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Sav EEHA Savings 

SC Spatial Characteristics 

SE Socioeconomic Characteristics 

SI Social Influence 

TC Total Cost 

UB Use behaviour 

W Wellbeing 

WA Consumer willingness to adopt renewable energy sources within their residence 

 

DEFINITIONS 

CONCEPT DEFINITION 

Items 

Items are directly measured observations, also referred as indicators. Each item 
represents a single separate aspect of a larger abstract concept – the construct. By 
combining several items to form a scale, it is possible to indirectly measure the 
overall concept – the construct. 

Construct Constructs or latent variables measure concepts that are abstract and not directly 
observed.  Thus, several items are used to measure a single construct. 

Context 

Context is the used term to reflect the set of constructs that are theoretically related 
through their impact in the behaviour intention to change to an EEHA, namely: 
triggers, barriers, engagement, house characteristics, co-benefits and 
communication channels. 

Partial least 

squares 

structural 

equation 

modelling (PLS-

SEM) 

PLS-SEM is a variance-based method used to estimate structural equation models. 
This method simultaneously analyses relationships among measured variables and 
latent variables (constructs) as well as between latent variables. The goal is to 
maximize the explained variance of the endogenous latent variables. 

Factor analysis 

Factor analysis is a dimensionality reduction technique. From a large number of 
variables, this technique extracts a lower number of factors, each of them explaining 
the common variance of variables. As such, the observed variables are modelled as 
linear combinations of the created factors. 
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PROJECT SUMMARY  

The HARP project, Heating Appliances Retrofit Planning, aims at raising consumers awareness to the 

opportunities subjacent to the planned replacement of their old and inefficient heating appliance. This 

endeavour will be done by supporting the consumer in the identification of the energy (in)efficiency 

of their current heating equipment and the savings opportunities that derive from its replacement 

with a more energy-efficient solution. The mission is to accelerate the European replacement rate for 

heating systems, actively contributing to the reduction of energy demand in buildings, in line with the 

energy efficiency targets set by the EU.  

 

Now is the time to act and raise consumers’ awareness about the opportunities of a planned 

replacement. By taking advantage of the energy label for space and water heating appliances, we can 

mainstream the labelling concept to the installed heating stock, allowing the use of a well-known 

support decision tool to communicate and motivate consumers to replace their heating systems with 

modern, high-efficiency and renewable solutions. HARP accompanies the consumer decision process, 

providing an impartial message, based on the energy label and presents technological solutions that 

respond to the consumer’s heating needs, providing a quantified approach for economic and non-

economic benefits and bridging the gap with market providers and available national incentives. HARP 

is promoted by knowledgeable key partners in the fields of consumer behaviour, energy efficiency, 

heating solutions and business models, working directly with consumers, or indirectly via professionals 

who are critical multiplying agents—promoting dynamic, efficient heating communities, where all 

agents, from the supply to the demand side, are committed to an efficient heating market, supporting 

consumers to make smarter choices. 
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EXECUTIVE SUMMARY  

The present work was carried out by a NOVA IMS team within the scope of the HARP project, 

supported by the European Horizon 2020 programme. The focus of this work, documented in this 

report, is task 2.1, whose objective is the definition of the consumer behaviour change model 

regarding the adoption of efficient heating appliances.  

 

This report details the model with the factors that may influence consumers to change to an Energy 

Efficient Heating Appliance (EEHA), presenting also the obtained results of the questionnaire that was 

made. The target of this project are consumers equipped with old and inefficient heating systems. The 

presentation of this model reveals the perceived factors that influence consumers decision to change 

to an EEHA (both at a European level and for each country considered within the HARP project - 

Portugal, Spain, France, Italy and Germany). The goal is to motivate consumers to replace their old 

and inefficient heating systems. Thus, the knowledge that is created in this task will be used in the 

definition of the HARP National Action Plans, within WP4 – Engagement Initiatives. The model findings 

will suggest what to promote in the HARP countries, highlighting, as well, the most effective 

communication channels to attend this topic. 

 

The present work intends to accomplish the following tasks:  

• Understand consumers ’inner motivations to adopt energy efficient heating systems;  

• Identify important factors for explaining the energy efficient heating equipment diffusion 

process in participating countries;  

• Treat and exploitation of the data.  

To accomplish these tasks, an online questionnaire was developed and distributed across all European 

countries considered in the HARP project. The questionnaire was built based on an extensive literature 

review on the topic (where the main constructs that should be part of the created model were 

identified) and on a discussion with experts in the heating topic, partners in the HARP project. The 

questionnaire was validated with a pilot test. It was then translated into the languages of the partner 

countries (Portuguese, Spanish, French, Italian, German) and disseminated widely until enough 

answers were collected to carry out the analysis. The data collected was analysed using a partial least 

squares structural equation modelling (PLS-SEM) and the consumer theory of change model was 

created. Subsequently, this model was validated using specific criteria and methodologies that are 

presented in detail in this document. This work presents the overall results, and the specificities 

observed for each country involved in the project.  

The study revealed the engagement context, the co-benefits context and organizational 

communication channels as the greatest predictors of consumer intention to change to an EEHA. The 

results are similar in all countries, presenting some variation, either in significance or magnitude of 

the impact in the consumer intention. Figure 1 describes the process and timeline of the whole task.  
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1 INTRODUCTION 

Climate change is one of the most pressing topics in our society. Actions are needed to mitigate the 

impact of our lifestyle options in the environment and the energy sector is one of the most relevant 

sectors to address. While being a critical sector to every country’s economy, the intensive use of 

energy, still mostly from fossil fuels, makes the energy sector a key priority in the climate change 

mitigation plan.  The building sector is responsible for 40% of the EU’s energy consumption and 85% 

of that energy is used for space heating and domestic hot water production. From the 126 million 

space heaters installed in the EU, 59% perform as C or lower energy class. This value is even higher 

when looking into HARP’s considered countries, where the estimate for C class or lower performing 

equipment’s is approximately 70%.  

 

Obviously, one of the easiest solutions to implement is to moderate energy consumption or make it 

more efficient. In this context, the concept of EEHA assumes particular relevance. Currently, the use 

of household appliances represents about 85% of energy consumed in the residential sector (Gaspar 

& Antunes, 2011). As such, it is imperative to moderate this behaviour. One way is by changing to an 

EEHAs since residential space heating systems are responsible for a significant fraction of the energy 

demand of private households (Michelsen & Madlener, 2013). Therefore, this work presents an exact 

model that identifies the factors that influence consumers decision to change to an EEHA. In that way, 

this model and its conclusions can help each country customize their communication and interaction 

strategy to motivate consumers to make this change. 

 

Therefore, this document reports everything that was performed to achieve those results:  

• Definition of a survey and the choice of the most relevant variables based on the literature 

and some discussion with the project partners.  

• Analysis of the sample performing an exploratory factor analysis.  

• Estimation and validation of the model, careful analysis and interpretation of the results. 

This allowed us to understand the main drivers of consumer intention to change to an EEHA. 
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2 SURVEY AND SAMPLE SIZE 

2.1 Survey 
In order to study the factors that influence most consumers to change to an EEHA, an extensive 

literature review about the topic and individuals’ behaviour was performed. Table 1 describes each 

construct as well as their respective context and source. All items were based on literature review and 

adapted to this topic. Also, several presential and online meetings were conducted with project 

partners in order to validate the constructs already chosen and add others that, from their experience 

in the area would make sense, (e.g. the co-benefits context).  

The contexts tested in the model were: triggers, barriers, engagement, co-benefits, communication 

channels, house characteristics, general characteristics and behaviour change.  

The triggers’ context intends to assess what can trigger/motivate the decision to change to an EEHA. 

The barriers are constituted by the variables that can compromise the decision of changing to an 

EEHA. In the engagement context, it is possible to assess the interest that people have in renewable 

energies and efficient equipment. This paradigm includes both personal and third-party opinions. Co-

benefits allows assessing the importance of potential additional benefits that an EEHA may provide, 

either to the consumer or the building. The communication channels context intends to assess the 

influence of communication channels in the consumer’s intention to change to an EEHA. House 

characteristics include items related to the characteristics of the respondents’ residences which can, 

in some way, influence or restraint the change to an EEHA. General characteristics encompasses 

socioeconomic data about respondents and some spatial characteristics about the geographical area 

where respondents live. The behaviour change context includes the variables targeted in the study: 

attitude regarding the use of heating equipment and intention to change. Attitude refers to the 

evaluation made by consumers regarding the use of heating appliances. Intention refers to the 

consumer intention to change to an EEHA. 

 

Context Construct Construct meaning Source 

Triggers 

Energy efficiency (EE) 
Possibility of increasing the 
house’s energy efficiency 

(Venkatesh, 
Thong, & Xu, 

2012) 

Savings (Sav) 
Awareness of the monetary and 
energy savings potentiated by 

the use of an EEHA 

(Michelsen & 
Madlener, 

2012) 

Label (Lab) 
Relevance of EEHA energy label 

to the decision process 

(Sammer & 
Wüstenhagen, 

2006) 

Performance Expectancy 
(PE) 

The degree to which using an 
EEHA will benefit consumers in 

performing certain activities 

(Venkatesh et 
al., 2012) 

Relative advantage (RA) 
The degree to which the change 

to an EEHA is perceived to be 
superior to current practice 

(Franceschinis 
et al., 2017) 

Facilitating Conditions (FC) 
Consumers’ perceptions of the 

resources and support available 
to perform a behaviour 

(Venkatesh et 
al., 2012) 

Wellbeing (W) 
Level of wellbeing (physical and 
psychological) induced by the 

used of an EEHA 
Consortium 
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Context Construct Construct meaning Source 

Conditional Value (CV) 

Is the utility of an EEHA in the 
face of a specific situation or set 

of circumstances that the 
consumer may face 

(Sangroya & 
Nayak, 2017) 

Price Value (PV) 

Consumers’ cognitive trade-off 
between the perceived benefits 
of an EEHA and their monetary 

cost/value 

(Venkatesh et 
al., 2012) 

Barriers 

Operation and 
maintenance (OM) 

The degree to which an EEHA 
requires work related to its 
operation and maintenance 

(Sopha & 
Klöckner, 2011) 

Total cost (investment and 
operational cost) (TC) 

The degree to which an EEHA is 
affordable 

(Sopha & 
Klöckner, 2011) 

Engagement 

Engagement (EG) 

(Conscious Attention) The 
degree of interest the person 

has or wishes to have in 
interacting with an EEHA 

(Vivek, Beatty, 
& Morgan, 

2012) 

Social influence (SI) 

Is the extent to which 
consumers perceive that 

important others (e.g., family 
and friends) believe they should 

change to an EEHA 

(Venkatesh et 
al., 2012) 

Green Self-Identity (GSI) 
Evaluates the level of individual 

environmental concerns 

(Barbarossa, 
Beckmann, De 

Pelsmacker, 
Moons, & 

Gwozdz, 2015; 
Sparks & 

Shepherd, 
1992) 

House 
characteristics 

House age (HA) 
Age of the house since the last 

renovation 

(Michelsen & 
Madlener, 

2012) 

House' energy class (HEC) The energy class of the house 
(Michelsen & 

Madlener, 
2012) 

General 
characteristics 

Spatial characteristics (SC) 
Spatial characteristics of the 
area where respondents live  

(Michelsen & 
Madlener, 

2012) 

Socioeconomic 
characteristics (SE) 

Socioeconomic characteristics of 
respondents 

(Kowalska-
Pyzalska, 2019) 

Co-benefits 

Co-benefits (CB) 
Possible benefits that an EEHA 

may provide 
Consortium 

Co-benefits investment (CB 
inv) 

Willingness to pay for additional 
benefits that an EEHA may 

provide 
Consortium 

Communication 
channels 

Communication channels 
media (CCM) 

Media communication channels 
(Radio, TV, Newspapers, Mobile 

Applications, Websites) 

(Franceschinis 
et al., 2017) 

Communication channels 
organisations (CCO) 

Organisation communication 
channels (Installers or related 

professionals, EEHA stores, 
Organisations (local associations 
and energy agencies) and people 
that I know who own an EEHA) 

(Franceschinis 
et al., 2017) 



 

  

15 
Deliverable 2.1: Consumer behaviour change model regarding the 
adoption of efficient heating systems 

 

Context Construct Construct meaning Source 

Communication channel 
web media (CCW) 

Web and mobile communication 
channels (Websites and Mobile 

Applications) 

(Franceschinis 
et al., 2017) 

Behaviour 
change 

Attitude on heating 
equipment use (Att) 

Attitude on heating equipment 
use in general and regarding 

EEHA 

(March, 
Hernández, & 
Saurí, 2015) 

Behaviour intention to 
change to EEHA (BIC) 

Individuals’ intention to change 
to an EEHA 

(Venkatesh et 
al., 2012) 

Use behaviour (UB) 
Related to the frequency and 

intensity of use (traditional/non-
efficient heating systems) 

(Goncalves, 
Oliveira, & 
Cruz-Jesus, 

2018; 
Venkatesh et 

al., 2012) 

Continuance intention (CI) 
Users' intention to continue 

using their actual heating 
appliance 

(Bhattacherjee, 
2001) 

Table 1. Description of the constructs 

 

The questionnaire was created after choosing the variables where it would make sense to measure 

their importance regarding consumers’ intention to change. Due to the questionnaire size and to 

ensure its wider distribution, it was decided to make it available online. Adapting from the literature, 

most of the questions have a seven-point numerical scale (1 – completely disagree; 7 – completely 

agree). The questionnaire was defined in Portuguese and English, reviewed by academic researchers 

and university staff in order to validate both questionnaires. Then, the questionnaire was translated 

into the other four languages of the project countries– French, German, Italian and Spanish – available 

in the Appendix A1 to A6. This was possible with the help of the members of Consortium from each 

country. Several versions were reworded from each language to English and vice versa, to guarantee 

that the questions were equivalent and had the same meaning (Cha, Kim, & Erlen, 2007). A pilot survey 

was also performed, gathering approximately 200 responses. This pilot demonstrated that some of 

the items were not perceptible, so they were rewritten in order to be more comprehensible. Some 

questions were also withdrawn, based on the feedback from specialists in the area and the responses 

obtained. Thus, after these steps, described in Figure 2, the final survey was launched and, from the 

obtained results, it proved to be valid and reliable. The survey was disseminated in the five countries 

as an online questionnaire and was available for three months (November 2019 – February 2020). This 

questionnaire was disseminated with the help of the project partners. Jointly, some initiatives were 

adopted in order to achieve a higher number of responses, namely disseminating the questionnaire 

using social media networks and through the definition and exploitation of appealing online flyers. 
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Figure 2. Survey creation process 

2.2 Sample size 

 

The first step regarding the sample is to calculate the sample size. Assuming a random sampling 

methodology representative by country, for the primary outcome and (1-ɑ) % confidence level, 

different sample schemes can be obtained. If the population size is known, the sampling is based on a 

finite population approach; otherwise, it is based on an infinite population. Formulas for sample size 

are given by: 

• The sample size for a finite population 

𝑛=
𝑍2𝑝∗𝑞∗𝑁

𝑑2(𝑁−1)+𝑍2𝑝.𝑞
 

• The sample size for an infinite population 

𝑛=
𝑍2𝑝∗𝑞

𝑑2 =
1.962∗0.5∗0.5

0.052
=385 

where Z is the standard normal distribution for the (1-α/2) level, d is the precision, p is the prevalence, 

and q=(1-p). 

 

Since the exact number of consumers, “the population”, owning inefficient heating appliances is 

unknown, an infinite population size model was considered for this study. Therefore, the second 

formula was chosen. At the beginning of the study, there was no information about the prevalence of 

the characteristic (p). p stands for the proportion of the population that evidences the characteristic 

under evaluation. In this case it refers to the proportion of population that is willing to change their 

heating system. In absence of information, a pessimistic hypothesis is used. This means that we will 
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calculate the sample size for the worst-case – the case of no information – assigning 0.5 for the 

prevalence. Therefore, the first sample size estimation required 400 survey responses per country. 

Regarding the level of precision (d), a precision of 5% was used. The margin of error of 5% is 

appropriate if the prevalence of a disease is between 10% and 90% (Naing, Winn, & Rusli, 2006). A 

disease is a sensitive scenario in which the margin of error should be wisely considered. Thus, using 

5% as the level of precision is adequate, considering that the rates of prevalence in each country are 

within the referred interval.  

 

However, after consulting a study conducted by EUROGAS (“Eurogas : Energy Survey October 2019,” 

2019), it was possible to estimate the prevalence and recalculate the sample in the non-pessimistic 

scenario. The available information was about the willingness to change heating systems in each 

country. Portugal was not included in the EUROGAS survey, so the prevalence rate was based on the 

average of the rates of the other four countries. This allowed adjusting the number of survey 

responses needed per country. As represented in Table 2, all countries achieve the minimum number 

of complete responses. Moreover, the number of total responses was high. Furthermore, even for 

complete responses, some countries largely surpassed the number of required answers in the 

pessimistic scenario (400). The used complete responses were randomly selected from individuals 

whose characteristics were similar to the respective population in certain variables. The Spanish case 

is particular since the number of complete responses was extremely higher when compared to the 

other countries. After selecting the number of valid, complete responses, a random selection of 450 

valid individuals was performed. This way, the Spanish sample would not overlap the results. 
 

Country 

Z 

(standard 

Normal 

distribution for 

the (1-
𝜶

𝟐
) level) 

p (prevalence) * q (1-p) d (precision) 

N 

(the 

necessary 

number of 

complete 

responses) 

Number of 

total 

responses 

Number of 

complete 

responses 

Number of  

randomly 

selected 

responses 

France  1.96 0.19 0.81 0.05 237 453 411 363 

Germany  1.96 0.12 0.88 0.05 163 300 179 179 

Italy  1.96 0.22 0.78 0.05 264 649 387 357 

Portugal  1.96 0.18 0.82 0.05 227 519 331 262 

Spain  1.96 0.19 0.81 0.05 237 9531 4736 450 

All      1128 11452 6044 1611 

Table 2. Calculation of sample size 

Source: https://eurogas.org/website/wp-content/uploads/2019/12/Eurogas_Energy-

Report_ComRes.pdf  EUROGAS: Energy Survey, October 2019; accessed in January 2020 

  

https://eurogas.org/website/wp-content/uploads/2019/12/Eurogas_Energy-Report_ComRes.pdf
https://eurogas.org/website/wp-content/uploads/2019/12/Eurogas_Energy-Report_ComRes.pdf
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3 EXPLORATORY ANALYSIS 

In the next subsection, the descriptive statistics on sampling individuals, comparing some parameters 

with the population and understanding if the target population was indeed achieved is calculated. A 

factor analysis will be presented in section 3.2, which allowed the creation of a division between the 

different types of communication channels and co-benefits. Descriptive statistics will allow to 

understand the characteristics of the sample individuals. The exploratory factor analysis will be 

applied over the co-benefits and communication channels contexts, allowing to understand latent 

dimensions within the several types of co-benefits and communication channels. 

 

3.1 Descriptive statistics 
The survey was disseminated in all the five countries under analysis. As such, five subsamples were 

collected. The response rate had some variation from country to country, as represented in Appendix 

B - Table 10. In total, the selected sample is composed of 1611 individuals. Age is one the most used 

variables of comparison with the population in many studies in the area of efficient energy and 

consumer energy choices and behaviours (e.g. Vogiatzi et al., 2018; Chen, 2016; Nie, Vasseur, Fan, & 

Xu, 2019). This element means that the sample was captured in order to be the most similar to the 

population in terms of age. Hence, the target population was divided into two age classes: from 18 to 

39 years and above 40 years old (see Appendix B – Table 14). None of the samples have significant 

differences in age from the origin population, except for Portugal that presents a younger sample. A 

Chi-Squared test was performed in order to test any significant differences between the age classes 

from the sample and the populations. When comparing the sample individuals with the population, 

the target population for the questionnaire taken into consideration were only individuals equal to or 

above 18 years old.  

 

Although the Portuguese sample is younger compared to the other countries, the gender dimension 

is very similar, evidencing a deviation of only 1% of the total population in both cases. In fact, in most 

of the countries, the gender dimension is similar to the respective population. 

 

As represented in Table 3, most of the respondents were the owners of the house and the ones 

responsible for the decision regarding the heating equipment. These are individuals with more power 

and interest to change their heating appliance. As so, the target population of this study was 

successfully achieved. Moreover, in several studies focused on the energy topic, the sample is mainly 

composed by homeowners (e.g. Wilson, Crane, & Chryssochoidis, 2015; Koirala et al., 2018; Musti, 

Kortum, & Kockelman, 2011). 
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Descriptive statistics of all sample 

Sample characteristics (n=1611) Descriptive statistics 

Age  

        18-39 31% 

        ≥ 40 69% 

Gender  

        F 41% 

        M 59% 

Responsible for the decision to change to an EEHA 77% 

Houseowner 78% 

Children (1 = have children; 0 = don't have children) 40% 

Number of years of education 15.3 

Country  

        France 23% 

        Germany 11% 

        Italy 22% 

        Portugal 16% 

        Spain 28% 
Table 3. Descriptive statistics for all samples 

 

As represented in Appendix B - Table 14, regarding the number of children, this is a little smaller than 

in the actual population. However, this variable was used as a control in the model; this means that 

the results will be valid regardless the presence of children or not. Moreover, the same happens with 

education. The average number of years of education is approximately 15, which is somewhat higher 

than in the general population. In fact, the questionnaire being online, which was the best option 

given its size, also contributes to having responses from individual with higher education. Thus, the 

years of education was also used as a control variable. This means that the model was tested, 

controlling the effects of education and number of children. Also, the binary variables that identify the 

country were used as controls in the overall model with all countries’ samples. Having these, the 

results are valid, regardless of the years of education or the presence of children. 

 

Figure 3 and Appendix B (Tables 12 and 13) summarize information about energy consumption as well 

as energy source. Regarding the monthly energy consumption per household, in euros, Portugal and 

Spain are the countries with the lower energy bills. Of course, this measure differs due to different 

energy prices in each country. Also, generally in the sample, the southwestern countries present lower 

energy bills when compared with the sample countries of central Europe, what may be justified with 

lower space heating needs. 
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Figure 3. Monthly energy consumption of household (in euros) per country 

 

 

3.2 Exploratory factor analysis 
As discussed, communication channels and co-benefits are relevant dimensions to be measured in the 

model. However, each dimension of those includes many different items that translate different 

communication channels and even co-benefits. In order to capture the relation between the items of 

each dimension, a factor analysis was performed. A factor analysis is a widely used technique to 

understand latent dimensions responsible for the correlations between variables. This technique will 

help in the division of communication channels and co-benefits variables into more detailed variables, 

according to their type. 

 

Figure 4 represents the four steps followed in conducting this factor analysis. First, it is essential to 

assess the suitability of data using the Kaiser-Mayer-Olkin (KMO) procedure. Secondly, the number of 

factors is extracted based mainly in three criteria to choose the number of factors:  

• Kaiser criterion: every factor with an eigenvalue higher than 1 should be retained; 

• Pearson criterion: all factors should be retained until 70-80% of the variance is explained; 

• Scree plot criterion: all factors should be retained until the first big elbow in the plot is 

achieved 

 

Finally, the factors are rotated and interpreted based on factor loadings. 

 

 

 

 
 
 

Figure 4. Factor analysis process 
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3.2.1 Exploratory factor analysis for communication channels 
Concerning the communication channels, the KMO is 0.807, ensuring the suitability of data. Then, 

based on the Kaiser and Pearson criterion, three factors were chosen. After the three factors 

extractions, a Varimax rotation was performed, that provides more interpretability to the factors, 

based on the factor loadings represented in Table 4. These factors explain 56% of the initial variance 

of the variables. Interpreting the factor loadings, communication channels media (CCM) can be 

defined as the first factor, because they include the usual media channels, namely television, radio 

and newspaper. The second factor is communication channels organisations (CCO) since they include 

the professionals related with EEHA, as well as organisations, agencies and stores. Although the item 

representing someone an individual may know and own an EEHA is not correlated with any factor – 

the highest loading is with factor 2 – it makes more sense that this item remains in the second factor. 

The third factor is communication channels web media (CCW), since this includes mobile applications 

and websites, reflecting the communication by technological means.  

 

 

Factor 1 – Commun. 
channels media 

(CCM)  

Factor 2 – Commun. 
channels organisations 

(CCO) 

Factor 3 – Commun. 
channels web media 

(CCW) 

Radio 0.899 0.171 0.158 
TV 0.763 0.245 0.189 
Newspaper 0.705 0.215 0.279 
Installers and/or related professionals 0.090 0.912 0.104 
Stores of EEHA 0.157 0.678 0.217 
Organisations (local associations, 
energy agencies) 

0.301 0.504 0.119 

People that I know and have an EEHA 0.191 0.336 0.181 
Websites 0.128 0.200 0.695 
Mobile Applications 0.321 0.159 0.534 

     
Explained variance  2.166 1.859 1.012 
Explained variance (%) 24.1% 20.7% 11.2% 
KMO 0.807 

Table 4. Rotated factor model for communication channels 

 

Figure 5 summarizes the results for the communication channels factor analysis, representing the 

communication channels in each box within the respective type of communication – media, 

organisations and web media. 

 

Figure 5. Factor analysis results for communication channels 
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3.2.2 Exploratory factor analysis for co-benefits 
Regarding co-benefits, the KMO is 0.899, representing reliability of the factors. Based on the Kaiser 

criterion, two factors should be retained. As explained earlier, the factors were rotated in order to 

interpret them better. These two factors explain 53.6% of the initial variance. Based on factor loadings 

represented in Table 5, the first factor corresponds to co-benefits (CB), including variables that 

measure the importance of co-benefits in general. The second factor corresponds to co-benefits 

investment (CB inv) since it captures the variables measuring the willingness to pay for specific co-

benefits.  

 

 

Factor 1 – Co-benefits 
investment 

Factor 2 – Co-
benefits 

Have better indoor air quality 0.802 0.080 
Lower indoor noise level 0.797 0.086 
Operate the EEHA more easily 0.795 0.084 
Achieve a comfortable indoor temperature during the heating season more easily 0.787 0.033 
Lower external noise level 0.777 0.074 
Be more independent to energy prices 0.758 0.085 
Have more useful living area 0.740 0.132 
Have a reduced environmental impact 0.714 0.105 
Have a more aesthetically pleasing EEHA 0.687 0.165 
Value the dwelling in the real-estate market 0.667 0.233 
It allows me to be independent from energy price fluctuations 0.072 0.757 
It allows me to have a reduced environmental impact 0.160 0.669 
It values the dwelling in the real-estate market (I will sell the house for a higher 
price if it is equipped with an EEHA) 

0.121 0.655 

Condensation, humidity and mould-related problems are avoided 0.091 0.618 
It will not reduce my house’s useful floor area 0.020 0.570 

      

Explained variance  5.739 2.301 
Explained variance (%) 38.3% 15.3% 
KMO 0.899 

Table 5. Rotated factor model for co-benefits 

 

Figure 6 summarizes the results for the co-benefits factor analysis, representing the co-benefits 

elements in each box within the respective type of co-benefits – co-benefits and co-benefits 

investment. 

 

 

 

 

 

 

 

 

 

Figure 6. Factor analysis results for co-benefits 
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4 BEHAVIOUR MODEL 

4.1 Initial model 
The first step to build the model was to include all the identified constructs in a single model and 

estimate it with the results obtained after two months of the survey release. After this first estimation, 

the constructs that were statistically significant for each of the dependent variables were identified. 

This allowed realizing the most significant variables that would possibly be chosen to include in the 

final model. Not all variables have a significant impact on the dependent variables (regardless of 

whether they are positive or negative), and as such, they are ideally the ones to exclude, as they do 

not explain anything. Thus, the final variables to be included in the model were selected: operation 

and maintenance, engagement, energy efficiency, social influence, savings, energy label, co-benefits, 

co-benefits investment, communication channels, house energy class and house age. As dependent 

variables, the attitude regarding the use of heating equipment and intention to change to an EEHA 

were selected, since these are the ones that really capture consumers’ willingness and intention to 

change to an EEHA. 

 

4.2 Final conceptual model 
After the selection of the variables to include in the model, the final conceptual model was created. 

This model allows understanding what drives people to change their behaviour about the heating 

appliance they have. Based on the reviewed literature, experts’ discussion, and some initial analysis, 

Figure 7 represents the conceptual model. 

The study of consumer behaviour is controlled usually by some variables, especially socio-

demographic parameters and, in the particular case of energy, house demographics (e.g. Erell et al., 

2018; Davis, 2011; Mills & Schleich, 2009; Yang & Zhao, 2015). The years of education, the presence 

of children in the household and the country were used as control variables in the model. These 

attributes will preserve the impacts on explanatory variables.  
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Figure 7. Final conceptual model 

 

4.3 Results 
The partial least squares (PLS) technique was used for this study. This method is a variance-based 

technique, as discussed in this investigation since:  

I. not all items in our data are distributed normally (p<0.01 based on Kolmogorov–

Smirnov’s test); 

II. the research model has not been tested in the literature; 

III. the research model presents formative constructs; 

IV. the research model is considered as complex. 

 

This method was considered the best one since it fits the available data and meets the purpose of this 

study based on the information mentioned above. SmartPLS 3.0 (Ringle, Wende, & Becker, 2015) was 

used to estimate the model, verify its validity and reliability and to analyse the model results, steps 

described in Figure 8. 
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Figure 8. Steps for achieving the correct model in PLS-SEM 

 

4.3.1 Measurement model 
Structural equation modelling (SEM) and Partial least squares (PLS) which is a variance-based 

technique, was the method used to estimate the conceptual model. This method was chosen since all 

the requirements are present. Using this technique, firstly the measurement model should be 

analysed, and then the structural model may be tested. Several measures need to be analysed to 

assess the measurement model. Table 6 shows the mean and standard deviation of the reflective 

constructs, as well as the composite reliability (CR) and the average variance extracted (AVE). All 

constructs should present a CR higher than 0.7, showing and an AVE higher than 0.5 to guarantee the 

reliability of scales and convergent validity (Hair, Ringle, & Sarstedt, 2011; Fornell & Larcker, 1981). As 

such, these measures are verified.  

 

Then, it is necessary to assess the discriminant validity. The Fornell-Larcker criterion, the cross-

loadings and the Heterotrait-Monotrait Ratio (HTMT) were used to measure this. Concerning the first 

criteria, the diagonal elements, representing the squared-root of AVE are higher than the correlation 

between the constructs (Fornell & Larcker, 1981). This factor is also verified. Table 7 represents the 

loadings and cross-loadings, showing that all loadings are higher than the cross-loadings, satisfying the 

needed criteria (Chin, 1998). The other measure, HTMT, is represented in Table 8, showing diagonal 

values lower than 0.9, which establishes discriminant validity. 
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 Construct Mean STD CR EE Sav Lab OM EG SI HA HEC Att BIC 

EE 6.104 1.356 1.000 1.000          

Sav 5.952 1.201 0.894 0.489 0.861         

Lab 6.132 1.135 0.927 0.452 0.491 0.900        

OM 3.162 1.625 0.938 -0.247 -0.143 -0.157 0.914       

EG 4.355 1.541 0.960 0.233 0.120 0.218 -0.184 0.961      

SI 3.710 1.741 0.974 0.195 0.153 0.215 -0.088 0.601 0.962     

HA 4.305 1.924 1.000 0.094 0.066 -0.029 -0.072 -0.026 0.027 1.000    

HEC 3.332 2.600 1.000 0.016 -0.074 0.020 -0.078 0.306 0.249 -0.239 1.000   

Att 3.984 1.725 0.884 0.314 0.263 0.304 -0.159 0.314 0.311 0.056 0.023 0.890  

BIC 4.875 1.660 0.925 0.430 0.320 0.360 -0.287 0.457 0.439 0.084 0.121 0.680 0.897 

Notes: (EE: efficient energy; Sav: savings; Lab: label; OM: operation and maintenance; EG: engagement; SI: social 
influence; HA: house age; HEC: house energy class; Att: attitude on heating equipment use; BIC: behaviour 
intention to change to an EEHA) 

Table 6. Mean, standard-deviation, CR and Fornell-Lacker table. The diagonal elements are the square-root of AVE 

 

 Item EE Sav Lab OM EG SI HA HEC Att BIC 

EE 1.000 0.489 0.452 -0.247 0.233 0.195 0.094 0.016 0.314 0.430 
Sav1 0.311 0.708 0.325 -0.050 0.057 0.114 0.047 -0.102 0.186 0.188 
Sav2 0.491 0.936 0.482 -0.168 0.139 0.172 0.065 -0.048 0.265 0.340 
Sav3 0.435 0.920 0.441 -0.128 0.100 0.102 0.056 -0.058 0.220 0.274 
Lab1 0.385 0.433 0.887 -0.073 0.137 0.161 -0.038 -0.025 0.263 0.276 

Lab2 0.385 0.420 0.927 -0.136 0.225 0.222 -0.013 0.027 0.262 0.320 

Lab3 0.443 0.466 0.884 -0.201 0.219 0.195 -0.028 0.045 0.291 0.366 

OM1 -0.221 -0.118 -0.140 0.891 -0.187 -0.089 -0.013 -0.094 -0.131 -0.237 

OM2 -0.206 -0.134 -0.126 0.903 -0.116 -0.034 -0.087 -0.036 -0.133 -0.242 

OM3 -0.246 -0.138 -0.161 0.946 -0.196 -0.112 -0.090 -0.083 -0.167 -0.300 

EG1 0.252 0.161 0.266 -0.164 0.967 0.575 -0.027 0.270 0.329 0.465 

EG2 0.192 0.063 0.145 -0.192 0.955 0.580 -0.021 0.322 0.270 0.409 

SI1 0.179 0.136 0.199 -0.085 0.594 0.957 0.026 0.251 0.303 0.424 

SI2 0.177 0.143 0.202 -0.065 0.566 0.969 0.031 0.227 0.290 0.408 

SI3 0.205 0.163 0.220 -0.103 0.574 0.961 0.022 0.239 0.304 0.435 

HA 0.094 0.066 -0.029 -0.072 -0.026 0.027 1.000 -0.239 0.056 0.084 

HEC 0.016 -0.074 0.020 -0.078 0.306 0.249 -0.239 1.000 0.023 0.121 

Att2 0.325 0.287 0.311 -0.164 0.282 0.255 0.060 0.009 0.894 0.640 

Att3 0.233 0.180 0.229 -0.118 0.276 0.299 0.039 0.033 0.885 0.569 

BIC1 0.413 0.299 0.342 -0.257 0.437 0.405 0.067 0.126 0.614 0.927 

BIC2 0.449 0.358 0.368 -0.258 0.351 0.370 0.108 0.054 0.579 0.908 

BIC3 0.294 0.205 0.258 -0.256 0.438 0.405 0.053 0.144 0.635 0.853 

Notes: (EE: efficient energy; Sav: savings; Lab: label; OM: operation and maintenance; EG: engagement; SI: social 
influence; HA: house age; HEC: house energy class; Att: attitude on heating equipment use; BIC: behaviour 
intention to change to an EEHA). 

Table 7. Loadings and cross-loadings 
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 Construct EE Sav Lab OM EG SI HA HEC Att BIC 

EE           
Sav 0.530          
Lab 0.478 0.567         
OM 0.259 0.155 0.169        
EG 0.241 0.128 0.234 0.201       
SI 0.199 0.170 0.232 0.092 0.640      
HA 0.094 0.072 0.031 0.073 0.027 0.028     
HEC 0.016 0.089 0.038 0.082 0.322 0.254 0.239    
Att 0.365 0.334 0.374 0.192 0.379 0.370 0.065 0.027   
BIC 0.459 0.368 0.405 0.320 0.506 0.478 0.090 0.129 0.845   

Notes: (EE: efficient energy; Sav: savings; Lab: label; OM: operation and maintenance; EG: engagement; SI: social 
influence; HA: house age; HEC: house energy class; Att: attitude on heating equipment use; BIC: behaviour 
intention to change to an EEHA). 

Table 8. Heterotrait-Monotrait ratio (HTMT) 

 

Concerning the formative constructs, here, it is necessary to assess the collinearity, significance and 

relevance of indicator weights (Hair et al., 2011). A Variance Inflation Factor (VIF) lower than 5 is 

required to guarantee no collinearity issues. Through Table 9, it is observed that that condition is 

ensured. Also, it is necessary to guarantee the relevance and significance of indicator weights. The 

analysis of Table 9 allows concluding the relevance of indicator weights, since all indicators that do 

not have a significative weight, have a loading higher than 0.5. 

 

 Construct  Item Mean STD Weights Loadings VIF 

Co-benefits 

CB1 5.623 1.737 0.274*** 0.589*** 1.516 

CB2 5.277 1.675 -0.214*** 0.227*** 1.395 

CB3 5.312 1.696 0.261*** 0.591*** 1.537 

CB4 5.782 1.476 -0.148* 0.501*** 1.819 

CB5 6.081 1.354 0.854*** 0.946*** 1.634 

Co-benefits investment 

CB6 252.943 236.461 0.403*** 0.801*** 2.674 

CB7 249.765 234.095 -0.089 0.699*** 2.897 

CB8 218.981 223.278 0.028 0.658*** 3.137 

CB9 209.052 222.694 0.125 0.637*** 3.077 

CB10 195.953 207.858 -0.150 0.611*** 2.681 

CB11 262.967 242.853 -0.042 0.671*** 2.356 

CB12 186.082 200.868 0.343*** 0.652*** 2.238 

CB13 223.899 223.320 -0.230** 0.550*** 2.378 

CB14 270.643 236.566 0.134 0.677*** 1.982 

CB15 297.098 246.125 0.634*** 0.902*** 2.268 

Communication 
channels organisations 

CC1 4.627 1.894 0.481*** 0.768*** 1.207 

CC7 5.061 1.814 0.573*** 0.854*** 1.426 

CC8 4.975 1.653 0.019 0.595*** 2.143 

CC9 4.538 1.691 0.226** 0.577*** 1.908 

Communication 
channels web media 

CC2 4.979 1.575 0.624*** 0.868*** 1.243 

CC3 3.577 1.802 0.553*** 0.829*** 1.243 

Communication 
channels media 

CC4 3.672 1.762 0.320* 0.848*** 2.144 

CC5 3.344 1.784 0.295 0.904*** 3.046 

CC6 3.608 1.871 0.498*** 0.926*** 2.478 

Note: The items descriptions are in Appendix D. 
Table 9. Mean, standard-deviation, weights, loadings and VIF of formative construct indicators (* p-value <0.10; ** p-

value<0.05; *** p-value<0.01) 
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In conclusion a good measurement model for both reflective and formative constructs is achieved. As 

so, for reflective constructs, construct reliability, convergent validity, indicator reliability, and 

discriminatory validity are confirmed. Also, for the reflective ones, no collinearity issues and the 

significance and relevance of indicator weights were verified. The measurement model was tested for 

all countries individually. All the results from the measurement model of each country are in Appendix 

C (from C1 to C5). Having all these tested and validated for the whole sample and each country 

individually, it is possible to estimate the structural model, presented in the next sub-section. 

 

4.3.2 Structural model 
In Figure 9, the total effects of each variable are represented. Total effects include the direct effects 

over behaviour intention plus the indirect ones. The indirect ones are the direct effects over attitude 

times the direct effects of attitude over intention (Henseler, Ringle, & Sinkovics, 2009).  

 

 
Figure 9. Structural model for behaviour intention to change. Total effects (* p-value <0.10; ** p-value<0.05; *** p-

value<0.01) 

 
From Figure 9, the most critical drivers for consumers to change to an EEHA can be evidenced. The 
model explains 31.1% of the variation in attitude on heating equipment use. From the triggers context, 

energy efficiency (𝛽𝑡𝑜𝑡𝑎𝑙=0.135; p<0.01) and label (𝛽𝑡𝑜𝑡𝑎𝑙=0.061; p<0.05), are both statistically 
significant. Thus, H1a and H3a are supported, and H2a is not supported. From the barriers context, 

operation and maintenance is a barrier and statistically significant (𝛽𝑡𝑜𝑡𝑎𝑙=-0.042; p<0.1), H4a. From 

the engagement context, both engagement (𝛽𝑡𝑜𝑡𝑎𝑙=0.208; p<0.01) and social influence (𝛽𝑡𝑜𝑡𝑎𝑙=0.160; 
p<0.01) are statistically significant. Thus, H5a and H6a are supported. From the house characteristics 
context, neither hypotheses (H7a and H7b) are supported. From the co-benefits context, co-benefits 

investment is statistically significant (𝛽𝑡𝑜𝑡𝑎𝑙=0.171; p<0.01), supporting H10a. From the 

communication channels context, the organisation (𝛽𝑡𝑜𝑡𝑎𝑙=0.098; p<0.01) and web media 

(𝛽𝑡𝑜𝑡𝑎𝑙=0.045; p<0.1) channels are statistically significant. Thus, H12a and H13a are also supported. 
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The model explains 62.2% of the variation in behaviour intention to change to an EEHA. From the 

triggers context, energy efficiency (𝛽𝑡𝑜𝑡𝑎𝑙=0.160; p<0.01) and label (𝛽𝑡𝑜𝑡𝑎𝑙=0.067; p<0.05), both are 
statistically significant. Thus, H1b and H3b are supported. From the context of the barriers, it 

confirmed the hypothesis of a negative effect of operation and maintenance (𝛽𝑡𝑜𝑡𝑎𝑙=-0.090; p<0.01), 
designated by H4b. From the engagement context, both engagement (βtotal=0.198; p<0.01) and social 

influence (𝛽𝑡𝑜𝑡𝑎𝑙=0.163; p<0.01) are statistically significant. Thus, H5b and H6b are also supported. 

From the co-benefits context, both co-benefits (𝛽𝑡𝑜𝑡𝑎𝑙=0.083; p<0.01) and co-benefits investment are 

statistically significant (𝛽𝑡𝑜𝑡𝑎𝑙=0.110; p<0.01). Thus, H9b and H10b are supported. From the 

communication channels, the organisation (𝛽𝑡𝑜𝑡𝑎𝑙=0.121; p<0.01) and web media (𝛽𝑡𝑜𝑡𝑎𝑙=0.048; 
p<0.1) channels present statistically significant and positive effects for behaviour intention, supporting 

H12b and H13b. Finally, attitude on heating equipment use (𝛽𝑡𝑜𝑡𝑎𝑙=0.506; p<0.01) is statistically 
significant to explain behaviour intention to change to an EEHA, supporting H14. 
 
The model supported 9 out of 13 established hypotheses to explain behaviour intention to change to 
an EEHA. 
 

4.4 Results of the final conceptual model – total effects per country 
After testing the model with the whole sample, the model was tested individually per country. 
Appendix E (Table 36) describes the total effects of each country. The next sub-chapters present the 
results by country. 
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4.4.1 Conceptual model for France 
 

 

Figure 10. Final model – France. Total effects (* p-value <0.10; ** p-value<0.05; *** p-value<0.01) 

Observing Figure 10, the model for France explains approximately 78% of the behaviour intention to 

change to an EEHA (R-Squared), being the country with higher R-Squared. Figure 11 describes the most 

significant effects in behaviour intention to change to an EEHA. As so, these are the main consumer 

drivers in France. 

Figure 11. Results for France 

  

1

• Communication channels, organisations (+) - More communication from organisations
and energy agencies augments consumers intention to change to an EEHA

2

• Engagement (+) - Consumers that pay attention and are interested in EEHAs present a
greater intention to change to an EEHA

3

• Savings (+) - Individual who are aware of the savings (in terms of energy and money)
present a greater intention to change to an EEHA

4

• Co-benefits investment (+) - Individuals who are more willing to spend extra money to
achieve some co-benefits, present a greater intention to change to an EEHA

5

• Label (+) - If the new heating equipment is identified with a “positive” energy class
(above C), then the consumer’s intention to change to an EEHA will increase

6
• House age (+) - The older the house, the greater the intention to change to an EEHA
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4.4.2 Conceptual model for Germany 
 

 

Figure 12. Final model – Germany. Total effects (* p-value <0.10; ** p-value<0.05; *** p-value<0.01) 

Observing Figure 12, the model for Germany explains approximately 75% of the behaviour intention 

to change to an EEHA (R-Squared), being the second country with higher R-Squared. Figure 13 

describes the most significant effects in behaviour intention to change to an EEHA.  

Figure 13. Results for Germany 

1

• Co-benefits (+) - If consumers are aware of the co-benefits that an EEHA provides,
then they are more likely to change to an EEHA – the specific co-benefits should be
promoted to increase the intention of individuals to change to an EEHA

2

• Communication channels, organisations (+) - More communication from organisations
and energy agencies augments consumers intention to change to an EEHA

3

• Co-benefits investment (+) - Individuals who are more willing to spend extra money to
achieve some co-benefits, present a greater intention to change to an EEHA

4

• House' energy class (-) - Individuals with a low energy performing house are more
willing to change to an EEHA

5

• Social influence (+) - If people they know and value, think that they should adopt an
EEHA, then consumers intention to change to an EEHA will increase

6

• Operation and maintenance (-) - The intention to change to an EEHA is greater if an
individual considers that the maintenance and operation of the equipment is easier
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4.4.3 Conceptual model for Italy 
 

 

Figure 14. Final model – Italy. Total effects (* p-value <0.10; ** p-value<0.05; *** p-value<0.01) 

Observing Figure 14, the model for Italy explains approximately 43% of the behaviour intention to 

change to an EEHA (R-Squared). Although it is the country with the lowest R-Squared, 43% is still a 

satisfactory percentage of explained variance, especially when compared with other studies. Figure 

15 describes the most significant effects in behaviour intention to change to an EEHA. As so, these are 

the main consumer drivers in Italy. 

  

Figure 15. Results for Italy 

1

• Co-benefits investment (+) - Individuals who are more willing to spend extra 
money to achieve some co-benefits, present a greater intention to change to 
an EEHA

2

• Energy efficiency (+) - The perception that having an EEHA improves the 
house's energy efficiency is important for people to change to an EEHA

3

• Social influence (+) - If people they know and value think that they should 
adopt an EEHA, then consumers intention to change to an EEHA will increase

4

• Engagement (+) - Consumers that pay attention and are interested in EEHAs 
present a greater intention to change to an EEHA
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4.4.4 Conceptual model for Portugal 
 

 

Figure 16. Final model – Portugal. Total effects (* p-value <0.10; ** p-value<0.05; *** p-value<0.01) 

Observing Figure 16, the model for Portugal explains approximately 63% of the behaviour intention to 

change to an EEHA (R-Squared). Figure 17 describes the most significant effects in behaviour intention 

to change to an EEHA. As so, these are the main consumer drivers in Portugal. 

 

Figure 17. Results for Portugal 

  

1

• Co-benefits investment (+) - Individuals who are more willing to spend extra money 
to achieve some co-benefits, present a greater intention to change to an EEHA

2

• Operation and maintenance (-) - The intention to change to an EEHA is greater if an 
individual considers that the maintenance and operation of the equipment is easier

3

• Communication channels, organisations (+) - More communication from 
organisations and energy agencies augments consumers intention to change to an 
EEHA

4

• House age (+) - The older the house (or its renovation), the greater the intention to 
change to an EEHA

5

• Engagement (+) - Consumers that pay attention and are interested in EEHAs 
present a greater intention to change to an EEHA
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4.4.5 Conceptual model for Spain  

 

 

Figure 18. Final model – Spain. Total effects (* p-value <0.10; ** p-value<0.05; *** p-value<0.01) 

Observing Figure 18, the model for Spain explains approximately 63% of the behaviour intention to 

change to an EEHA (R-Squared). Figure 19 describes the most significant effects in behaviour intention 

to change to an EEHA. As so, these are the main consumer drivers in Spain. 

Figure 19. Results for Spain 

  

1
• Engagement (+) - Consumers that pay attention and are interested in EEHAs 
present a greater intention to change to an EEHA

2
• Social influence (+) - If people they know and value think that they should adopt an 
EEHA, then consumers intention to change to an EEHA will increase

3
• Operation and maintenance (-) - The intention to change to an EEHA is greater if an 
individual considers that the maintenance and operation of the equipment is easier

4
• Energy efficiency (+) - The perception that having an EEHA improves the house's 
energy efficiency is important for people to change to an EEHA

5
• Co benefits investment (+) - Individuals who are more willing to spend extra money 
to achieve some co-benefits, present a greater intention to change to an EEHA

6
• Communication channels, media (+) - More communication from the media, 
augments consumers intention to change to an EEHA
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In conclusion, the results for all countries evidence that although the effect varies in terms of the 

magnitude of impact in intention and relevance, the majority of the drivers are relevant for the model 

in all countries. However, these differences are important and suggest different strategies to approach 

the consumer in each country. 

4.4.6 Results for communication channels 
In order to understand which communication channels would be most valued by consumers who 
intend to change to an EEHA, a more particular study was carried out on the variable referring to 
communication channels. Figure 20 shows the communication channels most valued in each country. 
This way it is possible to understand the most valuable communication channels by consumers who 
intend to change to an EEHA and as so, customize the country’s HARP National Action Plan accordingly:  
 

• France: people they know and own an EEHA, local organisations and energy agencies and 
EEHA stores; 

• Germany: people that they know and own an EEHA, radio, websites and the EEHA stores;  

• Italy: local organisations and energy agencies, installers and/or related professionals and 
mobile applications; 

• Portugal: local organisations and energy agencies, websites and the people that they know 
and own an EEHA; 

• Spain: radio, mobile applications and the people that they know and own an EEHA.  
 

 

 

 

 

 

 

 

 

 

 

 

In general, organizational communication channels are the most valued communication channel in all 

the countries. Websites and mobile applications are also very relevant. The media channel is most 

valued by the German and Spanish consumers (mainly the radio format). This analysis shows the high 

importance of organizations and energy agencies. It also, reveals the increasing search of information 

through web and web applications in all these countries, which is especially relevant for the HARP 

online tool. Figure 21 in Appendix E presents the structural model for communication channels. 

Figure 20. Most valued communication channels by country 
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5 CONCLUSION 

Nowadays, actions towards the mitigation of climate problems are imperative. Therefore, projects like 

HARP stand out, in particular attempting to increase the replacement of inefficient heating systems 

with EEHAs. Therefore, to achieve that objective, some actions, promotions and campaigns should be 

taken. In order to support those campaigns and guarantee their success, the consumer behaviour 

change models allow understanding what aspects and information the consumers consider more 

relevant regarding the energy efficient heating topic and may drive them to change their heating 

appliances. In fact, a campaign can be much more effective if people know exactly what to promote. 

Therefore, the model presented in this report identifies the key messages to promote EEHA in the 

HARP countries, as well as the most effective communication channels to use.  

 

The first step in the creation of the consumer behaviour change model was identifying the variables 

that can influence the consumers to change to an EEHA. Consequently, a literature review was 

conducted and discussions held with the consortium members. After that, a survey was created and 

translated into the five languages of the countries considered in this project. With the survey available 

for three months, a high number of responses was obtained, that allowed creating a model and 

achieve results for each country, using some specific techniques.  

 

A summary of the conclusions for each country is presented below. 

 

For France, it is possible to conclude that: 

• More communication from organisations and energy agencies augments consumers intention 

to change to an EEHA; 

• Consumers that pay attention and are interested in EEHAs present a greater intention to 

change to an EEHA; 

• Individual who are aware of the savings (in terms of energy and money) present a greater 

intention to change to an EEHA; 

• Individuals who are more willing to spend extra money to achieve some co-benefits, present 

a greater intention to change to an EEHA; 

• If the new heating equipment is identified with a “positive” energy class (above C), then the 

consumer’s intention to change to an EEHA will increase; 

• The older the house (or its renovation), the greater the intention to change to an EEHA; 

• The most valuable communication channels for French consumers who intend to change to 

an EEHA are the people they know and own an EEHA, the local organisations and energy 

agencies and the EEHA stores. 

For Germany, it is concluded that: 

• If consumers are aware of the co-benefits that an EEHA provides, then they are more likely to 

change to an EEHA – the specific co-benefits should be promoted to increase the intention of 

individuals to change to an EEHA; 

• More communication from organisations and energy agencies augments consumers intention 

to change to an EEHA; 

• Individuals who are more willing to spend extra money to achieve some co-benefits, present 

a greater intention to change to an EEHA; 
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• Consumers with a low energy performing house are more willing to change to an EEHA; 

• If people they know and value, think that they should adopt an EEHA, then consumers 

intention to change to an EEHA will increase; 

• The intention to change to an EEHA is greater if an individual considers that the maintenance 

and operation of the equipment is easier; 

• The most valuable communication channels for German consumers who intend to change to 

an EEHA are the people that they know and own an EEHA, radio, websites and the EEHA stores.  

For Italy, it is possible to conclude that: 

• Individuals who are more willing to spend extra money to achieve some co-benefits, present 

a greater intention to change to an EEHA; 

• The perception that having an EEHA increases the house energy efficiency is important for 

people to change to an EEHA; 

• If people they know and value think that they should adopt an EEHA, then consumers 

intention to change to an EEHA will increase; 

• Consumers that pay attention and are interested in EEHAs present a greater intention to 

change to an EEHA; 

• The most valuable communication channels for Italian consumers who intend to change to an 

EEHA are the local organisations and energy agencies, installers and/or related professionals 

and mobile applications. 

For Portugal, it is concluded that: 

• Individuals who are more willing to spend extra money to achieve some co-benefits, present 

a greater intention to change to an EEHA; 

• The intention to change to an EEHA is greater if an individual considers that the maintenance 

and operation of the equipment is easier; 

• More communication from organisations and energy agencies augments consumers intention 

to change to an EEHA; 

• The older the house (or its renovation), the greater the intention to change to an EEHA; 

• Consumers that pay attention and are interested in EEHAs present a greater intention to 

change to an EEHA; 

• The most valuable communication channels for Portuguese consumers who intend to change 

to an EEHA are local organisations and energy agencies, websites and the people that they 

know and own an EEHA. 

For Spain, it is concluded that: 

• Consumers that pay attention and are interested in EEHAs present a greater intention to 

change to an EEHA; 

• If people they know and value think that they should adopt an EEHA, then consumers 

intention to change to an EEHA will increase; 

• The intention to change to an EEHA is greater if an individual considers that the maintenance 

and operation of the equipment is easier; 

• The perception that having an EEHA increases the houses energy efficiency is important for 

people to change to an EEHA; 
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• Individuals who are more willing to spend extra money to achieve some co-benefits, present 

a greater intention to change to an EEHA; 

• More communication from the media, augments consumers intention to change to an EEHA; 

• The most valuable communication channels for Spanish consumers who intend to change to 

an EEHA are the radio, mobile applications and the people that they know and own an EEHA. 

From the detail of the individual country models it is possible to identify common criteria that should 

clearly be endorsed in the consumers engagement campaigns:  

- Co-benefits:  

o Individuals who are more willing to spend extra money to achieve some co-benefits, 

present a greater intention to change to an EEHA; 

 

- Influencers:  

o If people they know and value, think that they should adopt an EEHA, then consumers 

intention to change to an EEHA will increase; 

o The most valuable communication channels for consumers who intend to change to 

an EEHA are people that they know and own an EEHA. 

 

- Local organizations and energy agencies 

o More communication from organisations and energy agencies augments consumers 

intention to change to an EEHA; 

o The most valuable communication channels for consumers who intend to change to 

an EEHA are the local organisations and energy agencies.  

The detail of the individual country models shows that the differences between countries are not 

extreme but these should be taken into account when defining the HARP National Action Plans to 

assure the successful engagement of consumers, using the HARP resources and pursuing the planned 

replacement of their old and inefficient heating appliance.  

  



 

  

39 
Deliverable 2.1: Consumer behaviour change model regarding the 
adoption of efficient heating systems 

 

REFERENCES 

Barbarossa, C., Beckmann, S. C., De Pelsmacker, P., Moons, I., & Gwozdz, W. (2015). A self-identity 
based model of electric car adoption intention: Across-cultural comparative study. Journal of 
Environmental Psychology, 42, 149–160. https://doi.org/10.1016/j.jenvp.2015.04.001 

Bhattacherjee, A. (2001). Understanding information systems continuance: An expectation-
confirmation model. MIS Quarterly: Management Information Systems, 25(3), 351–370. 
https://doi.org/10.2307/3250921 

Cha, E. S., Kim, K. H., & Erlen, J. A. (2007). Translation of scales in cross-cultural research: Issues and 
techniques. Journal of Advanced Nursing, 58(4), 386–395. https://doi.org/10.1111/j.1365-
2648.2007.04242.x 

Chen, M. F. (2016). Extending the theory of planned behavior model to explain people’s energy savings 
and carbon reduction behavioral intentions to mitigate climate change in Taiwan-moral 
obligation matters. Journal of Cleaner Production, 112, 1746–1753. 
https://doi.org/10.1016/j.jclepro.2015.07.043 

Chin, W. W. (1998). Issues and opinion on structural equation modeling. MIS Quarterly: Management 
Information Systems, 22(1), vii–xvi. 

Davis, L. W. (2011). Evaluating the slow adoption of energy efficient investments: are renters less likely 
to have energy efficient appliances? The Design and Implementation of US Climate Policy, 
54(June), 301–316. https://doi.org/presented at “The Design & Implementation of US Climate 
Policy”, May 13-14, 2010 

Erell, E., Portnov, B. A., & Assif, M. (2018). Modifying behaviour to save energy at home is harder than 
we think…. Energy and Buildings, 179, 384–398. https://doi.org/10.1016/j.enbuild.2018.09.010 

Eurogas : Energy Survey October 2019 Methodology. (2019), (October). 

Fornell, C., & Larcker, D. F. (1981). Evaluating structural equation models with unobservable variables 
and measurement error. Journal of Marketing Research, 18(1), 39. 
https://doi.org/10.2307/3151312 

Franceschinis, C., Thiene, M., Scarpa, R., Rose, J., Moretto, M., & Cavalli, R. (2017). Adoption of 
renewable heating systems: an empirical test of the diffusion of innovation theory. Energy, 125, 
313–326. https://doi.org/10.1016/j.energy.2017.02.060 

Gaspar, R., & Antunes, D. (2011). Energy efficiency and appliance purchases in Europe: consumer 
profiles and choice determinants. Energy Policy, 39(11), 7335–7346. 
https://doi.org/10.1016/j.enpol.2011.08.057 

Goncalves, G., Oliveira, T., & Cruz-Jesus, F. (2018). Understanding individual-level digital divide: 
Evidence of an African country. Computers in Human Behavior, 87(March), 276–291. 
https://doi.org/10.1016/j.chb.2018.05.039 

Hair, J. F., Ringle, C. M., & Sarstedt, M. (2011). PLS-SEM: indeed a silver bullet. Journal of Marketing 
Theory and Practice, 19(2), 139–152. https://doi.org/10.2753/MTP1069-6679190202 

Henseler, J., Ringle, C. M., & Sinkovics, R. R. (2009). The use of partial least squares path modeling in 
international marketing. Advances in International Marketing, 20, 277–319. 
https://doi.org/10.1108/S1474-7979(2009)0000020014 

Koirala, B. P., Araghi, Y., Kroesen, M., Ghorbani, A., Hakvoort, R. A., & Herder, P. M. (2018). Trust, 
awareness, and independence: insights from a socio-psychological factor analysis of citizen 
knowledge and participation in community energy systems. Energy Research and Social Science, 
38(January), 33–40. https://doi.org/10.1016/j.erss.2018.01.009 

Kowalska-Pyzalska, A. (2019). Do consumers want to pay for green electricity? A case study from 
Poland. Sustainability (Switzerland), 11(5), 1310. https://doi.org/10.3390/su11051310 

March, H., Hernández, M., & Saurí, D. (2015). Assessing domestic water use habits for more effective 
water awareness campaigns during drought periods: a case study in Alicante, eastern Spain. 
Natural Hazards and Earth System Sciences, 15(5), 963–972. https://doi.org/10.5194/nhess-15-



 

  

40 
Deliverable 2.1: Consumer behaviour change model regarding the 
adoption of efficient heating systems 

 

963-2015 

Michelsen, C. C., & Madlener, R. (2012). Homeowners’ preferences for adopting innovative residential 
heating systems: a discrete choice analysis for Germany. Energy Economics, 34(5), 1271–1283. 
https://doi.org/10.1016/j.eneco.2012.06.009 

Michelsen, C. C., & Madlener, R. (2013). Motivational factors influencing the homeowners’ decisions 
between residential heating systems: an empirical analysis for Germany. Energy Policy, 57(2013), 
221–233. https://doi.org/10.1016/j.enpol.2013.01.045 

Mills, B. F., & Schleich, J. (2009). Profits or preferences? assessing the adoption of residential solar 
thermal technologies. Energy Policy, 37(10), 4145–4154. 
https://doi.org/10.1016/j.enpol.2009.05.014 

Musti, S., Kortum, K., & Kockelman, K. M. (2011). Household energy use and travel: opportunities for 
behavioral change. Transportation Research Part D: Transport and Environment, 16(1), 49–56. 
https://doi.org/10.1016/j.trd.2010.07.005 

Naing, L., Winn, T., & Rusli, B. N. (2006). Practical issues in calculating the sample size for prevalence 
studies. Archives of Orofacial Sciences, 1(Ci), 9–14. 

Nie, H., Vasseur, V., Fan, Y., & Xu, J. (2019). Exploring reasons behind careful-use, energy-saving 
behaviours in residential sector based on the theory of planned behaviour: evidence from 
Changchun, China. Journal of Cleaner Production, 230, 29–37. 
https://doi.org/10.1016/j.jclepro.2019.05.101 

Ringle, C. M., Wende, S., & Becker, J.-M. (2015). SmartPLS 3. 

Sammer, K., & Wüstenhagen, R. (2006). The influence of eco-labelling on consumer behaviour - results 
of a discrete choice analysis for washing machines. Business Strategy and the Environment, 15(3), 
185–199. https://doi.org/10.1002/bse.522 

Sangroya, D., & Nayak, J. K. (2017). Factors influencing buying behaviour of green energy consumer. 
Journal of Cleaner Production, 151, 393–405. https://doi.org/10.1016/j.jclepro.2017.03.010 

Sopha, B. M., & Klöckner, C. A. (2011). Psychological factors in the diffusion of sustainable technology: 
a study of Norwegian households’ adoption of wood pellet heating. Renewable and Sustainable 
Energy Reviews, 15(6), 2756–2765. https://doi.org/10.1016/j.rser.2011.03.027 

Sparks, P., & Shepherd, R. (1992). Self-identity and the theory of planned behavior: assesing the role 
of identification with “Green Consumerism.” Social Psychology Quarterly, 55(4), 388. 
https://doi.org/10.2307/2786955 

Venkatesh, V., Thong, J. Y. L., & Xu, X. (2012). Consumer acceptance and use of information 
technology: extending the unidied theory of acceptance and use of technology. MIS Quarterly, 
36(1), 157–178. Retrieved from 
https://pdfs.semanticscholar.org/6256/0e2001480fd1f22558ce4d34ac93776af3e6.pdf%0Ahttp
s://pdfs.semanticscholar.org/6256/0e2001480fd1f22558ce4d34ac93776af3e6.pdf?_ga=2.1245
39978.1994179764.1540339706-2125081534.1540339706 

Vivek, S. D., Beatty, S. E., & Morgan, R. M. (2012). Customer engagement: exploring customer 
relationships beyond purchase. Journal of Marketing Theory and Practice, 20(2), 122–146. 
https://doi.org/10.2753/MTP1069-6679200201 

Vogiatzi, C., Gemenetzi, G., Massou, L., Poulopoulos, S., Papaefthimiou, S., & Zervas, E. (2018). Energy 
use and saving in residential sector and occupant behavior: a case study in Athens. Energy and 
Buildings, 181(2018), 1–9. https://doi.org/10.1016/j.enbuild.2018.09.039 

Wilson, C., Crane, L., & Chryssochoidis, G. (2015). Why do homeowners renovate energy efficiently? 
Contrasting perspectives and implications for policy. Energy Research and Social Science, 7, 12–
22. https://doi.org/10.1016/j.erss.2015.03.002 

Yang, S., & Zhao, D. (2015). Do subsidies work better in low-income than in high-income families? 
survey on domestic energy-efficient and renewable energy equipment purchase in China. Journal 
of Cleaner Production, 108(June 2012), 841–851. https://doi.org/10.1016/j.jclepro.2015.07.022 



 

  

41 
Deliverable 2.1: Consumer behaviour change model regarding the 
adoption of efficient heating systems 

 

Appendix A – Questionnaire 

Appendix A1 – Questionnaire in English 
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Appendix A2 – Questionnaire in French  



 

  

50 
Deliverable 2.1: Consumer behaviour change model regarding the 
adoption of efficient heating systems 

 

 

  



 

  

51 
Deliverable 2.1: Consumer behaviour change model regarding the 
adoption of efficient heating systems 

 

 

 

 

  

  



 

  

52 
Deliverable 2.1: Consumer behaviour change model regarding the 
adoption of efficient heating systems 

 

 

 

 

  



 

  

53 
Deliverable 2.1: Consumer behaviour change model regarding the 
adoption of efficient heating systems 

 

  



 

  

54 
Deliverable 2.1: Consumer behaviour change model regarding the 
adoption of efficient heating systems 

 

  



 

  

55 
Deliverable 2.1: Consumer behaviour change model regarding the 
adoption of efficient heating systems 

 

 
  



 

  

56 
Deliverable 2.1: Consumer behaviour change model regarding the 
adoption of efficient heating systems 

 

 
 
  



 

  

57 
Deliverable 2.1: Consumer behaviour change model regarding the 
adoption of efficient heating systems 

 

Appendix A3 – Questionnaire in German 

 



 

  

58 
Deliverable 2.1: Consumer behaviour change model regarding the 
adoption of efficient heating systems 

 

  



 

  

59 
Deliverable 2.1: Consumer behaviour change model regarding the 
adoption of efficient heating systems 

 

  



 

  

60 
Deliverable 2.1: Consumer behaviour change model regarding the 
adoption of efficient heating systems 

 

  



 

  

61 
Deliverable 2.1: Consumer behaviour change model regarding the 
adoption of efficient heating systems 

 

  



 

  

62 
Deliverable 2.1: Consumer behaviour change model regarding the 
adoption of efficient heating systems 

 

  



 

  

63 
Deliverable 2.1: Consumer behaviour change model regarding the 
adoption of efficient heating systems 

 

  



 

  

64 
Deliverable 2.1: Consumer behaviour change model regarding the 
adoption of efficient heating systems 

 

  



 

  

65 
Deliverable 2.1: Consumer behaviour change model regarding the 
adoption of efficient heating systems 

 

Appendix A4 – Questionnaire in Italian 



 

  

66 
Deliverable 2.1: Consumer behaviour change model regarding the 
adoption of efficient heating systems 

 

  



 

  

67 
Deliverable 2.1: Consumer behaviour change model regarding the 
adoption of efficient heating systems 

 

 
 
 
 
  



 

  

68 
Deliverable 2.1: Consumer behaviour change model regarding the 
adoption of efficient heating systems 

 

 
 
  



 

  

69 
Deliverable 2.1: Consumer behaviour change model regarding the 
adoption of efficient heating systems 

 

 
 
  



 

  

70 
Deliverable 2.1: Consumer behaviour change model regarding the 
adoption of efficient heating systems 

 

 
 
  



 

  

71 
Deliverable 2.1: Consumer behaviour change model regarding the 
adoption of efficient heating systems 

 

 
 
  



 

  

72 
Deliverable 2.1: Consumer behaviour change model regarding the 
adoption of efficient heating systems 

 

 

 

  



 

  

73 
Deliverable 2.1: Consumer behaviour change model regarding the 
adoption of efficient heating systems 

 

Appendix A5 – Questionnaire in Portuguese 

 

  



 

  

74 
Deliverable 2.1: Consumer behaviour change model regarding the 
adoption of efficient heating systems 

 

 

  



 

  

75 
Deliverable 2.1: Consumer behaviour change model regarding the 
adoption of efficient heating systems 

 

 

  



 

  

76 
Deliverable 2.1: Consumer behaviour change model regarding the 
adoption of efficient heating systems 

 

 

  



 

  

77 
Deliverable 2.1: Consumer behaviour change model regarding the 
adoption of efficient heating systems 

 

 

  



 

  

78 
Deliverable 2.1: Consumer behaviour change model regarding the 
adoption of efficient heating systems 

 

 

  



 

  

79 
Deliverable 2.1: Consumer behaviour change model regarding the 
adoption of efficient heating systems 

 

 

  



 

  

80 
Deliverable 2.1: Consumer behaviour change model regarding the 
adoption of efficient heating systems 

 

 

  



 

  

81 
Deliverable 2.1: Consumer behaviour change model regarding the 
adoption of efficient heating systems 

 

Appendix A6 – Questionnaire in Spanish 

 



 

  

82 
Deliverable 2.1: Consumer behaviour change model regarding the 
adoption of efficient heating systems 

 

  



 

  

83 
Deliverable 2.1: Consumer behaviour change model regarding the 
adoption of efficient heating systems 

 

 

  



 

  

84 
Deliverable 2.1: Consumer behaviour change model regarding the 
adoption of efficient heating systems 

 

   



 

  

85 
Deliverable 2.1: Consumer behaviour change model regarding the 
adoption of efficient heating systems 

 

 
  



 

  

86 
Deliverable 2.1: Consumer behaviour change model regarding the 
adoption of efficient heating systems 

 

 
  



 

  

87 
Deliverable 2.1: Consumer behaviour change model regarding the 
adoption of efficient heating systems 

 

 
  



 

  

88 
Deliverable 2.1: Consumer behaviour change model regarding the 
adoption of efficient heating systems 

 

 
 
  



 

  

89 
Deliverable 2.1: Consumer behaviour change model regarding the 
adoption of efficient heating systems 

 

Appendix B – Descriptive Statistics 

 

Response Rate 

Country 
Percentage of complete 

responses (%) 

France 91 

Germany 60 

Italy 59 

Portugal 64 

Spain 50 

Table 10. Response rate per country 

 

Country 
Female 

(%) 
Male 
(%) 

Homeowner 
(%) 

Apartment 
(%) 

Average 
number of 

children 

Average number of 
members in the 

household 

France 51 49 82 69 1 3 

Germany 23 74 69 33 1 3 

Italy 24 76 84 59 1 3 

Portugal 52 48 66 73 0 3 

Spain 51 49 78 75 1 3 
Table 11. Descriptive statistics per country 

  

Country Gas (%) Oil (%) Electricity (%) Biomass (%) Solar (%) Other (%) 
Don’t 

know/Don’t 
have (%) 

France 34 25 37 3 1 0 0 

Germany 54 27 6 5 0 8 0 

Italy 74 4 9 5 1 6 1 

Portugal 16 2 62 9 1 3 7 

Spain 59 8 24 3 0 0 6 
Table 12. Energy source of space heating system per country 

 

Country Gas (%) Oil (%) Electricity (%) Biomass (%) Solar (%) Other (%) 
Don’t 

know/Don’t 
have (%) 

France 31 22 45 0 2 0 0 

Germany 44 22 19 4 4 7 0 

Italy 70 3 13 1 6 6 1 

Portugal 60 1 23 0 10 0 6 

Spain 72 6 17 0 3 0 2 
Table 13. Energy source of domestic hot water system per country 
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Country Age Sample (%) Population (%) * 

France 
18 - 39 33 33 

≥ 40 67 67 

Germany 
18 - 39 32 32 

≥ 40 68 68 

Italy 
18 - 39 29 29 

≥ 40 71 71 

Portugal 
18 - 39 47 30 

≥ 40 53 70 

Spain 
18 - 39 31 31 

≥ 40 69 69 
Table 14. Age distribution of sample and population 

* Source: https://ec.europa.eu/eurostat/en/web/products-datasets/-/DEMO_PJAN (EUROSTAT: 
Population on 1 January by age and sex. Last update was 24.02.20 and extracted on 04.03.20) 

  

https://ec.europa.eu/eurostat/en/web/products-datasets/-/DEMO_PJAN
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Appendix C – Measurement model for each country 

Appendix C1 – Measurement model for France 

 

 Construct Mean STD CR EE Sav Lab OM EG SI HA HEC Att BIC 

EE 5.843 1.356 1.000 1.000          
Sav 5.760 1.230 0.961 0.815 0.945         
Lab 5.988 1.196 0.974 0.539 0.623 0.962        
OM 3.838 1.891 0.961 -0.556 -0.506 -0.369 0.944       
EG 4.157 1.282 0.950 0.124 0.183 0.317 -0.056 0.951      
SI 4.400 1.395 0.966 0.349 0.364 0.442 -0.363 0.656 0.951     
HA 4.435 1.746 1.000 0.408 0.334 0.139 -0.398 -0.178 0.070 1.000    
HEC 3.333 2.403 1.000 -0.258 -0.214 0.062 0.161 0.246 0.142 -0.367 1.000   
Att 4.214 1.402 0.927 0.496 0.526 0.573 -0.409 0.518 0.560 0.144 0.088 0.930  
BIC 4.876 1.437 0.960 0.672 0.696 0.616 -0.514 0.436 0.562 0.281 -0.039 0.785 0.943 

Notes: (EE: efficient energy; Sav: savings; Lab: label; OM: operation and maintenance; EG: engagement; SI: social 
influence; HA: house age; HEC: house energy class; Att: attitude on heating equipment use; BIC: behaviour 
intention to change to an EEHA) 

Table 15. Mean, standard-deviation, CR and Fornell-Lacker table. The diagonal elements are the square-root of AVE 

 

 Item EE Sav Lab OM EG SI HA HEC Att BIC 

EE 1.000 0.815 0.539 -0.556 0.124 0.349 0.408 -0.258 0.672 0.496 
Sav1 0.771 0.939 0.608 -0.455 0.135 0.350 0.305 -0.181 0.620 0.492 
Sav2 0.815 0.965 0.609 -0.547 0.182 0.377 0.353 -0.223 0.711 0.523 
Sav3 0.720 0.930 0.547 -0.426 0.200 0.301 0.285 -0.201 0.637 0.472 
Lab1 0.501 0.575 0.958 -0.332 0.307 0.440 0.082 0.094 0.562 0.536 

Lab2 0.497 0.592 0.974 -0.330 0.320 0.442 0.121 0.078 0.581 0.556 

Lab3 0.555 0.628 0.954 -0.401 0.291 0.396 0.193 0.011 0.633 0.561 

OM1 -0.464 -0.408 -0.274 0.908 -0.062 -0.313 -0.312 0.116 -0.409 -0.323 

OM2 -0.537 -0.489 -0.347 0.958 -0.029 -0.323 -0.416 0.173 -0.508 -0.390 

OM3 -0.564 -0.524 -0.410 0.965 -0.069 -0.388 -0.389 0.162 -0.526 -0.433 

EG1 0.145 0.201 0.344 -0.066 0.961 0.626 -0.142 0.210 0.455 0.533 

EG2 0.085 0.142 0.251 -0.038 0.942 0.623 -0.204 0.263 0.367 0.445 

SI1 0.311 0.322 0.410 -0.310 0.673 0.940 0.056 0.147 0.524 0.525 

SI2 0.339 0.360 0.437 -0.340 0.632 0.964 0.068 0.126 0.546 0.535 

SI3 0.345 0.355 0.414 -0.386 0.569 0.948 0.075 0.134 0.533 0.538 

HA 0.408 0.334 0.139 -0.398 -0.178 0.070 1.000 -0.367 0.281 0.144 

HEC -0.258 -0.214 0.062 0.161 0.246 0.142 -0.367 1.000 -0.039 0.088 

Att2 0.458 0.487 0.519 -0.334 0.491 0.497 0.124 0.044 0.749 0.930 

Att3 0.465 0.490 0.546 -0.427 0.473 0.544 0.144 0.119 0.711 0.929 

BIC1 0.632 0.655 0.613 -0.511 0.452 0.567 0.257 -0.012 0.962 0.765 

BIC2 0.740 0.742 0.593 -0.583 0.278 0.497 0.371 -0.138 0.940 0.687 

BIC3 0.522 0.567 0.534 -0.353 0.508 0.524 0.161 0.046 0.926 0.770 

Notes: (EE: efficient energy; Sav: savings; Lab: label; OM: operation and maintenance; EG: engagement; SI: social 
influence; HA: house age; HEC: house energy class; Att: attitude on heating equipment use; BIC: behaviour 
intention to change to an EEHA) 

Table 16. Loadings and cross-loadings 

Note: Although the condition of loadings and cross-loadings between attitude and behaviour intention 
is not verified, the other measures for discriminant validity, namely HTMT and Fornell-Lacker are 
verified.  
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Notes: (EE: efficient energy; Sav: savings; Lab: label; OM: operation and maintenance; EG: engagement; SI: social 
influence; HA: house age; HEC: house energy class; Att: attitude on heating equipment use; BIC: behaviour 
intention to change to an EEHA) 

Table 17. Heterotrait-Monotrait ratio (HTMT) 

 

 

 Construct  Item Mean STD Weights Loadings VIF 

Co-benefits 

CB1 5.581 1.682 0.193* 0.812*** 2.880 

CB2 5.320 1.526 0.061 0.744*** 2.606 

CB3 5.689 1.447 0.303*** 0.872*** 3.560 

CB4 5.760 1.369 -0.195 0.828*** 4.582 

CB5 5.972 1.302 0.718*** 0.967*** 4.397 

Co-benefits investment 

CB6 137.713 160.807 -0.358* 0.589*** 4.347 

CB7 161.395 169.715 0.518*** 0.792*** 3.726 

CB8 138.009 154.195 -0.119 0.500*** 2.982 

CB9 115.089 140.874 0.085 0.308*** 1.833 

CB10 117.202 139.749 -0.013 0.473*** 3.452 

CB11 148.377 158.517 0.286 0.702*** 3.869 

CB12 132.297 154.492 0.051 0.484*** 3.365 

CB13 136.429 167.000 -0.288* 0.446*** 3.553 

CB14 188.019 186.203 0.043 0.720*** 3.541 

CB15 224.474 218.346 0.758*** 0.939*** 3.074 

Communication 
channels organisations 

CC1 4.793 1.961 0.707*** 0.935*** 1.640 

CC7 5.182 2.037 0.384*** 0.807*** 1.770 

CC8 4.700 1.436 -0.078 0.349*** 2.081 

CC9 4.507 1.363 0.253*** 0.223*** 1.905 

Communication 
channels web media 

CC2 4.386 1.540 1.125*** 0.952*** 1.320 

CC3 3.248 1.673 -0.352** 0.202 1.320 

Communication 
channels media 

CC4 2.708 1.476 0.739*** 0.908*** 2.391 

CC5 2.499 1.421 -0.246 0.739*** 3.139 

CC6 3.039 1.677 0.594** 0.861*** 2.082 

Note: The items descriptions are in Appendix D. 
Table 18. Mean, standard-deviation, weights, loadings and VIF of formative construct indicators (* p-value <0.10; ** p-

value<0.05; *** p-value<0.01) 

 

 

  

 Construct EE Sav Lab OM EG SI HA HEC Att BIC 

EE           
Sav 0.839          

Lab 0.549 0.654         

OM 0.570 0.532 0.382        

EG 0.127 0.196 0.337 0.060       

SI 0.359 0.384 0.464 0.383 0.713      

HA 0.408 0.343 0.140 0.407 0.192 0.072     

HEC 0.258 0.220 0.065 0.164 0.263 0.147 0.367    

Att 0.540 0.590 0.637 0.455 0.591 0.627 0.157 0.096   

BIC 0.692 0.739 0.647 0.540 0.473 0.596 0.288 0.072 0.884  
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Appendix C2 – Measurement model for Germany 

 

 Construct Mean STD CR EE Sav Lab OM EG SI HA HEC Att BIC 

EE 5.743 1.799 1.000 1.000 
         

Sav 5.507 1.637 0.890 0.490 0.857 
        

Lab 5.524 1.564 0.916 0.467 0.536 0.886 
       

OM 2.321 1.386 0.939 -0.109 -0.038 -0.078 0.915 
      

EG 4.194 1.661 0.930 0.370 0.112 0.197 -0.104 0.933 
     

SI 2.790 1.696 0.969 0.255 0.218 0.278 0.044 0.373 0.955 
    

HA 4.804 2.157 1.000 0.080 0.111 0.050 0.038 0.040 0.114 1.000 
   

HEC 2.648 2.476 1.000 0.038 0.005 -0.078 -0.037 0.184 0.066 -0.294 1.000 
  

Att 3.978 2.096 0.890 0.413 0.274 0.323 -0.123 -0.045 0.309 -0.037 -0.045 0.895 
 

BIC 4.782 1.963 0.936 0.513 0.360 0.436 -0.180 0.345 0.365 0.035 -0.065 0.784 0.911 

Notes: (EE: efficient energy; Sav: savings; Lab: label; OM: operation and maintenance; EG: engagement; SI: social 
influence; HA: house age; HEC: house energy class; Att: attitude on heating equipment use; BIC: behaviour 
intention to change to an EEHA) 

Table 19. Mean, standard-deviation, CR and Fornell-Lacker table. The diagonal elements are the square-root of AVE 

 

 Item EE Sav Lab OM EG SI HA HEC Att BIC 

EE 1.000 0.490 0.467 -0.109 0.370 0.255 0.080 0.038 0.513 0.413 
Sav1 0.212 0.651 0.221 0.068 0.024 0.198 0.101 0.011 0.111 0.100 
Sav2 0.541 0.959 0.547 -0.081 0.165 0.226 0.090 0.031 0.417 0.329 
Sav3 0.391 0.928 0.501 -0.006 0.032 0.150 0.116 -0.041 0.274 0.182 
Lab1 0.446 0.459 0.905 -0.047 0.174 0.214 0.081 -0.098 0.327 0.238 

Lab2 0.364 0.451 0.889 -0.028 0.105 0.217 0.059 -0.160 0.333 0.216 

Lab3 0.421 0.497 0.862 -0.112 0.220 0.285 0.008 0.013 0.459 0.365 

OM1 -0.091 -0.021 -0.043 0.909 -0.073 0.044 0.042 0.031 -0.137 -0.118 

OM2 -0.089 -0.074 -0.105 0.929 -0.084 0.045 0.042 -0.063 -0.180 -0.137 

OM3 -0.120 -0.002 -0.059 0.908 -0.131 0.032 0.019 -0.060 -0.174 -0.079 

EG1 0.409 0.182 0.275 -0.067 0.963 0.369 0.001 0.177 0.386 0.379 

EG2 0.248 -0.017 0.040 -0.147 0.901 0.321 0.098 0.166 0.226 0.251 

SI1 0.243 0.199 0.248 0.003 0.371 0.953 0.087 0.080 0.381 0.324 

SI2 0.234 0.203 0.277 0.080 0.364 0.966 0.096 0.063 0.320 0.295 

SI3 0.255 0.224 0.273 0.050 0.330 0.945 0.147 0.043 0.338 0.262 

HA 0.080 0.111 0.050 0.038 0.040 0.114 1.000 -0.294 0.035 -0.037 

HEC 0.038 0.005 -0.078 -0.037 0.184 0.066 -0.294 1.000 -0.065 -0.045 

Att2 0.438 0.330 0.361 -0.077 0.293 0.322 0.040 -0.073 0.703 0.896 

Att3 0.300 0.159 0.217 -0.144 0.336 0.231 -0.107 -0.007 0.701 0.894 

BIC1 0.426 0.274 0.340 -0.143 0.308 0.314 0.012 -0.038 0.916 0.745 

BIC2 0.477 0.387 0.385 -0.117 0.320 0.342 0.067 -0.077 0.929 0.689 

BIC3 0.498 0.323 0.462 -0.228 0.315 0.340 0.016 -0.063 0.888 0.708 

Notes: (EE: efficient energy; Sav: savings; Lab: label; OM: operation and maintenance; EG: engagement; SI: social 
influence; HA: house age; HEC: house energy class; Att: attitude on heating equipment use; BIC: behaviour 
intention to change to an EEHA) 

Table 20. Loadings and cross-loadings 
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Notes: (EE: efficient energy; Sav: savings; Lab: label; OM: operation and maintenance; EG: engagement; SI: social 
influence; HA: house age; HEC: house energy class; Att: attitude on heating equipment use; BIC: behaviour 
intention to change to an EEHA) 

Table 21. Heterotrait-Monotrait ratio (HTMT) 

Note: The condition of loadings and cross-loadings between attitude and behaviour intention is not 
verified, as well as the HTMT measure between attitude and behaviour intention. This is due to the 
small dimension of the sample. 

 

 Construct  Item Mean STD Weights Loadings VIF 

Co-benefits 

CB1 5.089 2.158 -0.005 0.361*** 1.562 

CB2 4.531 2.099 -0.227* -0.001 1.318 

CB3 4.363 2.063 0.249* 0.541*** 1.345 

CB4 5.559 1.680 0.024 0.566*** 1.694 

CB5 5.654 1.885 0.894*** 0.954*** 1.651 

Co-benefits investment 

CB6 301.754 252.941 0.365 0.584*** 3.089 

CB7 306.604 260.044 -0.316 0.411*** 3.254 

CB8 261.486 255.427 -0.079 0.424*** 3.077 

CB9 256.863 267.399 0.296 0.449*** 3.257 

CB10 195.270 225.918 -0.393** 0.216 2.159 

CB11 355.396 270.914 0.204 0.606*** 1.929 

CB12 196.667 215.081 0.341* 0.408*** 1.850 

CB13 256.250 250.634 -0.159 0.330** 1.780 

CB14 327.059 275.654 0.021 0.512*** 1.885 

CB15 391.901 271.039 0.746*** 0.913*** 1.789 

Communication 
channels organisations 

CC1 4.117 1.989 0.64*** 0.840*** 1.245 

CC7 4.397 1.964 0.309 0.683*** 1.553 

CC8 4.872 1.824 -0.140 0.534*** 1.843 

CC9 3.922 1.825 0.475 0.687*** 1.506 

Communication 
channels web media 

CC2 5.128 1.716 0.793*** 0.911*** 1.082 

CC3 2.771 1.811 0.429 0.648*** 1.082 

Communication 
channels media 

CC4 3.190 1.658 0.123 0.511 1.465 

CC5 2.547 1.683 1.301*** 0.941*** 2.601 

CC6 2.665 1.845 -0.548 0.525* 2.651 

Note: The items descriptions are in Appendix D. 
Table 22. Mean, standard-deviation, weights, loadings and VIF of formative construct indicators (* p-value <0.10; ** p-

value<0.05; *** p-value<0.01) 

 

 

 Construct EE Sav Lab OM EG SI HA HEC Att BIC 

EE           
Sav 0.483          

Lab 0.496 0.568         

OM 0.115 0.084 0.077        

EG 0.379 0.144 0.193 0.131       

SI 0.262 0.249 0.297 0.057 0.407      

HA 0.08 0.13 0.06 0.039 0.057 0.118     

HEC 0.038 0.035 0.109 0.059 0.198 0.067 0.294    

Att 0.476 0.297 0.38 0.148 0.419 0.363 0.095 0.052   

BIC 0.541 0.358 0.474 0.197 0.372 0.392 0.037 0.069 0.954  
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Appendix C3 – Measurement model for Italy 

 

 Construct Mean STD CR EE Sav Lab OM EG SI HA HEC Att BIC 

EE 6.431 1.086 1.000 1.000          
Sav 5.859 1.184 0.852 0.315 0.812         
Lab 6.131 1.096 0.904 0.446 0.413 0.871        
OM 2.451 1.403 0.875 -0.151 -0.076 -0.280 0.838       
EG 5.612 0.729 0.917 0.332 0.309 0.455 -0.218 0.921      
SI 4.871 1.350 0.936 0.179 0.249 0.269 -0.068 0.440 0.910     
HA 4.210 2.101 1.000 -0.053 -0.072 -0.097 0.049 -0.168 -0.103 1.000    
HEC 5.179 2.108 1.000 0.107 0.090 0.097 -0.039 0.152 0.117 -0.391 1.000   
Att 3.828 1.870 0.865 0.187 0.154 0.197 -0.088 0.191 0.186 0.009 0.017 0.874  
BIC 5.422 1.550 0.899 0.314 0.243 0.327 -0.123 0.364 0.331 -0.060 0.029 0.544 0.865 

Notes: (EE: efficient energy; Sav: savings; Lab: label; OM: operation and maintenance; EG: engagement; SI: social 
influence; HA: house age; HEC: house energy class; Att: attitude on heating equipment use; BIC: behaviour 
intention to change to an EEHA) 

Table 23. Mean, standard-deviation, CR and Fornell-Lacker table. The diagonal elements are the square-root of AVE 

 

 Item EE Sav Lab OM EG SI HA HEC Att BIC 

EE 1.000 0.315 0.446 -0.151 0.332 0.179 -0.053 0.107 0.187 0.314 
Sav1 0.213 0.689 0.248 -0.003 0.170 0.186 -0.012 -0.040 0.149 0.196 
Sav2 0.294 0.869 0.402 -0.122 0.320 0.238 -0.094 0.137 0.105 0.212 
Sav3 0.254 0.864 0.351 -0.061 0.261 0.174 -0.071 0.130 0.115 0.177 
Lab1 0.374 0.316 0.840 -0.187 0.295 0.233 -0.116 0.072 0.200 0.272 

Lab2 0.379 0.362 0.918 -0.268 0.459 0.242 -0.044 0.066 0.169 0.300 

Lab3 0.413 0.403 0.853 -0.278 0.436 0.226 -0.096 0.118 0.145 0.281 

OM1 -0.137 -0.086 -0.272 0.892 -0.211 -0.070 0.078 -0.034 -0.094 -0.105 

OM2 -0.112 -0.036 -0.167 0.690 -0.111 0.004 0.035 0.015 -0.020 -0.059 

OM3 -0.134 -0.059 -0.246 0.915 -0.200 -0.073 0.012 -0.054 -0.082 -0.127 

EG1 0.293 0.292 0.438 -0.217 0.935 0.418 -0.137 0.112 0.188 0.363 

EG2 0.321 0.276 0.398 -0.182 0.906 0.391 -0.175 0.173 0.161 0.303 

SI1 0.140 0.242 0.276 -0.079 0.418 0.907 -0.098 0.118 0.199 0.320 

SI2 0.138 0.212 0.194 -0.027 0.347 0.909 -0.079 0.099 0.096 0.234 

SI3 0.203 0.221 0.247 -0.067 0.418 0.915 -0.100 0.101 0.188 0.328 

HA -0.053 -0.072 -0.097 0.049 -0.168 -0.103 1.000 -0.391 0.009 -0.060 

HEC 0.107 0.090 0.097 -0.039 0.152 0.117 -0.391 1.000 0.017 0.029 

Att2 0.168 0.165 0.210 -0.094 0.209 0.199 0.006 -0.015 0.921 0.565 

Att3 0.160 0.093 0.121 -0.053 0.108 0.112 0.010 0.059 0.823 0.354 

BIC1 0.313 0.220 0.343 -0.105 0.328 0.269 -0.045 -0.032 0.454 0.894 

BIC2 0.255 0.200 0.279 -0.067 0.318 0.281 -0.043 0.020 0.351 0.859 

BIC3 0.245 0.209 0.230 -0.137 0.301 0.307 -0.065 0.082 0.577 0.842 

Notes: (EE: efficient energy; Sav: savings; Lab: label; OM: operation and maintenance; EG: engagement; SI: social 
influence; HA: house age; HEC: house energy class; Att: attitude on heating equipment use; BIC: behaviour 
intention to change to an EEHA) 

Table 24. Loadings and cross-loadings 
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Notes: (EE: efficient energy; Sav: savings; Lab: label; OM: operation and maintenance; EG: engagement; SI: social 
influence; HA: house age; HEC: house energy class; Att: attitude on heating equipment use; BIC: behaviour 
intention to change to an EEHA) 

Table 25. Heterotrait-Monotrait ratio (HTMT) 

 

 Construct  Item Mean STD Weights Loadings VIF 

Co-benefits 

CB1 5.510 1.845 0.053 0.273 1.428 

CB2 4.927 1.743 -0.107 0.112 1.235 

CB3 5.238 1.725 0.328 0.613*** 1.514 

CB4 5.342 1.693 -0.318 0.338* 1.781 

CB5 6.120 1.361 0.957*** 0.944*** 1.503 

Co-benefits investment 

CB6 372.603 261.773 0.460*** 0.815*** 1.892 

CB7 366.391 258.904 -0.164 0.621*** 2.139 

CB8 290.260 254.016 -0.134 0.635*** 3.223 

CB9 279.146 250.161 0.034 0.662*** 3.404 

CB10 274.280 243.950 0.142 0.740*** 2.540 

CB11 362.248 264.179 0.156 0.689*** 1.963 

CB12 238.050 233.470 0.286* 0.729*** 2.233 

CB13 293.049 252.525 0.103 0.738*** 2.595 

CB14 364.902 251.831 0.056 0.629*** 1.905 

CB15 406.535 250.143 0.335** 0.770*** 2.243 

Communication 
channels organisations 

CC1 4.751 1.710 0.026 0.246 1.124 

CC7 5.367 1.571 0.574*** 0.828*** 1.210 

CC8 5.429 1.584 0.545** 0.842*** 2.069 

CC9 4.700 1.763 0.086 0.684*** 2.125 

Communication 
channels web media 

CC2 5.291 1.459 0.123 0.494 1.182 

CC3 3.796 1.818 0.945*** 0.994*** 1.182 

Communication 
channels media 

CC4 4.199 1.708 0.799** 0.856*** 2.019 

CC5 3.807 1.783 -0.685 0.446* 2.672 

CC6 3.930 1.903 0.784* 0.793*** 2.592 

Note: The items descriptions are in Appendix D. 
Table 26. Mean, standard-deviation, weights, loadings and VIF of formative construct indicators (* p-value <0.10; ** p-

value<0.05; *** p-value<0.01) 

Note: In items CB1, CB2, CC1 and CC2 it was not verified significance of weights. 

 

  

 Construct EE Sav Lab OM EG SI HA HEC Att BIC 

EE           
Sav 0.366          

Lab 0.488 0.528         

OM 0.169 0.096 0.331        

EG 0.368 0.398 0.547 0.252       

SI 0.186 0.301 0.302 0.071 0.503      

HA 0.053 0.085 0.107 0.056 0.187 0.107     

HEC 0.107 0.148 0.107 0.045 0.171 0.123 0.391    

Att 0.224 0.203 0.246 0.099 0.238 0.213 0.011 0.051   

BIC 0.343 0.307 0.392 0.138 0.437 0.371 0.064 0.056 0.671  
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Appendix C4 – Measurement model for Portugal 

 

 Construct Mean STD CR EE Sav Lab OM EG SI HA HEC Att BIC 

EE 6.416 0.978 1.000 1.000 
         

Sav 6.209 0.885 0.834 0.365 0.796 
        

Lab 6.422 0.814 0.883 0.425 0.303 0.846 
       

OM 3.173 1.458 0.924 -0.087 -0.023 -0.074 0.896 
      

EG 4.015 1.653 0.969 0.166 0.210 0.378 -0.091 0.969 
     

SI 3.221 1.697 0.985 0.125 0.122 0.284 0.077 0.574 0.978 
    

HA 4.664 1.928 1.000 -0.023 0.036 -0.042 0.183 0.037 0.043 1.000 
   

HEC 3.248 2.770 1.000 -0.071 -0.085 -0.047 -0.095 0.126 0.068 -0.232 1.000 
  

Att 4.388 1.617 0.888 0.266 0.256 0.316 -0.173 0.379 0.366 0.057 0.036 0.893 
 

BIC 5.192 1.446 0.923 0.311 0.288 0.337 -0.219 0.381 0.310 0.064 0.049 0.755 0.894 

Notes: (EE: efficient energy; Sav: savings; Lab: label; OM: operation and maintenance; EG: engagement; SI: social 
influence; HA: house age; HEC: house energy class; Att: attitude on heating equipment use; BIC: behaviour 
intention to change to an EEHA) 

Table 27. Mean, standard-deviation, CR and Fornell-Lacker table. The diagonal elements are the square-root of AVE 

 

 Item EE Sav Lab OM EG SI HA HEC Att BIC 

EE 1 0.365 0.425 -0.087 0.166 0.125 -0.023 -0.071 0.266 0.311 
Sav1 0.244 0.572 0.175 0.02 0.196 0.123 -0.056 -0.028 0.112 0.158 
Sav2 0.316 0.903 0.331 -0.005 0.193 0.118 0.077 -0.079 0.261 0.287 
Sav3 0.312 0.872 0.19 -0.06 0.129 0.062 0.023 -0.085 0.206 0.22 
Lab1 0.29 0.292 0.809 -0.058 0.296 0.206 0.005 -0.101 0.225 0.203 

Lab2 0.32 0.22 0.896 -0.124 0.376 0.251 0.002 -0.029 0.271 0.303 

Lab3 0.446 0.269 0.832 -0.009 0.287 0.255 -0.098 -0.008 0.294 0.327 

OM1 -0.079 -0.009 -0.075 0.895 -0.058 0.043 0.22 -0.128 -0.149 -0.179 

OM2 -0.025 -0.024 0.057 0.827 -0.024 0.173 0.101 -0.06 -0.044 -0.095 

OM3 -0.099 -0.028 -0.102 0.962 -0.12 0.058 0.151 -0.066 -0.202 -0.251 

EG1 0.205 0.229 0.396 -0.068 0.972 0.566 0.036 0.125 0.376 0.392 

EG2 0.113 0.176 0.335 -0.11 0.967 0.547 0.037 0.12 0.358 0.343 

SI1 0.124 0.119 0.283 0.071 0.577 0.97 0.043 0.072 0.332 0.291 

SI2 0.134 0.119 0.273 0.085 0.565 0.985 0.043 0.065 0.371 0.306 

SI3 0.108 0.119 0.278 0.07 0.544 0.98 0.039 0.065 0.369 0.312 

HA -0.023 0.036 -0.042 0.183 0.037 0.043 1 -0.232 0.057 0.064 

HEC -0.071 -0.085 -0.047 -0.095 0.126 0.068 -0.232 1 0.036 0.049 

Att2 0.288 0.252 0.279 -0.179 0.286 0.292 0.072 0.008 0.902 0.716 

Att3 0.182 0.203 0.285 -0.128 0.396 0.366 0.029 0.058 0.884 0.63 

BIC1 0.299 0.311 0.279 -0.194 0.34 0.28 0.067 0.051 0.671 0.924 

BIC2 0.31 0.26 0.292 -0.231 0.295 0.227 0.097 0.004 0.651 0.912 

BIC3 0.225 0.2 0.332 -0.164 0.384 0.322 0.01 0.075 0.701 0.846 

Notes: (EE: efficient energy; Sav: savings; Lab: label; OM: operation and maintenance; EG: engagement; SI: social 
influence; HA: house age; HEC: house energy class; Att: attitude on heating equipment use; BIC: behaviour 
intention to change to an EEHA) 

Table 28. Loadings and cross-loadings 
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Notes: (EE: efficient energy; Sav: savings; Lab: label; OM: operation and maintenance; EG: engagement; SI: social 
influence; HA: house age; HEC: house energy class; Att: attitude on heating equipment use; BIC: behaviour 
intention to change to an EEHA) 

Table 29. Heterotrait-Monotrait ratio (HTMT) 

Note: Although the HTMT between attitude and behaviour intention is higher than 0.9, a confidence 
interval was calculated. As so, the HTMT confidence interval does not surpass 1, concluding 
discriminant validity. 

 

 Construct  Item Mean STD Weights Loadings VIF 

Co-benefits 

CB1 6.187 1.194 0.375** 0.598*** 1.209 

CB2 5.351 1.533 -0.273 -0.034 1.141 

CB3 5.359 1.586 0.043 0.335* 1.454 

CB4 5.847 1.373 -0.099 0.262 1.437 

CB5 6.260 1.135 0.853*** 0.912*** 1.335 

Co-benefits investment 

CB6 262.222 220.631 0.867*** 0.879*** 2.981 

CB7 234.793 216.825 -0.251 0.621*** 3.371 

CB8 209.012 208.427 0.069 0.585*** 3.987 

CB9 216.118 220.145 0.164 0.651*** 4.336 

CB10 201.667 199.223 0.346 0.676*** 2.782 

CB11 241.556 225.188 -0.167 0.552*** 2.369 

CB12 194.218 196.242 -0.245 0.371** 3.378 

CB13 221.656 208.649 -0.304 0.347** 2.732 

CB14 272.872 221.766 0.210 0.494*** 1.730 

CB15 259.227 218.613 0.265 0.743*** 2.545 

Communication 
channels organisations 

CC1 4.802 1.781 0.432*** 0.646*** 1.168 

CC7 5.286 1.606 0.766*** 0.907*** 1.623 

CC8 5.149 1.623 -0.088 0.598*** 2.377 

CC9 5.107 1.572 0.125 0.631*** 2.309 

Communication 
channels web media 

CC2 5.134 1.494 0.599*** 0.911*** 1.575 

CC3 4.267 1.697 0.516*** 0.879*** 1.575 

Communication 
channels media 

CC4 4.057 1.786 0.097 0.811*** 2.550 

CC5 3.866 1.777 0.628 0.965*** 3.271 

CC6 4.466 1.750 0.357 0.880*** 2.215 

Note: The items descriptions are in Appendix D. 
Table 30. Mean, standard-deviation, weights, loadings and VIF of formative construct indicators (* p-value <0.10; ** p-

value<0.05; *** p-value<0.01) 

Note: In the items CB2 and CB4 it was not verified significance of weights. 

 Construct EE Sav Lab OM EG SI HA HEC Att BIC 

EE           
Sav 0.437          

Lab 0.463 0.392         

OM 0.08 0.054 0.101        

EG 0.169 0.267 0.433 0.083       

SI 0.126 0.153 0.316 0.109 0.6      

HA 0.023 0.078 0.046 0.185 0.038 0.043     

HEC 0.071 0.096 0.06 0.100 0.131 0.069 0.232    

Att 0.305 0.334 0.401 0.178 0.456 0.43 0.065 0.043   

BIC 0.333 0.357 0.39 0.221 0.419 0.334 0.069 0.052 0.931  
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Appendix C5 – Measurement model for Spain 

 

 Construct Mean STD CR EE Sav Lab OM EG SI HA HEC Att BIC 

EE 6.018 1.441 1.000 1.000          

Sav 6.209 1.059 0.904 0.397 0.873         

Lab 6.329 0.930 0.929 0.362 0.367 0.902        

OM 3.474 1.401 0.937 -0.109 -0.034 -0.095 0.913       

EG 3.761 1.553 0.961 0.179 0.153 0.212 -0.119 0.961      

SI 2.897 1.566 0.973 0.095 0.157 0.124 -0.016 0.614 0.961     

HA 3.867 1.711 1.000 0.050 0.062 -0.091 0.003 0.029 0.042 1.000    

HEC 2.187 2.224 1.000 0.023 -0.055 0.067 -0.110 0.121 0.056 -0.140 1.000   

Att 3.729 1.693 0.891 0.305 0.246 0.252 -0.183 0.485 0.457 0.030 0.075 0.897  

BIC 4.309 1.700 0.919 0.309 0.235 0.264 -0.244 0.531 0.462 0.046 0.110 0.750 0.890 

Notes: (EE: efficient energy; Sav: savings; Lab: label; OM: operation and maintenance; EG: engagement; SI: social 
influence; HA: house age; HEC: house energy class; Att: attitude on heating equipment use; BIC: behaviour 
intention to change to an EEHA) 

Table 31. Mean, standard-deviation, CR and Fornell-Lacker table. The diagonal elements are the square-root of AVE 

 

 Item EE Sav Lab OM EG SI HA HEC Att BIC 

EE 1.000 0.397 0.362 -0.109 0.179 0.095 0.050 0.023 0.309 0.305 
Sav1 0.241 0.701 0.324 0.069 0.091 0.093 0.046 -0.052 0.127 0.177 
Sav2 0.391 0.950 0.317 -0.070 0.165 0.171 0.049 -0.047 0.250 0.232 
Sav3 0.385 0.945 0.335 -0.053 0.134 0.138 0.067 -0.049 0.220 0.232 
Lab1 0.338 0.372 0.904 -0.059 0.199 0.082 -0.064 0.024 0.258 0.213 

Lab2 0.296 0.277 0.924 -0.083 0.203 0.130 -0.073 0.077 0.214 0.235 

Lab3 0.344 0.341 0.879 -0.115 0.173 0.124 -0.107 0.080 0.243 0.235 

OM1 -0.146 -0.076 -0.136 0.879 -0.122 -0.064 0.027 -0.086 -0.208 -0.168 

OM2 -0.070 -0.013 -0.077 0.926 -0.094 0.036 0.007 -0.112 -0.220 -0.155 

OM3 -0.085 -0.006 -0.052 0.933 -0.110 -0.015 -0.022 -0.102 -0.239 -0.176 

EG1 0.183 0.178 0.241 -0.117 0.963 0.589 0.043 0.102 0.526 0.469 

EG2 0.161 0.114 0.165 -0.111 0.960 0.592 0.011 0.132 0.494 0.464 

SI1 0.100 0.141 0.105 -0.006 0.596 0.956 0.051 0.070 0.427 0.434 

SI2 0.065 0.125 0.099 -0.009 0.579 0.967 0.058 0.032 0.435 0.431 

SI3 0.107 0.185 0.151 -0.028 0.595 0.959 0.013 0.059 0.467 0.451 

HA 0.050 0.062 -0.091 0.003 0.029 0.042 1.000 -0.140 0.046 0.030 

HEC 0.023 -0.055 0.067 -0.110 0.121 0.056 -0.140 1.000 0.110 0.075 

Att2 0.291 0.267 0.232 -0.187 0.350 0.276 0.068 0.022 0.640 0.882 

Att3 0.259 0.180 0.222 -0.144 0.510 0.528 -0.009 0.108 0.702 0.911 

BIC1 0.317 0.245 0.247 -0.188 0.486 0.415 0.035 0.096 0.930 0.684 

BIC2 0.357 0.274 0.296 -0.233 0.433 0.377 0.068 0.065 0.908 0.666 

BIC3 0.144 0.103 0.159 -0.231 0.499 0.443 0.019 0.133 0.828 0.650 

Notes: (EE: efficient energy; Sav: savings; Lab: label; OM: operation and maintenance; EG: engagement; SI: social 
influence; HA: house age; HEC: house energy class; Att: attitude on heating equipment use; BIC: behaviour 
intention to change to an EEHA) 

Table 32. Loadings and cross-loadings 

 
Note: Although the condition of loadings and cross-loadings between attitude and behaviour intention 
is not verified, the other measures for discriminant validity, namely HTMT and Fornell-Larcker are 
verified. 
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Notes: (EE: efficient energy; Sav: savings; Lab: label; OM: operation and maintenance; EG: engagement; SI: social 
influence; HA: house age; HEC: house energy class; Att: attitude on heating equipment use; BIC: behaviour 
intention to change to an EEHA) 

Table 33. Heterotrait-Monotrait ratio (HTMT) 

Note: Although the HTMT between attitude and behaviour intention is higher than 0.9, a confidence 
interval was calculated. As so, the HTMT confidence interval does not surpass 1, concluding 
discriminant validity. 

 

 Construct  Item Mean STD Weights Loadings VIF 

Co-benefits 

CB1 5.629 1.690 0.385*** 0.680*** 1.363 

CB2 5.773 1.443 -0.182 0.313** 1.338 

CB3 5.416 1.621 0.132 0.495*** 1.349 

CB4 6.200 1.211 0.237 0.683*** 1.660 

CB5 6.202 1.211 0.642*** 0.884*** 1.394 

Co-benefits investment 

CB6 228.883 221.328 0.558*** 0.838*** 3.383 

CB7 216.389 217.406 -0.190 0.705*** 3.772 

CB8 218.978 221.312 0.321* 0.816*** 3.303 

CB9 202.778 214.449 0.260 0.785*** 3.251 

CB10 186.409 195.724 -0.405** 0.584*** 2.997 

CB11 257.089 237.533 -0.060 0.675*** 3.433 

CB12 191.791 203.518 0.442*** 0.734*** 2.299 

CB13 228.339 216.193 -0.180 0.545*** 2.220 

CB14 259.153 235.464 -0.009 0.593*** 2.221 

CB15 255.216 230.194 0.349* 0.735*** 2.346 

Communication 
channels organisations 

CC1 4.496 1.963 0.389** 0.686*** 1.186 

CC7 4.856 1.771 0.405* 0.801*** 1.668 

CC8 4.778 1.735 0.063 0.780*** 2.735 

CC9 4.349 1.770 0.444* 0.808*** 2.225 

Communication 
channels web media 

CC2 5.060 1.562 0.381** 0.715*** 1.229 

CC3 3.587 1.770 0.775*** 0.939*** 1.229 

Communication 
channels media 

CC4 4.000 1.692 0.302 0.805*** 1.867 

CC5 3.671 1.743 0.835*** 0.975*** 2.729 

CC6 3.687 1.774 -0.078 0.736*** 2.448 

Note: The items descriptions are in Appendix D. 
Table 34. Mean, standard-deviation, weights, loadings and VIF of formative construct indicators (* p-value <0.10; ** p-

value<0.05; *** p-value<0.01) 

  

 Construct EE Sav Lab OM EG SI HA HEC Att BIC 

EE           
Sav 0.426          

Lab 0.384 0.433         

OM 0.116 0.086 0.108        

EG 0.187 0.17 0.234 0.131       

SI 0.096 0.171 0.134 0.045 0.655      

HA 0.05 0.068 0.096 0.021 0.03 0.043     

HEC 0.023 0.062 0.071 0.116 0.127 0.057 0.14    

Att 0.352 0.312 0.309 0.223 0.575 0.526 0.05 0.083   

BIC 0.329 0.266 0.3 0.277 0.596 0.507 0.049 0.118 0.924  
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Appendix D – CONSTRUCTS  

Construct Items 

Energetic efficiency (EE) EE. It will increase my house's energy efficiency 

Savings (Sav) 

Sav1. I receive a subsidy to finance the replacement 

Sav2. I am aware of the total energy savings over EEHA lifetime 

Sav3. I am aware of the total monetary savings over the EEHS lifetime 

Label (Lab) 

Lab1. The energy label is important in the decision of buying a heating appliance 

Lab2. When I buy a heating appliance, I pay attention to the energy label 

Lab3. I am more willing to buy a heating appliance with an efficient energy class (above 
C, i.e., A or B) 

Operation and Maintenance (OM) 

OM1. I believe that the operation of an EEHA is more complicated than my current 
heating solution 

OM2. I believe that an EEHA needs the user to perform the maintenance work by himself 

OM3. I believe that the maintenance of an EEHA requires too much work 

Engagement (EG) 
EG1. I pay a lot of attention to anything about EEHA 

EG2. I keep up with things related to EEHA 

Social influence (SI) 

SI1. People who are important to me think that I should adopt EEHA 

SI2. People who influence my behaviour think that I should adopt EEHA 

SI3. People whose opinions that I value prefer that I adopt EEHA 

House age (HA) 
HA. How old is your dwelling since your last renovation (in years)? If it was not 
renovated, answer with the years since its construction. 

House energy class (HEC) 
HEC. If you know, what is the energy class of your house (based on the Energy 
Performance of Building Certificate)? 

Co-benefits (CB) 

CB1. Condensation, humidity and mould related problems are avoided 

CB2. It will not reduce my house’s useful floor area 

CB3. It values the dwelling in the real-estate market (I will sell the house for a higher 
price if it is equipped with an EEHA) 

CB4. It allows me to be independent from energy price fluctuations 

CB5. It allows me to have a reduced environmental impact 

CB6. Achieve a comfortable indoor temperature during the heating season more easily 

CB7. Have better indoor air quality 

CB8. Lower indoor noise level 

CB9. Lower external noise level 

CB10. Operate the EEHA more easily 

CB11. Be more independent to energy prices 

CB12. Have a more aesthetically pleasing EEHA 

CB13. Have more useful living area 

CB14. Value the dwelling in the real-estate market 

CB15. Have a reduced environmental impact 

Communication channels (CC)             

CC1. People I know who own an EEHA 

CC2. Internet Websites 

CC3. Mobile Application 

CC4. Newspapers 

CC5. Radio 

CC6. Television 

CC7. Organisations (local associations, energy agencies) 

CC8. Installers and/or related professionals 

CC9. EEHA shop 

Attitude on heating equipment use 
in general 

Att1. I usually track my energy consumption based on my billing (dropped) 

Att2. I am willing to change my heating appliance(s) 

Att3. I am planning to buy an EEHA 

BIC to an EEHA 

BIC1. I intend to change to EEHA in the future 

BIC2. I will try to change to EEHA in my future 

BIC3. I am ready to change to EEHA 

Table 35. Items of the constructs of the conceptual model 
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Appendix E –RESULTS 

 

Construct Path Total Effects 

    France Germany Italy Portugal Spain 

Energy efficiency EE -> Att 0.091 0.088 0.067 0.086 0.154*** 

 EE -> BIC 0.119 0.093 0.142** 0.094 0.144*** 

Savings Sav -> Att 0.093 0.003 0.027 0.069 0.064 

 Sav -> BIC 0.184*** -0.037 0.036 0.074 0.011 

Label Lab -> Att 0.161*** -0.007 0.013 0.073 0.041 

 Lab -> BIC 0.099** -0.014 0.059 0.073 0.040 

Operation and maintenance OM -> Att -0.098* -0.046 0.034 -0.146*** -0.089** 

 OM -> BIC -0.020 -0.102** 0.028 -0.182*** -0.150*** 

Engagement EG -> Att 0.282*** 0.145* -0.011 0.090 0.190*** 

 EG -> BIC 0.206*** 0.023 0.122** 0.110* 0.254*** 

Social influence SI -> Att 0.032 0.126* 0.057 0.203*** 0.227*** 

 SI -> BIC 0.035 0.125** 0.126* 0.077 0.196*** 

House age HA -> Att 0.035 -0.13** 0.023 0.095* 0.014 

 HA -> BIC 0.066* -0.053 -0.008 0.127** 0.037 

House' energy class HEL -> Att 0.057 -0.138** -0.008 0.070 0.009 

 HEL -> BIC 0.020 -0.123** -0.057 0.095 0.038 

Co-benefits CB -> Att -0.019 0.227** 0.082 0.036 0.011 

 CB -> BIC 0.070 0.350*** 0.041 0.070 0.080 

Co-benefits investment CB inv -> Att 0.031 0.178** 0.342*** 0.197*** 0.222*** 

 CB inv -> BIC 0.100** 0.165*** 0.226*** 0.186*** 0.131*** 

Communication channels media CCM -> Att -0.098** 0.006 -0.049 -0.020 0.133** 

 CCM -> BIC -0.022 0.027 0.007 0.056 0.110** 
Communication channels 
organisations CCO -> Att 0.256*** 0.131 0.078 0.063 -0.026 

 CCO -> BIC 0.272*** 0.211*** 0.066 0.143* 0.012 
Communication channels web 
media CCW -> Att 0.116*** -0.048 0.025 0.084 0.041 

 CCW -> BIC 0.010 0.078 0.058 0.045 0.046 
Attitude on heating equipment 
use Att -> BIC 0.419*** 0.577*** 0.415*** 0.630*** 0.564*** 

R-squared (%)   78.1 74.5 43.1 62.7 62.8 

Table 36. Total effects of the constructs in each country 
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Figure 21. Structural model of communication channels. Total effects (* p-value <0.10; ** p-value<0.05; *** p-
value<0.01). Order (FR, GE, IT, PT, SP) 

Communic. channels - media

Behaviour intention 
to change to EEHA

Behaviour change

Newspaper (CC4)

TV (CC6)

Radio (CC5)

People that I know and have an EEHA (CC1)

Installers and/or related professionals (CC8)

Organisations (local associations, energy agencies (CC7)

Stores of EEHA (CC9)

Communic. channel - organisations

0.061
-0.130
0.080
-0.140
-0.035

-0.051
0.226**
-0.156
0.107

0.201***

-0.031
-0.110
0.083
0.027
-0.064

0.482***
0.271***

-0.029
0.126**
0.110**

0.351***
0.123

0.160**
0.215**

0.044

-0.073
-0.061
0.152*
-0.050
0.008

0.129**
0.163*
-0.009
0.037
0.050

Mobile Applications (CC3)

0.066
0.182**
-0.290
0.137*
0.053

Websites (CC2)

-0.020
0.075

0.150**
0.095

0.178***

Communic. channel – web media


