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ARTICLE INFO ABSTRACT

Keywords: Studies on the acceptance of renewable and sustainable energy technologies have grown exponentially over the
Biofuels past few decades. While there are a large number of technology acceptance models, none of them includes belief-
Beliefs

related variables. Developed within the EC H2020 ABC-Salt project, this contribution focuses on the cross-
validation, in a large sample (N = 1016), across eight European countries, of the Biofuels Beliefs Scale (BBS).
The BBS is composed of 26 items, organized into six factors (i.e., Policy Making Legitimation, Emissions Sus-
tainability, Global Environmental Sustainability, Technology Compatibility, Local Socio-Economic Sustainabil-
ity, and Cost Savings). Factors are distinct, reliable, and each one composed of a psychometrically acceptable
number of items. The validation procedure fulfilled the adequacy requirements regarding convergent, discrim-
inant, and predictive validity. The BBS could be useful both for testing models on technology acceptance in future
studies and for communication campaigns on biofuel-related issues in applied contexts (e.g., pre-/post-assess-

Measurement scale
Sustainable energy
Acceptance

ment, monitoring, etc.).

1. Introduction

Biofuels occupy a significant role in the context of the energy tran-
sition. While other renewable sources and electrification are considered
as capital for fulfilling energy demand for domestic use and industrial
production, biofuels are currently considered one of the most viable,
sustainable, and renewable energy technologies for the transport and
logistic sector [1]. The shift from fossil fuels to biofuels in everyday life
for transportation, power generation, and heating would offer several
economic, environmental, and social benefits. However, biofuels still
include features that might inhibit their social acceptance [2-4]. There
is evidence that the development of the first generation of biofuels (i.e.,
the ones produced from grown-on-purpose biomass) can lead to nega-
tive effects in terms of both greenhouse gas emissions and competition
with food production, especially in developing countries [5]. Recent
biofuel production techniques have tried to reduce the likelihood of
these potentially negative effects, for instance proposing as feedstock the

* Corresponding author.
E-mail address: s.ariccio@uu.nl (S. Ariccio).
! These authors equally shared the main responsibility of the contribution.

https://doi.org/10.1016/j.techsoc.2024.102780

microalgae, which have a number of advantages such as fast growth rate
and lack of competition with food production [6]. However, a vibrant
public debate has occurred about biofuel’s local and global impacts and
thus, if biofuels are to be developed at an industrial scale within the EU,
public opinion needs to be seriously taken into consideration. In sum,
the study of biofuel social acceptance seems quite important for an
effective energy transition.

The aim of this paper is to contribute to the understanding of biofuel
social acceptance by developing a new tool to measure people’s beliefs
about biofuels.

1.1. The relevance of beliefs for technology acceptance

Beliefs have been considered as important antecedents of behavior in
different theoretical models since decades (e.g., see [7,8]), including the
well-known Theory of Planned Behavior (TPB, [9,10]). If values have
been postulated as the general and abstract principles that guide an
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individual’s behaviors, beliefs are the factual statements that people
consider to be true or false when they think about a specific object or
behavior [11,12].

Beliefs should not be confused with objective knowledge, which is
sometimes included in psychological social acceptance models [13]. In
fact, while measures of objective knowledge usually focus on assessing
how correctly informed people are about biofuels (e.g., with true-false
tests), measures of beliefs simply concern how much people trust spe-
cific representations, without rating them as correct or wrong. Baral
[14] found that people’s socio-demographic characteristics are a key
factor for their objective knowledge about biofuels. However, research
shows that objective knowledge of a topic, as measured by specific
psychometric tools (e.g., true-false questions) can be quite irrelevant to
decision-making (e.g., [15]). At the same time, beliefs are strongly
associated with intention and behavior [16]. Research into hydrogen
technologies reveals that beliefs concerning contextual and
technology-related aspects, such as perceived effects, exert a more
profound influence on acceptance than objective knowledge, as
demonstrated in the studies conducted by Achterberg et al. [17] and
Huijts and Van Wee [18]. Beliefs should also not be confused with
subjective knowledge, i.e. how much individuals think that they know
about biofuels. More generally, subjective knowledge can be considered
as a sort of contextual self-confidence [19] and has not much to do with
specific conceptions people have about this technology. As a general
trend, individuals tend to possess limited subjective knowledge about
sustainable energy technologies, like biofuels, as noted by Pagiaslis and
Krontalis [20]. Subjective knowledge can significantly shape people’s
beliefs. As shown in the study conducted by Siegrist and Cvetkovich
[21], greater knowledge of a dangerous technology is directly associated
with a greater tendency not to trust the people responsible for managing
that technology, thus accentuating the perceived risk associated with it.

Beliefs, instead, are important because they measure people’s rep-
resentations about a given technology, without judging them [22]. In
fact, beliefs are crucial drivers orienting the individuals’ responses in
terms of attitudes (e.g., acceptability), intentions to adopt (acceptance)
or not, and possible behavioral adoption concerning the target of
renewable and sustainable energy technology (e.g., biofuels, in the

Technology in Society 81 (2025) 102780

present case). Regarding their concreteness and specificity, beliefs can
be challenged via communication, information provision, and experi-
ence interventions [23]. For instance, in a recent study about the
acceptance of wind energy, Cranmer et al. [24] show that experiencing
wind energy infrastructures through virtual reality is an efficient way to
weaken prior detrimental beliefs concerning expected visual and
acoustic impacts of wind turbines, thus increasing their acceptance.

Since scientific knowledge is socially interpreted in its creation,
diffusion, and use, it is crucial to explore the beliefs of different stake-
holders, together with their values, aims, and their power relationships
[25]. The goal of the present paper is to validate a scale that can be used
to reliably assess beliefs about biofuel technology and about the context
where it can be employed. Such a scale could then be included in
existing technology acceptance models to better understand which
specific beliefs affect people’s acceptability attitudes and acceptance
intentions towards biofuels over and above objective and subjective
knowledge.

1.2. Technology-related and context-related beliefs

As Fig. 1 shows, a recent qualitative study by Dessi and colleagues
(2022) found that the main incentives and barriers to biofuel acceptance
can be summarized in three macro-areas: a first macro-area includes
beliefs regarding the intrinsic technological aspects of the target tech-
nology to be adopted (Technology macro-area); the second macro-area
consists of beliefs on the adoption process’ contextual factors, i.e.,
those variables dealing with economics and marketing as well as related
policies and administrative measures (Context macro-area); finally, the
third macro-area refers to personal factors (cognitive, affective, and
social) of its adopter (Person macro-area).

Some social-psychological and interdisciplinary models, like the
Sustainable Technology Acceptance Model (SETA, [27]), have tried to
explain the acceptance of energy technologies by focusing on the Person
macro-area and providing standard tools to measure the related vari-
ables (e.g., [28]). The SETA model is among the most comprehensive
frameworks for examining the acceptability and acceptance of renew-
able and sustainable energy technologies. It integrates established
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Fig. 1. Macro-areas, factors clusters, and variables related to biofuel acceptance (based on [26]).
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theories from social and environmental psychology, such as the theory
of planned behavior [29] and the norm activation model [30]. Despite
its importance, the SETA primarily focuses on the social-psychological
characteristics of adopters, whereas other dimensions - such as
perceived technological, contextual, and personal features - which could
increase the prediction of the acceptability and acceptance of renewable
and sustainable energy technologies, are not considered. To address this
gap, Bonaiuto and colleagues [31] recently introduced the integrated
sustainable energy technology adoption model (i-SETA), including
variables about two categories of beliefs related to biofuels, i.e.
contextual and technological - as determinants of biofuels’ acceptability
and acceptance - which were not considered in existing models.

The present study, deals specifically with beliefs that people have
about these under-represented characteristics of biofuels, and aims at
developing a tool to measure such beliefs. This tool is developed with the
aim of having, for future studies, a validated biofuel belief measure,
allowing comparison at different times or between groups. It is impor-
tant to stress that, rather than on the actual features of a given tech-
nology (e.g., biofuels) or of a given context (e.g., a region or a country
market and economy, or policy), the target here is to understand the
beliefs that people hold on these topics.

Technology acceptance models have so far focused on the role of
variables such as values, attitudes, and norms (e.g., [27,32,33]). The
positive feature of this kind of models is that, since they include broad
psychological variables, most of the items representing the measured
variables focus on socio-psychological dimensions (e.g., values, social
norms, emotions) and are not tailored to a specific technology in terms
of item content. Thus, these models can be tested with different tech-
nologies and in different contexts, allowing comparisons. On the other
hand, such models seem to be less adequate in providing specific in-
dications about beliefs people have about a specific technology and its
context, as that would be possible only via very items focusing on the
specific technology or on the specific context.

The intrinsic characteristics of the technology itself (e.g., chemical
properties, environmental impact, feedstocks, emissions) and the
contextual aspects (e.g., economic/market aspects and political/
administrative aspects), as interpreted by potential adopters in relation
to their beliefs and perspectives, shape the acceptability, acceptance,
and adoption of a particular renewable and sustainable energy

Table 1
Existing measures of technology-related and context-related’ beliefs.
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technology, as highlighted in the qualitative study on biofuels social
acceptance by Dessi et al. [26]. Beliefs concerning the intrinsic charac-
teristics of biofuels exert both positive and negative influences on the
technology’s acceptance. In terms of negative factors, Jayed et al. [34]
identified specific chemical attributes, like the use of vegetable oils in
traditional fossil fuel engines, the necessity for new infrastructure
development [35], and concerns related to land use changes [2].
Conversely, positive attributes encompass the compatibility of biofuels
with conventional engines and existing petrol stations [36], as well as
the potential for reducing harmful emissions [37]. Beliefs about
contextual aspects also play a crucial role in the acceptance of sustain-
able and renewable energy technology. In this sense, challenges hin-
dering the acceptance of biofuels include beliefs about the high
production costs associated with microalgae [38] and the limited
accessibility of biofuels at nearby filling stations [39]. Conversely,
contextual factors that promote the acceptance of biofuels include be-
liefs about their potential to strengthen the local economy [40] and the
presence of government support programs [41]. Thus, providing a better
and more systematic approach to the measurement of contextual and
technological beliefs, to be integrated with the existing models, would
provide more concrete hints on how to adjust information and
communication in a specific situation, such as in the case of biofuels.
Even though some scholars (see Table 1) have proposed instruments
to measure technology-related beliefs, the existing tools are sparse and
usually not validated with a systematic psychometric approach
(including reliability checks and scale structure exploration). As re-
ported in Table 1, response scales of existing measures are mixed in
nature (e.g., Likert or dichotomous scales) and diverse in format (i.e., 5
or 7 points for Likert scales), thus hindering the comparability of
existing results. It is certainly true that the literature offers various ex-
amples of attempts to measure relevant beliefs for the social acceptance
of various energy technologies, including biofuels, but the overall figure
is characterized by i) a non-systematic approach (i.e., not oriented to-
ward study reproducibility in different contexts); ii) a limited psycho-
metric rigor (i.e., not involving psychology experts in the item
formulation, not combining exploratory and confirmatory factor anal-
ysis, and relying on small and not heterogeneous samples), and iii) the
use of tools created as ad hoc solutions for the very specific study’s
needs, without any ambition to create a standardized tool with clearly

Ref Example N Response scale Technology Cronbach’s EFA,
items o CFA,
PCA
Bakhtiyari et al. Biofuels burn cleaner than regular gasoline 20 1 (very low) -5 (very high)  biofuel 0.95 CFA
[42]
Pagiaslis & Biofuels are responsible for worsening food sufficiency in the Third 5 1 (strongly agree) — 7 biofuel 0.79 n.a.
Krontalis [20] World (strongly disagree)
Amin et al. [43] Biodiesel may take up precious agricultural land 4 1 (strongly agree) — 7 biodiesel 0.67 CFA
(strongly disagree)
Cacciatore et al. Do you think using biofuels[ethanol] will increase, decrease, or have 1 1 (increase a great deal) -9 biofuel n.a. n.a.
[44] no effect on the cost of fuel at the pump? (decrease a great deal)
Moula et al. [45] The production of biofuels has a direct increasing effect on food prices 5 yes — no biofuel n.a. n.a.
Yaghoubi [46] Biofuel production leads to an increase in the price of food 9 1 (very low) — 5 (very high)  biofuel 0.89 n.a.
Amin [43] The government should provide more financial support to researchers 5 1-7 (different labels) biodiesel 0.67 CFA
and industries in developing biofuels
Bakhtiyari et al. There are insufficient water resources for biofuel production in Iran 21 1 (very low) - 5 (very high) biofuel 0.93 CFA
[42]
Zoellner et al. The usage of wind energy plants will improve Germany as a business ~ 80” 1 (entirely incorrect) — 5 renewable n.a. n.a.
[47] location (completely correct) energies
Dragojlovic & The federal government provides subsidies such as tax credits to 3 1 (strongly disapprove) -7  biofuel alpha 0.86 n.a.
Einsiedel [48] certain agricultural groups to develop biofuels (strongly approve)
Zhang et al. [49] Indicate the degree of importance of different fuel characteristics 8 1 (not at all important) -5  biofuel alpha 0.70 PCA
related to purchasing new car or fuel consumption (e.g., fuel (very important)
availability, engine modification)
Zoellner et al. The usage of wind energy plants will improve Germany as a business 3 1 (entirely incorrect) - 5 renewable n.a. n.a.
[47] location (completely correct) energies

Notes: n.a. = no analysis presented in the paper.
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tested reliability and validity.

There is therefore a literature gap in terms of a reliable and valid tool
to measure biofuels beliefs according to a multidimensional structure —i.
e., attempting to cover all the relevant features (technology features as
well as contextual features in terms of both economics and market and
politics and administration) — and employing a standard set of items
using the same response scale. Filling such a gap would represent an
advancement within the specific field of biofuels social acceptance, and
more broadly within the field of renewable and sustainable energy
technologies social acceptance, in terms of increased standardization of
measurement for the relevant beliefs considered as drivers, or barriers,
of biofuels and other new energy technologies acceptability, acceptance,
and adoption. Such an effort would offer an immediate reliable and valid
tool for the measurement of biofuels beliefs, and more generally would
offer a process benchmark for the development of future similar tools to
measure any other sustainable and renewable energy technology beliefs.
In general, such a scientific endeavor should increase cross-studies
comparisons, and thus opportunities for cumulative scientific
knowledge.

2. General and specific aims

The current paper aims to propose and cross-validate the Biofuels
Beliefs Scale (BBS) on an international sample of general public and
stakeholders. This tool will allow scholars to better investigate the
specific understanding that diverse stakeholders have of biofuels. The
BBS measures beliefs about the biofuels’ energy technology per sé, as
well as about its relevant context including economics/marketing fea-
tures and politics/administrative features. Consistently with the general
aim, two specific research aims have been defined, namely.

- Specific Aim 1: exploration and verification of the scale’s factorial
structure, to get distinct and reliable factors, each one composed of a
psychometrically acceptable number of items;

- Specific Aim 2: testing of the scale’s validity, specifically through the
psychometric verification of both convergent and discriminant val-
idity [50,51].

3. Method
3.1. Procedure

Recruitment was carried out between July 2021 and January 2022
with participants from eight European countries (Belgium, France,
Germany, Italy, the Netherlands, Sweden, Norway, and United
Kingdom), both laypeople and biofuel stakeholders. The eight countries
were chosen for being partners of the EU project that funded this study
and, even if they cannot be considered as a representative EU sample,
they are good examples of the variety of EU countries as for what con-
cerns size and different degrees of local biofuels development [52].

The survey was uploaded online (on www.qualtrics.com) and self-
administered by participants. To recruit general public participants,
the English version of the questionnaire was shared on the Prolific
platform (https://www.prolific.com) on July and August 2021. The
platform was set to collect one hundred participants per country,
balanced by gender and age. To reach biofuel stakeholders, Qualtrics’
Online Panel service was employed. This is a commercial service pro-
vided by the company Qualtrics to collect data in populations that are
not easily reachable on generic platforms (e.g., Prolific). The service
actively contacts people belonging to the defined population and asks, in
exchange for compensation, to fill in the questionnaire. The initial
request to Qualtrics consisted of finding fifty biofuel stakeholders living
in the eight Countries included in the EU project. However, the service

2 This value refers to the whole questionnaire.
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informed that, considering the specificity of the topic, it was only
possible to find biofuel stakeholders from the four largest Countries
(Italy, UK, Germany, and France). To ease participation from the
stakeholders of each selected country, the questionnaire, originally
developed in English, was translated into Italian, French, and German.
In this way, four links were created to which the different stakeholders
were directed according to their native language. The questionnaires
were spread during January 2022. To define participants as “biofuel
stakeholders” quality check questions and enforced screening criteria
were included at the beginning of the questionnaire (e.g., Work in bio-
fuel/bioenergy sector: If “Definitely not” OR “Maybe not” was chosen
then the participants were excluded). The entire project of investigation,
detailed in its execution modalities and participants involved, has been
submitted to the Ethics Committee of the Department of Psychology of
Developmental and Socialization Processes, Faculty of Medicine and
Psychology, Sapienza University of Rome (Italy), receiving the approval
to proceed (submitted April 28, 2021, final approval May 27, 2021,
Protocol n. 742, Pos. VII/15).

3.2. Participants

The sample consisted of 1016 participants (mean age = 32.49, sd =
11.50). One hundred participants were from Belgium, 153 from France,
153 from Germany, 152 from Italy, 101 from the Netherlands, 101 from
Sweden, 103 from Norway, and 152 from the United Kingdom. Con-
cerning gender, the sample consisted of 419 women (41.2 %) and 598
men (58.8 %). The sample had a high educational level and came from a
variety of fields of study ranging from STEM (Science, Technology,
Engineering, and Mathematics) disciplines to SSH (Social Sciences and
Humanities). In addition, employed participants worked in different
organizations (SMEs, Large Companies, Governmental Organizations,
Academies and Research Centers, and NGOs) (Table 2). Sampling
covered both the general public (79.4 %) and expert stakeholders (20.6
%): regarding expert stakeholders, professional categories that are
relevant to biofuels were included, based on a previous mapping study
within the same project [53].

3.3. Tools

The focus of this paper is on the validation of the Biofuels Beliefs
Scale, which was part of a larger questionnaire including other tools and
had the aim of testing a theoretical model of biofuel acceptance (see
[31]). The initial BBS consisted of sixty-eight items measuring biofuel
features about the “Technology” and the “Context” macro-areas, the
latter composed of Economy/Market and Policy/Administration aspects
(see Appendix 1 for the list of items and their origin). Such items were
developed to measure the features that emerged in the first two
macro-areas reported in Fig. 1, based on the qualitative results from
Dessi et al. [26], namely.

- for the “Technology” macro-area, the features related to Chemical
properties, Compatibility with conventional engines and existing
facilities, Compatibility with (current) infrastructures, Perceived
feedstock sustainability, Change of land use, Perceived emissions,
and Environmental impact;

for the Economy and Market aspects within the “Context” macro-
area, the features related to Price, Food cost, Economic benefits,
Economic support, Limited availability on the market, Local devel-
opment, and Energy independence;

for the Policy and Administration aspects of the “Context” macro-
area, the features related to Regulatory policies on the one side,
and Support programs and Information actions on the other side.

All the items were measured via a 7-point Likert-type response scale,
from 1 = “strongly disagree” to 7 = “strongly agree”.
Different validity criteria were verified, namely: i) convergent
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Table 2
Descriptive statistics of the sample.
Italy United Kingdom France Germany The NL Sweden Norway Belgium

Prolific 100 100 100 100 101 101 103 100

Qualtrics 52 52 53 53 0 0 0 0

Education Primary 2 3 2 6 1 8 5 0
Lower secondary 2 5 2 3 3 6 9
Upper secondary 46 20 22 48 13 20 25 11
Post-secondary non-tertiary 20 20 16 18 9 19 9
Bachelor’s degree 45 65 49 39 52 33 27 45
Master’s degree 37 36 57 35 22 13 28 33
Doctorate/PhD 0 3 5 4 1 2 0 5

Field of study Natural sciences 34 27 26 29 19 24 23 20
Engineering and Technology 43 41 43 42 23 32 31 33
Medical and Health sciences 8 13 11 16 11 11 7 5
Agricultural sciences 0 4 4 3 0 1 0 1
Social sciences 41 39 40 39 36 21 33 30
Humanities 26 28 29 24 12 12 9 11

Organization Academy and Research Centre 11 23 4 26 6 9 8 6
Governmental Organization 5 12 18 8 7 9 13 11
Large Company 48 43 45 58 41 34 44 32
NGO 6 2 0 4 3 2 0 5
Small-medium Enterprises 54 51 56 34 32 41 31 43
Unemployed 28 21 30 23 12 6 7 3

validity, i.e. how well subscales correlate with other measures that are

assumed to be related; ii) discriminant validity, i.e. the degree to which

two measures are tapping separate constructs [54]; and iii) predictive

validity, i.e., the ability of the tool to predict related outcomes [55].
For validity testing, the following measures were considered.

Values (hedonic, altruistic, biospheric, egoistic, and traditional). The
first 16 selected items are issued from the “Environmental Value
Survey” (E-SVS; [11,56]); while the last 5 items related to tradi-
tionalism are derived from the Schwartz Value Survey (SVS; [57]),
measured on the standard one 7-step Likert, with the extremes
"opposite to my values" and "of extreme importance". Reliability
ranges between a = .70 and o = .91.

Subjective knowledge about biofuels (adapted from [20]) included 6
items, e.g., ‘How knowledgeable are you regarding the production of
biofuels?” Answers ranged on a 7-point Likert scale, from "Not at all
to "Completely " (o = .94).

Biofuels Attitude Scale as Acceptability (BASA, [31]). A semantic
differential consisting of 16 adjective pairs, e.g., “I think that biofuel
technology is: alien/familiar; harmful/safe”, on a 7-step Likert
response scale, composed of two factors: Positive Attitude Toward
Biofuels (o = .93) and Biofuels Usability (« = .68).

Biofuels Intention Scale as Acceptance (BISA, see [31]): eleven items,
organized into two factors. The factor Use Intention is composed of 5
items, e.g., “How willing would you be to fuel your private vehicle
with biofuels?”), with response options ranging from 1 = “Very un-
willing” to 7 = “Very willing”, with the added, “Not applicable”
option, a = .84. The factor Socio-Political Support Intention is
composed of 6 items, related to the following question: “If there was
a discussion in your area about whether or not to place a biofuel
station, how likely would you be to take the following actions in
favor or against it” (e.g., Sign a petition; Make a donation). Response
scale ranges from 1 = “I would certainly not do this” to 7 = “I would
certainly do this”, a = .90.

e Items about respondents’ socio-demographic characteristics.

3.4. Analyses

For this data elaboration, R Studio version 2022.02.03 was
employed, specifically the statistical packages “foreign” [58], “pastecs”
[59], “car” [60], “psych” [61], “lavaan” [62], “GPArotation” [63], and
“esemComp” [64].

3.4.1. Specific Aim 1: exploration and verification of the scale’s factorial
structure

Since the BBS items were developed based on both the literature
review and the outcomes of a qualitative study [26], an exploratory
approach (including a parallel analysis and an exploratory factor anal-
ysis, EFA) was applied in the first step after data screening and cleaning.

A cross-validation procedure (see [65,66]) was pursued by randomly
splitting the sample into two halves, to develop a model on the first half
of the sample (i.e., the calibration sample, N = 512), and then to confirm
it on the second half (i.e., the validation sample, N = 505). Moreover, an
exploratory structural equation modeling (ESEM) factor analysis was
run on the same part of the sample employed for the EFA.

The first analysis, involving the first half of the sample, thus intended
to find a preliminary structure of the scale. Since Bartlett’s test and
Kaiser-Meyer-Olkin (KMO) test confirmed the sampling adequacy and
the correlation matrix factorability, the sixty-eight items were submitted
to EFA, using the principal axis factoring (PAF). Consequently, Cron-
bach’s alpha values were computed to assess factors’ reliability. The
following decision criteria were employed: scree-plot and parallel
analysis [67,68], minimum average partial (MAP; [69]), and Bayesian
information criterion (BIC). Oblimin rotation was initially used for
factor interpretation. Since the extracted factors were scarcely corre-
lated, Varimax rotation was chosen for the subsequent steps.

On the same half of the sample, an ESEM analysis was then con-
ducted, employing the maximum likelihood robust estimator. Three
solutions were tested: four, five, or six factors. Following Marsh et al.
[70,71] we used an orthogonal target rotation with an epsilon value of
0.5. Since there was no specific hypothesis on which indicators should
load on the expected factors, the ESEM, i.e., a modern technique inte-
grating the classical EFA, allowed us to further explore the data and
confirm the solution that emerged from the previous exploratory
analysis.

Later, confirmatory factor analysis (CFA) was run on the second half
of the sample, testing four-factor, five-factor, and six-factor models. The
robust maximum likelihood (RML) method was employed to account for
non-normal data (since Mardia’s coefficients were significant; [72]). For
inter-model comparisons, since all models were nested, ACFI >0.010
was taken as evidence of robust differences in relative model fit Cheung
and Rensvold [73].

3.4.2. Specific Aim 2: testing of the scale’s validity
Consistently with the call of Ronkko and Cho [74], for a combination
of methods to assess validity, both CFA loadings and zero-order
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correlations were used to test convergent and discriminant validity.

The CFA approach allows the verification of convergent and
discriminant validity [51,75]. Specifically, the size and statistical sig-
nificance of factor loadings connecting different manifest variables (i.e.,
items) with a latent variable (i.e., the Policy-Making Legitimation)
provide evidence for convergent validity, whereas correlations between
latent variables that are lower than their factor loadings provide evi-
dence for discriminant validity ([50], pp. 263-264).

Zero-order correlations (Pearson’s r) were computed between the
scale’s factorial scores (as derived from EFA) and other socio-
psychological constructs included in the questionnaire (see the Tools
section). According to the hetero-trait-mono method coefficient,
thresholds for this test are usually considered to be 0.30 (small, thus
divergent), 0.40 (mildly convergent), and 0.50 (clearly convergent)
[76-80].

4. Results
4.1. Preliminary analyses

Data were checked for univariate and multivariate normality (see
Appendix 2). The Shapiro-Wilk’s test was significant (all p < .001) for all
68 items, meaning that data are not normally distributed and that the
planned analysis for testing Aims 1 and 2 can be applied to the data set
with consideration of normality assumptions violations. Since sporadic
missing data was observed, each missing value was replaced by the
mean value of the corresponding variable.

4.2. Specific Aim 1: Exploration and verification of the scale’s factorial
structure and factors’ reliability

The EFA run for fulfilling Specific Aim 1 produced the following
outcomes. A significant Bartlett’s test of sphericity (;(2(2278) =13312.3,
p < .001), and a Kaiser-Meyer-Olkin (KMO) of 0.88 indicated that the
correlation matrix was suitable for factor analysis. The Parallel Analysis
scree-plot revealed two visible elbows at the fourth and sixth eigenvalue
(see Appendix 3). The Velicer MAP achieved a minimum of 0.01 with
seven factors, while BIC achieved a minimum of —8093.83 with six
factors. Finally, the parallel analysis indicated an asymptotically flat-
tening trend after the sixth eigenvalue, a solution supported by the BIC.

Due to the presence of two elbows in the parallel scree-plot, we tested
a four-factor, a five-factor, and a six-factor solution. The conduction of a
series of EFAs allowed the deletion of several items (n = 42), which were
excluded for either item saturation on the factor inferior to 0.40 or
similar saturation of the same item in different factors, which leads to an
ambiguous interpretation. Since different decision rules supported
either a seven- or a six-factor solution, but only six eigenvalues were
greater than one, six factors were retained and orthogonally rotated for
interpretation; moreover, the explained variance of the scale was higher
in the six-factor solution. For these multiple reasons, this solution was
retained. The final Biofuels Beliefs Scale was composed of twenty-six
items (Table 3).

The Exploratory Structural Equation Modeling (ESEM) was used to
confirm the results from the EFA, run on the calibration sample. Three
solutions were tested, respectively including four, five, or six factors
(Table 4).

The four-factor model did not show an acceptable fit to the data. The
five- and six-factor models were instead able to achieve an acceptable
and a good fit to the data, respectively. The six-factor model (see load-
ings in Appendix 4) confirmed the structure that emerged from EFA and
outperformed the five-factor model on all model selection criteria. The
six-factor solution was thus retained for subsequent tests.

Table 5 reports the results of the CFA that was performed to fulfilling
Specific Aim 2.

As for the ESEM, the four-factor model presented a not-acceptable fit
to the data with CFA analysis. With the same analysis, instead, the five-
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Table 3
Factor pattern matrix after VARIMAX rotation.
Item ID Item content Loadings  Explained A
Variance
Contextual features (Policy and 14 % 0.86
Administration) - Policy Making
Legitimation
P4 _Supl Political institutions should 0.80
promote research in the field of
biofuels
P3_Eco2 The government should provide  0.70
more financial support to
researchers and industries in
developing biofuels
P4_Pol6 A common political willingness 0.70
is necessary to support specific
biofuel policies
P4 _Poll Policies are needed for the 0.67
transition from fossil fuels to
biofuels
P4_Inf3 Scientists should demonstrate to 0.62
the public why we need to
switch to biofuels in the coming
years
P4 _Pol5 An international Biofuels 0.61
Sustainability Pact would be
helpful in securing the
sustainability of biofuels
production
P3_Eco4 The government should provide  0.54
subsidies such as tax credits to
certain agricultural groups to
develop biofuels
Technological features - Global 13 % 0.86
Environmental Sustainability
P2 Env2 Biofuels production threatens 0.78
plants and wildlife
P2_Chanl Biofuels take up precious 0.70
agricultural land
P2_Chan2 Biofuels, via indirect land use 0.66
change (ILUC), cause
deforestation R
P2 Feedl Biofuels are responsible for 0.66
worsening food sufficiency for
the Third World
P2 Env5 Developing biofuels poses harm 0.64
to the ecosystem and
environment
P2 Envl Biofuels have negative 0.61
environmental impacts
Technological features — Emissions 7 % 0.80
Sustainability
P2 Emi2 Biofuels use decreases the 0.83
greenhouse gas emissions
P2 Emil Increasing the share of biofuels 0.67
reduces CO2 emissions
P2 Cheml  Biofuels burn cleaner than fossil ~ 0.50
fuels
P2 Env4 Biofuels contribute to a better 0.44
environment
Technological features - Technology 6 % 0.76
Compatibility
P2 Comp3  Biofuel-based distribution 0.74
system is compatible with the
fossil fuel based one
P2 Comp2  Biofuel-based storage system is 0.73
compatible with the fossil fuel
based one
P2_Compl Biofuel-based transport system 0.63
is compatible with the fossil fuel
based one
Contextual feature (Economy and Market) - 5% 0.72
Local Socio-Economic Sustainability
P3_Loc5 The usage of biofuels impairs 0.71

local business

(continued on next page)
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Table 3 (continued)

Item ID Item content Loadings  Explained A
Variance
P3_Loc4 Growing biofuel plants reduces 0.56
the quality of life in local
communities
P3_Loc6 Biofuels have poor added value 0.50
at the local level
Contextual feature (Economy and Market) - 5% 0.64
Costs Savings
P3_Pri6 Biofuels costs could lead to an 0.67
increase in transportation-
related costs
P3_Pri2 Biofuels increase the cost of fuel 0.62
at the pump
P3_Pri3 Biofuel increases the 0.52
maintenance costs of the car
Table 4

Fit indices for the four-factor (4F), five-factor (5F), and six-factor (6F) explor-
atory structural equation modeling (ESEM) solutions.

4F SF 6F

x2 774.83 580.71 389.69

Df 227 205 184

P 0.000 0.000 0.000

CFI 0.89 0.93 0.94

TLI 0.84 0.88 0.95

RMSEA [90 % CI] 0.07 [0.06, 0.07] 0.06 [0.050.07] 0.05 [0.040.05]

SRMR 0.04 0.03 0.02

AIC 41374.78 41224.67 41084.65

BIC 41900.34 41843.46 41792.45

SABIC 41506.7 41380 41262.4
Table 5

Fit indices for the four-factors (4F), five-factors (5F), and six-factors (6F)
confirmatory factor analysis (CFA).

4F SF 6F
%2 952.64 612.44 560.37
df 285 283 280
P 0.000 0.000 0.000
CFI 0.87 0.95 0.96
TLI 0.86 0.94 0.95
RMSEA [90 % CI] 0.07 [0.06, 0.07] 0.05 [0.04 0.05] 0.04 [0.04 0.05]
SRMR 0.12 0.06 0.05
AIC 41347.75 41011.55 40965.48
BIC 41626.57 41298.82 41265.42
SABIC 41417.08 41082.98 41040.06

and the six-factor models were able to achieve both a good fit to the
data. The six-factor model outperformed the five-factor model on three
out of three model selection criteria (i.e., AIC, BIC, and SABIC). Lastly,
because of its consistently better performance across different indices of
fit (i.e., CFIL, TLI, RMSEA, and SRMR), the six-factor model was retained
for subsequent tests.

Concerning validity, the use of CFA yielded a six-factor solution that
fulfills both convergent and discriminant validity criteria (see [50]). In
particular, inspecting the magnitude and the statistical significance of
factor loadings connecting different observed variables (i.e., items) with
a latent variable (e.g., Cost Savings, Policy Making Legitimation, etc.)
allows for testing convergent validity, whereas correlations between
latent variables that are lower than their factor loadings provide evi-
dence for discriminant validity [50]. Factor loadings are presented in
Fig. 2, while correlations between variables are presented in Table 6.

4.3. Specific Aim 2: Validation of the scale’s factorial structure

Lines 1-6 present correlations between the BBS factors; Lines 7-12
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indicate correlations between the BBS and some variables employed in
studies on biofuel acceptance, i.e., values and subjective knowledge on
biofuel; Lines 13-16 show correlations between the BBS factors and
measures of biofuel acceptability and acceptance.

4.3.1. Convergent and discriminant validity

Correlations among factorial scores are reported: all the correlations
between factors, in absolute value, vary between 0.00 and 0.48; these
are lower than their factor loadings since among the latter the lower one
equals to. 49 on the corresponding latent variable. This outcome is proof
of convergent validity, thus providing evidence also for discriminant
validity.

Discriminant validity is accounted by the correlations of BBS factors
with Values [11]; [57] and Subjective knowledge about biofuels. As
expected, such correlations were found as non-significant or of small
magnitude, ranging from 0.06 to 0.33.

4.3.2. Predictive validity

The correlations between BBS factors and some potential dependent
variables were computed for verifying the predictive validity. The Bio-
fuels attitude components, i.e., Positive Attitude Toward Biofuels and
Biofuels Usability, showed differences in their relationship with BBS
factors. In fact, Biofuels Usability was not associated or only weakly
associated (r ranging from 0.07 to 0.27) with BBS factors, and this
suggests that the feasibility of biofuels’ usage is a different construct but
still related to beliefs about biofuels. On the other hand, the Positive
Attitude component is positively associated with BBS factors (r ranging
from 0.12 to 0.60), demonstrating a degree of association with beliefs
about biofuels from small to large. Finally, Use Intention and Socio-
Political Support Intention (components of the Acceptance scale),
were positively associated with beliefs about biofuels (r ranging from
0.11 to 0.51), showing a degree of association with beliefs about biofuels
from small to large.

5. Discussion
5.1. A standard self-report scale to measure biofuel beliefs

The goal of this study was to develop and validate a Biofuel Beliefs
Scale to measure what people think about specific technology-related
and context-related characteristics of biofuels. The outcomes of the
cross-validation analyses allow to obtain a set of distinct and reliable
factors, each of them including an acceptable number of items, in line
with Specific Aim 1. The subsequent validation procedure fulfilled the
adequacy requirements regarding convergent, discriminant, and pre-
dictive validity [50,51], consistently with the Specific Aim 2.

More in detail, a six-factor scale composed of twenty-six items that
have a stable structure and satisfactory fit indices emerged. Such factors
were respectively labeled Technology Compatibility, Emissions Sus-
tainability, Global Environmental Sustainability (for the technological
features); Local Socio-Economic Sustainability and Cost Savings (for the
market-economics contextual features); and Policy Making Legitimation
(for the administrative-policy contextual features). These dimensions
cover both aspects of the beliefs that emerged in Dessi et al. ’s (2022)
results and of beliefs identified in the literature review: i.e., on the one
side Technology aspects, and on the other side Contextual aspects,
which covers both biofuels’ economy and policy issues. More specif-
ically, Global Environmental Sustainability, Emissions Sustainability,
and Technology Compatibility concern the Technology aspects; while
Policy Making Legitimation, Costs Savings, and Local Socio-Economic
Sustainability tap into the Contextual factors macro-area. More specif-
ically, Policy Making Legitimation regards Politics and Administration,
while both Cost Savings and Local Socio-Economic Sustainability
represent Economics and Market.

The content and distinctiveness of the emerging factors embrace all
the aspects that were found by the previous scattered non-systematic
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Fig. 2. Factor loadings between items and latent variables.

Notes: policy = Policy-Making Legitimation; global = Global Environmental Sustainability; emiss = Emissions; local = Local Socio-Economic Sustainability; compat

= Technology Compatibility; costs = Cost Savings.

and poorly standardized research literature on the topic. For instance,
biofuels’ global impacts and emissions had already been examined by
Bakhtiyari et al. [42] in Iran and by Pagiaslis and Krontalis [20] in
Greece, but in both these cases using single items. Also, beliefs about
biofuels’ prices and their impact at the local level have already been
investigated [44], [46], [45]. Other studies had instead considered the
role of policymaking and the importance of economic benefits associ-
ated with the use of biofuels [43,48]. Technology Compatibility has
rarely been considered in literature, but, for instance, Milazzo et al. [36]
mention it as one of the prominent issues to deal with to ease the spread
of biofuels. Local effects of biofuels were instead previously analyzed in
a study about public acceptance of renewable energies in Germany [47].

With the present contribution, BBS is to our knowledge the first
standard multidimensional self-report scale to offer a systematic
comprehensive set of factors capable of simultaneously measuring all
the relevant beliefs regarding both technological and contextual features
of biofuels, overcoming the fragmentation highlighted above. BBS fac-
tors could be considered in future research for different purposes, such
as to test their role as drivers, or barriers, concerning acceptance, and
criteria to test the efficacy of interventions aiming to improve those
beliefs with targeted public and stakeholders. Beliefs about biofuels can
also be of fundamental importance in shaping the type of policy sub-
system (e.g., collaborative, or adversarial), and the relative balance of
power between policy coalitions that are responsible for implementing
the recent technology. As reported by Rietig [25], there is a close link
between scientific knowledge, learning, and beliefs, especially in the
field of environmental policymaking and in its relationships with eco-
nomic development-focused policies. The European Renewable Energy
Directive was dominated by political disagreements between two
polarized coalitions. There was an initial agreement on increasing the
share of renewable energies in transport that turned into conflict after
new scientific evidence emerged on the potential negative environ-
mental impacts of first-generation biofuels. As reported, beliefs can be

dynamic and could uncover pre-existing conflicts between policy-
makers. Therefore, the collaborative policy subsystem shifted to an
adversarial policy subsystem [47]. Within such scenarios, a tool like the
BBS could help to fulfill the twofold goal of measuring the beliefs
compatibility of different involved actors and, at the same time, offering
a standardized instrument to compare ideas and opinions of the different
agents of change.

Concerning Specific Aim 2, results showed that most correlations
between factors are low, ranging between 0.06 and 0.48. Thus,
discriminant validity is confirmed for all the factors. Moreover, the study
shows that, on average, beliefs about biofuels are associated with rele-
vant outcomes, such as Biofuels Acceptability (Attitudes) and Accep-
tance (Intentions), thus consistently with the predictive validity
hypothesis. However, any conclusion about BBS factors’ predictive
validity should be further tested through longitudinal studies. Similarly,
measurement invariance (on the geographical and on the temporal
scale) is yet to be tested, since the current sample was too small and
unbalanced for this kind of analysis [81].

The high number of items eliminated during the analysis needs to be
mentioned as a potential limitation of this study. More than half of the
items were removed during the analyses because they had either poor
saturation on all the factors or multiple saturations on different factors.
However, this important selection of items is not surprising considering
the exploratory nature of this study. In this sense, it is plausible that the
factor analysis technique helped to select the clearest and least ambig-
uous items included in the original pool.

5.2. Applications and future research

Research on biofuels is growing and, while there are already several
technology acceptance models, none of them seems to include psycho-
metrically reliable and valid measures of context-related and
technology-related beliefs, typically relying on ad hoc measures. In
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possible many contributions that a Social Science and Humanities (SSH)
perspective can offer to the implementation of the Directive (EU) 2018/
2001 of the European Parliament and the Council of December 11, 2018
on the promotion of the use of energy from renewable sources.

6. Conclusion

Since current technology acceptance models seem to have neglected
the role of specific beliefs, the goal of this study was to develop a tool to
measure biofuels beliefs, and, more specifically, beliefs related to the
technological features of biofuels with their social and environmental
impacts; and to the context where the biofuels would be implemented,
considering the relevant economics and politics. To reach such a goal, a
26-item scale was developed that included six factors: Policy Making
Legitimation, Emissions Sustainability, Global Environmental Sustain-
ability, Technology Compatibility, Local Socio-Economic Sustainability,
and Cost Savings.

In a recent literature review about biofuels’ public opinion in the EU
countries, Lgkke et al. [5] called for research approaches integrating
information deriving from both qualitative and quantitative data to
capture the complexity of public perception about emerging technolo-
gies (see also [82] for a similar suggestion). Consistently, the develop-
ment of the Biofuels Beliefs Scale was pursued through a mixed method
approach: item development was framed both on the results deriving
from a qualitative study based on interviews [26], and on the adaptation
of previously published surveys, reflecting a quantitative perspective.
Further studies should consider implementing this scale within existing
technology acceptance models and theories (e.g., [27,31]), to
acknowledge the role of beliefs in the social-psychological processes
driving behavioral choices towards new renewable and sustainable en-
ergy technologies. From a practical point of view, the use of BBS would
help monitor assessments in a range of promoting initiatives for better
communication about biofuels, to diffuse its use among stakeholders.
This would be particularly relevant for specific corporate stakeholders,
especially in the field of transport [82] and logistics, for which choosing
sustainable fuels is often an action of Corporate Social and Environ-
mental Responsibility. A use of BBS at the institutional level would also
allow for a better understanding of lay people’s attitudes toward bio-
fuels and, ultimately, to inform local policies, thus contributing to make
our society as more sustainable by relying on cleaner and renewable
fuels. As outlined by [84], to make biofuels more acceptable and
accepted, appropriate leveraging is needed. Often, the resistance and
skepticism toward biofuels technologies are linked to inherent

Appendices.

Appendix 1
BBS Items and their origin.
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unconvincing technology characteristics, and mistrust toward the
adoption context, as well as to some adopters’ features. Thus, BBS can
also be combined with qualitative methods, such as in-depth interviews,
focus groups, or ethnographic investigations focused on understanding
these beliefs, their underlying contexts, and their dynamic change,
which might also bring to update the tool. Additionally, BBS could play a
pivotal role in designing studies employing formative methods: for
example, within participatory workshops or deliberative polling which
could be employed to foster greater engagement and enhance knowl-
edge capacity among stakeholders.

Achieving the goal of biofuels’ adoption requires a comprehensive
approach to promote its acceptability and acceptance by also consid-
ering multiple biofuels features whose beliefs can be known and moni-
tored by appropriate standard tools such as the BBS. Similar tools could
also be developed with reference to other new renewable and sustain-
able energy technologies for the same purposes: the development of the
BBS could serve as a benchmark in this respect too.
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Item

Source (adapted from)

Technology
P2_Chem1 Biofuels burn cleaner than fossil fuels
P2_Chem 2 Biofuel technology is immature

Bakhtiyari et al. [42]
Dessi et al. [26]

P2_Chem 3 The technical production process of biofuels is more efficient than fossil fuels Dessi et al. [26]

P2_Compl Biofuel-based transport system is compatible with the fossil fuel based one
P2_Com?2 Biofuel-based storage system is compatible with the fossil fuel based one
P2_Com3 Biofuel-based distribution system is compatible with the fossil fuel based one
P2_Com4 Biofuels are incompatible with conventional engines

P2_Comb5 Existing petrol facilities are unfit for biofuels

P2 _Infrl Biofuels are the only viable renewable energy for the transport sector

P2 Infr2 A transport system based only on biofuels implies too many burdens

P2 Feed1 Biofuels are responsible for worsening food sufficiency for the Third World
P2 _Feed2 Biofuels based on food crops are sustainable

10

Dessi et al.
Dessi et al.
Dessi et al.
Dessi et al.
Dessi et al.
Dessi et al.
Dessi et al.
Krontalis and Pagiaslis [20]
Dessi et al.

[26]
[26]
[26]
[26]
[26]
[26]
[26]

[26]

(continued on next page)
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Item

Source (adapted from)

P2 _Feed3 Biofuels enable us to turn agricultural waste into energy

P2 Feed4 Biofuels based on agricultural wastes and residues threaten food and feed crops
P2_Chan1 Biofuels take up precious agricultural land

P2_Chan2 Biofuels, via indirect land use change (ILUC), cause deforestation

P2_Chan3 Current land usage affords biofuel feedstock production

P2_Chan4 Biofuel’s production is compatible with sustainable land management

P2 _Emil Increasing the share of biofuels reduces CO2 emissions

P2_Emi2 Biofuels use decreases the greenhouse gas emissions

P2_Emi3 Biofuels and fossil fuels have the same impact on air quality

P2_Env1 Biofuels have negative environmental impacts

P2_Env2 Biofuels production threaten plants and wildlife

P2_Env3 Increased use of biofuels mitigates the global warming problems

P2_Env4 Biofuels contribute to a better environment

P2_Env5 Developing biofuels poses harm to the ecosystem and environment

Context: Economy/Market

P3_Pril Biofuels are cost-effective compared to other renewable options

P3_Pri2 Biofuels increase the cost of fuel at the pump

P3_Pri3 Biofuel increases the maintenance costs of the car

P3_Pri4 The transformation of production from fossil fuels to biofuels requires a relevant capital investment
P3_Pri5 The transformation from fossil fuels to biofuels is advantageous for production companies
P3_Pri6 Biofuels costs could lead to an increase in transportation-related costs

P3_Pri7 In the long term, biofuels cost less than fossil fuels

P3_Pri8 In the short term, biofuels cost less than fossil fuels

P3_Cost1 Biofuel production leads to an increase in the price of food

P3_Cost2 When choosing among raw materials for producing biofuels, the first to be used should be those that lead to the lowest

impact on food prices
P3_Cost3 The production of biofuels has a direct increasing effect on food prices
P3_Cost4 Using biofuels decreases the price of food
P3_Ecol Biofuels hardly provide economic benefits
P3_Eco2 The government should provide more financial support to researchers and industries in developing biofuels

P3_Eco3 When choosing among raw materials for producing biofuels, the first to be used should be those that lead to the lowest

amount of agricultural subsidies
P3_Eco4 The government should provide subsidies such as tax credits to certain agricultural groups to develop biofuels
P3_Mark1 Biofuels are able to cover a significant fraction of our current fuel demand
P3_Mark2 There is a lack of selling points for biofuels
P3_Mark3 There are insufficient resources for biofuel production to match the demand
P3_Mark4 Existing service networks are good to promote biofuels implementation
P3_Loc1 Biofuel production creates more jobs at the local scale

P3_Loc2 Developing biofuels helps rural development
P3_Loc3 Biofuels can generate additional income for rural people
P3_Loc4 Growing biofuel plants reduces the quality of life in local communities

P3_Loc5 The usage of biofuels impairs local business

P3_Loc6 Biofuels have poor added value at the local level

P3_Enel Increasing production of biofuels reduces dependence on foreign oil
P3_Ene2 Use of biofuels can make local people self-reliant in energy terms

P3_Ene3 Biofuels impede local energy independence

P3_Ene4 Biofuels cannot guarantee local petroleum independency

Context: Policy/Administration

P4 _Pol1 Policies are needed for the transition from fossil fuels to biofuels

P4_Pol2 It is useless to promote biofuel international agreements and standardisation

P4_Pol3 Each country should avoid to regulate itself in the field of biofuels

P4_Pol4 Proliferation of biofuel standards leads to lower confidence among various stakeholders

P4_Pol5 An international Biofuels Sustainability Pact would be helpful in securing the sustainability of biofuels production
P4 _Pol6 A common political willingness is necessary to support specific biofuel policies

P4_Supl Political institutions should promote research in the field of biofuels

P4_Sup?2 There is no need for biofuel promotion to be done at many institutional levels

P4 _Infl There is a scarce need for information actions by companies about biofuels

P4_Inf2 The massive impact of NGOs on public opinion is crucial for biofuels

P4_Inf3 Scientists should demonstrate to the public why we need to switch to biofuels in the coming years

Bakhtiyari et al. [42]; Dessi et al.
[26]

Dessi et al. [26]
Amin et al. [43]
Dessi et al. [26]
Dessi et al. [26]
Dessi et al. [26]
Bakhtiyari et al. [42]
Gracia et al. [85]
Dessi et al. [26]
Bakhtiyari et al. [42]
Bakhtiyari et al. [42]
Bakhtiyari et al. [42]
Dessi et al. [26]
Amin et al. [43]

Dessi et al. [26]
Cacciatore et al. [44]
Gracia et al. [85]
Dessi et al. [26]
Dessi et al. [26]
Dessi et al. [26]
Dessi et al. [26]
Dessi et al. [26]
Yaghoubi et al. [46]; Bakhtiyari
et al. [42]

Skipper et al. [86]

Moula et al. [45]
Cacciatore et al. [44]
Dessi et al. [26]
Amin (2017)[43]
Skipper et al. [86]

Dragojlovic & Einsiedel [48]
Dessi et al. [26]

Dessi et al. [26]

Bakhtiyari et al. [42]

Zhang et al. [49]

Yaghoubi et al. [46]; Bakhtiyari
et al. [42]

Yaghoubi et al. [46]; Bakhtiyari
et al. [42]

Yaghoubi et al. [46]; Bakhtiyari
et al. [42]

Yaghoubi et al. [46]; Bakhtiyari
et al. [42]

Zoellner et al. [47]

Dessi et al. [26]

Bolsen & Cook (2008)
Yaghoubi et al. [46]; Bakhtiyari
et al. [42]

Dessi et al. [26]

Dessi et al. [26]

Dessi et al. [26]
Scarlat & Dallemand [41]
Scarlat & Dallemand [41]
Scarlat & Dallemand [41]
Scarlat & Dallemand [41]
Dessi et al. [26]
Dessi et al. [26]
Dessi et al. [26]
Dessi et al. [26]
Dessi et al. [26]
Dessi et al. [26]
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Appendix 2
Descriptive statistics, skewness, kurtosis, and Normality Test on all the scale’s items (n = 68).
Mean Std.dev Skewness Kurtosis Shapiro-Wilks *

P2_Cheml 5.21 1.34 —-0.78 0.33 0.9

P2_Chem_2 3.93 1.45 —-0.14 -0.63 0.95
P2 Chem_3 4.42 1.27 -0.23 0.03 0.93
P2_Compl 4.52 1.3 —0.38 0.03 0.93
P2_Comp2 4.44 1.25 —-0.22 0.06 0.93
P2_Comp3 4.55 1.25 -0.24 -0.07 0.93
P2_Comp4 4.05 1.56 —-0.09 -0.76 0.95
P2_Comp5 4.07 1.37 0.03 —0.46 0.94
P2 Infrl 3.11 1.62 0.41 -0.76 0.92
P2 Infr2 3.78 1.41 0.08 —0.36 0.95
P2 _Feedl 3.56 1.52 0.06 —0.62 0.93
P2 _Feed2 4.27 1.5 —0.32 -0.43 0.94
P2 Feed3 5.43 1.13 -0.8 1.13 0.89
P2 _Feed4 4.41 1.45 —0.22 —0.54 0.94
P2_Chanl 4.09 1.5 -0.11 -0.62 0.95
P2_Chan2 4.33 1.3 -0.11 0.14 0.92
P2_Chan3 4.32 1.05 0.14 0.87 0.88
P2_Chan4 4.54 1.26 —0.42 0.07 0.93
P2 Emil 4.97 1.28 —0.62 0.27 0.92
P2 Emi2 4.9 1.32 —-0.6 0.23 0.92
P2 Emi3 4.75 1.55 —0.54 -0.39 0.93
P2 Envl 3.78 1.48 —0.08 -0.7 0.95
P2 Env2 3.9 1.4 —-0.09 -0.5 0.95
P2 Env3 4.44 1.27 —0.34 —0.06 0.94
P2 Env4 4.95 1.2 —0.67 0.74 0.91
P2 Env5 3.66 1.38 0.05 —0.42 0.94
P3_Pril 4.4 1.26 -0.23 0.01 0.94
P3_Pri2 3.23 1.89 0.25 -1.35 0.88
P3 Pri3 2.91 1.86 0.51 -1.09 0.86
P3_Pri4 4.54 2.01 —0.81 -0.77 0.82
P3_Pri5 4.45 1.2 -0.17 0.19 0.93
P3_Pri6 3.47 2 0 —-1.53 0.86
P3 Pri7 4.94 1.34 —0.53 0.17 0.92
P3_Pri8 3.59 1.35 0.28 -0.27 0.94
P3_Costl 3.9 1.32 —-0.01 -0.12 0.94
P3_Cost2 5.1 1.33 -0.49 -0.13 0.92
P3_Cost3 4.03 1.21 —0.01 0.17 0.93
P3_Cost4 3.35 1.26 0.08 —0.08 0.92
P3_Ecol 3.52 1.29 0.26 0.01 0.94
P3 Eco2 5.3 1.33 —0.84 0.6 0.9

P3_Eco3 4.71 1.24 —0.14 —0.22 0.93
P3_Eco4 4.88 1.38 -0.6 0.13 0.92
P3_Markl 4.42 1.35 -0.39 -0.21 0.94
P3_Mark2 4.34 1.43 -0.19 —0.52 0.95
P3_Mark3 4.44 1.27 -0.2 -0.03 0.94
P3_Mark4 4.4 1.22 —0.08 —0.02 0.94
P3 Locl 4.72 1.1 —-0.23 0.45 0.91
P3 Loc2 4.72 1.14 —-0.25 0.37 0.92
P3 Loc3 4.95 1.11 —0.38 0.44 0.92
P3 Loc4 3.72 1.37 0.08 —0.33 0.94
P3_Loc5 3.56 1.26 0.14 —0.04 0.93
P3_Loc6 3.68 1.22 0.13 0.15 0.93
P3 Enel 5.25 1.22 —0.68 0.25 0.9

P3_Ene2 4.88 1.19 —0.61 0.59 0.91
P3_Ene3 3.72 1.34 0.08 —-0.41 0.95
P3 Ene4 4.39 1.23 —0.06 0.08 0.93
P4 _Poll 5.52 1.17 —1.05 1.64 0.87
P4_Pol2 3.06 1.47 0.67 -0.19 0.91
P4 _Pol3 3.65 1.47 0.28 —0.48 0.94
P4 _Pol4 3.93 1.22 -0.15 0.17 0.91
P4_Pol5 5.29 1.13 —0.65 0.66 0.9

P4_Pol6 5.41 1.12 —-0.79 0.99 0.89
P4 _Supl 5.49 1.21 -0.98 1.28 0.88
P4 _Sup2 3.2 1.43 0.51 —0.25 0.93
P4_Infl 4.11 1.5 -0.17 —0.58 0.94
P4 _Inf2 4.67 1.15 -0.23 0.54 0.91
P4 Inf3 5.69 1.25 -1.19 1.54 0.84
P4_Inf4 3.02 1.61 0.67 -0.37 0.9

Note: All Shapiro-Wilks tests are significant (p < .001).

Appendix 4. Standardized factor loadings from the Six-Factor Exploratory Structural Equation Modeling target rotation of the BBS. The full line
represents the sampled data, the dotted line represents the simulated data.
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Appendix 4Standardized factor loadings from the Six-Factor Exploratory Structural Equation Modeling target rotation of the BBS.
Item Policy Global Emiss Compat Local Costs
P4_Supl 0.81
P3_Eco2 0.7
P4_Pol6 0.7
P4 _Poll 0.68
P4 Inf3 0.62
P4_Pol5 0.61
P3_Eco4 0.55
P2 Emi2 0.83
P2 Emil 0.68
P2_Chem1l 0.50
P2_Env4 0.44
P2 _Env2 0.78
P2 Env5 0.65
P2_Chanl 0.70
P2 Envl 0.61
P2 Feedl 0.67
P2_Chan2 0.67
P2_Comp2 0.72
P2_Comp3 0.73
P2_Compl 0.62
P3_Loc5 0.70
P3_Loc4 0.55
P3_Loc6 0.49
P3_Pri6 0.67
P3_Pri2 0.62
P3_Pri3 0.51

Notes: Policy = Policy-Making Legitimation; Global = Global Environmental Sustainability; Emiss = Emissions; Local = Local Socio-Economic Sustainability;
Compat = Technology Compatibility; Costs = Cost Savings.

Data availability

Data will be made available on request.
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