer effects is not
significantly brought out in adoption preferences of solar PVs and EVs, it appears to be significant
in an reverse way. This might be because residents might share and observe favourable and adverse
opinions across their social groups, especially for HPs. In comparison, we find the role of hassle
and inconvenience as negatively impacting the chances of CET adoption preferences. However,
we did not find the role of behavioural inertia as a barrier consistent with previous literature in the
context of our study, which future studies might explore further. An important finding from our
comparative study is that the intrinsic behavioural factors, such as progressive attitude,
environmental concern, and pro-environmental identity are not significant enough on their own to
influence actual adoption, although they do play a significant role in the stated preferences to adopt
CETs. In comparison, the perception of hassle and discomfort associated with installation or
operation for CETs appears to be a barrier reflected consistently across adoption preferences as
well as in actual adoption. Further, building attributes like type of building and their vintage appear
to have significant association with adoption preference for HPs and EVs. To explore if and how
the intrinsic behavioural attributes chosen in our models interact with socio-demographic profiles
of the households, we analysed the predicted probabilities of regression outcomes further. For
better visibility, we combined the predicted probabilities for the agree and strongly agree outcomes
for the adoption preference of individual CETs. Next, we displayed the scatterplots showing
changes in model-predicted probabilities for different respondents due to variation in chosen
behavioural variables for different subgroups based on age group, annual income and education
levels. Figures 5 to 10 below display the scatterplots of cumulative predicted probabilities for
behavioural variables found to be significant for adoption preferences separately for individual

CETs.
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Respondents with higher educational levels were found to have a significantly higher likelihood

of preference for solar PVs and electric vehicles.
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Figure 10: Scatterplot of HP predicted probabilities with hassle factor for different income groups

Together, these plots suggest: (i) predicted probabilities across behavioural variables follow a
nonlinear pattern supporting the choice of our regression models, (ii) role of behavioural factors
gets moderated by the socio-demographic profiles with younger, high educated respondents with
high annual incomes favourably inclines to adopt CETs, and (iii) role of behavioural inertia and
annual income on adoption preferences of heat pumps remain inconsistent, requiring future
research. An interesting finding with reference to lifestyle and embedded practices was regarding

the role of electricity as the primary source of heating, which was found to be a significant factor
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positively associated with the actual adoption of CETs. Although it was not captured in the survey
responses to CET adoption preferences. In comparison, the results from models II, III and IV
suggest a consistent but modest association between perception of hassle or discomfort and stated
intention to install solar PV and heat pumps. Progressive views towards technology adoption and
future preferences are found to be significant for intention to adopt solar PV and electric vehicles,
suggesting a higher likelihood of adoption preferences for these technologies by respondents
favourably inclined towards novel innovations.

5. Conclusion

A growing body of academic literature and government reports identify the structural barriers in
terms of the objects, subjects and actions hindering investments in CETs from multiple disciplinary
perspectives (SEAI Report, 2024; MacUidhir, et al., 2022; Mukherjee & Ryan, 2020; SEAI Report,
2020; SEAI Report, 2020; Weber, 1997). Recognising the need for encouraging households to
invest in renewable and efficient appliances as well as for switching over to electric heating and
public transportation options, these reports also identify topics for more research that influence
sustainable energy behaviours. From a climate policy perspective, it is not only important to
understand what the observed market and non-market barriers in terms of their willingness to pay
or intention for investing in CETs are but also to identify intrinsic factors underlying those barriers
in the first place (Sherren, et al., 2021; Claudy, et al., 2010). Recently, Mac Uidhir et al., (2022)
studied two key policy targets for rapid diffusion of electric vehicles and significant deep
retrofitting of residential buildings by combining the Bass diffusion model and the Low Emissions
Analysis Platform (LEAP) modelling program. Their simulation results suggest that
unprecedented technology diffusion rates will be required to match Ireland’s Climate Action Plan
targets (MacUidhir, et al., 2022). Another study on Irish homeowners draws from experiences of
solar PV panel deployment across jurisdictions to suggest special and targeted policy measures for
different groups, including low-income households (Ryan, et al., 2023). To understand the issues
and challenges associated with adoption of CETs in Irish homes, we conducted an empirical study
on the nature, role and extent of the intrinsic behavioural factors underlying willingness to purcha
CETs based on a comprehensive national survey of Irish households. In our two-step analysis, we
first identified four latent behavioural variables, namely, peer effects, progressive attitude,
behavioural inertia and hassle factors using confirmatory factor analysis within structural equation

modelling framework. Next, we estimated and compared the role, extent and direction of latent
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behavioural and socio-demographic factors underlying actual adoption versus stated preferences
of households towards CETs, while controlling for external attributes using a mix of binomial and
ordinal regression models. Our study has several theoretical and analytical limitations. An obvious
limitation is regarding the scope of ascertaining adoption preference using hypothetical survey
questions, subject to response biases. It is also important to note that our sample with a positively
skewed annual income distribution may not be representative at the national scale. Further,
behavioural variables used in our study are based on stated responses of respondents to survey
questions that are prone to social desirability bias (Vesely & Klockner, 2020; Volland, 2017). We
also assumed that the role of external factors, such as market prices, availability of incentives and
infrastructure will either be consistent across studied households or will be captured in terms of
their paying capacity linked to annual household income. As such, the results from this study will
have to be carefully interpreted. Future studies might also explore the nature and extent of CET
adoption based on theory on conspicuous diffusion, which our review identified but could not test

empirically for want of sufficient information.

Despite these limitations, our results suggest a clear distinction between factors underlying
adoption of technologies and their stated preferences to adopt. It also reveals a distinction between
the role, nature and extent of behavioural and socio-demographic factors across three technologies.
We find significant relationship between progressive attitudes and adoption preference for solar
PV adoption, which also appears to be moderated by the annual income, education level and age
group of respondents in a non-linear manner, requiring further research. Further, the behavioural
factors such as discomfort and hassle factors appear to be acting in opposite directions to the
generally favourable pro-environmental concerns towards sustainable technologies. Our study
suggests a significant association between the latent behavioural factors, such as peer effects and
progressive attitude, with adoption preference for CET adoption but also cautions that they do not
translate on their own for actual adoption, requiring more nuanced and targeted policy measures.
In sum, we find that the overall process of CET adoption is more likely to be a result of opposing
intrinsic behavioural tendencies that drive or hinder the willingness to pay, depending on their
perceived lifecycle benefits over costs after taking into account the external contexts and peer
effects for individual technologies. We believe that our study will not only address an important
literature gap in Irish residential households’ behaviours in terms of their adoption of CETs but

also provide useful insights for better informed policy decisions in the future.
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Figure A1: Year-wise licensing trend for different types of electric vehicles. Source: Central Statistics Office (CSO),
Ireland, https://www.cso.ie/en/releasesandpublications/ep/p-vlftm/vehicleslicensedforthefirsttimemarch2025/
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Figure A2: Annual county-wise solar PV installation measures. Source: Sustainable Energy Authority of Ireland
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PV scheme excluding warmer home scheme up to 31.12.2025.
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Figure A3: Annual county-wise HP installation measures. Source: Sustainable Energy Authority of Ireland (SEAI),
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