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Abstract
Energy efficiency enhancement research on buildings has identified the necessity to focus on energy behaviour
without limiting to the technical domain. In the energy behaviour research, energy culture has been identified as a
comprehensive approach to examine energy efficiency in buildings which can subsume the important elements of
the energy behaviour including technology and economics. The energy culture research approach driven by the
empirical Energy Cultures Framework is relatively novel. Research on the status of application of the Energy
Culture Framework is rare relating to buildings. Therefore, this literature review aims to examine the evolution of
the energy culture research with a special focus on buildings and Energy Cultures Framework to examine the status
of the current application. The literature review occupied a systematic review based on Web of Science (WOS)
database. The results of the systematic review demonstrated an incremental trend in energy culture research in recent
years in terms of the number of articles and citations. Usage of the framework evidenced in several contexts.
However, a considerable amount of further research opportunities has been identified in different contexts of energy
culture including households, organisations, industries, communities, and countries.
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1. Introduction
There is a potential to increase the energy consumption of the world by 30% - 50% in the next twenty-five years
(Gerarden, Newell & Stavins, 2017). The world energy use has impacted adversely to increase of carbon dioxide
emissions which is a major environmental problems (International Energy Agency (IEA) 2018) and the emissions
are predicted to increase in the future as well (IEA 2012). Buildings have become the largest energy consumer
among the various users of the global energy (Wagner, O’Brien & Dong 2018). In this context, it is possible to
achieve considerable savings in world energy use by promoting the energy efficiency in buildings. As a result of the
improved energy efficiency, the buildings will reduce the negative impacts on the environment (Ruby 2015;
Schubert, & Stadelmann 2015; Trotta 2018).Gaetani, Hoes and Hensen (2016) explain the current background of the
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building designing, where envelops and the services are optimised, wide availability of energy efficient technologies
and tighter performance standards, the impact of occupants’ behaviour on the energy performance has become a
significant. Further, Wagner, O’Brien and Dong (2018) have identified the occupant’s energy behaviour as one of
the most important factors with the current trend to design and operate energy efficient workplaces. Ishak (2017)
also support the idea by highlighting the significance of human factor for the energy performance in buildings.
Dunlop (2019) stressed, that the energy efficiency cannot be identified as only a technical matter due to the
involvement of the social and cultural factors. Lutzenhiser (1992) stressed that previous research is not
comprehensive enough where the energy behaviour studies has been isolated into specific domains such as
engineering, psychology, sociology, anthropology and economics. Further, Stern, Sovacool and Dietz (2016)
explained the effect of social forces including the culture for the energy use by controlling several factors including
the technology. Lutzenhiser (1992) and Stern et al (2016) argued the need for a comprehensive approach to examine
the energy behaviour, which can subsume the engineering, physical, environmental, sociology, health, psychology
and economics domains relating to energy research. Further, Fowler et al. (2017) has also argued that the energy
research should expand to examine the relationship between culture and energy rather than simplifying as only a
technical domain. In this background, unveiling of the energy culture model by Lutzenhiser (1992) can be identified
as an approach which can subsume deferent domains of energy research.
Ishak (2017) and Stephenson et al. (2010) identified the energy culture model by Lutzenhiser (1992) was the pioneer
development of the energy culture research domain. However, Stephenson et al. (2010) and Stephenson (2018)
criticised a major limitation of the first energy culture model as the limitation to a description of the energy culture
concept without being a theoretical model. Stephenson et al. (2010) was able to overcome the mentioned limitation
of the energy culture model of Lutzenhiser (1992) by developing the empirical energy cultures framework based on
the several years of research. The energy cultures framework adapted based on Stephenson et al. (2010) and
Stephenson et al. (2015) is depicted in the Figure 1. According to Stephenson et al. (2010) and Stephenson et al.
(2015) the energy culture is constructed of three components called norms, practices, and material culture. The three
components are interactive and impact on each other. The external influences are shown outside the energy culture
boundary which is given in dashed lines. External influences include the external forces that can impact the energy
culture of an entity.

Figure 1: energy cultures framework
(Adapted based on Stephenson et al., 2015 & Stephenson et al., 2010)
Energy behaviour of individuals, households, business, or a country can be studied by examining the interaction
between these three components (Stephenson, et al., 2015). Further, Ford et al. (2017) stated that norms, material
culture and practices are distinctive in different energy cultures such as domestic or industrial and impact on energy
behaviour of occupants. The components are highly interactive and impacts on each other. Norms impact energy
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technology choices (material culture) and energy related activities (practices). Material culture contributes to shape
energy technology utilisation practices (practices) and the norms relating to the technology use (norms). Further,
practices control uses of energy technologies (material culture) and partly influence the attitudes, values, and belief
system (norms) (Stephenson, et al., 2010). Occupants’ energy behaviour in buildings is a combination of these three
principal components which act together to create a self-reinforcing system (Ishak, 2017). Table 1 depicts the
interpretations given for the components of the energy culture in various studies. Stephenson et al. (2010), Ford et
al. (2017) and Ambrosio-Albala et al. (2019) represents research on energy culture in the domestic buildings and
Dew et al. (2017) and Bell et al. (2014) denotes non-domestic environments. However, it was observed that the
interpretations are not contradictory as they share the same overall concept. Only thing is the form of norms,
material culture and practices are shaped as per the context of either domestic buildings or complex non-domestic
buildings.
Table 1: Interpretations for the components of energy culture
Research
Stephenson
et al. (2010)
Ford et al.
(2017)

Norms
attitudes, values, belief
System, understandings
Expectations and
aspirations

AmbrosioAlbalá,
Upham, and
Bale, (2019)
Dew et al.
(2017)
Bell et al.
(2014)

attitudes, values and
beliefs
specific professional
norms
mental models of what is
normal or appropriate

Material culture
a technical system

Energy practices
activities, processes

Physical artefacts including
buildings, infrastructure,
appliances, and other technologies
Energy objects, technologies and
physical aspects

everyday actions, acquisition
of material objects

distinctive material culture

long-institutionalized
practices
energy-using activities

physical technologies and
infrastructure

everyday actions (both
routinized and less frequent)

According to Stephenson et al. (2015), the popularity of the energy cultures framework has been increasing in
different areas of energy research such as energy transitions, energy behaviour of households, energy behaviour in
transport sector, energy behaviour in the industries and non-domestic buildings and etc. Further, author confirms
that, despite the various applications of the framework, still there is a strong need to carry out further research on the
potential application of the framework in various fields due to the relative novelty of the energy cultures framework.
Considering the existing research on energy culture, there is a lack of studies to review the application of the energy
cultures framework specific to the buildings where most of the global energy is consumed (Wagner, O’Brien &
Dong 2018). Therefore, the aim of this paper is to examine the evolution of the energy cultures framework in the
energy culture research relating to buildings with specific focus on the status of application and further research
possibilities.

2. Research Methodology
The overall study plans to examine the current status of the application of the energy cultures framework in the
energy behaviour relating to buildings. Existing research on the mentioned scope should be reviewed to carry out
this examination. Therefore, a systematic review using databases is appropriate to review the exiting research in the
area. The systematic review of this research was conducted using the Web of Science (WOS) data base. Time
period considered for the WOS data base search was 20 years from 2000 to 2019. Under the selection of the
available databases, “all databases” option was utilised which included Web of Science Core Collection, BIOSIS
Citation Index, Current Contents Connect, KCI-Korean Journal Database, MEDLINE®, Russian Science Citation
Index, SciELO Citation Index and Zoological Record databases. Then, a title search was selected which include
search in several areas including titles, abstracts and keywords of the articles. The results were further refined by
limiting the search only to the “articles” under the type of documents. The database search was conducted in three
steps each consisted with unique set of keywords which is given in the table 1. Accordingly, step 1 covered all the
energy culture related results and then it further refined in step 2 to exclude the non-building related results. In the
step 3 results were further filtered to represent the buildings related research conducted using the energy cultures
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framework. Results of the step 3 were reviewed in detail by going through all the articles to check the relevance of
the results. Results which found be outside the scope of buildings were removed from the detailed analysis. Articles
found to be relevant for the detailed analysis were studied further to find the key areas of the application of the
energy cultures framework and the further research possibilities available.

3. Results
Results of the review are divided according to the 3 steps. The number of articles result was gradually reduced when
moving from step 1 to step 3. This was due to the addition of further keywords to refine the focus of the search.
Table 2 depicts three steps of the systematic review search conducted using WOS with respective keywords and
numbers of resulted articles.
Table 2: Systematic review details
Step

Key words

Number
of articles
51

1

"energy culture*"

2

"energy culture*" AND "domestic building*" OR home* OR house*
OR housing OR building*

17

3

"energy culture*" AND "domestic building*" OR home* OR house*
OR housing OR building* AND "energy culture* framework"

08

3.1. Overview of the Energy Culture Research
Step 1 search used "energy culture*" as the only keyword which resulted in 51 articles. However, when examining
the results in detail, it was evidenced a representation of different research domains some of which are not relevant
to the energy behaviour in buildings. Results of the search illustrated in the tree diagram given in the Figure 2,
which shows areas in which energy culture research have been conducted. Publications count of each area is also
given in the boxes where environmental science, energy fuels and engineering areas are leading, respectively. The
results proved that energy culture studies are not only carried out relating buildings due to the representation of
wider research domains.

Figure 2: Energy culture research areas
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The figure 3 illustrates total annual publications on research based on energy culture. As per the time period
considered in the search, energy culture research publications first observed in 2008. Since then, there has been a
gradual development of the research with some fluctuations over the time. Publication trend on the energy culture
research has been increasing considerably in the recent years. This may be due to the increased attention of
researchers for this area. Further, the development of the energy cultures framework by Stephenson et al. (2010) can
also be resulted for the increase of the research since it provided a strong theoretical underpinning for the energy
culture research domain.

Figure 3: Total annual publications on energy culture

3.2. Energy Culture and Buildings
Results of the section 3.1 evidenced the use of energy culture research domain in multiple disciplines. Therefore, the
results cannot be utilised to purely represent the buildings. The search was then further refined based on the step 2
keywords as given in the table 1. Results of the step 2 depict in the figure 4 which illustrate the number of articles
published relating to the research on energy culture in buildings. There were 17 articles reported in the refined results
in which the first article reported in 2009.Trend of publications was similar to the results of the Figure 3, where it is
also gradually increasing in the recent 5 years with some fluctuations. The reasons behind this gradual development
can also be identified as the increase of the popularity of the research area over the time and the development of the
energy cultures framework.

Figure 4: Annual publications based on energy culture and buildings

3.3. Evolution of the Energy Cultures Framework and Buildings
Results relating to the evolution of the empirical energy cultures framework for research in buildings based on the
step 3 criteria of the Table 3 are explained in this section.
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3.3.1. Results of the Systematic Review
As the final step of the systematic review, search results of step 2 were further refined to find the publications based
on the Energy Cultures Framework which is the latest development of the energy culture research. Figure 5 and 6
represent results relating to number of annual publications and number of citations based on WOS search. As per the
results of Figure 5, first publication based on the energy cultures framework has taken place in 2010 which is the
pioneer research that developed the Energy Cultures Framework by the Stephenson et al. (2010). Number of
publications were limited to 8 which show lack of research based on buildings. The reason for the lack of
publications based on the framework may be due to the relative novelty of the framework in the energy behaviour
research. However, when it comes to the citations based on the framework which is depicted in Figure 6, it has
shown a sharp growth over the period starting from 2011. Rapid increase of the citations based on the framework
shows the increasing popularity of the framework in the energy behaviour research community with respect to
buildings.

Figure 5: Annual publications

Figure 6: Sum of times cited by year

The results of the review were reviewed in detail by going through the full paper to verify the relevance for the
search scope. As a result, it was found that one of the articles was not relating to buildings. Therefore, it was
removed from the list and the remaining seven (7) articles were reviewed to find key areas of the application of the
framework and the related further research possibilities.

3.3.2. Discussion on Applications of the Energy Cultures Framework
Summary of the results of detailed review conducted on relevant seven (7) articles is given in the Table 3 which
identifies the scope and key areas of utilisation of the Energy Cultures Framework in the research relating to
buildings. Selected Seven (7) articles represent the period between 2010 and 2019 including both years and arranged
in the chronological order. The first article published in 2010 is the pioneer research which introduced the energy
cultures framework. The supportive case studies for the model development represent household and timber industry
cases in the New Zealand context only. The framework has been proposed to be used in the interdisciplinary
research, energy efficiency and behaviour change. Further, review based on the framework has been conducted in
2015 which has further developed in areas of utilisation in addition to the 2010 initial framework. Ishak can be
identified as the leading author in the framework related research in buildings where the author has contributed with
Three (03) publications in 2015, 2016 and 2017. These three articles were focused on assessment of the energy
consumption behaviour based on survey analysis. However, there were limitations of application such as only
focussed on Malaysian context and to university students at public universities. Then, the research by AmbrosioAlbalá, Upham and Bale (2019) can be identified as a work based on the energy technology acceptance, which is
limited to energy storage technologies, and conducted based on household and community levels in the United
Kingdom. The other research conducted in 2019 is relating to energy transitions which is limited household cooking
energy in Zambia.

3.3.3. Discussion on Further Research Possibilities
This research paper discusses further research opportunities based on the seven (7) articles given in the table 1.
Further research opportunities have been categorised into four (4) groups based on the research areas and authors.
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The articles by Stephenson (article 1 and 2): Group 1, articles by Ishak (article 3, 4, and 5): Group 2, article by
Ambrosio-Albalá (article 6) Group 3 and article by Jürisoo (article 7): Group 4 for a meaningful interpretation of the
further research areas.
Table 3: Summary of the key areas of the utilisation of energy cultures framework
No

Context and scope

Key areas of the utilisation

Research

1

• Household and timber
industry
• New Zealand context
• Application and
conceptual development
of the framework
• In multiple cultures
(individuals,
communities, industries
and countries)

• As a platform for interdisciplinary research
• Energy efficiency enhancement
• Ways of achieving the behaviour change
• Further to Stephenson, et al. (2010)
• Multi-level energy cultures and segmentation
• Combined application with other behaviour concepts
• Communication mechanism for policy making and
industries
• Identification of energy interventions
• Data analysis support framework
• Assessment of the energy consumption behaviour
• Determining energy use patterns and investigate the
factors that affect the pattern

Stephenson,
et al. (2010)

• Assessing energy consumption behaviour
• Determining energy saving based on four types of
energy use among students as 'high', 'low', ‘medium’
and 'conserve' determined

Ishak et al.
(2016)

• Assessment of the energy consumption behaviour
• Based on five factors represent the energy culture
framework as education, building regulation, social
marketing, environmental concern and direct factors
• Evaluation of the difference between predicted
energy consumption and actual
• Acceptance of the household and community level
energy storage technologies

Ishak
(2017)

2

3

4

5

6

7

• Public university
• Students’ energy
consumption
• Malaysian context
• Public university
• Student focused
• Malaysian context
• Public universities
(student accommodations)
• Malaysian context

• Acceptance energy
storage technologies
• Household and
community scale.
• United Kingdom context
• Energy transitions
• Household cooking
• Zambian context

• Energy transitions of households’ energy
consumption with the special attention to energy use
for cooking

Stephenson,
et al. (2015)

Ishak et al.
(2015)

AmbrosioAlbalá,
Upham and
Bale (2019)
Jürisoo et
al. (2019)

Group 1 articles have focussed on the introduction, development, and interpretation of the Energy Cultures
Framework by the authors who introduced the framework. As discussed in the previous section, Stephenson et al.
(2010) is limited in application household and timber industry. Therefore, there is a possibility to conduct further
research on other types of buildings and on different types of disciplines where the nature of the culture is different
according to Stephenson et al. (2010). Further, that work is limited to the New Zealand context which invites for
further research based on different countries since the energy culture shapes differently in different communities and
climate conditions. Further, Stephenson et al. (2010) has proposed the potential research on policy & regulation
development and for energy suppliers to explore different behavioural groups in their customer group of potential
customers. On the other hand, Stephenson et al. (2015) also highlighted the requirement to conduct further research
to confirm the applicability of the framework as an explanatory model for different energy behaviour perspectives
for the self-advancement of the framework. Further, it has been invited to carry out research to explore behaviour by
integrating the Energy Cultures Framework with different behaviour theories for the advancement of framework.
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Group 2 articles (article number 4, 5 and 6) were authored by Ishak as first author and represent the Malaysian
context with the special focus on assessing the energy consumption behaviour of students at the public universities.
The contextual limitation of the scope of this research itself invites for further research. Ishak et al. (2015) stated
limitation of the research as it is focussed only to categorise the energy consumption pattern of students and showed
potential expansion as energy saving studies and energy consumer characteristics studies in the same context.
Further, the need has been highlighted to investigate the broader range of universities since it is limited to one
university and it is invited to develop an energy consumption behaviour model which can categorise different energy
consumption patterns of students. However, these things can be further tested in the different energy cultural
contexts as well. Ishak et al. (2016) also stated potential to analyse the characteristics of energy consumption
patterns of the university students in detail and developing a forecasting model of the energy consumption behaviour
patterns for the context. Ishak (2017) has developed an energy consumption prediction model and tested in the
university and further, highlighted the potential of testing the same model in the university hostel buildings to reveal
the potential energy saving. There is a potential of testing developing and testing such models in the other energy
cultural contexts as well.
Group 3 is based on the research on material culture-based energy storage technology acceptance in the household
and communities in the United Kingdom. That highlights the potential of examining the cross-national research for
the same. The Group 4 represents energy transitions research which is limited to household cooking related energy
culture in the Zambia. Since the cooking related energy cultures are different based on countries in terms of the
technologies, norms and the practise, there is a potential to investigate the same in different countries.

4. Conclusion
Energy culture is an evolving research domain in the energy behaviour research. This review aimed to find the
evolution of the energy culture research. According to the findings, energy culture research could be identified in
several other research areas outside energy research on buildings. Energy culture related research has started to gain
the popularity in buildings in the recent past according to the systematic review results. Further, utilisation of the
Energy Cultures Framework in the energy behaviour research relating to buildings also has been increasing over the
time which evidence based on the increased number of articles published and the increase of the citation in the area.
Considering the current scope of the published research, it can be identified a representation of limited areas under
household, industrial, community and countries categories. Further, the framework has been utilised in several key
areas relating to buildings such as energy efficiency enhancement, a platform for interdisciplinary research, policy
and regulation development, achievement of energy behavioural change, enablers of the energy behaviour change,
identification of levels of energy cultures, platform to study energy transitions, an energy behaviour assessment tool
and a tool to compare the actual and predicted energy consumption. However, there is a considerable amount of
potential further research opportunities. The nature of the energy culture is sensitive to the heterogeneous nature of
the different energy cultures such as households, organisations, industries, communities and countries. Therefore,
the research findings of a particular context might not be generalised to another context and this invites specific
research in different contextual backgrounds such as different countries, communities, organisations, and
households. Overall, as the Energy Cultures Framework is relatively novel and still the applications have been
evolving. lack of research in the area was evidenced due to this novelty. However, since the framework has been
identified as a comprehensive platform to carry out energy behaviour research, expansion in future research is
potential in a wider range.
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