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Given the escalating global energy consumption and the concurrent economic and energy crises, 
energy-saving behaviour must be adopted on a large scale. Universities that are energy-intensive 
institutions should be one of the institutions where energy-saving behaviour is widely adopted. 
Academics devote a substantial portion of their time to their offices, which leads to increased energy 
usage. However, no study has investigated academics’ energy-saving behaviours in the literature. 
Most studies focus on students or employees in various organizations. Our study tries to cover the gap 
by examining the energy-saving behaviour of academics in four countries (Romania, Bulgaria, Turkey, 
and Slovakia) based on the expanded Theory of Planned Behaviour. A questionnaire was distributed 
to 228 academics from the four countries to gather data. The research hypotheses were tested using 
partial least squares structural equation modelling. The findings show that individual factors (attitude 
and perceived behaviour control) influence the energy-saving intention of academics but not the 
organisational factors due to the weak identification with their universities. The study offers valuable 
insights for policymakers seeking to promote energy-saving programs in academic institutions. The 
academics can be seen as role models for their students which emphasizes the need to study more 
their sustainable behaviours.

Keywords  Energy-saving behaviour, Energy-saving intention, Organisational factors, Organisational 
identification, Organisational climate, Organisational support

Abbreviations
ATT	� Attitude Toward Behaviour
AVE	� Average Variance Extracted
CR	� Composite Reliability
ESB	� Energy Saving Behaviour
ESI	� Energy Saving Intention
EC	� Environmental Concern
EK	� Environmental Knowledge
OC	� Organisational Climate
OI	� Organisational Identification
OS	� Organisational Support
PBC	� Perceived Behavioural Control
SN	� Subjective Norms

1Department of Management, Marketing and Business Administration, Faculty of Economics and Business 
Administration, University of Craiova, 200585 Craiova, Romania. 2Career Planning Application and Research 
Center, Adana Alparslan Türkeş Science and Technology University, 46278 Adana, Turkey. 3Department of Physics, 
Faculty of Sciences, University of Craiova, Craiova, Romania. 4Department of Physics, Faculty of Natural Sciences, 
Matej Bel University, 97401 Banská Bystrica, Slovakia. 5Department of Educational Technologies, Faculty of Physics 
and Technology, University of Plovdiv Paisii Hilendarski, 4000 Plovdiv, Bulgaria. 6Energy Systems Engineering, 
Engineering Faculty, Adana Alparslan Türkeş Science and Technology University, 46278 Adana, Turkey. 7Department 
of Building Engineering, Energy Systems and Sustainability Science, University of Gävle, 801 76 Gävle, Sweden. 
email: arman.ameen@hig.se

OPEN

Scientific Reports |         (2025) 15:2772 1| https://doi.org/10.1038/s41598-025-86795-1

www.nature.com/scientificreports

http://www.nature.com/scientificreports
http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-025-86795-1&domain=pdf&date_stamp=2025-1-22


TPB	� Theory of Planned Behaviour
VIF	� Variance Inflation Factor

The concept of energy grew significantly in Europe through the European Green Deal. Numerous European 
research initiatives are underway to transition towards a more environmentally sustainable energy system. 
A key objective of these studies is to enhance energy efficiency in industry and buildings1. Furthermore, the 
repercussions of the energy crisis that plagued Europe in 2021 persist today. The energy crisis, characterised 
by escalating energy prices and market instability, remains a significant cause for apprehension2. These 
factors contribute to the growing prevalence and implementation of terminologies such as reducing energy 
consumption, energy efficiency, and energy-saving behaviour (ESB). The impact of energy consumption on 
economic and social progress and the enhancement of quality of life is of great significance3. As a result, the 
significance of energy savings has progressively heightened. Implementing energy-saving measures is crucial for 
promoting economic and social progress and maintaining a sustainable environment4.

Furthermore, saving energy offers substantial advantages to individuals and organizations4. Plus, with the 
advantages of energy saving, debates exist around its implementation. While some individuals argue that energy 
saving is an expensive endeavour, others contend that it may be accomplished through simple means. Although 
energy-saving may involve using expensive components, individuals can also adopt straightforward daily 
practices, such as switching off lights upon exiting a room, to save energy5. For instance, in an organizational 
setting, individuals can significantly contribute to saving energy by implementing simple actions. The energy-
efficient actions of individuals in the workplace reduce air pollution and carbon emissions6.

Since organizations and their employees are widely recognised as significant consumers of global energy 
resources, it is imperative to advocate for the adoption of energy-efficient practices within large organizations7. 
Educational buildings, as one type of large organizations, contribute notably to energy consumption and can 
exhibit inefficient energy usage patterns8. Universities are known as prominent institutions that consume a 
substantial quantity of energy globally9. University World News10 reports a significant surge in energy costs for 
universities across Europe, emphasising the need for both public authorities and higher education institutions to 
respond. This news indicates that universities are currently facing an energy crisis. According to the University 
World News10, the National Association of French Universities would face an additional expense of €100 million 
in 2022. A study on the electricity consumption of the University of Castilla-La Mancha in Spain, specifically 
focusing on electricity consumption in universities, revealed that the electricity consumed fluctuates monthly. 
The highest recorded electricity consumption, in July, was 303,795 kWh11. These reports and studies indicate 
that universities are among the significant institutions requiring examination regarding energy consumption. 
Thus, it is imperative to conduct investigations that delve into the origins of energy consumption.

A crucial aspect that constitutes attention is the proactive involvement of individuals in energy consumption. 
Energy usage is significantly impacted by individual consumption. Even if this topic is extensively studied in the 
general population and various organizations, there is a research gap in studying the energy-saving behavior of 
academics in higher education institutions. Another element of the research gap that was identified is related to 
studies for academics’ sustainable behavior in universities from several countries. Most previous studies included 
only students in their research samples9,12–15. Several papers incorporate both students and university employees 
in their samples16–18. The results show that academics’ energy-saving behavior has not been studied exclusively. 
Performing energy-saving research at universities is a cost-effective method that may reduce carbon emissions. 
The literature evaluation reveals that academics as a sample are rarely studied, and that the studies mostly employ 
students. Academics frequently spend a substantial amount of time in their offices, deeply engaged in numerous 
tasks and duties19. The fact that they spend a significant amount of time in their offices may be closely related 
to their energy use and may directly affect this situation. In light of the limited studies focusing exclusively on 
academics, this research aims to examine their energy consumption patterns. Furthermore, no research has 
analysed academics’ environmental attitudes, intentions, and behaviors in European countries. The present 
study seeks to address this gap in the existing body of research. The theoretical implications of our research 
refer to the opportunity for other researchers to look more into the academics’ behavior for energy saving in 
universities from different countries, considering the position of these professionals as role models for the 
younger generations they are interacting with. The practical implications consider the usefulness of our findings 
because they can shape the strategic decisions of policymakers in universities, generating multiple changes in the 
way academics perceive the importance of adopting sustainable behaviors in universities.

Moreover, the studies defined psychological, social, socio-demographic, and situational factors as predictors 
of ESB20,21. However, it should be noted that organizational factors might also impact individuals’ willingness 
to save energy in addition to these other aspects. For instance, an individual’s pro-environmental actions 
are correlated positively with their sense of belonging to the company22. Also, organizational support (OS) 
significantly affected whether people were willing to save energy at work23. Furthermore, one of the key factors 
influencing environmental behavior is a sense of belonging24. Such aspects must be looked at in the context 
of organizational considerations. Additionally, the promotion of energy-saving studies in public institutions 
is demonstrated to depend heavily on organizational behavior. It contributes to developing the organizational 
climate (OC) regarding interdepartmental relationships and the institution’s favourable perception of energy 
savings25. The challenge of energy saving is influenced by organizational factors such as bottom-up energy-
saving strategies, the culture of energy conservation, and comparative energy feedback among departments26.

The Theory of Planned Behavior (TPB) model is widely used for pro-environmental behavior18,27–29. The 
components that define intention and turn it into behavior, corresponding to the TPB model, include attitude 
toward behavior (ATT), subjective norms (SN), and perceived behavioral control (PBC)30. The TPB approach, as 
previously employed, lacks consideration for organizational factors. It is considered reasonable to adopt the TPB 
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as the fundamental theoretical framework in this study for comprehending the ESB of academics by extending 
the TPB model with organizational factors.

This study contributes to the existing literature on ESB in different ways. Previous research on ESB has 
predominantly centred around students, with limited emphasis on academics. The study used academics as the 
sample population. Additionally, it is worth noting that previous research on ESB has primarily concentrated 
on examining the factors that influence intention, utilising the TPB model. The present study incorporated 
environmental concern (EC) and environmental knowledge (EK) as additional variables into the model and 
subsequently examined their impact on attitude. The study employed the extended TPB model to investigate 
organizational factors for the first time. The study demonstrated the academics’ environmental attitudes, 
intentions, and behaviors in four European countries.

Starting from the literature gap on studies addressing exclusively the academics’ energy-saving behavior 
in universities, this research focused on several objectives of identifying: the knowledge of academics towards 
environmental matters and their interest and concern in adopting more sustainable behaviors; their intention 
to adopt such behaviors; the influence of subjective and organizational factors in their decisions; their general 
attitudes towards these issues and the control they feel they have in making their decisions. The originality of 
this research consists of applying an extended model of the Theory of Planned Behavior for a category that has 
not been extensively studied. To achieve this, partial least squares structural equation modeling was employed, 
incorporating the variables of the extended TPB model as constructs.

The following outlines the paper’s structure: Section 2 studies pertinent content and creates the conceptual 
framework. Section 3 describes the survey’s design, the procedure for gathering the data, and the method used 
for data analysis. In Section 4 the results are presented, and Section 5 addresses and highlights findings and 
consequences. The final section concludes and outlines possible future directions.

Literature review
The Theory of Planned Behavior is commonly employed in research to examine the relationship between 
individuals’ behavioural intentions and their subsequent actual behavior18,31–33. Attitude toward behavior, 
subjective norms, and perceived behavioral control influence behavioral intention, determining the actual 
behavior30. As pro-environmental workplace behaviors have grown in popularity, studies have employed the 
original or expanded TPB models to predict energy-saving actions32. This study extends the TPB model by 
including organizational factors in addition to the three fundamental factors used to predict behavioral intention.

Environmental concern
The concept of environmental concern pertains to an individual’s level of awareness and consciousness of 
environmental issues, as well as their degree of support for efforts to address these issues34. It describes the 
extent of individuals’ tendency to acknowledge and endorse the solutions to ecological issues35. The level of 
environmental concern is predictive of individuals’ willingness to engage in pro-environmental practices36. 
Dunlap and Jones34 mention the need to integrate environmental issues in organizations, considering the role 
environmental interest plays from a sociological point of view. Ru et al.6 studied the impact of environmental 
concern on the attitudes toward energy-saving behavior among employees in several Chinese companies, with 
their findings revealing a positive correlation between the variables. The following hypothesis was developed 
starting from the literature review and the Theory of Planned Behavior: H1: Environmental concern has a 
significant influence on the attitudes toward energy-saving behavior.

Environmental knowledge
Environmental knowledge has been viewed as a fundamental understanding of the facts, concepts, and 
relationships pertaining to the natural settings and the surroundings37. It strongly influences pro-environmental 
behavior38. Individuals with a high level of EK have been considered to have a favourable and high attitude 
toward behavior for saving energy. Previous research has demonstrated a statistically significant and consistent 
correlation between EK and ATT39–41. Fryxell and Lo37 show that environmental knowledge has an important 
impact on the attitudes of managers to initiate a specific behavior. Li et al.41 studied the impact of environmental 
knowledge on the attitudes of individuals in a household to buy more eco-friendly appliances for their homes. 
The literature shows significant relationships between EK and ATT which impacts individual decisions to 
adopt a specific behavior. Based on these findings and the TPB model, a second hypothesis was developed: H2: 
Environmental knowledge has a significant influence on the attitudes toward energy-saving behavior.

Attitudes toward energy-saving behavior
Attitudes play a significant role in determining an individual’s behavioral intentions. If an individual has a 
favourable attitude toward energy-saving behavior, the likelihood of engaging in that behavior will be high30. It 
has been suggested that individuals with a favourable attitude towards saving energy, recognising its significance 
in mitigating air pollution and promoting a sustainable environment are more likely to exhibit a stronger 
inclination toward engaging in energy-saving behavior6. Employees’ ESB depends on their attitudes42. Xie et 
al.42explain the positive correlation between these two variables from a psychological perspective, emphasizing 
the importance of understanding it in order to implement effective strategies in an organizational context. 
Research findings have demonstrated a statistically significant correlation between attitudes and intention33,42,43. 
Fatoki43 validated the positive relationship between these variables in a study focused on the willingness of 
employees to save energy at the office. Therefore, it is hypothesised that individuals with a favourable attitude 
toward energy savings will have higher energy-saving intentions. Considering the relevant literature and the 
TPB model,  a third hypothesis was developed: H3: Attitudes toward energy-saving behavior have a significant 
influence on energy-saving intentions.
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Perceived behavior control
Perceived behavior control refers to an individual’s subjective assessment of the level of ease or difficulty 
associated with engaging in a certain behavior30. It plays a significant role in shaping an individual’s intention 
to engage in energy-saving intentions (ESI). ESI is influenced by a favourable sense of behavioral control. This 
is because people frequently have no control over things like cost, time, skills, etc44. Individuals who possess 
self-control, experience a sense of autonomy within their work settings, and possess the requisite information, 
skills, and time related to saving energy are more likely to exhibit a desire to save energy. Previous studies have 
indicated a statistically significant correlation between PBC and intention33,42,45. Ajzen30 researched the TPB and 
identified that PBC is a predictor for the intention of engaging in a specific behavior. Ru et al.44 found that PBC 
was the most important predictor for energy-saving intentions. The literature review on the TPB model and its 
application to environmental issues formed the development of the fourth research hypothesis: H4: Perceived 
behavior control has a significant influence on energy-saving intention.

Subjective norms
According to Ajzen30, subjective norms refer to an individual’s perception of the beliefs held by others about their 
actions. The behavioral intentions of individuals can be influenced by the opinions and judgments of significant 
individuals within their social circle46. If an individual perceives that their colleagues and management within 
their immediate surroundings expect them to save energy, they may demonstrate a willingness to act accordingly. 
Several studies have found a statistically significant correlation between SN and intention28,33,42,45,47,48. Ly and 
Ly28identified that subjective norms are an important factor that impacts the intention of employees to save 
energy at work. Chen45 found that both attitudes and subjective norms are significant predictors of the intention 
of people to reduce their carbon footprint and thus mitigate climate change. The application of the TPB model 
in the literature guided the formulation of the fifth hypothesis: H5: Subjective norms have a significant influence 
on energy-saving intentions.

Organizational factors
Social Exchange Theory is a significant theoretical framework employed in the examination of employee 
behaviors49. The relationship between employees and organizations can be conceptualised as a social exchange 
relationship. Organizations facilitate the process of social change by acknowledging and appreciating the 
contributions made by their employees to the overall functioning of the business. Consequently, employees 
reciprocate by exhibiting behavior that aligns with the organization’s expectations and objectives50. Presumably, 
energy-saving behavior can be considered a social exchange. If organizational identification (OI) and organiztional 
support (OS) exhibit high levels, and if organizational climate (OC) is positive for pro-environmental behaviors, 
then it is more probable that employees will engage in energy-saving behaviors.

Once an appropriate indication of intention has been discovered, it will yield the most accurate behavior 
prediction30. Hence, it is imperative to investigate the various aspects that could potentially influence intention 
on a broad scale. Organizational factors may also influence the ESI and ESB of individuals in the workplace. In 
this study, OI, OC, and OS variables are examined as organizational factors.

Organization identification refers to a psychological attachment whereby individuals absorb the distinguishing 
attributes of the organization as their defining attributes51. A favourable correlation exists between employees’ 
level of identification with the organization and their engagement in environmentally friendly behaviors22. Shah 
et al.22found a positive correlation between the employees’ identification with their organizations engaging in 
corporate social responsibility projects and their intention to be more eco-friendly. A study revealed that OI 
has a positive impact on ESI18. Heib et al.18 studied the correlation for a sample consisting of both students 
and employees of universities in Germany and found a positive relationship, but they emphasised that it was 
weaker than that between subjective norms and intention. Another study by Leygue et al.52 demonstrated a 
significant relationship between OI and ESI. It is proposed that the greater an individual’s identification with 
the organisation, the greater their ESI. These studies led to the development of the sixth hypothesis related to 
the extended TPB model: H6: Organizational intention has a significant influence on energy-saving intention.

Organizational climate addresses individuals’ perception of the psychologically significant elements within 
the work environment. It has been proven that OC can impact employees’ behavior in the workplace53. OC is 
acknowledged as a crucial situational factor that impacts employee attitudes54. The findings of a study show that 
the establishment of an electricity-saving environment within an organization is likely to result in employees 
developing a favourable attitude toward saving electricity and actively engaging in such endeavours55. Studies 
showed that organizational electricity-saving climate positively affected electricity-saving intention56,57. Fatoki56 
applied an extended TPB model by adding organization climate among the factors that influence significantly 
the energy-saving intention of employees. Wu et al.57 found a positive correlation between organizational 
climate and the employees’ intention to save electricity at work. Another study conducted by Lo et al.58 examined 
energy-saving behavior within the context of an organization across four distinct organizations. The findings 
revealed notable variations in the four behaviors among these organizations. This disparity may arise from 
variations in the OC among various organizations. Therefore, it is imperative to investigate the impact of the OC 
variable on intentions and behaviors related to saving energy. Therefore, if the OC in the workplace encourages 
pro-environmental behaviors and develops policies to support them, it is anticipated that the employees will be 
influenced by this climate. It is expected that individuals in organizations with a pro-environmental climate will 
have ESI. These studies contributed to the development of the seventh hypothesis: H7: Organizational climate 
has a significant influence on energy-saving intention.

Organizational support corresponds to the employees’ perception of the extent to which the organization 
places significance on their efforts and demonstrates concern for their overall well-being50. According to a 
study conducted by Xu et al.23, there was a notable primary impact of OS on the willingness to save energy in 
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the workplace. The provision of management support is a crucial element within the framework of OS23. The 
studies showed that the top management has a favourable correlation with the ESB59and ESI60. Nguyen and 
Tran60studied the role played by managers in determining a higher intention from their employees to behave in a 
more sustainable way at work and thus protect the environment. The results showed a positive correlation which 
is useful for policymakers in organizations. Accordingly, it is believed that high organizational support will result 
in a high energy-saving intention. Considering the studies on the extended TPB23,59,60, the eighth hypothesis was 
established: H8: Organizational support has a significant influence on energy-saving intention.

Energy saving intention
The likelihood of individuals engaging in energy-saving behavior is positively correlated with their intentions 
to execute such behaviors61. It has been demonstrated that behavioral intention is a significant predictor of 
actual behavior62. The actual ESB of individuals within the workplace was significantly influenced by behavioral 
intention63. Arya and Chaturvedi33validated the hypothesis according to which the intention to save energy 
leads to the actual behavior which emphasized the need to start from developing employees’ intentions in the 
organizations where they work. The existing literature demonstrates a statistically substantial and consistent 
correlation between ESI and ESB, as evidenced by many studies18,33,43,48. Starting from previous studies on the 
TPB model and their findings, the ninth hypothesis was developed: H9: Energy-saving intention has a significant 
influence on energy-saving behavior.

A statistically significant positive relationship exists between organizational support and energy-saving 
intentions23; organizational support and energy-saving behaviors64; organizational identification and energy-
saving intentions18  and organisational identification and environmentally friendly behaviors22. There is a 
marginally significant relationship between organisational electricity-saving climate and electricity-saving 
behavior65 and a significant correlation between organisational electricity-saving climate and electricity-saving 
intention56. Accordingly, the existing literature suggests that there are correlations between the variables, 
addressing the fact that ESI plays a significant role in mediating these correlations. Wang and Zhang48 
emphasized the positive impact of energy-saving intention on the students’ energy-saving behavior, noting 
that this relationship is strengthened by organisational factors in their universities. With the addition of the 
specified variables, it is anticipated that the coefficient of the effect of energy-saving intentions on energy-saving 
behaviors might decrease or disappear. On this basis and considering the extended TPB model which includes 
organisational factors, the following three hypotheses were developed: H10: Energy saving intention mediates 
the effect of organisational identification on energy saving behavior; H11: Energy saving intention mediates the 
effect of organizational climate on energy saving behavior; and H12: Energy saving intention mediates the effect 
of organizational support on energy saving behavior.

After carefully reviewing the literature on the topic of energy-saving behavior of academics by searching 
Google Scholar, Scopus and Web of Science, the authors identified that there is a lack of studies that address 
this target group. Most studies were on employees in general or on students, and some of them addressed both 
students and employees in universities. Another gap identified was the lack of studies focused on more countries, 
most of them being focused on only one country. Addressing these research gaps, this study investigates the 
energy-saving behavior of academics in four countries through the application of an extended TPB model. 
Academics are recognized not only as employees within educational institutions but also as influential role 
models for their students.

Methodology
The scales were drawn and revised from previous studies. A fully anchored, five-point Likert-type rating scale 
(1 = Strongly disagree to 5 = Strongly agree) was used in the study for all items. EK was measured using four items 
adapted from Wang et al.66and Hamzah and Tanwir67. OS was assessed with the help of four items modified from 
Xu et al.23 and Xie et al.42. The items related to each construct are listed in Table 1 and the proposed model is 
shown in Fig. 1.

The researchers gathered primary data utilising the convenience sampling technique. Quantitative data was 
collected using a questionnaire method from academics in Turkey, Romania, Bulgaria, and Slovakia. Participants 
were chosen based on their availability and ease of access. The project members from participating countries 
collected the data from their countries via online form. Thus, the participants of the study consisted of 228 
academics.

Results
The survey was disseminated online to academics in four countries: Romania, Slovakia, Turkey, and Bulgaria. 
Compared to other university employees, academics were chosen to be the target group of this study because they 
shape future generations’ minds, attitudes, beliefs and habits, representing models for students. Four universities 
from four different countries worked together in an Erasmus + project. The project was the framework to 
apply the survey and to work together. The project team received 228 valid questionnaires with the following 
distribution: 35.5% from Romania, 23.2% from Bulgaria, 22.4% from Turkey and 18.9% from Slovakia. 57% of 
the respondents were women; regarding their distribution by age, most of them were between 40 and 49 years 
old (32%), followed by those between 31 and 39 years old (27.2%), between 50 and 59 (24.6%).

Table 2shows the outer loadings and variance inflation factor (VIF) for the items in the model. Outer loadings 
between 0.5 and 0.7 are acceptable, and those above 0.7 show high reliability; meanwhile, VIF values below 5 
do not pose collinearity issues between the model variables70. It was noticed that ESB5 (I prefer to walk short 
distances) and ESB6 (I prefer to travel by public transport) have their outer loadings below 0.5. These items 
demonstrate a poor correlation with the factor and are insignificant in explaining it, so the authors decided to 
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remove them from the proposed model. This could be attributed to different cultural contexts within the sample. 
Thus, the model changes, as shown in Fig. 2.

Table 3 shows that Cronbach’s alpha and Composite Reliability (CR) are higher than 0.7, and the Average 
Variance Extracted (AVE) is above 0.5 for all constructs in the model, which indicates the high reliability and 
validity of the proposed model. For the discriminant validity, the Fornell-Larcker criterion is shown in Table 4. It 
can be seen that the values in the main diagonal of Table 4 are higher than the ones in the same column, showing 
that the variables are different enough between them.

The authors applied the bootstrapping test to test the hypotheses, and the results are depicted in Table 5.
Only four hypotheses were validated: H1, H3, H4, and H9, because only for them, t values above 1.96 and 

p values below 0.05, and the confidence intervals bias corrected do not include zero. The other hypotheses 
measuring a direct effect (H2, H5-H8) or an indirect effect of mediation (H10-H12) which were not validated.

Constructs Items

OI
Mael and Ashforth68

When someone criticises my organization, it feels like a personal insult.

I am very interested in what others think about my organization.

When I talk about this organization, I usually say ‘we’ rather than ‘they.’

The organization’s successes are my successes.

When someone praises this organization, it feels like a personal compliment.

If a story in the media criticised the organization, I would feel embarrassed.

PBC
I think that I am capable of saving energy in my daily life.

I have the knowledge and skills to save energy in my daily life.

Ru et al.44 Whether or not to save energy is completely up to me.

ESI I am willing to save energy in my daily life.

Ru et al.44 I intend to engage in energy-saving activities in my daily life.
I will make an effort to save energy in my daily life.

SN My colleagues think that I should save energy in my organization.

My managers think that I should save energy in my organization.

Gao et al.31 The high-level management team would want me to save energy in my company.

OC Others who are important to me have participated in energy-saving behavior.

My organization encourages energy saving.

My organization puts much value on energy saving.

My organization is concerned with becoming more environmentally friendly.

I regularly see messages about energy saving on social media.

Tang et al.69 I regularly see energy-saving messages in newspapers, television, and other media.

ATT I think saving energy in my daily life is helpful in protecting the environment.

I think saving energy in my daily life is important to reduce carbon emissions.

I think saving energy in my daily life is valuable in alleviating energy shortage issues.

Wang and Zhang48 I think saving energy in my daily life is a wise action.

EC I think human beings should protect the environment.

I am concerned about air pollution.

I am concerned about the haze problem.

Ru et al.6 I am worried about climate change.

EK I am very knowledgeable about environmental issues.

Compared to the average person, I am more familiar with issues related to the environment.

Hamzah and Tanwir67; Wang et al.66 I know energy-saving methods well.
I know much about the energy-saving tips in daily life.

OS I have heard about saving energy or improving energy efficiency from my manager/supervisor, or my colleagues.

Our organization incentivises energy-saving or energy-efficiency behaviors.

The organization often organises activities that encourage employees to take energy-saving behaviors, including 
lectures, training, and knowledge contests.

Xu et al.23; Xie et al.42 The organization integrates energy-saving elements into the layout of the office environment by posting slogans, 
tips, and other methods.

ESB When I am at work in my office, I turn off the lights when going out, even for a short time.

I reduce the use of the fan/air conditioning by opening the windows.

I switch off the computer when it is not used.

I turn off the lights when the sunshine is bright enough.

I prefer to walk short distances.

Zhang et al.65; Arya and Chaturvedi33 I prefer to travel by public transport.

Table 1.  The constructs and items of the model.
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Discussion
The objective of this study was to examine the factors that exert influence on the ESB of academics. To do this, 
a theoretical framework, the TPB model, is constructed and verified, incorporating organizational factors. The 
findings are presented and discussed in the context of other studies that researched similar variables of the 
model.

H1was validated, showing that the impact of EC on ATT is strong (0.511), and the academics preoccupied 
with environmental issues also have specific attitudes oriented towards protecting the environment and 
reducing their carbon footprint. Other studies showed a positive correlation between environmental concern 
and attitudes6,41,46. Chen and Tung46 researched the impact of EC on attitudes toward eco-friendly hotels and 
found a direct and positive relationship. Thus, they acknowledge that environmentally conscious individuals 
exhibit a favourable disposition toward saving energy. H2was not validated, and the results show that the impact 
is relatively weak (0.114). In our case, knowing environmental aspects does not inherently mean someone will 
change their attitudes. Some authors identified a positive correlation40, meanwhile others emphasized the impact 
of culture on the relationship between EK and ATT71. Barber et al.38 also made the distinction between actual 
knowledge and the respondents’ self-assessment regarding knowing. The authors point out that real knowledge 
leads to significant changes in their attitudes. Geiger et al.71conducted research on students from Argentina and 
Germany and found that culture, the economic and the social environment in which the students live influence 
the impact of knowledge on the environmental attitudes they manifest. The differences noticed in our study might 
be explained by the fact that we collected data from four countries. Furthermore, when formulating hypotheses, 
the impact of EK on ATT was considered. Nevertheless, the underlying factors contributing to the outcomes may 
vary based on the specific circumstances and the behavior of individuals inside the organization. Thus, whereas 
certain research showed the presence of robust connections38,39, this particular investigation revealed that 
organizational behavior was devoid of significance. H3was validated, indicating that favourable attitudes towards 
environmental protection influence academics’ intention toward energy saving. This finding is in line with the 
results of other authors6,28,32,42,43,48. Wang and Zhang48 conducted research on Chinese students and found a 
positive relationship between their attitudes and their intention to save energy. H4was validated, showing that 
the academics who perceive themselves as having a higher level of control over their behavior are also more 

Fig. 1.  Research Model.
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inclined to save energy and be more proactive, which corresponds to the findings in other studies6,18,28,42,44,45,48. 
Both Heib et al.18and Wang and Zhang48 conducted their studies on students and found that having a high PBC 
leads to an increase in their intention to adopt greener behaviors. H5was not validated, and the impact from SN 
to ESI was weak (0.043), showing that the subjective norms do not exert a sufficient influence on the academics’ 
intention regarding energy saving. The respondents in the four countries differ in terms of their cultures, partly 
explaining the differences in perception related to the subjective norms identified among their colleagues or 
superiors. Still, other studies found a significant influence from SN to ESI28,33,42,45,47,48, meanwhile other authors 
focus on the influence of cultural values on the relationship72,73. Alam et al.72 appreciate that some cultures are 
more individualistic than others which can influence the impact of the subjective norms on the intentions to save 
energy. Jiang et al.73 studied Chinese households and concluded that one of the explanations for SN not having 
a significant impact on ESI is related to cultural differences. Gao et al.31studied employees’ behavior at work and 
found that the impact of SN on ESI was insignificant. Another factor that can contribute to the results’ variation 

Items Outer loadings VIF Mean

ATT1 0.921 4.053 4.478

ATT2 0.909 4.183 4.311

ATT3 0.869 2.665 4.250

ATT4 0.854 2.215 4.452

EC1 0.823 1.834 4.693

EC2 0.878 2.604 4.412

EC3 0.814 2.056 4.083

EC4 0.816 1.783 4.246

EK1 0.855 2.300 3.781

EK2 0.823 2.092 3.860

EK3 0.885 3.538 3.759

EK4 0.890 3.606 3.785

ESB1 0.705 1.344 4.048

ESB2 0.790 1.786 4.189

ESB3 0.617 1.278 3.882

ESB4 0.777 1.631 4.627

ESB5 0.464 1.198 4.37

ESB6 0.349 1.229 3.21

ESI1 0.922 2.927 4.404

ESI2 0.901 2.748 4.167

ESI3 0.897 2.406 4.263

OC1 0.742 1.415 3.750

OC2 0.833 3.052 3.605

OC3 0.853 3.894 3.478

OC4 0.800 2.695 3.579

OC5 0.696 3.797 3.439

OC6 0.708 3.826 3.500

OI1 0.669 1.741 3.276

OI2 0.765 1.973 3.504

OI3 0.797 1.867 3.776

OI4 0.880 2.617 3.640

OI5 0.839 2.545 3.509

OI6 0.784 1.977 3.469

OS1 0.904 2.157 3.224

OS2 0.910 2.710 3.281

OS3 0.812 4.447 2.895

OS4 0.794 4.326 2.982

PBC1 0.930 2.308 4.268

PBC2 0.908 2.246 4.070

PBC3 0.572 1.226 3.711

SN1 0.900 2.534 3.263

SN2 0.948 4.059 3.412

SN3 0.857 2.559 3.548

Table 2.  Reliability and collinearity of the model.
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could be the structure of the sample. Thus, a study that selected households in their sample47 showed significant 
relationships while our research found the correlations to be insignificant. The cause of this situation is that, in 
the survey conducted among households, individuals who possess environmental consciousness, environmental 
knowledge, and concern and who have peers in their social network who prioritise environmental issues tend 
to respond to questions following subjective norms. Within an organization, the employee’s sphere of influence 
is more restricted. The outcomes may be rendered insignificant if the organization has insufficient policies and 
practices to safeguard the environment or energy. H6was not validated, and the impact from OI to ESI was weak 
(0.104), showing that the identification of the academics with their university does not significantly influence 
their intention to save energy. Some authors identified a positive correlation between the two variables18,22,52, 

Constructs Cronbach’s alpha Composite reliability (rho_a) Composite reliability (rho_c) Average variance extracted (AVE)

ATT 0.911 0.917 0.938 0.790

EC 0.854 0.858 0.901 0.695

EK 0.886 0.888 0.921 0.746

ESB 0.734 0.753 0.833 0.558

ESI 0.893 0.898 0.933 0.823

OC 0.868 0.889 0.899 0.600

OI 0.884 0.923 0.909 0.627

OS 0.896 1.007 0.919 0.741

PBC 0.759 0.889 0.856 0.673

SN 0.887 0.910 0.929 0.815

Table 3.  Reliability and validity of the constructs in the model.

 

Fig. 2.  The research model after removing items with low outer loadings.
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while Kim et al.74 highlight that “it is reasonable to question the extent to which these findings would be replicated 
in other colleges with different histories and cultures.” H7was not validated, and the impact from OC to ESI was 
weak (0.156), showing that the climate in the universities was not powerful enough to generate changes in the 
academics’ intention to save energy. Other studies found a positive correlation53,55–58. Zhang et al.55 researched 
employees in Beijing and validated the impact of organizational climate on the employees’ attitudes and through 
this mediation on the energy-saving intention of the respondents. If we look at the hypotheses validated in 
our model, we notice that ESI is influenced by ATT and PBC (both more linked to the individual) but not by 
SN, OI, or OC, which are more linked to other people or even the entire organization for which they work. 
The authors Wu et al.57 highlight that “when the organizational electricity-saving climate of saving electricity is 
strong, the effect of a personal norm on intention is weakened.” In our research, the personal factors showed a 
more powerful impact on ESI than those related to the organization.

As in the case of the other two organizational factors, H8 was not validated. Our findings show that the 
intention of the academics to save energy is not linked to the support received from the universities or the 
managers in the institution. Even if weak (−0.077), the correlation is also negative, reflecting that the academics 
do not receive adequate support and motivation from the university to engage in energy-saving behaviors. 
Still, the academics show individual willingness, as revealed by the validated hypotheses so far. As shown in 
Table 2, the items of OS have the lowest mean. The respondents do not feel the support of the universities in this 
direction. Other studies found a positive correlation but they were not conducted for universities or in more 
than one country23,59,60. H9was validated, showing that the impact of ESI on ESB is strong (0.432), which was also 
found by other studies18,33,43,48,61,63,75. This means that the intention of the academics in the universities of the 
four countries to save energy leads to pro-environmental behavior on their part, the personnel being proactive. 
The other studies conducted in universities18,48 showed similar findings with ESI being the most important 
factor that leads to ESB. Neither of the hypotheses H10, H11, and H12 were validated in our study. Thus, the direct 
effect of the organizational factors OI, OC, and OS on ESI was not noticed (H6, H7 and H8 were not validated), so 
it was unsurprising to find that the mediation of the academics’ intention on their behaviors does not change the 
situation. As we see in Table 2, the items for organizational factors have the lowest mean, which shows a lack of 
identification with their university, a lack of support, and a weak climate, which do not encourage the personnel 
to engage in green behaviors, at least not directly. Other studies found direct correlations between OS and ESI23, 
OS and ESB64, OI and ESI18, OC and ESB65and OC and ESI56. We did not find studies where organizational 
factors influence ESB, being mediated by ESI.

T statistics P value Confidence intervals bias corrected Hypotheses validation

EC -> ATT 6.988 0.000 (0.365, 0.649) H1 validated

EK -> ATT 1.378 0.168 (−0.055, 0.266) H2 not validated

ATT -> ESI 4.064 0.000 (0.189, 0.527) H3 validated

PBC -> ESI 3.587 0.000 (0.126, 0.421) H4 validated

SN -> ESI 0.748 0.454 (−0.063, 0.165) H5 not validated

OI -> ESI 1.671 0.095 (−0.028, 0.220) H6 not validated

OC -> ESI 1.873 0.061 (−0.001, 0.327) H7 not validated

OS -> ESI 0.975 0.330 (−0.235, 0.083) H8 not validated

ESI -> ESB 6.125 0.000 (0.287, 0.559) H9 validated

OI -> ESI -> ESB 1.580 0.114 (−0.008, 0.105) H10 not validated

OC -> ESI -> ESB 1.924 0.054 (0.003, 0.141) H11 not validated

OS -> ESI -> ESB 0.971 0.332 (−0.103, 0.035) H12 not validated

Table 5.  Bootstrapping test for testing hypotheses.

 

ATT EC EK ESB ESI OC OI OS PBC SN

ATT 0.889

EC 0.569 0.833

EK 0.371 0.502 0.864

ESB 0.435 0.393 0.330 0.747

ESI 0.568 0.502 0.436 0.518 0.907

OC 0.379 0.314 0.446 0.387 0.429 0.775

OI 0.299 0.320 0.240 0.253 0.339 0.405 0.792

OS 0.243 0.222 0.272 0.289 0.249 0.700 0.376 0.861

PBC 0.469 0.473 0.658 0.430 0.539 0.468 0.297 0.261 0.820

SN 0.300 0.240 0.313 0.279 0.329 0.538 0.309 0.479 0.368 0.903

Table 4.  Fornell-Larcker criterion.
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The added value of our research consists of applying the extended TPB model to the academics in four 
countries which share some cultural similarities which might explain why other studies reached different 
findings for the correlations between some of the variables71. This study also showed that for the academics 
in these universities, personal factors are more powerful in influencing their energy-saving behavior than the 
organizational factors due to weak organizational cultures.

Conclusion
The study aimed to investigate the factors that influence the ESB of academics. TPB provides a solid framework 
for elucidating ESB, and the study attempted to enhance the TPB model by incorporating organizational factors. 
This study contributes to the corpus of knowledge on ESB by providing in-depth insight into organizational 
factors that were frequently overlooked in prior research and had not been considered in the analysis. 
Policymakers and practitioners exhibit an acute concern in comprehending energy use within the workplace 
and devising strategies to mitigate it76. In summary, the following key findings were identified in this study:

•	 Environmental concern, but not environmental knowledge, led to pro-environmental attitudes among the 
academics.

•	 Energy saving behavior of academics is strongly influenced by the attitudes and the personal behavior control 
that the academics feel having.

•	 Energy-saving behavior is strongly influenced by the academics’ intention to adopt greener behavior at work.
•	 Neither social norms nor organizational factors showed significant influence on the energy-saving intention 

or the energy-saving behavior.

Several potential explanations exist for the lack of significant effects of organizational factors in the applied 
model. For instance, the obtained outcomes may lack significance owing to variations in data originating from 
diverse countries, disparities in cultural and geographical factors, and disparities in economic circumstances. 
These variations have the potential to alter the influence of organizational factors. Furthermore, it is essential 
to note that the impact of organizational factors might vary as time progresses. Given that the research was 
conducted during a certain timeframe, it is plausible that the influence of these factors may have been relatively 
limited within that particular era. The influence of organizational factors might be contingent upon the culture 
and structure of the organization. Hence, incorporating organizational culture within the research process can 
yield significant findings in studies conducted inside institutions with comparable cultural contexts. Moreover, 
researching bigger samples can yield valuable outcomes that can be used to notice and analyse this effect in the 
presence of influential organizational factors. However, it is possible that the research sample may not adequately 
capture the impact of organizational factors, potentially limiting the study’s precision in this area. Nevertheless, 
the findings have broader applicability beyond higher education institutions, extending to diverse industries 
such as manufacturing and services. Variations in findings may emerge when the same model is applied in 
different contexts. Future research should prioritize examining sectors with a homogeneous organizational 
culture and higher energy use intensity, as this focus would enhance the clarity and interpretability of the results.

Managerial and policy implications
The findings in this study can help university managers identify system weaknesses (such as organizational 
factors) and create and implement policies and strategies to stimulate energy-saving and other pro-environmental 
behaviors among academics in their educational institutions. This will contribute to a more sustainable world 
and a better university image in the international academic community. The use of modern technology 
might enable the reduction of energy usage. Prior research has undertaken the construction of a smart home 
energy management system77. Universities can also develop energy management system software. Thus, from 
a managerial point of view, there is a need to attract financial resources and then invest in technology, new 
equipment and software that makes it easier for both academics and managers to adopt greener behaviors. By 
understanding their impact, people are more prone to change their habits.

The policy implications of our findings refer to the need for broader policies and strategies that can be 
developed and implemented by governments to help universities reach their sustainable development goals in 
terms of being more efficient and eco-friendly. General guidelines and directions established through public 
educational policies can be incorporated by academic managers in both public and private universities. Policies 
addressing the partnership between universities and public authorities for making green investments in the 
campuses and their office buildings are also important in offering adequate support to universities.

Social implications
From a social perspective, the research raises awareness of the importance of adopting energy-saving behaviors 
in all types of organizations, including universities. Academics educate students, providing them with knowledge 
in various fields, but they are also models for other aspects. One of these can be environmental interest and 
concern exhibited by academics and by the entire university as a structure in which students learn.

Another implication is that by changing the university buildings and campuses to make them more eco-
friendly, the entire community understands the importance of such behaviours for a more sustainable world and 
a ripple effect will be possible.

Limitations and future research
Further research can explore the computations and software related to this topic. Additionally, the significance of 
implementing neuromorphic hardware is growing in research78. Neuromorphic processing technology enables 
the measurement of emotional responses79. Hence, future studies might explore the psychological aspects that 
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underlie the energy behavior of academicians with this trending technology. Video Sentiment Analysis is a 
contemporary technique employed to comprehend human behavior. The video’s emotional content is strongly 
linked to human health and well-being80. This technology can allow for observing academic behavior according 
to ethical guidelines, leading to significant scientific findings on the underlying variables influencing such 
behavior. For future research directions, the inclusion of cultural dimensions of Hofstede81 and an increase 
in the number of respondents for each country might contribute to a more comprehensive knowledge of the 
behavior of academics. The limitations of our study are related to the sample, including the academics in four 
countries. The results do not consider the differences in their cultures, which might partially explain why some 
hypotheses were not validated.

Despite the limitations inherent to any research, we appreciate that our study can be helpful for other 
researchers studying the behavior of academics in other countries and adding new variables to the model, such 
as the cultural dimensions81. The implications deriving from our findings refer to changes that can occur at the 
managerial level, but also in the broader communities of those universities. The interest in more sustainable 
practices is high82and a study focused on academics is of interest if we consider the literature gap. Greener 
innovations in the higher education system can start by following the practices in the business sector82 from 
which academic managers can learn to be more efficient. The originality of our study consists in the added value 
to the body of research on this topic and in using an extended TPB model that integrates the organizational 
factors in the study. Another element of novelty is brought by studying energy-saving behaviors of academics in 
Romania, Bulgaria, Slovakia, and Turkey, which can be a starting point for future studies by other researchers.

Data availability
Data availability: Data supporting the results of the study can be accessed upon reasonable request from the 
corresponding author.

Received: 8 December 2024; Accepted: 14 January 2025

References
	 1.	 Widuto, A. Energy Transition in the EU. (2023). ​h​t​t​p​s​:​​/​/​w​w​w​.​​e​u​r​o​p​a​​r​l​.​e​u​​r​o​p​a​.​e​u​/​R​e​g​D​a​t​a​/​e​t​u​d​e​s​/​B​R​I​E​/​2​0​2​3​/​7​5​4​6​2​3​/​E​P​R​S​_​B​R​I​(​

2​0​2​3​)​7​5​4​6​2​3​_​E​N​.​p​d​f​​​​​​​
	 2.	 Popkostova, Y. Europe’s energy crisis conundrum. European Union Institute for Security Studies (2022). ​h​t​t​​​​p​​s​:​/​​/​​o​​p​.​e​u​r​​o​p​a​​​​.​e​​u​/​e​n​​/​​p​

u​b​​l​i​​​c​a​​t​i​​o​​n​-​d​e​t​​​a​i​l​/​​-​/​p​u​b​l​i​c​a​t​i​o​n​/​9​7​9​b​f​6​1​7​-​a​4​1​2​-​1​1​e​c​-​8​3​e​1​-​0​1​a​a​7​5​e​d​7​1​a​1​/​l​a​n​g​u​a​g​e​-​e​n​​​​​​​
	 3.	 Ntona, E., Arabatzis, G. & Kyriakopoulos, G. L. Energy saving: views and attitudes of students in secondary education. Renew. 

Sustain. Energy Rev. 46, 1–15 (2015).
	 4.	 Shrestha, B., Tiwari, S. R., Bajracharya, S. B., Keitsch, M. M. & Rijal, H. B. Review on the importance of gender perspective in 

household energy-saving behavior and energy transition for sustainability. Energies (Basel). 14, 7571 (2021).
	 5.	 Urban, J. & Ščasný, M. Exploring domestic energy-saving: the role of environmental concern and background variables. Energy 

Policy. 47, 69–80 (2012).
	 6.	 Ru, X., Chen, M., Wang, S. & Chen, Z. Does environmental concern fail to predict energy-saving behavior? A study on the office 

energy-saving behavior of employees of Chinese internet companies. Environ. Dev. Sustain. 24, 12691–12711 (2022).
	 7.	 Nisiforou, O. A., Poullis, S. & Charalambides, A. G. Behaviour, attitudes and opinion of large enterprise employees with regard to 

their energy usage habits and adoption of energy saving measures. Energy Build. 55, 299–311 (2012).
	 8.	 Brychkov, D. et al. A systemic framework of energy efficiency in schools: experiences from six European countries. Energy Effic. 

16, 21 (2023).
	 9.	 Bull, R. et al. Competing priorities: lessons in engaging students to achieve energy savings in universities. Int. J. Sustain. High. Educ. 

19, 1220–1238 (2018).
	10.	 Pruvot, E. B. P. Universities, the energy crisis, and the cost-cutting trap. University World News (2022).
	11.	 Bastida-Molina, P., Torres-Navarro, J., Honrubia-Escribano, A. & Gallego-Giner, I. Gómez-Lázaro, E. A detailed analysis of 

electricity consumption at the University of Castilla-La Mancha (Spain). Energy Build. 289, 113046 (2023).
	12.	 Goto, N., Tokunaga, S., Nga, D. T. & Thanh, V. H. T. Analysis of energy-saving behavior among university students in Vietnam. J. 

Environ. Sci. Eng. B. 5, 355–362 (2016).
	13.	 Cotton, D., Shiel, C. & Paço, A. Energy saving on campus: a comparison of students’ attitudes and reported behaviours in the UK 

and Portugal. J. Clean. Prod. 129, 586–595 (2016).
	14.	 Yang, R. et al. The Influence of Information Intervention Cognition on College Students’ Energy-saving behavior intentions. Int. J. 

Environ. Res. Public. Health 17, (2020).
	15.	 Du, J. & Pan, W. Gender differences in reasoning energy-saving behaviors of university students. Energy Build. 275, 112458 (2022).
	16.	 Obaidellah, U. H., Danaee, M., Mamun, M. A. A., Hasanuzzaman, M. & Rahim, N. A. An application of TPB constructs on energy-

saving behavioural intention among university office building occupants: a pilot study in Malaysian tropical climate. J. Housing 
Built Environ. 34, 533–569 (2019).

	17.	 Hansmann, R., Laurenti, R., Mehdi, T. & Binder, C. R. Determinants of pro-environmental behavior: a comparison of university 
students and staff from diverse faculties at a Swiss University. J. Clean. Prod. 268, 121864 (2020).

	18.	 Heib, S., Hildebrand, J. & Kortsch, T. Energy saving behavior in university organizations: the value of norm constructions in a 
rational choice action model. Front. Psychol. 14, 1082061 (2023).

	19.	 Viswanath, P., Annapally, S. R. & Kumar, A. Social entrepreneurial opportunity recognition among higher education students: 
scale development and validation. Social Enterp. J. 20, 339–363 (2024).

	20.	 Dumciuviene, D., Cibinskiene, A. & Andrijauskiene, M. Determinants of Energy saving: evidence from a Vocational School in 
Greece. Energies (Basel) 12, (2019).

	21.	 Cibinskiene, A., Dumciuviene, D. & Andrijauskiene, M. Energy Consumption in Public buildings: the determinants of occupants’ 
behavior. Energies (Basel) 13 (2020).

	22.	 Shah, S. H. A., Cheema, S., Al-Ghazali, B. M., Ali, M. & Rafiq, N. Perceived corporate social responsibility and pro-environmental 
behaviors: the role of organizational identification and coworker pro-environmental advocacy. Corp. Soc. Responsib. Environ. 
Manag. 28, 366–377 (2021).

	23.	 Xu, X., Maki, A., Chen, C., Dong, B. & Day, J. K. Investigating willingness to save energy and communication about energy use in 
the American workplace with the attitude-behavior-context model. Energy Res. Soc. Sci. 32, 13–22 (2017).

	24.	 Wang, Q. C. et al. Determinants and mechanisms driving energy-saving behaviours of long-stay hotel guests: comparison of 
leisure, business and extended-stay residential cases. Energy Rep. 9, 1354–1365 (2023).

Scientific Reports |         (2025) 15:2772 12| https://doi.org/10.1038/s41598-025-86795-1

www.nature.com/scientificreports/

https://www.europarl.europa.eu/RegData/etudes/BRIE/2023/754623/EPRS_BRI(2023)754623_EN.pdf
https://www.europarl.europa.eu/RegData/etudes/BRIE/2023/754623/EPRS_BRI(2023)754623_EN.pdf
https://op.europa.eu/en/publication-detail/-/publication/979bf617-a412-11ec-83e1-01aa75ed71a1/language-en
https://op.europa.eu/en/publication-detail/-/publication/979bf617-a412-11ec-83e1-01aa75ed71a1/language-en
http://www.nature.com/scientificreports


	25.	 Yang, L., Du, P., Zhang, H. & Cheng, B. Research on Energy Conservation Behavior of Public Institution Personnel from the 
Perspective of Espoused and Enacted Values. in IOP Conference Series: Earth and Environmental Science vol. 821:012006. IOP 
Publishing (2021).

	26.	 Kilonzo, A. M. Factors Influencing the Implementation of Energy Conservation Programs in Selected Manufacturing Firms in Nairobi 
County, Kenya (University of Nairobi, 2017).

	27.	 Xu, X., Chen, C. F., Li, D. & Menassa, C. Energy saving at work: exploring the role of social norms, Perceived Control and ascribed 
responsibility in different Office Layouts. Front. Built Environ. 6 (2020).

	28.	 Ly, B. & Ly, R. Saving energy in the workplace: evidence from Cambodia. Int. J. Sustain. Eng. 15, 153–160 (2022).
	29.	 Camacho, L. J. et al. Understanding employees’ energy saving in the Workplace: DR and the Philippines’ realities. J. Risk Financ. 

Manag. 16 (2023).
	30.	 Ajzen, I. The theory of planned behavior. Organ. Behav. Hum. Decis. Process. 50, 179–211 (1991).
	31.	 Gao, L., Wang, S., Li, J. & Li, H. Application of the extended theory of planned behavior to understand individual’s energy saving 

behavior in workplaces. Resour. Conserv. Recycl. 127, 107–113 (2017).
	32.	 Canova, L. & Manganelli, A. M. Energy-saving behaviours in workplaces: application of an extended model of the theory of 

planned behaviour. Eur. J. Psychol. 16, 384 (2020).
	33.	 Arya, B. & Chaturvedi, S. Extending the theory of planned behaviour to explain energy saving behaviour. Rigas Tehniskas 

Universitates Zinatniskie Raksti. 24, 516–528 (2020).
	34.	 Dunlap, R. & Jones, R. Handbook of Environmental Sociology (Greenwood, 2002).
	35.	 McCright, A. M., Xiao, C. & Dunlap, R. E. Political polarization on support for government spending on environmental protection 

in the USA, 1974–2012. Soc. Sci. Res. 48, 251–260 (2014).
	36.	 Helm, S. V., Pollitt, A., Barnett, M. A., Curran, M. A. & Craig, Z. R. Differentiating environmental concern in the context of 

psychological adaption to climate change. Glob. Environ. Change. 48, 158–167 (2018).
	37.	 Fryxell, G. E. & Lo, C. W. H. The influence of environmental knowledge and values on managerial behaviours on Behalf of the 

Environment: an empirical examination of managers in China. J. Bus. Ethics. 46, 45–69 (2003).
	38.	 Barber, N., Taylor, C. & Strick, S. Wine consumers’ environmental knowledge and attitudes: influence on willingness to purchase. 

Int. J. Wine Res. 1, 59–72 (2009).
	39.	 Mostafa, M. M. Shades of green: a psychographic segmentation of the green consumer in Kuwait using self-organizing maps. 

Expert Syst. Appl. 36, 11030–11038 (2009).
	40.	 Sang, Y. N. & Bekhet, H. A. Modelling electric vehicle usage intentions: an empirical study in Malaysia. J. Clean. Prod. 92, 75–83 

(2015).
	41.	 Li, G., Li, W., Jin, Z. & Wang, Z. Influence of Environmental Concern and Knowledge on Households’ Willingness to Purchase 

Energy-Efficient Appliances: A Case Study in Shanxi, China. Sustainability 11 (2019).
	42.	 Xie, C. et al. Exploring the psychological mechanism underlying the relationship between organizational interventions and 

employees’ energy-saving behaviors. Energy Policy. 156, 112411 (2021).
	43.	 Fatoki, O. Determinants of employee electricity saving behavior in small firms: the role of benefits and Leadership. Energies (Basel) 

15 (2022).
	44.	 Ru, X., Wang, S. & Yan, S. Exploring the effects of normative factors and perceived behavioral control on individual’s energy-saving 

intention: an empirical study in eastern China. Resour. Conserv. Recycl. 134, 91–99 (2018).
	45.	 Chen, M. F. Extending the theory of planned behavior model to explain people’s energy savings and carbon reduction behavioral 

intentions to mitigate climate change in Taiwan–moral obligation matters. J. Clean. Prod. 112, 1746–1753 (2016).
	46.	 Chen, M. F. & Tung, P. J. Developing an extended theory of Planned Behavior model to predict consumers’ intention to visit green 

hotels. Int. J. Hosp. Manag. 36, 221–230 (2014).
	47.	 Satsios, N. & Hadjidakis, S. Applying the theory of Planned Behaviour (TPB) in saving behaviour of Pomak households. Int. J. 

Financial Res. 9, 122–133 (2018).
	48.	 Wang, Y. & Zhang, W. A study about the impact of energy saving climate on college students’ energy saving behavior: based on 

analysis using the hierarchical linear model. J. Environ. Planning Manage. 66, 2943–2961 (2023).
	49.	 Dulac, T., Coyle-Shapiro, J. A. M., Henderson, D. J. & Wayne, S. J. Not all responses to breach are the same: the interconnection of 

social exchange and psychological contract processes in organizations. Acad. Manag. J. 51, 1079–1098 (2008).
	50.	 Eisenberger, R., Huntington, R., Hutchison, S. & Sowa, D. Perceived organizational support. J. Appl. Psychol. 71, 500 (1986).
	51.	 Ashforth, B. E. & Mael, F. Social identity theory and the organization. Acad. Manage. Rev. 14, 20–39 (1989).
	52.	 Leygue, C., Ferguson, E. & Spence, A. Saving energy in the workplace: why, and for whom? J. Environ. Psychol. 53, 50–62 (2017).
	53.	 Ashforth, B. E. Climate formation: issues and extensions. Acad. Manage. Rev. 10, 837–847 (1985).
	54.	 Hand, H. H., Richards, M. D. & Slocum, J. W. Jr Organizational climate and the effectiveness of a human relations training program. 

Acad. Manag. J. 16, 185–195 (1973).
	55.	 Zhang, Y., Wang, Z. & Zhou, G. Determinants of employee electricity saving: the role of social benefits, personal benefits and 

organizational electricity saving climate. J. Clean. Prod. 66, 280–287 (2014).
	56.	 Fatoki, O. Determinants of hotel employees’ electricity saving intention: extending the theory of planned behaviour. Entrepreneurship 

Sustain. Issues. 8, 86 (2020).
	57.	 Wu, Y., Virginie, U., Bao, D., Banashenge, I. A. & Wang, Y. Exploring Employees’ Electricity-Saving Intentions in the Workplace 

Based on the Extended NAM: A Case Study in Rwanda. in Proceedings of the 5th International Conference on Clean Energy and 
Electrical Systems (ed. Gaber, H.) 235–249Springer Nature Singapore, Singapore, (2023).

	58.	 Lo, S. H., Peters, G. J. Y., van Breukelen, G. J. P. & Kok, G. Only reasoned action? An interorganizational study of energy-saving 
behaviors in office buildings. Energy Effic. 7, 761–775 (2014).

	59.	 Zhang, Y., Wei, Y. & Zhou, G. Promoting firms’ energy-saving behavior: the role of institutional pressures, top management 
support and financial slack. Energy Policy. 115, 230–238 (2018).

	60.	 Nguyen, V. P. & Tran, T. K. Explicating energy saving intention from the prospect of small medium enterprises. Entrep Sustain. 8 
(2020).

	61.	 Le-Anh, T., Nguyen, M. D., Nguyen, T. T. & Duong, K. T. Energy saving intention and behavior under behavioral reasoning 
perspectives. Energy Effic. 16, 8 (2023).

	62.	 Fishbein, M. & Ajzen, I. Predicting and Changing Behavior: The Reasoned Action Approach (Psychology, 2011).
	63.	 Zhu, J. et al. The influence of group-level factors on individual energy-saving behaviors in a shared space: the case of shared 

residences. J. Clean. Prod. 311, 127560 (2021).
	64.	 Manika, D., Wells, V. K., Gregory-Smith, D. & Gentry, M. The impact of individual attitudinal and organisational variables on 

Workplace environmentally friendly behaviours. J. Bus. Ethics. 126, 663–684 (2015).
	65.	 Zhang, Y., Wang, Z. & Zhou, G. Antecedents of employee electricity saving behavior in organizations: an empirical study based on 

norm activation model. Energy Policy. 62, 1120–1127 (2013).
	66.	 Wang, Z., Zhang, B. & Li, G. Determinants of energy-saving behavioral intention among residents in Beijing: extending the theory 

of planned behavior. J. Renew. Sustain. Energy 6 (2014).
	67.	 Hamzah, M. I. & Tanwir, N. S. Do pro-environmental factors lead to purchase intention of hybrid vehicles? The moderating effects 

of environmental knowledge. J. Clean. Prod. 279, 123643 (2021).
	68.	 Mael, F. & Ashforth, B. E. Alumni and their alma mater: a partial test of the reformulated model of organizational identification. J. 

Organ. Behav. 13, 103–123 (1992).

Scientific Reports |         (2025) 15:2772 13| https://doi.org/10.1038/s41598-025-86795-1

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


	69.	 Tang, Z., Warkentin, M. & Wu, L. Understanding employees’ energy saving behavior from the perspective of stimulus-organism-
responses. Resour. Conserv. Recycl. 140, 216–223 (2019).

	70.	 Hair, J. F., Hult, M., Ringle, G. T. M. & Sarstedt, M. C. A Primer on Partial Least Squares Structural Equation Modeling (PLS-SEM). 
Sage (2017).

	71.	 Geiger, S. M., Dombois, C. & Funke, J. The role of environmental knowledge and attitude: predictors for ecological behavior across 
cultures. Anal. Argentinean German Students Umweltpsychologie. 22, 69–87 (2018).

	72.	 Alam, S. S., Lin, C. Y., Ahmad, M., Omar, N. A. & Ali, M. H. Factors affecting energy-efficient household products buying intention: 
empirical study. Environ. Clim. Technol. 23, 84–97 (2019).

	73.	 Jiang, X., Ding, Z. & Liu, R. Can Chinese residential low-carbon consumption behavior intention be better explained? The role of 
cultural values. Nat. Hazards. 95, 155–171 (2019).

	74.	 Kim, T., Chang, K. & Jae Ko, Y. Determinants of organisational identification and supportive intentions. J. Mark. Manage. 26, 
413–427 (2010).

	75.	 Akhound, A., Rizvi, A. M., Ahmed, W. & Khan, M. N. Understanding intentions to reduce energy consumption at the workplace 
by the employees: case of a developing country. Manage. Environ. Quality: Int. J. 33, 166–184 (2022).

	76.	 Staddon, S. C., Cycil, C., Goulden, M., Leygue, C. & Spence, A. Intervening to change behaviour and save energy in the workplace: 
a systematic review of available evidence. Energy Res. Soc. Sci. 17, 30–51 (2016).

	77.	 Dong, Z. et al. ICNCS: internal cascaded neuromorphic computing system for fast electric vehicle state of charge estimation. IEEE 
Trans. Consum. Electron. (2023).

	78.	 Dong, Z. et al. Neuromorphic extreme learning machines with bimodal memristive synapses. Neurocomputing 453, 38–49 (2021).
	79.	 Dong, Z., Ji, X., Lai, C. S. & Qi, D. Design and implementation of a flexible neuromorphic computing system for affective 

communication via memristive circuits. IEEE Commun. Mag. 61, 74–80 (2022).
	80.	 Ji, X., Dong, Z., Han, Y., Lai, C. S. & Qi, D. A brain-inspired hierarchical interactive in-memory computing system and its 

application in video sentiment analysis. IEEE Trans. Circuits Syst. Video Technol. 33, 7928–7942 (2023).
	81.	 Hofstede, G. Dimensionalizing cultures: the Hofstede model in context. Online Readings Psychol. Cult. 2, 8 (2011).
	82.	 Ta’Amnha, M. A., Alsoud, M., Asad, M., Magableh, I. K. & Riyadh, H. A. Moderating role of technological turbulence between 

green product innovation, green process innovation and performance of SMEs. Discover Sustain. 5, 324. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​0​0​7​/​s​
4​3​6​2​1​-​0​2​4​-​0​0​5​2​2​-​w​​​​ (2024).

Acknowledgements
Acknowledgements: We gratefully acknowledge the support of the Advtech AirPollution project (Applying some 
advanced technologies in teaching and research about air pollution, 2021-1-RO01-KA220-HED-000030286), 
which the European Union funded within the Erasmus+ Program. This project allowed academics from four 
different countries to work together.

Author contributions
Authors contribution: S.P.: Conceptualisation, Methodology, Investigation, Writing—original draft preparation, 
Software; S.E.Y: Conceptualisation, Investigation, Writing—original draft preparation; M.T.U: Conceptualis-
ation, Investigation, Writing—review, and editing, Formal Analysis, Supervision; J.R.: Investigation, Visualis-
ation, Writing—review and editing; Z.R.: Investigation, Visualisation, Writing—review and editing; H.Y.: Writ-
ing—review, and editing, Visualisation, A.A.: Writing—review and editing, Formal Analysis and Visualisation.

Funding
Open access funding provided by University of Gävle.

Declarations

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to A.A.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give 
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and 
indicate if changes were made. The images or other third party material in this article are included in the article’s 
Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or 
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy 
of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2025 

Scientific Reports |         (2025) 15:2772 14| https://doi.org/10.1038/s41598-025-86795-1

www.nature.com/scientificreports/

https://doi.org/10.1007/s43621-024-00522-w
https://doi.org/10.1007/s43621-024-00522-w
http://creativecommons.org/licenses/by/4.0/
http://www.nature.com/scientificreports

	﻿The expanded theory of planned behavior for energy saving among academics in Romania, Bulgaria, Turkey, and Slovakia
	﻿Literature review
	﻿Environmental concern
	﻿Environmental knowledge
	﻿Attitudes toward energy-saving behavior
	﻿Perceived behavior control
	﻿Subjective norms
	﻿Organizational factors
	﻿Energy saving intention

	﻿Methodology
	﻿Results
	﻿Discussion
	﻿Conclusion
	﻿Managerial and policy implications
	﻿Social implications
	﻿Limitations and future research

	﻿References


