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Abstract: The building sector is identified as the leading global energy consumer. Adopting energy-
efficient technology innovations has been recognised as the most promising approach to reducing
energy consumption in buildings. However, such technology adoption is considerably lacking
due to traditional techno-economic thinking, which lacks human focus. Energy culture has been
identified as a research domain that successfully overcomes the traditional techno-economic focus
of technology diffusion. However, available energy culture studies on adopting energy-efficient
technology innovations in buildings are limited to exploring specific energy cultures rather than
investigating holistic energy culture maturity, which guides incremental diffusion of energy-efficient
technology innovations. Conversely, culture maturity has been studied in other cultural research
domains such as safety cultures. Therefore, this study aims to develop an energy culture maturity
conceptual framework that provides a holistic view of energy culture maturity for adopting energy-
efficient technology innovations in buildings. The research method this study implemented was a
scoping literature review method, using Web of Science, Scopus, and Engineering Village research
databases. The findings of the study include the development of factor categorisation with 14 main
factors and 11 subfactors and the development of three energy culture maturity stages, as well as the
development of the energy culture maturity conceptual framework as the principal outcome. The
proposed conceptual framework significantly contributes to energy culture research as the pioneering
framework on energy culture maturity. The framework should be further tested and applied to find
its utility.

Keywords: energy culture; energy culture maturity; energy-efficient technology; energy-efficient
technology innovation; open innovation; eco-innovation; open eco-innovation; building; concep-
tual framework

1. Introduction

Global energy consumption has been a major contributor to greenhouse gas (GHG)
emissions [1,2]. Further, global energy consumption is projected to increase by 30 to 50% in
the next twenty-five years [3,4]. The building sector is the global leader in energy use [5–9]
and is responsible for more than one-third of the world’s energy consumption [10,11],
Yang et al. cited in [12,13]. Therefore, energy efficiency improvements in buildings can
significantly reduce global energy consumption and related GHG emissions [14–19]. Open
eco-innovations can increase the energy efficiency in buildings [19–23] throughout their
lifecycle [24,25]. According to Ruby [26], Schubert and Stadelmann [27] and Trotta [28],
increased adoption of energy-efficient technology innovations in buildings is the most
appropriate strategy to reduce energy consumption in buildings. Further, energy consump-
tion reduction through energy efficient innovations provides benefits such as reducing
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production cost, increasing compliance with regulations and facilitating sustainable de-
velopment [29]. Therefore, significant diffusion of the widely available energy-efficient
technology innovations in buildings has become essential [30,31].

However, despite the availability of various cost-effective energy-efficient technology
innovations, their adoption is not at a satisfactory level [32–37]. As a result, potential contri-
bution of buildings to reduce global energy use has not been adequately met. Furthermore,
the United Nations [38] reported a significant gap between the targeted and actual rates of
global energy efficiency improvements to achieve Sustainable Development Goal (SDG) 7.
According to SDG 7, the target is to maintain a rate of energy efficiency improvements of
at least 2.7% annually until 2030. However, the actual rate of improvement was as low
as 1.3% in 2018. Traditional techno-economic thinking, without considering the human
dimension, is one of the major obstacles that prevents the adoption of energy-efficiency
technology innovations [39,40]. Promisingly, many authors have proposed to deploy an
energy culture research approach that considers the human dimension to overcome the
traditional techno-economic focus of technology diffusion [27,39–47].

There are several energy culture studies focused on the diffusion of energy-efficient
technology innovations in buildings and similar environments, such as home heating
technologies in New Zealand [42], heat pump driers in New Zealand’s timber industry [48],
hot water systems in Australia [49], Light Emitting Diodes (LED) lighting in the United
States Navy [45], and eco-innovations in business organisations in New Zealand [50].
However, one of the major limitations of these energy culture studies is that they only
examine the details of the existing energy cultures, such as drivers and barriers for the
diffusion of energy-efficient technologies in buildings, without examining the holistic view
of energy culture maturity. At the same time, the holistic culture maturity has already
been well-established in other culture research domains, such as safety culture and guides
for cultural excellence [51–55]. In addition, existing energy management maturity studies
are also limited to areas such as energy management in organisations [56–60] and ISO
50001 energy management system (EnMS) [61–63], without focusing on energy culture
maturity. Therefore, none of the available energy research studies on energy-efficient
technology diffusion in buildings has focused on holistic energy culture maturity, which
provides the roadmap for energy culture excellence. Therefore, this study aims to take
the innovative step to develop the first energy culture maturity conceptual framework
focusing on the diffusion of energy-efficient technology innovations in buildings. The
proposed energy culture maturity conceptual framework contributes to expanding the
energy culture research domain by adding a novel branch of energy culture maturity
research. The framework can be used to assess the status of the energy culture with
respect to energy-efficient technology diffusion in buildings and contribute towards the
achievement of energy cultural excellence.

The structure of this article can be explained in a few steps. First, a background
relevant literature review on energy culture and energy culture maturity is presented. Then,
the materials and methods of the study are given, explaining the research methodology
employed. The following section, results, explains the findings, including the development
of the conceptual framework. Finally, the conclusion section provides the implications and
the further research directions of the study.

2. Background Literature
2.1. Energy Culture

Ishak [64] identified the model developed by Lutzenhiser [41] as the first attempt to
unveil energy culture as a concept. Stephenson et al. [42] also concurred that the same work
was an innovative study. However, Stephenson [46] and Stephenson et al. [42] recognised a
significant limitation of the development made by Lutzenhiser [41]; it is not a developed
theoretical model since it only describes the energy culture concept. Considering the further
advancements of the energy culture research area, Ishak [64] highlighted the development
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by Stephenson et al. [42] as the first framework that comprehensively explains the energy
culture, illustrated in Figure 1.
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According to Stephenson et al. [42], the framework was comprehensively developed
based on systems and behavioural theories. Therefore, the energy cultures approach can
resolve considerable gaps in the existing energy behaviour literature since it provides a
broader cultural identity, which is lacking in the traditional techno-economic scholarship.
Jürisoo et al. [65] also agreed on the inadequacy of existing energy-related models to
explain real-life energy behaviours and the potential of energy cultures framework to be
utilised in the multidimensional and interrelated examination of complex and multifactor
energy behaviour. Furthermore, the energy cultures framework has proven its ability to
examine energy behaviours in different contexts, from domestic buildings to firms and
industries [66].

Stephenson et al. [42] identified the three core components of the energy culture as
norms, material culture and practices. Norms are defined as the shared beliefs regarding
the behaviour of persons in a given context; material culture refers to the energy-consuming
physical elements, such as machinery; and finally, practices represent usual activities that
consume energy. Hence, energy culture can be broadly defined as the interactive energy
behaviour between a given subject’s norms, practices, and material culture [43]. The energy
behaviour of different subjects, such as individuals, households, businesses, or countries,
can be studied by examining the interaction between the three components [67,68]. Accord-
ing to Ford et al. [69], energy cultures are distinctive in different settings, such as domestic
and industrial; therefore, they impact the occupants differently. Norms impact energy
technology choices (material cultures) and energy-consuming activities (practices). Material
culture shapes energy technology utilisation, practices and norms. Furthermore, practices
control the use of energy technologies (material cultures) and partly influences attitudes,
values, and belief systems (norms) [42]. Occupants’ energy behaviour in buildings is a com-
bined effect of these three principal components that create a self-reinforcing system [64].
In addition, energy culture is shaped by external influences, which are typically beyond
the control of internal actors [70]. External influences, illustrated outside the dotted line of
Figure 1, generally include policies, regulations, energy prices, subsidies, information and
promotion campaigns and broader social norms [43].

2.2. Energy Culture Maturity Models

According to Schein and Schein [71], organisational culture matures through stages
such as founding and early growth, midlife, and maturity, which also applies to energy
culture. Therefore, energy culture maturity can be identified as the maturation journey of an
energy culture. Hence, the energy culture maturity shows different levels in the evolution of
the norms, practices, and material culture. It is essential to note how knowledge on energy
culture maturity has emerged in developing an energy culture maturity framework. The
Capability Maturity Model (CMM) developed by Paulk et al. [72] was the first recognised
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maturity model and has been widely used in the software industry [63] and was later
propagated in various fields such as engineering and construction, manufacturing, work
management, healthcare, eco-design, and mining [62]. The CMM has been adapted to
develop culture maturity models and energy maturity models. According to Paulk et al. [72],
the capability maturity model guides the establishment of cultural excellence within an
organisation. Therefore, the culture enhancement ability of CMM confirms the adaptability
for various culture maturity studies. Accordingly, there are various applications of CMM
already available, such as the safety culture maturity model [52–55,73–78], the health safety
environment culture maturity model [79], the organisation culture maturity model [80]
and the food safety culture maturity model [81]. Overall, the literature on culture maturity
models confirms the suitability of maturity models for energy culture maturity studies.
Furthermore, the existing literature on culture maturity also confirms the unavailability of
energy culture maturity studies. Apart from the culture maturity models, there are energy
maturity models developed based on the CMM in the literature. However, the energy
maturity models are in their infancy [63] due to a lack of research and practical advice on
implementation [57]. Table 1 shows a review of the available energy maturity models.

Table 1. Review on energy maturity models.

Study Details

Jin [61]

Focus ISO 50001 EnMS based maturity model with a specific focus on China

Energy-efficient technologies (EETs) Not included

Energy culture Not focused

Finnerty
et al. [56]

Focus Development of a new energy management programme for multi-site
organisations to achieve optimum efficiency within the network

EETs Included

Energy culture Not focused

Finnerty
et al. [57]

Focus Increasing energy efficiency maturity in multi-sites and the network

EETs Not included

Energy culture Not focused

Prashar [58]

Focus Pre-assessment of the maturity profile of organisations and a
personalised improvement plan for small and medium enterprises

EETs Included

Energy culture Not focused

Jovanović
et al. [62]

Focus An ISO 50001 EnMS based implementation model

EETs Not included

Energy culture Not focused

Antunes
et al. [63]

Focus Support the compliance with ISO 50001 EnMS standard

EETs Not included

Energy culture Not focused

Introna
et al. [59]

Focus Maturity assessment of the organisation’s overall
energy management

EETs Not included

Energy culture Not focused

Ngai
et al. [60]

Focus To measure and manage both energy and environmental performance

EETs Not included

Energy culture Not focused
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The studies on energy maturity models were limited to Ngai et al. [60], Antunes et al. [63],
Introna et al. [59], Jovanović and Filipović [62], Finnerty et al. [56], Finnerty et al. [46],
Prashar [47], and Jin [50], as given in Table 1. The available energy maturity models given
in Table 1 were focused on areas such as energy management in organisations [56–60] and
the ISO 50001 energy management system (EnMS) [61–63]. Only Finnerty et al. [56] and
Prashar [58] have focused on adopting energy-efficient technologies among the available
studies. Furthermore, literature on energy maturity models confirms that none of the
existing models has focused on energy culture maturity.

Overall, the suitability of the maturity models to examine energy culture maturity can
be confirmed through the existing applications in culture maturity and energy maturity,
as discussed above. Therefore, there is potential to develop an energy culture maturity
framework based on these developments. Thus, the energy maturity model developed by
Finnerty et al. [56], shown in Figure 2, was adapted to be the foundation for developing the
energy culture maturity framework in this study.
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Figure 2. Energy maturity model (Adapted from Finnerty et al. [56]).

The reason for adopting the Finnerty et al. [56] model was its strong focus on adopting
energy-efficient technologies compared to the Prashar [58] model, which focused less on
adopting energy-efficient technologies. There are five maturity levels: none or minimal,
emerging, developing, advancing, and leading in the adapted model. The five different
levels of maturity represent the status of energy efficiency. Level 1 (none or minimal)
represents the lowest level of energy maturity. Then, the maturity gradually increases
to reach the highest level (leading) at level 5. The levels between 1 and 5 represent the
roadmap for energy-efficiency enhancement [56].

3. Materials and Methods
3.1. Implementation of Scoping Literature Review Procedure

Integrating best practices within the literature has been identified as a possible way to
develop maturity models [63]. Therefore, this paper executed a scoping literature review
method that is suitable for identifying key characteristics and factors [82,83] to develop
an energy culture maturity conceptual framework using relevant energy culture studies.
The procedure proposed by O’Brien and Guckin [84] was used to carry out the scoping
literature review. The procedure consists of 10 steps based on the established Cochrane
collaboration checklist. Ten steps of the procedure successfully cover the three elements
of a research methodology: study design, conducting, and data analysis. Accordingly, the
study design is explained in step 1. Then, step 2 to step 9 explains the process of conducting
the study. Finally, the data analysis was carried out as in step 10. The steps of the procedure
and outcomes of each step are depicted in Figure 3.
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This inclusion and exclusion criteria of this research are defined on the research
question, as outlined in the first step. The inclusion and exclusion criteria and respective
justifications, which guided the relevant articles selection process, are provided in Table 2.
In the second step, appropriate keywords were developed with the support of a liaison
librarian before searching the electronic databases.

Table 2. Inclusion and exclusion criteria.

Inclusion Criteria Exclusion Criteria Justification

1 The document type was limited
only to the journal articles.

All other documents, such as
conference papers, were

not considered.

Kraus et al. [85] stressed the significance of
limiting to peer-reviewed journal articles
without grey literature to ensure quality.

2
The articles were published

between 1990 and 2020, including
both years.

The articles outside this time frame
were not considered.

According to the scholarship, the innovative
study on energy culture was published in 1992.

Therefore, 1990 was selected as the starting year
to cover all relevant research.

3
Energy culture research on
energy-efficient technology

diffusion was only included.

Other energy culture research that
did not focus on adopting

energy-efficient technologies
was excluded.

This ensured compliance with the
research question.

4
The adoption of energy-efficient

technologies in any type of
building was considered.

energy-efficient technologies
adoption outside the scope of
buildings was not considered.

Selected articles were limited to buildings since
the research focuses on that area. Furthermore,
the research problem was focused on energy

efficiency on the energy demand side. Therefore,
the adoption of renewable energy sources on the

energy supply-side was excluded.

Research on the adoption of energy
generation technologies on the

energy supply side was
not considered.

Then, the scoping review literature search was conducted using Scopus, Web of Science,
and Engineering Village electronic databases. The suitability of these databases for energy
research was recognised by Torreglosa et al. [86] and Princeton University Library [87] for
Scopus and Web of Science, and by Bue Library [88] for the Engineering Village database.
Table 3 depicts the scoping review searching summary details of the literature review.
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Table 3. Scoping review searching summary.

Database Date of Search Keywords Timespan Number of
Articles

Scopus 11 October 2020

TITLE-ABS-KEY(“energy culture*”) AND
TITLE-ABS-KEY (technolog* OR equipment* OR
machin* OR system* OR “building service*” OR
tool*) AND TITLE-ABS-KEY(adopt* OR diffus*

OR use OR acquir* OR acquis*) AND
TITLE-ABS-KEY (building* OR domestic OR

non-domestic OR “nondomestic” OR house* OR
home* OR organisation* OR organization*)

1990–2020
inclusive

19

Web of Science 11 October 2020 18

Engineering Village 11 October 2020 6

As the third step outlines, the search results from all the databases were imported to
EndnoteX9, the bibliographic software used. Before removing the duplicate articles using
EndnoteX9, in the fourth step, relevant search details were recorded to facilitate future
replications of this research. In the fifth step, 14 of the 43 articles found were identified as
duplicates and subsequently removed from the results in the bibliographic software. Then,
in the sixth step, the remaining 29 articles underwent a rigorous sorting process to identify
the relevant and irrelevant articles, utilising the inclusion and exclusion criteria. The
sorting process consisted of three steps: reading titles of articles, reviewing abstracts, and
browsing through the full article. The articles that did not meet the inclusion criteria were
recorded as irrelevant in each step. Only five articles met the inclusion criteria to qualify
as relevant articles based on the sorting process. The five articles were: Walton et al. [50],
Dew et al. [45], Gill et al. [49], Bell et al. [48] and Stephenson et al. [42]. The seventh step
included additional searching using the reference lists of the five studies screened in the
previous step to identify other articles relevant to this study. However, no other relevant
articles were found from the reference list of the five studies. Then, the eighth step included
examining the five articles to identify the level of relevancy to the research question and
were ascribed with a star rating. In addition to the relevancy examination by categorising
articles, a word cloud analysis was also performed using NVivo 12 software for the five
articles, to further understand the results’ relevancy to this study. Implementation of
the inclusion and exclusion criteria in the above steps was validated with the support of
another researcher, which was the ninth step of the protocol. The tenth and final step of
the protocol detailed the findings. This involved an in-depth investigation of the selected
articles to understand the factors of energy culture affecting the adoption of energy-efficient
technologies, the overall maturity stage of the respective energy cultures, and identification
of the maturity descriptors. Ultimately, the findings were integrated, and the energy culture
maturity conceptual framework was developed.

3.2. Validation Procedure for the Framework

The validation procedure comes after the development of the energy culture maturity
conceptual framework, in the tenth step of the scoping literature review procedure, as
detailed in Section 3.1. Then, the framework should be validated from a panel of energy
experts from a particular industry. The need for an industry-specific validation is based
on the recommendations of Stephenson, et al. [43] and Lutzenhizer [41], whose research
studies are the leading literature in the energy culture research domain. Both studies
stressed the need to specialise energy culture studies to a particular industry due to the
existence of distinctive industry-specific energy cultures. Accordingly, the framework
presented in this study should be validated for the focused industry with the support of
experts before carrying out the energy culture maturity assessment.
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4. Results

This section explains the findings of the study, where the preliminary results of word
cloud analysis are presented first. The development of the energy culture maturity con-
ceptual framework and related components follows, which is the outcome of the in-depth
analysis of the five articles. Table 4 summarises the selected five articles from the scoping
review, including contexts, energy-efficient technologies, and the types of organisations.

Table 4. Summary of the selected studies.

Articles Context
Details

EETs Type of Organisation

Walton et al. [50]
Context A (CA) Eco-innovations Business organisations located in New Zealand

Context B (CB) Eco-innovations Business organisations located in New Zealand

Dew et al. [45] Context C (CC) Light Emitting Diodes (LED) lighting Ships of the United States Navy

Gill et al. [49] Context D (CD) Solar hot water systems Domestic buildings in Australia

Bell et al. [48] Context E (CE) Heat pump dryers Timber factories in New Zealand

Stephenson
et al. [42]

Context F (CF) Heating technologies Domestic buildings in New Zealand

Context G (CG) Heating technologies Domestic buildings in New Zealand

Considering the identification of the above seven contexts from CA to CG, Wal-
ton et al. [50] and Stephenson et al. [42] consisted of two different contexts within each
study, while all the other studies are limited to single contexts. Accordingly, CA and
CB belong to Walton et al. [50], representing two different contexts of energy cultures
relating to the eco-innovation linked to the adoption of energy-efficient technologies in
New Zealand business organisations. CC refers to a study adopting LED lighting tech-
nologies in the ships of the United States Navy [45]. CD is the study conducted on the
diffusion of hot water systems in Australian domestic buildings [49]. CE presents the case
of adopting energy-efficient heat pump dryers in the timber industry in New Zealand [48].
Lastly, Stephenson et al. [42] provide two other contexts, CF and CG, regarding the adop-
tion of heating technologies in New Zealand homes before and after an energy culture
change programme.

4.1. Word Cloud Analysis of Scoping Review Results

Word cloud analysis is a visual representation tool that reviews the frequency of words
recurring in an article. The size of the words in a word cloud represents the frequency
with which the words appear in an article [89]. As a result, word cloud analysis has been
identified as a tool that analyses the relevance of an article for a given context. Figure 4
depicts the word cloud analysis developed using NVivo 12 software for the five articles
selected from the scoping review.

Firstly, “energy” and “cultures” are prominent words in the word cloud. This demon-
strates the focus on energy culture in the screened studies. Further, “using” and “technol-
ogy” are identified as two prominent words, which reveals the focus of the selected studies
on “adoption of technologies”. According to McNaught and Lam [90], word clouds enable
users to gain a preliminary understanding of the nature of the data on hand. Furthermore,
the most frequent words in this word cloud analysis show the relationship between the
scoping review results and the research aim. Therefore, the word cloud analysis results
have further confirmed the suitability of the selected articles from the scoping review for
this study. Moreover, the word cloud analysis strengthened the eighth step of the scoping
review to examine the relevancy of the results.
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4.2. Energy Culture Maturity Conceptual Framework

This section presents the development of the energy culture maturity conceptual frame-
work based on the findings of five studies representing three countries, as given in Table 4.
Even though there might be cultural differences among different countries [91–95], there are
similarities under certain conditions. In particular, there are previous studies on the cultural
similarities between the five Anglosphere countries, namely, the United States, Canada, the
United Kingdom, Australia and New Zealand [96–98]. This study’s five articles represent
three Anglosphere countries: the United States, Australia, and New Zealand. Therefore,
the suitability of the selected studies to develop the conceptual framework can be justified
due to the cultural similarities among the selected Anglosphere countries. Development of
the conceptual framework was carried out in several steps. First, the conceptual framework
components were developed, including factors and factor categorisation, energy culture
maturity stages, and energy culture maturity descriptors. Then, the conceptual framework
was developed as the study’s outcome by integrating the factor categorisation, energy
culture maturity stages, and energy culture maturity descriptors.

4.2.1. Factors and Factor Categorisation of Energy Culture

This section explains the development of the factors and factor categorisation. First,
the selected studies were analysed in depth to understand the factors of the energy culture
affecting the diffusion of energy-efficient technologies in buildings. Khan [99] defined
the factors of energy culture that promote adopting energy-efficient technologies as the
“drivers” and, conversely, the factors that limit adopting energy-efficient technologies as
the “barriers”. The selected five studies given in Table 4 have already defined drivers
and barriers of energy culture for each study. This study directly identified drivers and
barriers considering the classifications of the drivers and barriers in the selected five studies.
Accordingly, Walton et al. [50] consisted with four barriers under context A and 11 drivers
under context B. Dew et al. [45], which is identified as context C, contained seven barriers.
Five drivers were given in Gill et al. [49], which is named as context D. Bell et al. [48], as
context E, owned 11 barriers. Finally, Stephenson et al. [42] comprised of three barriers
under context F and four drivers under context G. The identified drivers and barriers are
presented in Table 5. The drivers and barriers were assigned with codes for easy reference.
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For example, for “CAD1”, CA represents the relevant context, “D” denotes the driver, and
1 represents the respective driver number. Instead of “D”, “B” is used as the coding letter
when coding barriers. Altogether, 45 factors were identified from the studies as the factors
of energy culture affecting the adoption of energy-efficient technologies. The factors have
been distributed between drivers and barriers as 20 and 25, respectively.

Further, considering the origin of the factors, the 45 factors can be categorised under
the three components of the energy culture, namely, norms, practices, and material culture.
Out of the 15 factors of Walton et al. [50], three barriers and 10 drivers were presented under
norms. Further, one barrier and one driver were identified under practices. Considering
the Dew et al. [45] study, six barriers were presented under norms and one barrier was
presented under practices out of the total of seven factors. Furthermore, Gill et al. [49]
allocated all five factors under the norms as drivers. Bell et al. [48], out of the 11 factors,
had nine barriers under norms, one barrier under practices and one barrier under material
culture. Finally, Stephenson et al. [42] presented two barriers under norms, three drivers
under norms, one barrier under material culture and one driver under material culture out
of the total of seven factors. Accordingly, altogether, 38, 4 and 3, factors were originated
from norms, practices, and material culture, respectively. Each study has shown that the
norms are the principal originator of factors, rather than practices or material culture, when
adopting energy-efficient technologies.

Then, the factor categorisation was developed as main factors and subfactors using
the identified 45 factors. The purpose of developing factor categorisation is to identify
the common factors under which to group the similar drivers or barriers. Subsequently,
factor categorisation was used to develop the final framework of this study. The factor
categorisation creates a proper structure for the factors in the final framework without
repetitions. As the first step, all 45 factors were categorised under main factors. Then,
if a further subdivision of the drivers or barriers identified under the main factors was
meaningful, the subfactors were developed under the main factors. Overall, the factor
categorisation as main factors and subfactors was carried out considering the similarities
of the identified 45 factors. Furthermore, codes were assigned for the main factors and
subfactors. For example, MF1 represents the first main factor, and SF1 represents the first
subfactor. Table 5 outlines the development of the factors and factor categorisation.

As per the factor categorisation, 14 main factors and 11 subfactors were derived by
analysing all drivers and barriers. Under norms, the main factors are attention to economic
benefits, readiness for energy-efficient technologies, prioritisation for energy-efficient tech-
nologies, energy policies and strategies, knowledge of energy-efficient technologies, green
values of owners, focus on green marketplaces, and the commitments of top management
to presence of internal politics and industry norms acceptance. Further, changing business
practices for energy-efficient technologies and acceptance of industry practices are the main
factors under practices. Then, industry material culture acceptance and availability of
energy-efficient technologies are identified as the main factors under material culture.

In addition, the subfactors were identified under the main factors. The subfactors iden-
tified under attention to economic benefits were investment return analysis and operational
cost-saving focus. Readiness for energy-efficient technologies consists of three subfactors:
whole organisation’s readiness, willingness to adopt energy-efficient technologies, and
actively seeking energy-efficient technologies. The level of acceptance of energy-efficient
technologies and priority in the procurement criteria are the two subfactors under the
prioritisation for energy-efficient technologies. In addition, supportive key performance
indicators and supportive energy policies and strategies were identified as subfactors
under energy policies and strategies. Finally, knowledge of the benefits and the suitability
of new energy-efficient technologies were identified as subfactors under knowledge of
energy-efficient technologies.
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Table 5. Factors and factor categorisation.

No Factors (Drivers (D)/Barriers (B))
Factor Categorisation

Subfactors (SF) Main Factors (MF)

Norms (N)

1 CAB1—No whole organisation approach to support the adoption of Energy Efficient
Technologies (EETs) SF1—Whole organisation’s readiness MF1—Readiness for EETs

2 CAB2—EETs are not adopted considering energy efficiency mostly but due to other factors SF2—Level of acceptance MF2—Prioritisation for EETs

3 CAB3—Poor monitoring of investment return that is limited to the simple payback period SF3—Investment return analysis MF3—Attention to economic benefits

4 CBD1—Established approaches in whole organisation for energy-efficiency enhancement
driven by knowledge and learning SF1—Whole organisation’s readiness MF1—Readiness for EETs

5 CBD2—Well-established energy policy and planning is available. SF4—Supportive energy policy and strategies MF4—Energy Policy and strategies

6 CBD3—Energy-efficient thinking is firmly embedded into norms of the whole organisation SF1—Whole organisation’s readiness MF1—Readiness for EETs

7 CBD4—KPIs with a rewarding system for employees to promote EETs. Thus, employees
develop capabilities that lead to competitive advantage, which is hard to imitate SF5—Supportive KPIs MF4—Energy Policy and strategies

8 CBD5—High employee commitment to become energy efficient SF1—Whole organisation’s readiness MF1—Readiness for EETs

9 CBD6—Employees are developing capabilities on energy efficiency through learning. SF6—Knowledge of benefits MF5—Knowledge of EETs

10 CBD7—Organisation has clearly realised the potential cost savings of energy efficiency SF7—Operational cost-saving focus MF3—Attention to economic benefits

11 CBD8—Owners have strong green values that continually shape the business direction and
strategies. Therefore, EETs are the usual choice of organisations to meet the green values. Not available (n/a) MF6—Green values of owners

12 CBD9—Organisation focuses on a customer base that seeks environmental sustainability n/a MF7—Focus on a green marketplace

13 CBD10—Organisation even seeks for external energy experts when required SF8—Active seeking for EETs MF1—Readiness for EETs

14 CCB4—Lack of support from top management because energy efficiency is not
their priority n/a MF8—Top management commitment

15 CCB5—Failure to see a clear link between the adoption of EETs and sustainability SF6—Knowledge of benefits MF5—Knowledge of EETs

16 CCB6—Less attention from top management on issues of energy inefficient technologies SF6—Knowledge of benefits MF5—Knowledge of EETs

17 CCB7—Identifying potential energy saving as an intangible benefit by the
top management. n/a MF8—Top management commitment

18 CCB8—Disagreements for EETs due to internal politics in the top management. n/a MF9—Presence of internal politics

19 CCB9—Energy efficiency is not considered in evaluation criteria for technology adoption. SF9—Priority in procurement criteria MF2—Prioritisation for EETs
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Table 5. Cont.

No Factors (Drivers (D)/Barriers (B))
Factor Categorisation

Subfactors (SF) Main Factors (MF)

20 CDD11—Availability of financial savings of EETs adoption SF7—Operational cost-saving focus MF3—Attention to economic benefits

21 CDD12—User satisfaction on environmental benefits of energy savings SF6—Knowledge of benefits MF5—Knowledge of EETs

22 CDD13—Thinking to lead by example for energy savings n/a MF6—Green values of owners

23 CDD14—Willingness to reduce the energy consumption in buildings SF7—Operational cost-saving focus MF3—Attention to economic benefits

24 CDD15—Actively seeking ways of increasing the energy efficiency SF8—Active seeking for EETs MF1—Readiness for EETs

25 CEB10—Misbelief on advantages of energy inefficient technologies which is not realistic SF6—Knowledge of benefits MF5—Knowledge of EETs

26 CEB11—Energy inefficient technologies are the choice of both large and growing firms SF6—Knowledge of benefits MF5—knowledge of EETs

27 CEB12—Misbelief on EETs as highly energy consuming SF6—Knowledge of benefits MF5—Knowledge of EETs

28 CEB13—Strategies for profits is reaching the niche markets and not the energy
cost reduction SF7—Operational cost-saving focus MF10—Attention to economic benefits

29 CEB14—Strong acceptance for energy-inefficient technologies by the firm management n/a MF8—Top management commitment

30 CEB15—Misbelief in energy-inefficient technologies as most suitable for core business
than EETs SF10—Suitability of new EETs MF5—knowledge of EETs

31 CEB16—Belief in firms that energy-inefficient technologies as the industry standard SF10—Suitability of new EETs MF5—knowledge of EETs

32 CEB17—Considering EETs as only suitable technologies for smaller firms SF10— Suitability of new EETs MF5—knowledge of EETs

33 CEB18—Strong industry norms for accepting energy-inefficient technologies n/a MF11—Industry norms acceptance

34 CFB19—Lack of energy literacy SF6—Knowledge of benefits MF5—Knowledge of EETs

35 CFB20—Lack of awareness on global and local essentiality for improved energy efficiency SF6—Knowledge of benefits MF5—Knowledge of EETs

36 CGD16—Improved energy literacy SF6—Knowledge of benefits MF5—Knowledge of EETs

37 CGD17—Improved awareness on global and local essentiality for energy efficiency SF6—Knowledge of benefits MF5—Knowledge of EETs

38 CGD18—Readiness to accept the EETs when available SF11—Willingness for EETs MF1—Readiness for EETs

Practices (P)

39 CAB21—Organisation is not ready to change current practices to adopt EETs n/a MF12—changing business practices
for EETs

40 CBD19—Organisation changes current business practices to adopt EETs and develop new
competencies required for that. n/a MF12—changing business practices

for EETs
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Table 5. Cont.

No Factors (Drivers (D)/Barriers (B))
Factor Categorisation

Subfactors (SF) Main Factors (MF)

41 CCB22—Operational decision-making delays when replacing EETs n/a MF12—changing business practices
for EETs

42 CEB23—Strong research and technical support for inefficient technologies than EETs n/a MF13—industry practices acceptance

Material culture (MC)

43 CEB24—Energy inefficient technologies has been well implemented in the industry n/a MF14—Industry MC acceptance

44 CFB25—Existence of the well-established energy-inefficient technologies n/a MF15—Availability of EETs

45 CGD20—Availability of the EETs up to some extent n/a MF15—Availability of EETs
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4.2.2. Energy Culture Maturity Stages

As previously mentioned, this study adapted Finnerty et al.’s [56] energy maturity
model with five maturity levels. However, it was challenging to identify the energy culture
maturity for five maturity levels due to limited literature. Therefore, this study had to
modify the Finnerty et al. [56] model with five maturity levels to be operationalised while
keeping the original structure. Accordingly, a framework with three energy culture maturity
stages was developed based on the original maturity model. The development of the three
stages is illustrated in Figure 5. The three-staged maturity design covers the five maturity
levels of the Finnerty et al. [56] model, where Stage 1 represents Level 1, Stage 2 represents
Level 2, 3 and 4, and Stage 3 represents Level 5.
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Then, the energy cultures of seven contexts given in Table 4 were grouped into the
three energy culture maturity stages, considering the energy culture’s overall support
for adopting energy-efficient technologies. Energy culture’s overall support ranged from
the energy cultures that strongly prevent adopting energy-efficient technologies to the
energy cultures that exceedingly support adopting energy-efficient technologies in the
seven contexts. Accordingly, CA, CC, CE, and CF contexts could be identified as the energy
cultures that strongly prevent adopting energy-efficient technologies due to significant
resistance from the energy culture. Therefore, those contexts were categorised for Stage 1.
Then, CB could be identified as an energy culture that remarkably supports adopting
energy-efficient technologies due to intense drivers in energy culture to adopt energy-
efficient technologies. CB energy culture demonstrates a world-class example of energy
culture excellence. Therefore, CB, categorised as Stage 3, was the topmost stage of the
energy culture maturity. As the remaining contexts, CD and CG represented some drive for
adopting energy-efficient technologies. However, there is room for further improvement
of the energy culture to reach the energy culture excellence of Stage 3. Therefore, CD and
CG were placed under the Stage 2 energy culture maturity, between Stage 1 and Stage 3.
Figure 6 depicts the grouping of seven contexts of the selected five studies under three
energy culture maturity stages.
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4.2.3. Energy Culture Maturity Stage Descriptors

The third element of the energy culture maturity conceptual framework requires estab-
lishing different maturity stage descriptors for each maturity stage against the previously
developed factor categorisation in Table 5. The maturity descriptors are the descriptions
of energy culture in the different maturity stages against the available factor categories.
Antunes et al. [63] proposed developing maturity descriptors using best practices found
in the literature. This study also incorporated a similar approach to developing energy
culture maturity descriptors for the three stages. The drivers and the barriers identified
for the seven contexts in Table 5 best describe the energy culture features in given contexts.
For instance, drivers in CB presents the best practices of excellent energy cultures, whereas
barriers in CC show the factors of an energy culture that has obstructed adopting energy-
efficient technologies. Hence, this study uses the drivers and barriers from seven contexts
to develop the energy culture maturity descriptors. Accordingly, maturity descriptors were
developed for all three stages, including some projections when direct drivers or barriers
were not clearly available. Accordingly, each subfactor in the factor categorisation owns
maturity descriptors for all three maturity stages. When there is no subfactor, the main
factor directly relates to the maturity descriptor.

4.2.4. Development of the Energy Culture Maturity Conceptual Framework

Ultimately, the development of the energy culture maturity framework integrates
previous findings under factor categorisation, energy culture maturity stages and energy
culture maturity descriptors. Accordingly, Figure 7 and Table 6 jointly present the de-
veloped energy culture maturity conceptual framework by integrating previous findings.
Figure 7 depicts the integration of the three-staged energy culture maturity. Each stage
represents the interaction between norms (N), practices (P), and material culture (M) as the
three components of energy culture. This relationship is illustrated using two-way arrows
that connect each of the components. The framework’s maturity moves from Stage 1, the
lowest energy culture maturity, to Stage 3, the topmost energy culture maturity. The green
arrows illustrate the possible trajectory of energy culture maturity towards energy culture
excellence. The three stages of energy culture maturity are defined below, considering the
overall support of energy culture for adopting energy-efficient technologies.

1. Stage 1 (S1): Energy cultures that obstruct the adoption of energy-efficient technologies.
2. Stage 2 (S2): Energy cultures that support the adoption of energy-efficient technologies

to some extent. There is still room for improvement in terms of reaching energy
culture excellence.

3. Stage 3 (S3): Energy cultures that support at the best level for adopting energy-
efficient technologies.

Table 6 outlines a detailed integration of the energy culture maturity conceptual
framework in the form of a matrix table consisting of factor categorisations presented in
rows and energy culture maturity stages outlined in columns. The factor categorisation’s
main factors or subfactors link with the respective maturity descriptors under three stages.
Furthermore, the three maturity stages vertically distribute the maturity descriptors of each
stage. Thus, the maturity descriptors are shared by the factor categorisations and the three
maturity stages to form the energy culture maturity conceptual framework.

The conceptual framework elaborates norms, practices, and material culture. The
norms section of the framework consists of 10 main factors, such as the green values
of owners, top management commitments, energy policies and strategies, a focus on
a green marketplace, knowledge of energy-efficient technologies, readiness for energy-
efficient technologies, attention to economic benefits, prioritisation of energy-efficient
technologies, presence of internal politics, and industry norms acceptance. Moreover,
the practices section comprises two main factors: changing business practices for energy-
efficient technologies and industry practices acceptance. Lastly, the material culture section
includes the availability of energy-efficient technologies and industry material cultures
acceptance as the two main factors. In addition, all 11 subfactors belong to the norms section.
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The subfactors include investment return analysis, operational cost savings focus, whole
organisation readiness for energy-efficient technologies, willingness for energy-efficient
technologies, actively seeking energy-efficient technologies, levels of acceptance for energy-
efficient technologies, energy priorities in procurement criteria, supportive key performance
indicators, supportive energy policies and strategies, knowledge on benefits of energy-
efficient technologies, and the suitability of new energy-efficient technologies. Furthermore,
the energy culture maturity descriptors of a given main factor or subfactor explain its
maturity in the three stages. Overall, the conceptual framework outlines the structure to
assess the energy culture maturity in three stages against the factors and subfactors.
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Table 6. Factors and maturity stage descriptors of the framework.

Factor Categorisation Energy Culture Maturity Stages and Descriptors

Main Factors Subfactors Stage 01
(None or Minimal)

Stage 02
(Emerging, Developing or Advancing)

Stage 03
(Leading)

Norms

Green values
of owners n/a Owners do not have green values that promote

the adoption of EETs.

Green values of owners may range from the
basic level to a level where it has been
advanced. However, there is room
for improvement.

Owners have strong green values that
continually shape the direction of the business.
As a result, EETs are the usual choice of
the organisation.

Top management
commitment n/a Top management undervalues energy saving as

an intangible benefit.

Top management commitment is available to
adopt EETs to some extent, but this fluctuates
from low to high. It requires
further improvement.

Top management always identifies the need for
the adoption of EETs. Therefore, they commit
to the adoption of EETs.

Energy policy
and strategies

Supportive policy
and strategies No energy policies and strategies are available.

Energy policies and strategies are available.
However, the implementation mechanisms
require improvement.

Well-established energy policies and strategies
are available. Policies are always supported
with an implementation mechanism.

Supportive KPIs KPIs are not available to support the adoption
of EETs.

KPIs relating to the adoption of EETs are
available. However, there is no robust incentive
system, and the employees do not always
follow KPIs.

Availability of KPIs to promote EETs and
incentive systems is available for achievements.
Employees always undertake the KPIs.

Focus on a
green marketplace n/a The organisation does not seek a

green marketplace.

The organisation integrates environmental
sustainability to attract customers. There is no
sole focus on a green marketplace

The organisation always approaches green
marketplaces with a customer base that seeks
environmental sustainability

Knowledge of
benefits of EETs

The organisation lacks knowledge on the
potential energy saving of EETs and the
drawbacks of available
energy-inefficient technologies.

The organisation knows the benefits of the
EETs. Knowledge needs to be further improved.
Less dependency on external energy experts.

Employees have sound knowledge of EETs and
actively develop capabilities around energy
efficiency through learning. The organisation
seeks external energy experts when required.Knowledge

on EETs
suitability of
new EETs

Lack of knowledge on the suitability of new
EETs for core business and scale of organisation.
Therefore, suitable ETTs are not adopted.

The organisation has some knowledge of the
suitability of new EETs for the core business
and the scale. However, there is a need for
further advancement of knowledge.

The organisation is adequately knowledgeable
about the suitability of new EETs for the core
business and scale of the business.
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Table 6. Cont.

Factor Categorisation Energy Culture Maturity Stages and Descriptors

Main Factors Subfactors Stage 01
(None or Minimal)

Stage 02
(Emerging, Developing or Advancing)

Stage 03
(Leading)

Willingness
for EETs No or minimum willingness for adopting EETs. Willingness for adopting EETs is available up

to some extent.
Willingness for adopting EETs is excellent and
always visible

Readiness for EETs Active seeking
for EETs Not actively seeking EETs. Active seeking is available for EETs up to some

extent. Still, further improvements are needed. Active seeking for EETs is always available.

Whole
organisation’s
readiness

No whole organisation approach for the
adoption of EETs.

There is evidence for the whole organisation’s
support for adopting EETs based on employee
commitment, knowledge, and competencies.
However, it requires further improvement.

Energy-efficient thinking is embedded into
organisational norms. Whole organisation
readiness with high employee commitment for
EETs is clearly visible. Employees consistently
learn capabilities for EETs, which is hard to
imitate. As a result, the organisation gains a
competitive advantage.

Operational
cost-saving focus

Possible operational cost savings by the
adoption of EETs is not considered.

The possibility for operational cost savings by
adopting EETs is considered. However, the area
needs further improvements.

The organisation has clearly realised the
potential of optimum cost savings by
adopting EETs.

Attention to
economic benefits

Investment return
analysis

The investment return is poorly monitored and
limited to simple payback period.

Further to the simple payback period analysis,
the organisation implements other effective
investment analysis methods to some extent.

Further to the simple payback period analysis
of EETs, the organisation consistently
implements other effective investment
analysis methods

Prioritisation
for EETs

Priority in
procurement
criteria

Energy efficiency is not considered in the
procurement criteria for technologies.

Energy efficiency is prioritised in the
procurement criteria up to some extent.

Energy efficiency is strongly considered in the
procurement criteria.

Level of acceptance

Strong acceptance for inefficient technologies
despite the drawbacks and necessity of EETs
not being believed. EETs are adopted due to
reasons other than energy efficiency.

The organisation may accept both EETs and
energy inefficient technologies. The acceptance
of EETs may not be believed to be a
necessity sometimes.

Adoption of EETs is always believed as a
necessity. Energy-inefficient technologies are
not accepted at all.

Internal politics
presence n/a EETs are rejected due to the internal politics of

the employees.
EETs are adopted to some extent despite the
internal politics of the employees.

EETs are always adopted despite the internal
politics of the employees.

Industry norms
acceptance n/a

The organisation accepts energy-inefficient
industry norms but not energy-efficient
industry norms.

The organisation may accept both inefficient
and efficient industry norms.

The organisation always accepts
energy-efficient industry norms. On the other
hand, inefficient industry norms are
never accepted.
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Table 6. Cont.

Factor Categorisation Energy Culture Maturity Stages and Descriptors

Main Factors Subfactors Stage 01
(None or Minimal)

Stage 02
(Emerging, Developing or Advancing)

Stage 03
(Leading)

Practices

Changing business
practices for EETs n/a EETs that require alterations in current business

practices are not adopted.

The organisation is ready to change its business
practices by adopting some EETs. There may be
resistance and operational
decision-making delays.

The organisation constantly changes their
business practices by developing new
capabilities and competencies around EETs.
There is no resistance or operational
decision-making delays.

Industry practices
acceptance n/a

The organisation accepts energy-inefficient
industry practices but not energy-efficient
industry practices.

The organisation may occasionally accept both
inefficient and efficient practices of
their industry.

The organisation always accepts
energy-efficient industry practices. Inefficient
industry practices are never accepted.

Material Culture

EETs Availability n/a No or minimum EETs are available in
the building.

EETs are available up to some extent in the
building.

Most of the available EETs have been adopted
in the building.

Industry material
culture acceptance n/a Inefficient material cultures in the industry are

accepted, but efficient material cultures are not.

The organisation may occasionally accept both
inefficient and efficient material cultures of the
industry.

Energy-efficient material cultures at the
industry level are always accepted. Inefficient
material cultures are never accepted.

The background colours of three maturity stages changes from light green to dark green. Green colour getting more darker reflects the increase of the maturity.
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5. Conclusions

As evidenced by the existing literature, an energy culture maturity framework is
absent. Therefore, this study contributed to developing the first energy culture maturity
conceptual framework on adopting energy-efficient technology innovations. This pio-
neering framework has significantly contributed to the scientific literature by adding a
three-staged energy culture maturity conceptual framework to the energy culture research
area, which can be identified as a novel contribution.

To date, the existing energy culture scholarship has not focused on holistic energy
culture maturity and has not provided an energy culture roadmap for adopting energy-
efficient technology innovations in buildings. This framework can be used to understand
the current maturity status and provide a roadmap for reaching energy culture excellence,
which continually improves the adoption of energy-efficient technology innovations in
buildings. Furthermore, the proposed framework also provides policy implications. The
framework can be used by the energy policy-related regulatory bodies to assess the energy
culture maturity of different industries and organisations within industries. As a result
of such a maturity assessment at the organisational or industrial level, benchmarking
and baselining ability are acquired by the regulatory bodies as well as the organisations.
Accordingly, the energy regulatory bodies can use the framework as a roadmap to guide
organisations to achieve higher maturity levels, towards energy cultural excellence. Hence,
the overall result increases the diffusion of energy-efficient technology innovations that
support the demand-side management-related policy deployments.

Development of this framework was solely based on a scoping literature review and
was limited to three maturity stages due to the limited literature, compared to the widely
available maturity models with five maturity levels. As a result of this limitation, the
framework’s ability to provide the energy culture maturity assessment results will be
limited to three stages. However, this limitation may not be a major obstacle to using
the proposed framework since there are other scientific maturity models in the literature
that are also limited to three levels. Further, the energy culture articles considered when
developing the framework were limited to three Anglosphere countries. Hence, further
empirical studies should be conducted based on the different countries and organisations
to add additional scholarly value to this research area. Currently, an ongoing study is
exploring the energy culture maturity of the textile and apparel industry in a developing
country. Therefore, it would be fruitful to further research by empirically applying this
novel framework to establish the energy culture maturity research approach.
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