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Abstract 

This study aims to propose and investigate the key factors that predict the Utilization of Green 

Internet of Things (U-GIoT) applications by business organizations. This study will also look 

at the effect of using GIoT applications on energy efficiency and carbon footprint reduction, 

which in turn, contributes to sustainable green performance. Therefore, value-belief-norm 

theory (VBN) was chosen as the theoretical basis for this study’s conceptual model. Two 

constructs derived from VBN (i.e. biospheric value and ecological worldview) are suggested 

as key predictors for the use of GIoT applications. The conceptual model is extended by 

considering the role of green marketing orientation (GMO); green energy awareness; and 

energy knowledge/ technical capabilities. The current model also suggests that the utilization 

of GIoT applications would impact both energy efficiency and carbon footprint reduction. 

Online questionnaires are used to gather data from a purposive sample (n=500) of managers and 

employees at different levels in different service organizations. Statistical results show strong 

evidence demonstrating the significant effect of biospheric value; ecological worldview; green 
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marketing orientation (GMO); and energy knowledge/ technical capabilities with GIoT. This 

study presents a valuable contribution that helps researchers; policy-makers, and practitioners 

to identify and understand the most important antecedents and consequences of U-GIoT. It is 

also worth noting for future studies looking at different applications of pro-environmental 

behaviour such as sustainable practices, green mobility and transportation, paperless work; 

recycling; reducing waste levels; and smart green solar. Policy-makers, decision-makers, 

practitioners and specialists in green energy systems (i.e. GIoT) will be able to use this 

information for future improvement.  

Keywords: Green IoT; carbon footprint; Value-belief-norm theory; and green marketing 

orientation. 

1. Introduction  

Climate and environmental changes are among the most important challenges affecting the planet and 

making the lives of 8 billion people under threat. The extent of carbon emission yielded from human 

activities (carbon footprint) also presents a growing environmental concern which accounts for about 

420 parts per million (“ppm” for short) in 2022 (National Oceanic and Atmospheric Administration, 

2022; Gueddari-Aourir et al., 2022; Holmatov et al., 2021; Jager et al., 2022; Fernando and Wah, 2017; 

Fernando and Hor, 2017; Tarifa Fernández, 2022). In detail, industrial and service activities are 

considered a source of international carbon emission (Statista, 2022a; Gueddari-Aourir et al., 2022). 

For example, industrial and service activities account for about 34.81 billion metric tons of CO2 in 2020 

as indicated in a recent report published by Statista (2022a). In this respect, it is also important to 

mention that traditional and finite energy sources (i.e. crude oil; and natural gas) are the main causes of 

carbon emissions (Thollander et al., 2007; Fernando and Hor, 2017; Nath and Siepong, 2022).  

Anticipated trends suggest a rise in the global consumption of energy; the alarming numbers and 

statistics about the carbon emission are more likely to increase as recently reported by Statista (2022b). 

The negative consequences resulting from the increase in carbon emissions are not confined to the 

environmental aspect, but have had devastating effects on the economic and health aspects of humans 

globally (Halldórsson and Kovács, 2010). For example, carbon emissions produced by USA and China 

led to a loss of more than $1.8 trillion for each of these countries during 25 years starting from 1990 

(Dartmouth, 2022). Therefore, organizations are being asked to improve their sustainability strategies 

and practices. In this respect, business organizations have started focusing on smart green solutions 

which would help to measure and control the level of carbon footprint (Hoegh-Guldberg et al., 2019; 

Zeng et al., 2022; Wong et al., 2020; Mousa and Othman, 2020; Kar and Harichandan, 2022; Gholami 

et al., 2013). Such interest would be attributed to stakeholders’ pressure on business firms to implement 

and conduct their activities in a more environmentally friendly manner (i.e. Mousa and Othman, 2020).  

Further, high energy costs have made organizations consider effective solutions that help with the 

efficient use of energy and thus reduce production costs (Zeng et al., 2022).      



An important focus for interdisciplinary teams, is investigating the multifactorial nature of climate 

change and its impact (Dwivedi et al., 2022). Suggestions have been put forth by Dwivedi et al. (2022) 

for involving the Information Systems (IS) community to continue their efforts with their involvement 

in creating new networks and techniques aligned with climate change. For example, environmental and 

digital experts have been commonly called to take advantage of Green Internet of Things (GIoT) (Lund 

et al., 2017; Zeng et al., 2022; Gholami et al., 2013). Indeed, GIoT would be an effective mechanism to 

enhance energy efficiency which would lower carbon emissions (Saboori et al., 2012). Effective use of 

GIoT and smart green systems contribute to enhancing the aspirations of sustainable economic 

development and reduces the negative environmental and social impact resulting energy 

mismanagement (Tugcu et al., 2012; Saboori et al., 2012). In this regard, and according to a recent 

report from Ericsson indicated that smart systems (GIoT) are more likely to decrease the carbon 

emissions by up to 63.5 gigatonnes by the end of 2030. Therefore, smart energy systems have received 

considerable attention from 94% of business organizations as essential solutions to issues related to 

sustainability (Smart Energy International, 2022).  

Regardless the potential comprised in GIoT to handle the related issues of carbon footprint emissions 

and sustainability, there is a question regarding the extent of how much business organizations actively 

utilise GIoT in their endeavours to reduce the level of carbon footprint. In this respect, Fernando and 

Hor (2017, p. 63) clearly mentioned that “Research studies have shown that industrial adoption of 

energy efficiency has lagged, and some companies have exhibited low organizational and managerial 

commitment to supporting innovation and investment into energy efficiency”. As GIoT is still in the 

early stages of introduction, there is limited research investigating the precursors and outcomes of GIoT. 

Further, having a full picture regarding the successful utilization of GIoT would not be attained 

considering the technical aspects alone but rather the extent of how much business organizations intend 

and act altruistically and pro-environmentally (Stern et al., 1999; Han, 2015; Wong et al., 2021). This 

creates an opportunity for identifying a theoretical foundation to reflect pro-environmental behaviour 

and values adopted by business organizations.   

This study also recognises the importance of examining how GioT usage is influenced by external 

factors (i.e. market and stakeholders' pressure) so as to maintain their reputation and social corporate 

responsibility (Wong et al., 2021). For example, 87% of customers are more inclined to have positive 

attitudes and behaviours toward business organizations that act pro-environmentally and ethically 

(Solum, 2022). It could be argued that organizations that pay attention to the opinions of their customers 

regarding environmental and social issues will be keener on optimizing the use of energy and reducing 

carbon emissions, and accordingly, will be more inclined to adopt GIoT. Therefore, the marketing 

philosophy (i.e. Green market orientation) is a prerequisite for implementing GIoT successfully into 

business organizations.    



This study is motivated by the research above, to propose and examine the key factors for predicting 

the U-GIoT applications by business organizations. This study will also examine how GIoT applications 

affects energy efficiency and reduces the carbon footprint, contributing to sustainable green 

performance.  

This research is expected to add a novel value for both researchers and practitioners working with green 

smart systems. For example, the findings from this study are expected to assist researchers in this area 

to identify and understand the most important precursors and outcomes of U-GIoT. It will also present 

added value for being the first study that  integrates VBN theory and marketing orientation theory in 

one single model. This is in addition to the inclusion of other factors (i.e. energy knowledge/ technical 

capabilities and energy awareness). Accordingly, the findings will provide a detailed understanding of 

the most important factors that could guarantee an effective U-GIoT in the business sector. Further, the 

current study will not only focus on the U- GIoT systems but rather will go further by discovering the 

consequences of U-GIoT such as carbon emissions reduction; energy efficacy; and sustainable 

performance. Thus, results of the current study would uncover the key areas that need to be considered 

by policy-makers, decision-makers, practitioners and specialists in green energy systems.         

2. Literature Review  

Increasingly, carbon footprint has become an area of interest for researchers from different disciplines 

and backgrounds (Wiedmann and Minx, 2008; Wong et al., 2018; Wong et al., 2020; Zhao et al., 2018; 

Haldar and Sethi, 2022). This field of study has taken an upward curve with the current global climate 

changes issues and the need for solutions to this dilemma (i.e. Kronborg Jensen, 2012; Wong et al., 

2018; Al-Mansour and Jejcic, 2017; Haldar and Sethi, 2022; Sharma et al., 2020).  A part of carbon 

footprint research has focused on main causes of such global phenomenon (i.e. Belkhir et al., 2018; 

Lange et al., 2020) while other parts have addressed the negative consequences of carbon footprint from 

different perspective social impact (Wong et al., 2020; Bughin et al., 2019); [economic impact] (Khattak 

et al., 2020; Nguyen et al., 2020; Latif et al., 2018); environmental impact (i.e. Avom et al., 2020; Amri, 

2019; Higón et al., 2017);  and political impact (Godil et al., 2020). Some studies in the related area of 

carbon footprints have also looked at how to use smart energy systems on the carbon footprint level 

(i.e. Navarro et al., 2017; Chowdhury, 2012; Gholami et al., 2013; Ahmed et al., 2017). From a 

sustainable perspective, research has explored carbon reduction initiatives on sustainability goals, 

whether at the level of the organization or the environment in general (i.e. Zhao et al., 2018; Grunert et 

al. 2014; Calcagni et al., 2019).        

Earlier it was mentioned that several researchers had argued the reasons why business organizations 

needed to start reducing carbon footprint levels (i.e. Plambeck, 2012; Bunse, 2011; Okereke, 2007). For 

example, increasing the cost of traditional energy sources was a primary focus of the organizations’ 

interest and awareness in the related issues of carbon footprint (i.e. Bunse et al., 2011; Plambeck, 2012). 



Changes in the customer's shopping lifestyle and customer inclination towards environmentally friendly 

products and brands have also represented a driving force towards adopting smart solutions to reduce 

carbon emissions and optimize energy efficiency (Bunse, 2011; Li et al., 2017; Elgaaied-Gambier et 

al., 2020; Wong et al., 2020; Wallgren and Hojer, 2009; Feucht and Zander, 2018). Even though such 

studies have considerably enriched the current awareness regarding the drivers that motivate business 

organizations to do more in terms of reducing the carbon footprint emission, they have not discussed 

which applicable solutions would be considered and applied. This raises a question regarding the most 

effective solutions that business organizations would adopt to serve such endeavours. Further, these 

studies have restricted the main drivers of such organizations’ interest in terms of cost reduction and 

customers’ preferences while aspects related to organizational culture; orientation; values; and 

capabilities have not been fully covered. Accordingly, more efforts by future studies should be paid in 

exploring such aspects and see how they would shape the ability of business organizations in 

implementing effective solutions such as utilising highly evolved and smart ecosystems.                        

In this respect, based on quantitative survey of 1000 customers in Hong Kong, Wong et al. (2020) 

attempted to discover the extent customers perceive and adopt product with carbon labels. Their results 

indicated that male customers with a high level of green advocacy tended to adopt environmentally 

friendly products with low carbon level in comparison with female customers (Wong et al., 2020). 

Wong et al. (2020) improved the significant influence of customers’ awareness, opinions, and intention 

toward low carbon products. The main concentration of Wong et al. (2020) was on consumer’s product 

with low carbon level but not on the new tech-products that would help customers to track and reduce 

the level of carbon footprint. In addressing the customer’s adoption of carbon labels products, Wong et 

al. (2020) exclusively addressed the aspects related to individuals’ traits; personality; and social norms, 

which raises questions about the application of Wong’s et al. (2020) results from the organizational and 

service provider’s perspective.              

A mixed method approach was also used by Feucht and Zander (2018) to discover the customers’ 

preference and desirability of products labelled with low carbon footprint within six European countries. 

Feucht and Zander’s (2018) results indicated that customers prefer products that have a carbon label 

and will pay more for these (up to 20%) instead of those without a carbon label. The same results were 

also reported by Zhao et al. (2018); Elgaaied-Gambier et al. (2020); Upham et al. (2011); and Li et al. 

(2017) regarding the increasing consumer consciousness and preference in environmentally friendly 

products which are labelled with low carbon. It is important to mention that these studies concentrated 

on the food consumer market and have addressed the related issues of end customers’ adoption of food 

products labelled with low carbon footprint. Yet, they do not examine the adoption of new systems (i.e. 

GIoT) that can empower customers to play an active role in controlling and reducing carbon footprint.          

Maintain and sustaining corporate image was one of the main factors justifying why business 

organizations have been engaged in the related activities of carbon footprint reduction as reported by 



Plambeck (2012). However, Plambeck (2012) have  argued the main consequences that manufacturing 

organizations would gain by reducing the carbon footprint emission. Further, Plambeck (2012) have 

fully concentrated on the related issues of carbon footprint over the supply chain sector. This creates a 

gap in his study to provide an empirical explanation for the related issues of carbon footprint and how 

it would contribute to corporate image as well as how it would enhance the companies’ sustainable 

performance over different sectors rather than supply chain management      

Increasing the level of awareness of adverse consequences among stakeholders and shareholders, 

whether in the short or long term, creates an increasing pressure on the business organizations to 

improve their practices in the field of sustainable and environmentally friendly investment (Okereke, 

2007). This, in turn, creates a sense of obligation for business enterprises, their partners and customers 

towards environmental issues, the most important of which is reducing rates carbon footprint (Okereke, 

2007). 

In line with such interest in related issues of carbon footprint, smart energy systems have also derived 

a particular attention from practitioners and researchers as effective mechanisms which would help in 

measuring, mentoring, and controlling carbon footprint (i.e. Lund et al., 2017; Chowdhury, 2012; 

Navarro et al., 2017; Ahn, Kang, & Hustvedt 2016). In their systematic review study, Lund et al. (2017) 

found 72 peer reviewed papers that have fully or partially addressed the related issues of smart energy 

systems. According to Lund et al. (2017), smart energy systems have been considered as a key strategic 

decision that significantly changed the methods used in designing and developing smart and applicable 

solutions whilst moving closer to renewable energy and smart, sustainable energy systems. Such a 

radical shift created a need to design studies using modern methodologies and analytical methods to 

look at the factors influencing the effective use of smart, sustainable energy systems; at the same time, 

verifying the feasibility of these systems by measuring their efficiency of energy use and effectiveness 

in reducing the carbon footprint. 

Earlier, Chowdhury (2012) argued the positive role of digital information services in contributing to the 

initiatives related to environmental sustainability in the library sector. Thus, Chowdhury (2012) 

obtained and tested both primary and secondary data using a particular kind of mathematical analyses. 

Their results assured the positive impact of digital information services in reducing the printed content, 

which in turn, decreases the carbon emissions. Several studies (i.e. Chugh et al., 2016; Haldar and Sethi, 

2022; Haseeb et al., 2019; Higon ́  et al. 2017; Watson et al., 2010), have reported that new technologies 

may also have a negative impact and contribute to increased carbon emissions. This happens because 

these systems, like any other applications reliant on energy to operate, yield a digital carbon footprint 

(Chugh et al., 2016).   

More recently, the concept of green IT or green system has also been emerged and widely argued and 

approved as one of the best solution that would increase the efficiency of energy usage as well as 



decreasing the level of carbon footprint (Elgaaied-Gambier et al., 2020). Conceptually, Green Energy 

Technologies (GETs) would be defined as “Green Energy Technologies (GETs) can be described as 

inherently environmentally friendly, offering a promising contribution to achieving net-zero carbon 

goals.” (Zeng et al., 2022, p. 1). Even though green IT (i.e. GIoT applications) have been taking their 

place in many business organizations, there are few attempts to evaluate the key factors predicting their 

success (Elgaaied-Gambier et al., 2020). Also, previous research in the related area of green IT and 

systems have focused on the individual perspective (Koo et al., 2015; Elgaaied-Gambier et al., 2020) 

while little attention has been paid to the implications of green IT from an organizational perspective 

(Bose and Luo 2011; Chugh et al. 2016).  

Such of these attempts was conducted by Koo et al. (2015) who examined the continued intention of 

smart green systems by individuals. Koo et al. (2015) used the Technology Acceptance Model and some 

other variables to propose two types of motivators (intrinsic and extrinsic) for the usefulness of smart 

green systems. Their findings supported the role of enjoyment (intrinsic motivator) and saving cost 

(extrinsic motivator) in enhancing the perceived benefits and ongoing intention to adopt smart green 

systems. The study by Koo et al. (2015) was conducted in South Korea and only focused on the smart 

power meter devices. Accordingly, concerns have emerged regarding the generalizability of the results 

for similar green energy systems as well as other cultural and contextual sectors. Further, the continued 

intention to keep using smart green systems was the key concentration of Koo et al. (2015) study, while 

other important aspects related to the viability of using these systems (i.e., energy efficiency and carbon 

footprint reduction) have not covered in their study. Therefore, a worthy research direction has emerged 

in Koo's study and should be considered by future studies.        

More recently, Hoffmann et al. (2022) proposed and validated three factors (enjoyment, social benefits, 

and technology beliefs) influencing the customer’s intention to adopt carbon footprint tracking apps. At 

the organizational level, Gholami et al. (2013) tested the role of attitudes toward green systems and 

consideration of future consequences on the managers’ adoption green systems. Their results supported 

the positive impact of both attitudes and consideration of future consequences on the managers’ 

adoption of green systems, which in turn, predicts environmental performance. Research by Hu et al. 

(2022) have tested the adoption of GIoT and proposed four kinds of eco-motives (efficiency; 

effectiveness; responsiveness; and legitimacy). The empirical results of Hu et al. (2022) largely 

supported all these motives on the adoption of GIoT. According to Hu et al. (2022), GIoT has also a 

positive role in enhancing green innovation at the organizational level. Other factors associated with 

the awareness of the impacts of climate and environmental shifts, along with advancement in 

contemporary environmental issues have led to an increase in the extent of organizations' involvement 

and interest in GIoT (Tabaa et al., 2020).                    

In conclusion, GIoT and carbon footprint should not be discussed separately, rather everything they 

should both be considered comprehensively to serve the goalss related to sustainability at the 



organisational and national level as well. However, there is a gap in existing literature pertaining to 

such holistic views of GIoT and carbon footprint (Gholami et al., 2013). Additionally, as discussed in 

the introduction, having a full picture regarding the successful utilization of GIoT would not be attained 

by only considering the technical aspects but rather including the extent of how much business 

organization intend and act altruistically and pro-environmentally (Stern et al., 1999; Han, 2015; Wong 

et al., 2021). Therefore, a theoretical foundation which can reflect pro-environmental behaviour and 

values adopted by business organization is required. 

3. Conceptual model  

Identifying the critical factors that could predict the utilization of GIoT applications by business 

organizations needs to be investigated. Carefully reviewing the main models and theories over the 

related area of pro-environmental behaviour and sustainability has led to the selection of the value-

belief-norm theory (VBN) (Stern et al., 1999) for the current study’s theoretical base.  Two constructs 

derived from VBN (i.e. biospheric value and ecological worldview) were used to predict U-GIoT 

application. The conceptual model was expanded to include the green marketing orientation (GMO) 

theory (Chamorro et al., 2009; Leonidou and Leonidou, 2011). Papadas et al. (2017) found that GMO 

was proposed as a multi-dimensional construct comprising three orientation sub-dimensions: strategic 

green marketing, tactical green marketing, and internal green marketing.  Considering the nature of 

GIoT, green energy awareness and energy knowledge/ technical capabilities are also proposed as key 

antecedences of U-GIoT applications (Antunes et al., 2014; Fernando et al., 2017). This model also 

suggests that the VU-GIoT applications would impact both energy efficiency and carbon footprint 

reduction. Finally, it is anticipated that both energy efficiency and carbon footprint reduction will 

directly influence the sustainable green performance (Mousa and Othman, 2020; Gholami et al., 2013). 

 

Figure 1: Conceptual Model Adapted from Stern et al. (1999); Chamorro et al. (2009); Leonidou and 

Leonidou (2011); Papadas et al. (2017); Mousa and Othman (2020); Gholami et al. (2013) 



3.1 Value-belief-norm theory  

Commonly considered, the VBN theory is the most predictive and comprehensive theoretical model 

covering important normative aspects that could shape environmental and green behaviour (i.e. 

adoption green energy system) (Stern et al., 1999; Werff and Steg, 2016; Stern, 2000; Stern et al., 1995; 

Han, 2015). Initially, the VBN theory was extracted from the norm activation model proposed by 

Schwartz (1977) and extended using factors from value theory (stern et al. 1999). VBN’s main 

proposition is that individuals usually tend to practice pro-environmental behavior when they have a 

moral motive (Stern et al., 1999). Such moral norms pertain to the perceptions and beliefs regarding the 

way people should behave in order to have a positive self-evaluation which is usually a reflection of the 

individuals' inner values (Fornara et al., 2016; Fransson and Biel, 1997; Thøgersen, 2006). Such moral 

norms and values have been approved by Werff and Steg (2016); Steg et al. (2005) and Abrahamse and 

Steg (2009) as positive drivers to adopt new systems and methods that would help in decreasing the 

carbon footprint as well as being more efficient and sustainable in using the traditional energy sources.      

In fact, there are several studies that have approved the validity and applicability of VBN theory in 

predicting many environmentally friendly behaviors and trends such as customer intention and 

purchasing eco and environmental friendly products (Stern et al., 1999); green energy system 

implementation (Steg et al., 2005); acting pro-environmental behaviours (Nordlund and Garvill, 2002); 

eco-friendly practices such as recycling (Oreg and Katz-Gerro, 2006); perceived environmental risks 

(Slimak and Dietz, 2006); adoption sustainable solutions (i.e. electric vehicles) (i.e. Slimak and Dietz, 

2013). Werff and Steg (2016) have also tested and empirically approved the impact of biospheric values 

theory over the related area of smart energy systems. Both biospheric values and ecological worldview 

have received a considerable attention and focus in the VBN theory (Klockner, 2013). Therefore, and 

in line with what has been proposed by Werff and Steg (2016), the current study model exclusively 

focuses on values (i.e. biospheric values and ecological worldview) from VBN as key predictors of 

utilization of GIoT applications.  

3.1.1. Biospheric values 

According to Steg et al. (2014); Werff et al. (2013); Nordlund and Garvill (2003); Ruepert et al. (2017); 

Dietz et al. (1998); Steg and De Groot (2012); Steg et al. (2014); Werff et al. (2014); Oreg and Katz-

gerro, 2006; Stern (2000), normative beliefs and values (i.e. biospheric values and ecological 

worldview) that people adopt and believe in could also shape their pro-environmental behaviour. 

According to Schwartz (1992, p. 1), personal values would be addressed as “the criteria that people use 

to select and justify actions and to evaluate people (including the self) and events”. In other words, 

individuals who strongly adopt and believe in biospheric values, will consider environmental and nature 

issues by being more motivated to engage in pro-environmental behaviour (i.e. the utilization of GIoT 

applications). This would be attributed to the fact that non-human environmental dimensions are the 



main concentration of biospheric values as reported by Stern et al. (1995); Stern (2000); Wynveen et 

al. (2011). Choi et al. (2015); Han (2015); Klockner (2013); and De Groot and Steg (2008) also argued 

that people who embrace biospheric values will engage in trade off process to compere between the 

benefits and costs of the pro environmental behaviour. Thus, if people perceive the benefits outweigh 

the expected costs of such behaviour, they will be more motivated to adopt pro-environmental behavior 

(Choi et al., 2015). Werff and Steg (2016) have also tested and empirically approved the impact of 

Biospheric values theory over the related area of smart energy systems. Thus, this study proposes that:  

H1: Biospheric values positively influence utilisation of GIoT. 

3.1.2. Ecological worldview 

According to Stern (2000, p. 411), ecological worldview would be defined as “the propensity to take 

actions with pro-environmental intent” (Stern, 2000, p. 411). Dunlap et al. (2000); Gkargkavouzi et al. 

(2019); and Donmez-Turan and Kiliclar (2021) argued worldview as a collection of shared values and 

beliefs that people would have regarding the environment and how human actions would impact the 

environment. Ecological worldview would also pertain to general perceptions and attitudes about the 

negative and harmful impacts of human activities on the environment and nature (Wu, 2018; Donmez-

Turan and Kiliclar, 2021). In this respect, Donmez-Turan and Kiliclar (2021) added that the ecological 

paradigm (ecological worldview) are related to the common beliefs and thoughts regarding the overall 

impact of environmental issues, like global warming and increased levels of gas emissions. This 

environmental view relies on the acceptance of shared beliefs that humans disrupt nature’s balance, 

especially in light of the lack of available natural resources, and they then act more pro-environmentally 

(Klöckner, 2013). Therefore, a high level of ecological worldview promotes a feeling of obligation 

towards the protection of the environment and nature, and accordingly, contributing to the pro-

environmental behaviour (Wu, 2018; Donmez-Turan and Kiliclar, 2021). Indeed, ecological worldview 

was reported and approved by Brügger et al. (2011) as a value that would encourage pro-environmental 

behavior. In their recent study, Donmez-Turan and Kiliclar (2021) have significantly and statistically 

supported the role of ecological worldview in enhancing the pro-environmental behaviour. Another 

study conducted in China by Wu (2018) has also approved the significant impact of ecological 

worldview on the children’s pro-environmental behaviour as well. Thus, this study proposes that:  

H2: Ecological worldview positively influences utilisation of GIoT.       

3.2. Green Marketing Orientation 

The conceptual model is also extended by considering green marketing orientation (GMO) (Chamorro 

et al., 2009; Leonidou and Leonidou, 2011; Papadas et al., 2017). Papadas and colleagues (2017, p. 

237) conceptualised GMO as “a firm's holistic orientation to the natural environment”. Accordingly, 

GMO is more about presenting a comprehensive management and marketing process concerned with 



recognizing, anticipating and fulfilling the needs and expectations of individuals and the community 

together in a sustainable and environmentally friendly manner (Papadas et al., 2017; 2019). Green 

marketing, as a concept, was originally introduced by Charter (1992) to refer to increasing the level of 

environmentally friendly administrative and marketing practices and reducing those practices that harm 

the environment. GMO dimensions and measurement items have been initially proposed and 

empirically validated by Papadas et al. (2017) who later in 2019 have tested their GMO model and 

discover adoption GMO would contribute organizational competitiveness, sustainable and financial 

performance as well (Chung, 2020; Chahal et al., 2014; Dang and Wang, 2022; Papadas et al., 2017; 

2019; Bogodistov et al., 2022).  

Papadas et al. (2017) proposed GMO as a multi-dimensional construct compriseing three orientation 

marketing sub-dimensions: strategic green, tactical green  and internal. Strategic green marketing 

orientation pertains to the extent to which higher management considers the pro-environmental issues 

in conducting its strategic managerial and marketing activities and decisions (Papadas et al., 2019; 

2017). Strategic green marketing orientation is also concerned with long-term objectives that serve the 

organization's strategic vision and mission with regard to environmental dimensions, organizational 

sustainable performance, and corporate social responsibility (i.e. Papadas et al., 2019; 2017; Stoeckl 

and Luedicke, 2015). At the second level (i.e. tactical green marketing orientation), Papadas et al. (2017) 

addressed the short-term marketing actions that make the components of marketing (i.e., product; 

promotion; pricing; and distribution) more friendly green. Tactical green marketing orientation would 

be noticed in several marketing practices such as product decisions that increase energy efficiency and 

reduce carbon emissions; implementing promotional campaigns that increase the level of environmental 

awareness and encourage environmentally friendly consumption behavior among consumers; using 

more green distribution channels; and making environmentally friendly products available at affordable 

prices to a wide range of customers (Papadas et al., 2017). The third dimension, internal GMO includes 

instilling environmental values throughout the business to establish a green corporate culture on a larger 

scale (Papadas and Avlonitis, 2014; Papadas et al., 2017). This is more related to the green marketing 

and managerial practices targeting internal customers (i.e. employees) such as adopting and 

implementing green human resource management, such as recruitment, training, empowerment, and 

promotion (i.e. Ogbeibu et al., 2020; Roscoe et al., 2019; Papadas et al., 2017).  

There is a growing concern regarding environmental issues and the need to take the necessary 

procedures to protect the environment in the business environment (Dangelico and Vocalelli, 2017; 

Hong et al., 2009; Chen and Yang, 2019; Tsai et al., 2020). Therefore, business organizations have 

started implementing an environmentally friendly philosophy and policy especially those related to 

managing marketing activities and the relationship with consumers (Chen and Yang, 2019; Tsai et al., 

2020; Dangelico and Vocalelli, 2017). Such interest would be attributed to customers’ awareness and 

concerns that products and the way that these products are produced is green. Accordingly, customers 



are more likely to appreciate and pay premium price for these brands and companies that take care of 

environmental issues (Chen and Yang, 2019; Dangelico and Vocalelli, 2017; Tsai et al. 2020; Chung, 

2020). In fact, green marketing practices have been also considered by marketers as effective 

mechanisms contributing to brand image, competitive advantage, and sustaining the customer’s loyalty 

and satisfaction as reported by McDonagh and Prothero (2014); Chekima et al., (2016); Jaiswal and 

Kant (2018); Papadas et al. (2019); Tsai et al. et al. (2020). Thus, business organizations that believe in 

GMO are more likely to have environmental awareness, and accordingly, adopt pro-environmental 

behaviour (utilization GIoT) (Dang and Wang, 2022). Thus, this study proposes that:  

H3: Green marketing orientation positively influences utilisation of GIoT.         

3.3. Green Energy Awareness  

Several researchers have reported energy awareness (i.e. Akroush et al., 2019; Bedenik et al., 2015; 

Dato, 2017) as a key driver for pro-environmental behaviour, especially that related to energy 

consumption and saving. In general, energy awareness is referred to as the extent of how much people 

and organizations understand how they would effectively and rationally consume energy (Hassan et al., 

2009). In particular, green energy awareness would be identified as the extent of awareness and 

understanding regarding the best environmentally friendly practices (i.e. renewable energy; GIoT) that 

help the efficient and effective utilization of energy and thus reducing the percentage of carbon 

emissions. Fernando and Lin (2017) also proposed several indictors pertaining to the level of green 

energy awareness over the business organizations. Such indicators are the existence of clear and easy-

to-read guidelines and policies that help employees save and use energy optimally.  

Energy awareness largely relies on the way how business organizations regularly and effectively 

communicate and motivate employees and stakeholders to actively engage in green energy programs 

(i.e. Fernando and Lin, 2017). According to Hassan et al. (2009), energy awareness includes knowing 

the importance of green energy systems; how much such green system could be used and implemented; 

and how much these systems would help in saving energy consumption. Related to this, Ma et al. (2011) 

identified the significant impact of energy awareness on Chinese customer attitudes towards modifying 

energy consumption behavior as a response to climate and environmental changes and challenges. In 

South Korea, Ha and Janda (2012) also noticed that customers, who have green and environmental 

awareness, are more to be intended to buy electrical appliances and small electronic products that are 

environmentally friendly and use less energy. More recently, Akroush et al. (2019) approved the 

significant impact of energy awareness in developing the purchase intention green energy products. 

Thus, this study proposes that:  

H4: Green energy awareness positively influences utilisation of GIoT.        



3.4. Energy Knowledge/ Technical capabilities  

Energy knowledge as a technical capability could be addressed as accumulative experience, 

knowledge, and competences that help organisations to effectively use green and smart energy 

systems. Such capabilities considerably help business organizations in their endeavours at all 

stages of utilising green and smart energy systems (i.e. GIoT) (i.e. Morgan et al., 2009; Wang 

and Feng, 2012; Buchanan et al., 2014; Berniak-Woźny and Szelągowski, 2022). Energy knowledge 

could also be identified as the environmental knowledge as discussed by Matteson (2012) and 

more recently Donmez-Turan and Kiliclar (2021) who assured the role of environmental knowledge as 

a significant driver of pro-environmental behaviour (U-GIoT). Mei et al. (2012); and Lin (2015) have 

also investigated and approved the role of energy knowledge and its’ positive impact on energy saving 

and use practices.  This can be summarised as thefact that energy knowledge capabilities 

empower business organisations to understand what the best smart energy solutions available 

are; how they would buy such systems; and how they could effectively use and sustain such 

systems (Antunes 2014; Bunse et al., 2011; Filippini et al., 2020; Sun et al., 2021; Müller et al., 

2013).   

The concept of “Energy Knowledge/Technical Capabilities” was proposed by Fernando and Lin 

(2017) in their research which aimed to investigate the impact of knowledge management 

practices on energy efficiency and carbon footprint.  They have operationalised “Energy 

Knowledge/Technical Capabilities” based on several indictors, including the level of 

knowledge that energy management and committee has regarding the best energy practices; 

the existence of educational and training energy programs; the level of external collaboration 

with experts to educate or evaluate current capabilities regarding energy issues; the presence 

of considered and structured guidelines explaining sequential steps in utilising and sustaining 

smart energy systems and practices.  Thus, this study proposes that:  

H5: Energy knowledge positively influences utilisation of GIoT.       

3.5. Utilization of GIoT  

There is a remarkable consensus in the various industries that the use of smart technological tools (i.e. 

GIoT and AI) considerably helps in decreasing the carbon footprint while enhancing energy efficiency 

(He et al., 2021; Huang  et al., 2022; Shan et al., 2021; Sun et al., 2019; Liu et al., 2022a and b; Wang 

and Wang, 2020). For example, according to a survey conducted by Nokia (2022), utilizing smart 

systems has helped telecommunication companies to save about 30% energy accompanied by a 

decrease in the level of emitted carbon. This transformation toward green and energy smart systems has 

zero negative effect on the customer and business performance (Nokia, 2022; Zhao et al., 2022). Nokia’s 



(2022) survey also indicated that 78% of telecommunication organizations have already utilised smart 

energy systems (i.e. AI and GIoT). Likewise, IoT systems have been utilised by about 50% of 

organizations over the retailing context worldwide and most of these organizations (80%) indicated a 

considerable enhancement in the extent of energy efficiency, and accordingly, their financial 

performance (Solum, 2022). There is an evidence-base that supports the impact of green smart systems 

by Wurlod et al. (2018); Wang et al. (2022); and Sun et al. (2019) who provided evidence supporting 

the positive impact of green innovations on energy efficiency. Thus, this study proposes that:       

H6: Utilisation of GIoT positively influences energy efficiency 

Practically, smart energy systems have not only empowered business organizations to monitor the 

energy consumption and carbon emission but also increased their ability to predict the size of energy 

demand at the level of the organization as a whole and the level of potentials and machines in particular. 

This, in turn, helps these organizations to accurately anticipate and identify defects in the production 

system that increase the amount of wasted energy (Zakaryan, 2022; Haldar and Sethi, 2022). In 

particular, GIoT has been reported as an effective solution which would help business organizations to 

decrease the level of carbon footprint (Solum, 2022). Therefore, GIoT has been commonly reported as 

key smart tools contributing to business organizations’ ability to reduce carbon footprint and enhancing 

energy synchronously (Liu et al., 2022b). Liu et al. (2022b) provided evidence supporting the 

importance of smart systems in decreasing the carbon footprint in China. Thus, this study proposes that:       

H7: Utilisation of GIoT positively influences carbon emission reduction   

3.6. Energy efficiency 

Conceptually, energy efficiency represents a desirable level of performance, which reflects the ability 

of business organizations to manufacture and deliver goods and services to consumers with the lowest 

possible level of energy used. Energy efficiency is consistently considered one of the key levers for 

sustainable organizational performance environmentally, socially and economicly (Li and Lin, 2017; 

Hrovatin et al., 2016; Bunse et al., 2011). Particularly, energy efficiency helps organizations to cut the 

expenses related to energy and fuel use and reduce carbon emissions. This helpsorganizations to attain 

their sustainable objectives as reported by Motlagh et al. (2019). Further, it is widely agreed that the 

volume of energy use is a key factor contributing to the high level of carbon emissions (Fernando and 

Hor, 2017). Accordingly, one of the inevitable consequences of increasing energy efficiency is a 

decrease in carbon emissions (Fernando and Hor, 2017; Saboori et al., 2012). For example, energy 

efficiency has been considered by European countries as a target so as to reduce carbon emission by 

20% in 2020 (Hrovatin et al., 2016). This assumption has been confirmed by Fernando and Hor (2017) 

who provided statistical evidence approving energy efficiency’s role in decreasing the carbon 

emissions.  Thus, this study proposes that:       



H8: Energy efficiency positively influences carbon emission reduction. 

H9: Energy efficiency positively influences sustainable performance.   

3.7. Carbon Emission Reduction  

Carbon emissions are among the most important challenges affecting the planet and making lives of 8 

billion people under threat due to their negative environmental effects and climate change (National 

Oceanic and Atmospheric Administration, 2022; Halldórsson and Kovács, 2010; Lam et al., 2010; 

Gueddari-Aourir et al., 2022; Holmatov et al., 2021; Jager et al., 2022; Fernando and Wah, 2017; 

Fernando and Hor, 2017). It is also worth mentioning industrial and service organizations bear the 

greatest responsibility in increasing the level of carbon emissions by size of 34.81 billion metric tons 

of CO2 in 2020 (Statista, 2022a). This is in addition to increasing pressure from stakeholders to adopt 

the best green practices for reducing carbon emissions (i.e. Hoegh-Guldberg et al., 2019; Zeng et al., 

2022; Wong et al., 2020; Mousa and Othman, 2020; Kar and Harichandan, 2022; Gholami et al., 2013). 

Carbon reduction would be one of the most important green practices that business organizations 

attempt to attain to sustain their performance; increasing customer satisfaction and maintaining their 

corporate image (i.e. Mousa and Othman, 2020; Wong et al., 2021; Mukonza and Swarts, 2020). For 

example, 87% customers are more inclined to have a positive attitude and behaviour toward business 

organizations that act pro-environmentally and ethically (Solum, 2022). Plambeck (2012) stressed that 

reducing carbon has direct economic benefits (reducing costs), social benefits (improving the 

organization's reputation), and environmental benefits. Plambeck (2012) also noted that organizations 

who reduce the level of carbon emissions have a better chance of building distinguished relationships 

with government agencies and stakeholders, both at the local and international levels. Thus, this study 

proposes that:  

H10: Carbon emission reduction positively influences sustainable performance.   

4. Methodology  

This study will conduct the empirical part in the service sector in Saudi Arabia. Therefore, online 

questionnaire were allocated to managers and employees at different levels over different kinds of 

service organizations (i.e. banking; telecommunication; health; retailing; education; information 

technology; and tourism). A purposive sample including 500 respondents working in organizational 

departments and fields involved in issues related to sustainability; green and pro-environmental 

practices; marketing; energy; and information systems was used to collect data. The data collection 

process began in early November and ended in mid-December (2023) and had 274 valid responses with 

response rate 54.8%.  

Green marketing orientation was operationalised as a multi-dimensional construct comprising three 

sub-dimensions: strategic green marketing orientation (SGMO); tactical green marketing orientation 



(TGMO); and internal green marketing orientation (IGMO). These three dimensions (SGMO; TGMO; 

and IGMO) were derived from Papadas et al. (2017) and provided scale measurements. Cordano et al. 

(2011) and Stern et al. (1999) proposed four scale items that were used to measure ecological worldview 

(EWRV) while the biospheric values (BSV) construct was tested using scale items by Han (2015); Steg 

et al. (2014); Blok et al. (2015). Scale measurements proposed and validated by Fernando and Hor 

(2017) were considered to test energy awareness (EW); energy knowledge/technical capabilities (EKT); 

carbon emission reduction (CER); and energy efficiency (EEF).  Utilization of GIoT was assessed with 

four scale items recommended by Kros et al. (2011); Gholami et al. (2013); and recently validated by 

Baabdullah et al. (2021). Finally, Fernando and Wah (2017) and Gholami et al. (2013) proposed five 

scale items to measure the sustainable performance (SPF).   

An even point Likert scale was used to measure the scale items for all constructs except biospheric 

values (BSV) which was measured using a seven point scale ranging from “not very important” to “very 

important” as proposed by Han (2015).  The back-translation method (Brislin, 1976) was used to 

translate the questionnaire to Arabic. The Arabic version was then validated by Professors in marketing 

and management information systems. The validity of translated version was approved by all Professors 

to measure the latent constructs. Then, researchers conducted a pilot study with a small sample size of 

30 participants to assure a higher level of reliability in the scale items used in the current questionnaire.  

All constructs were able to capture a Cronbach's coefficient alpha value not less than 0.70, which 

supports the constructs reliability (Nunnally, 1978). 

5. Results  

5.1. Respondents’ Characteristics 

There were a total of 274 valid responses captured with a response rate of 54.8%. The bulk of the 

respondents were males (61.3%), with females representing about 38.7% of the sample. Approximately 

34.5% of the sample participants were within the age group 31-41 followed by those whose ranging in 

age between 41 to 50.  More than half of the respondents held a Bachelor's degree (54.7%) and about 

23.8% of sample respondents had a Master’s degree.  With regard to the positions in which the 

respondents work, it was noted that 22.1% of worked as MIS/ IT managers followed by energy mangers 

(20.2%) while about 13.5% of current study participants were employees working at the operational 

level. The largest part of the respondents was from sectors like banking (26.6%); telecommunications 

(25.9%), and retailing (18.9%) (See Table 1).  

Table 1: Respondents profiles 

Demographic Profile Number of Participants 

(N= 274) 

Percentage (%) 

Gender 

Male 168 61.3 

Female 106 38.7 



Total  274 100 

Age 

18-24 34 12.4 

25-30 51 18.7 

31-40 95 34.5 

41-50 56 20.3 

51-60 35 12.8 

60+ 3 1.3 

Total  274 100.0 

Education Level   

High school 7 2.5 

Diploma 35 12.9 

Bachelor 150 54.7 

Master  65 23.8 

PhD 15 5.4 

Other 2 .7 

Total  274 100 

Position  

CEO 29 10.4 

MIS director/ IT Manager 61 22.1 

Energy manger  55 20.2 

R&D director/manager 29 10.6 

Marketing manager 39 14.3 

CSR/sustainability manager 24 8.9 

Operational level employees 37 13.5 

Total  274 100 

Sector  

Banking 73 26.6 

Telecommunication 71 25.9 

Medical and health  29 10.6 

Retailing  52 18.9 

Information technology   32 11.6 

Tourism  11 4.01 

Others  6 2.18 

Total  274 100 

 

5.2. Descriptive Statistics of Measurement Items    

Table 5 shows all scale items used in the current questionnaire that were positively rated by sample 

participants with mean value not less than 5. The average mean of SGMO items was 5.35 with a 

standard deviation (STD) value of 0.81. TGMO items were also positively valued by sample 

respondents with an average value of 5.37 (STD = 0.83). Likewise, IGMO items were able to capture 

an average value of 5.45 (STD - 1.10). EWRV was positively rated by sample respondents with a mean 

value of 5.17 (STD = 1.16). Similarly, current sample respondents largely valued items of BSV with a 

mean value of 5.41 (STD = 1.10).  Aspects related to EKT derived a considerable attention for sample 

participants due to a high mean value (5.44; STD: 1.166) extracted to EKT items. Items of EW were 

rated positively by sample participants with a mean value of 5.37 (STD = 1.17).  Sample respondents 

highly value the aspects related to both EEF and CER with mean values of 5.26 and 5.15, respectively.  



Items used to measure U-GIoT were rated positively by participants with a mean value of 5.15 (STD = 

1.095). Sample participants highly rated items of SPF with a mean value of 5.12 (STD = 1.05).     

5.3. Structural Equation Modelling 

5.3.1. Measurement Model: Confirmatory Factor Analysis 

Confirmatory factor analyses was used on 49 scale items in the current study using AMOS22. Several 

fit indices were considered to measure the measurement goodness of fit (Hair et al., 2010). These fit 

indices include Chi-Square value (χ2)/Degree of freedom (CMIN/DF); Goodness of Fit Index (GFI); 

Adjusted Goodness of Fit Index (AGFI); Normed Fit Index (NFI); Comparative Fit Index (CFI); and 

Root Mean Square Error of Approximation (RMSEA) (Anderson and Gerbing, 1988; Byrne, 2010; 

Bagozzi and Yi, 1988). As seen in Table 2, all fit indices were able to capture values within their 

threshold as such CMIN/DF was 2.841, GFI= 0.924, AGFI= 0.885, NFI= 0.945, CFI= 0.972 and 

RMSEA= 0.048 (Anderson and Gerbing, 1988; Byrne, 2010; Bagozzi and Yi, 1988). This, in turn, 

supports the goodness of fit of the current measurement model.  

Table 2: Model Goodness of Fit 

Fit indices Cut-off point Yielded Index 

CMIN/DF ≤3.000 2.841 

GFI ≥ 0.90 0.924 

AGFI ≥ 0.80 0.885 

NFI ≥ 0.90 0.945 

CFI ≥ 0.90 0.972 

RMSEA ≤ 0.08 0.048 

 

Constructs Reliability and Validity   

Composite reliability (CR) and Cronbach’s coefficient alpha (α) were considered in the current study 

to inspect reliability (Fornell and Larcker, 1981; Hair et al., 2010). Table 3 presents all nine constructs 

proposed in the study model which were able to capture a CR value not less than 0.70 (Fornell and 

Larcker, 1981; Hair et al., 2010; Nunnally, 1978). EW had the highest CR value of 0.927 followed by 

EKT with CR value of 0.926 (Fornell and Larcker, 1981; Hair et al., 2010). The lowest CR value (0.827) 

was accounted for by GMO. Likewise, Cronbach’s coefficient alpha (α) values were above 0.70 

(Nunnally, 1978). EKT recorded the highest α value (0.925) while the minimum value was for GMO 

with α value of 0.823.  This strongly indicates that the items used to measure these variables have a 

strong internal consistency, and thus it becomes clear that the participants in the study have a clear and 

common understanding regarding the dimensions of these variables. These results also support the 

variables proposed in the study model, and they are well defined and understood within the framework 

of the current study by the study sample participants. 



Table 3: Construct Reliability and validity 

 
CR (α) AVE EWRV GMO BSV EKT EW U-GIoT EEF CER SPF 

EWRV 0.886 0.884 0.661 0.813                 

GMO 0.827 0.823 0.617 0.541 0.785               

BSV 0.899 0.895 0.689 0.513 0.699 0.830             

EKT 0.926 0.925 0.716 0.651 0.687 0.726 0.846           

EW 0.927 0.923 0.719 0.668 0.487 0.745 0.724 0.848         

U-GIoT 0.905 0.905 0.655 0.723 0.567 0.743 0.731 0.695 0.809       

EEF 0.903 0.901 0.651 0.712 0.744 0.732 0.657 0.754 0.767 0.807     

CER 0.910 0.908 0.669 0.707 0.786 0.658 0.712 0.758 0.733 0.701 0.818   

SPF 0.915 0.911 0.684 0.741 0.712 0.779 0.722 0.746 0.751 0.740 0.693 0.827 

All nine constructs matched criteria related to constructs validity, including average variance extracted 

(AVE); discriminant validity; and standardised regression weight (factor loading). Table 3 shows all 

constructs have an AVE value not less than 0.50 (Hair et al., 2010; Anderson and Gerbing, 1988; Fornell 

and Larcker, 1981).  This study’s constructs also met the criteria for discriminant validity, as the inter-

correlation values between latent constructs were lower than the square root of the AVE values yielded 

for all nine constructs in the current study model (Kline, 2005). Furthermore, all scale items had 

regression weight values not less than 0.50 (Hair et al., 2010) (see Table 4). It is important to note that 

GMO was identified as a multi-dimensional construct (second order factor) comprising three sub-

dimensions: SGMO; TGMO; IGMO (first order factors). In Table 4, SGMO; TGMO; and IGMO 

adequately and significantly loaded on GMO with standardised regression weight values above 0.50 

and ranging from 0.724 (IGMO); 0.731 (SGMO); to 0.724 (IGMO).  

The AVE values ranged between 0.719 as the highest value recorded for EW and 0.617 as the lowest 

value. Such results support the scale items considered in this study to measure the related constructs. 

This means that results of AVE and factor loading reflects that these scale item accurately measure their 

latent constructs. This supports the constructs' convergent validity. On the other hand, results of 

discriminant validity confirm that the constructs in this t study share more variance with its scale items 

than with other constructs. This, accordingly, confirms that each construct in current study model is 

unique and captures a specific aspect while these aspects are different from other constructs. 

 

Table 4: standardised regression weight (factor loading) 

Item  
 

Construct  Estimate Mean  Std Item   Construct  Estimate Mean  Std 

SGMO <--- GMO .731  EW1 <--- EW .899 5.35 1.19 

TGMO <--- GMO .890 EW2 <--- EW .786 5.42 1.14 

IGMO <--- GMO .724 EW3 <--- EW .833 5.37 1.13 

SGMO1 <--- SGMO .641 5.25 .83 EW4 <--- EW .906 5.38 1.19 

SGMO2 <--- SGMO .997 5.69 .77 EW5 <--- EW .810 5.36 1.20 

SGMO3 <--- SGMO .960 5.14 .76 CER1 <--- CER .815 5.17 1.05 

SGMO4 <--- SGMO .991 5.35 .89 CER2 <--- CER .858 5.05 1.07 

TGMO1 <--- TGMO .734 5.41 .85 CER3 <--- CER .807 5.07 1.08 

TGMO2 <--- TGMO .804 5.58 .94 CER4 <--- CER .816 5.28 1.16 

TGMO3 <--- TGMO .861 5.22 .77 CER5 <--- CER .791 5.19 1.08 



5.3.2 Structural Model Analyses   

Out of ten hypothesised paths of the current study model, nine were supported to be significant (see 

Table 5).  Four factors (GMO; EWRV; BSV; and EKT) could predict 0.83 of variance (R2) in the 

Utilization of U-GIoT. Both GIoT and EEF predict 0.48 of variance (R2) in CER while about 0.63 of 

variance accounted in EEF.  About 0.53 of variance was accounted in SPF. The path coefficient 

analyses, U-GIoT was significantly influenced by GMO (γ=0.641 p<0.000); EWRV (γ=0.523, 

p<0.277); BSV (γ=0.381, p<0.000); and EKT (γ=0.419, p<0.000). EW’s impact on Utilization GIoT 

was non-significant (γ=0.082, p<0.725). U-GIoT was able to significantly predict both EEF (γ=0.407, 

p<0.008) and CER (γ=0.327, p<0.015). Finally, SPF was significantly influenced by both EEF 

(γ=0.657, p<0.000) and CER (γ=0.198, p<0.003).   

 

 

Table 5: Structural Model Results 

Hypothesised paths Estimate S.E. C.R. P 

GIoT <--- GMO .641 .058 6.895 *** 

GIoT <--- EWRV .277 .049 3.430 *** 

GIoT <--- BSV .381 .048 4.654 *** 

GIoT <--- EW .082 .129 .352 .725 

GIoT <--- EKT .419 .031 13.519 *** 

EEF <--- GIoT .794 .064 13.825 *** 

CER <--- GIoT .327 .161 2.428 .015 

CER <--- EEF .407 .165 2.642 .008 

SPF <--- EEF .657 .139 5.231 *** 

SPF <--- CER .198 .051 3.882 .003 

TGMO4 <--- TGMO .913 5.30 .79 EEF1 <--- EEF .818 5.23 1.07 

IGMO1 <--- IGMO .998 5.44 1.02 EEF2 <--- EEF .829 5.27 1.06 

IGMO2 <--- IGMO .986 5.47 1.22 EEF3 <--- EEF .811 5.26 1.00 

IGMO3 <--- IGMO .983 5.48 1.11 EEF4 <--- EEF .773 5.29 1.11 

IGMO4 <--- IGMO .588 5.43 1.06 EEF5 <--- EEF .803 5.28 1.19 

EWRV1 <--- EWRV .805 5.15 1.08 U-GIoT1 <--- U-GIoT .798 5.07 1.05 

EWRV2 <--- EWRV .834 5.21 1.09 U-GIoT2 <--- U-GIoT .794 5.16 1.17 

EWRV3 <--- EWRV .759 5.15 1.28 U-GIoT3 <--- U-GIoT .814 5.22 1.03 

EWRV4 <--- EWRV .852 5.18 1.19 U-GIoT4 <--- U-GIoT .866 5.16 1.13 

BSV1 <--- BSV .839 5.44 1.11 SPF1 <--- SPF .783 5.01 1.02 

BSV2 <--- BSV .827 5.45 1.05 SPF2 <--- SPF .864 5.18 1.12 

BSV3 <--- BSV .836 5.42 1.14 SPF3 <--- SPF .827 5.19 1.01 

BSV4 <--- BSV .818 5.33 1.10 SPF4 <--- SPF .874 5.14 1.08 

EKT1 <--- EKT .911 5.51 1.18 SPF5 <--- SPF .783 5.05 .98 

EKT2 <--- EKT .791 5.44 1.14  

EKT3 <--- EKT .815 5.39 1.12 

EKT4 <--- EKT .894 5.47 1.24 

EKT5 <--- EKT .812 5.39 1.15 



 

Figure 2: Structural Model 

6. Discussion  

This study has identified key factors that would predict the U-GIoT systems in business organizations 

to address carbon emissions and energy efficiency.  Another question has also been raised regarding 

the impact of reducing carbon footprint emissions and energy efficiency on the organization's 

sustainable performance. As seen in the prior section, statistical results provided strong evidence 

confirming what has been suggested in the present study model which was able to account 0.83; 0.48; 

0.63; and 0.53 of variance (R2) in the U-GIoT; CER; EEF; and SPF, respectively. This supports the 

selection of the VBN theory and green marketing orientation as an appropriate theoretical base.    

The path coefficient analyses suggests the VBN theory factors (biospheric and ecological) significantly 

impacted the U-GIoT (see Table 5). Accurately, current study respondents express considerable interest 

in aspects related to ecological values, which in turn, reflects on the level of GIoT utilisation. In different 

words, the high level of U- GIoT has been observed as a mainstream technology within organizations 

whose employees show their concern and fear about the nature balance and its sensitivity, and how it is 

vulnerable to be affected by human misuse of limited natural resources.  It has been commonly argued 

that individuals, who strongly believe in ecological worldview values, will practice pro-environmental 

behaviours (Stern, 2000; Dunlap et al., 2000; Gkargkavouzi et al., 2019; Donmez-Turan and Kiliclar, 

2021). In this respect, GIoT has been reported as one of the most effective mechanisms that serves 

organization’s endeavours related to environmental protection and reducing carbon emissions.  

Biospheric was also empirically approved to have a significant role in enhancing the U-GIoT. In fact, 

people who strongly adopt and believe biospheric values are more inclined to perceive the benefits of 

pro-environmental behaviour more favourably. Thus, they are more motivated to implement the best 

practices (GIoT) that help in sustaining their pro-environmental endeavours. The current study 



participants were noticed to highly value items used to measure the biospheric beliefs with a mean value 

of 5.41 (see Table 4), which reflects the relative importance given by them towards these dimensions 

such as reducing carbon emissions; and protecting nature. Such results are parallel with those reported 

by Choi et al. (2015) and Werff and Steg (2016).  

Green marketing orientation has been approved to be the most significant factor predicting U-GIoT. 

This means that the highest level of U- GIoT systems were observed among business organizations that 

adopt a marketing philosophy that is keen on environmentally friendly activities at all levels: strategic; 

tactical; and operational. Such interest in GMO philosophy was clearly noticed via the positive 

evaluation of the study participants relating to the questions regarding the dimensions of the green 

marketing orientation, such as the mean values accounted to SGMO; TGMO; and IGMO were 5.35; 

5.37; and 5.45, respectively. In fact, business organizations are increasingly getting involved in GMO 

practices due to the increasing level of environmental concerns that impact the organization's reputation 

and ability to retain its customers (Dangelico and Vocalelli, 2017; Hong et al., 2009; Chen and Yang, 

2019; Tsai et al., 2020; Dangelico and Vocalelli, 2017). Current study results pertaining to the impact 

of GMO on U-GIoT are similar to what has been approved by Dang and Wang (2022).     

As expected, EK was confirmed to have a significant role enhancing U-GIoT with regression value of 

0.407. In other words, a strong understanding of energy inevitably leads to an advanced level of GIoT 

use. Practically, the distinctive and sensitive nature of GIoT systems and their overlap with the other 

systems over the organizations makes their operation difficult. Therefore, organizations’ technical 

experience and knowledge considered as prerequisite to assure effective and successful use of GIoT.  

This would be attributed to the important role that EK as technical capabilities play in helping 

companies to select and operate the most efficient GIoT systems (Antunes 2014; Bunse et al., 2011; 

Filippini et al., 2020; Sun et al., 2021; Müller et al., 2013).  Such results positively supporting the impact 

of EK on U-GIoT are not far from those yielded in studies undertaken by Mei et al. (2012); Tran (2014); 

Lin (2015); and Fernando and Lin (2017).  

Path coefficient results supported what has been proposed regarding to the impact of U-GIoT in 

enhancing the energy efficiency while reducing carbon emissions. It was noted that in organizations 

that used green systems successfully, the rates of efficient use of energy increased and the percentage 

of carbon emissions decreased in parallel. U-GIoT has enriched the organizations competencies in 

measuring; monitoring; predicting both energy consumption and carbon emissions. In is therefore 

important to note that U-GIoT has been increasingly considered by business organizations as part of the 

environmental compliance policy, especially with regard to reducing carbon emissions. For example, a 

report published by the Global e-sustainability initiative (2015) indicated that revaluation in information 

communication technologies would help to reduce about 20% of Greenhouse Gas (GHG) emissions by 

2030. It is also expected that about 63.5 gigatons emissions would be decreased by implementing GIoT 

by the end of 2030, as recently reported by Ericsson (Solum, 2022).  



As per the current conceptual model (H9 and H10), path coefficient results strongly supported the 

significant impact of carbon emission reduction and energy efficiency on sustainable performance. It 

has been commonly reported that the energy bill represents a large part of the organization's costs, 

especially with the global rise in oil and gas prices (Mukhtarov et al., 2022; Wong et al., 2013). A higher 

level of energy efficiency means lower average costs of energy use within the organization, and this 

therefore helps in improving the short- and long-term financial and non-financial performance of the 

organization.  Reducing the rate of carbon emissions is evidence that confirms the organization's 

keenness on environmental compliance and its application of environmentally friendly practices, and 

accordingly; sustaining customer satisfaction and corporate image (i.e. Mousa and Othman, 2020; 

Wong et al., 2021; Mukonza and Swarts, 2020).  

6.1. Theoretical Contribution  

As mentioned in the introduction, GIoT is still in the early stages of implementation, and therefore, 

there is a growing and continuous need to know and understand all the factors that can help in the 

success of using such technology, especially in organizations with pro-environmental goals. Further, 

many previous studies in this area have technically addressed theire related issues of GIoT and how it 

could predict carbon emissions and business performance (Ramanathan et al., 2022; Pirson and Bol, 

2021). However, several studies have addressed other aspects related to value systems; awareness; 

knowledge; and business/ marketing philosophy (i.e. Green market orientation) (i.e. Dang and Wang, 

2022; Werff and Steg, 2016). Accordingly, this research offers a worthy investigation that can help 

scholars in this area to identify and understand the most important antecedents and consequences of U-

GIoT.  

This study proposes a comprehensive model which covers the most important predictors of U-GIoT. 

This research provides a considerable contribution for being the first study that has integrated VBN 

theory and marketing orientation theory in one single model. This integrated model has been extended 

by considering other factors (i.e. energy knowledge/ technical capabilities and energy awareness). The 

expanding theoretical horizon of the current study model not only integrates both VBN and GMO but 

also considers new mechanisms that would enhance U-GIoT. Furthermore, the results confirm the 

predictive validity of this integrated model as identified by the amount of variance (R2) in U-GIoT 

(0.83).      

Despite numerous studies addressing the VBN on the pro-environmental behaviour (i.e. Fornara et al., 

2016; Han, 2015; Oreg and Katz-Gerro, 2006), the impact of both ecological worldview and biospheric 

values on the adoption of GIoT has not been fully covered. Therefore, this study comprises another 

contribution via uncovering new potentials and enhancements that could help accelerate the adoption 

of GIoT. This also gives evidence of the importance of value systems and culture that organizations 



must adopt and share with their employees at all levels in relation to promoting environmentally friendly 

practices through the adoption of green technology systems.  

A careful review of the main body of literature identifies the largest part of prior studies considering 

the intention to adopt green systems (i.e. GIoT) (Hoffmann et al., 2022; Koo et al., 2015; Mishra et al., 

2016) or the adoption of such systems (Gholami et al., 2013; Hu et al., 2022). Yet, a few attempts have 

looked at the consequence of these systems from a broader view. This study has gone a step forward by 

considering the consequences of U-GIoT such as carbon emissions reduction; energy efficacy; and 

sustainable performance. The statistical results prove the significant impact of green technology on 

these aspects, and this reinforces the conviction that investment in green technology is not only a matter 

of environmental compliance, but directly impacts the efficiency of the organization and its ability to 

achieve economic and social success and the environment as well.  

6.2. Practical Contribution   

Besides the theoretical value added by this study for academics and researchers, policy-makers, 

decision-makers, practitioners and specialists in green energy systems (i.e. GIoT) would benefit from 

the findings about the key areas of improvement. For example, the significant role of biospheric values 

and ecological worldview identifies the importance of instilling and strengthening values related to 

environmental protection; reducing pollution rates; increasing respect for practices related to preserving 

the planet. In this respect, there is a constant need to conduct awareness campaigns for employees and 

organizational staff at all levels that reinforce the necessity of adopting biospheric values and enhancing 

behaviour related to pro-environmental behaviour. Therefore, it is highly suggested to redesign the 

communication process to be more effective in delivering engaging content that focuses on 

environmental and green values. Such content would be customised based on the employee’s level of 

awareness of biospheric values and ecological worldview.  It is also recommended to consider other 

non-traditional means of communication in delivering such content to employees, and thus it is possible 

to rely on informal communication channels such as using social media platforms.   

Findings from this study draw the attention to the import role of green marketing orientation for 

enhancing the U-GIoT. Therefore, policy-makers, decision-makers, practitioners and specialists in 

GIoT should pay more attention to three dimensions of GMO: (i.e. SGMO; TGMO; and IGMO). For 

example, SGMO dimension means that green marketing practices are not just a boom or a temporary 

action, but rather a strategic decision that includes reformulating the vision and long-term marketing 

goals of the organization in a way that takes the environmental dimensions and the need to preserve 

nature into account. It is also important to ensure that SGML does not only contribute to the pro-

environmental aims but also sustain the organization’ competiveness and financial performance 

(Papadas et al., 2017). It is highly recommended proposing new strategic guidelines that consider 

environmental standards in selecting the organizational partners. Long-term marketing goals should 



focus on the need to invest in research and development projects in sustainable energy andreduce carbon 

emissions as well.  

The IGMO gives clues to the importance of spreading and promoting pro-environmental culture and 

values among internal customers (employees). Having such cultural and value systems would also 

require organizations to expand in green human resources practices, such as green training and 

involvement in green hiring (Mousa and Othman, 2020; Papadas et al., 2017). This will guarantee the 

attraction of human resources that have a cultural and value system that believes in the importance of 

environmental practices. It would be recommended that conducting and developing training programs 

should focus on such environmental culture and values. The vision and long-term green marketing 

objectives, which are documented in the green marketing strategy, should be clearly delivered to 

employees at all levels as they are responsible for converting them to actions. 

Marketers and practitioners engaged in the green energy program at the departmental levels, should 

focus their attention on TGMO dimension, as they are responsible for transforming what has been 

documented in the SGMO vision and objectives to the lower and operational level in the business 

organizations. In this regard, more efforts should be placed on enhancing the quality of the 

communication process and content for the related issues of pro-environmental energy. Further, the 

organization should seek to encourage green practices (i.e. paperless policy; using digital 

communication; recycling; using eco-systems like e-commerce and digital remote working) at the level 

of middle and operational management.  

Energy knowledge has been approved in the current study as key driver of successful U-GIoT. 

Therefore, more efforts are requested from policy-makers and practitioners to enhance the level of EK 

that employees should have at all level in the organizations. A highly specialized training program in 

energy and green smart systems should be developed and customized based on the employees skills and 

knowledge needs.  In this respect, the organization can seek help from external experts and specialists 

in energy and smart green systems to determine the level of skills and current capabilities of employees 

in such area, and accordingly, identify training needs and design effective training programs. Since 

success in implementing IoT systems is cumulative over time, there is a need to build a sophisticated 

energy management database. It is also highly recommended having well-designed and readable 

guidelines regarding the systematic process of implementing and using green energy systems   

6.3. Limitations and Future Research Directions   

Beyond the theoretical and practical values identified, there are several limitations that need to be 

discussed and considered in future research. This study was a cross-sectional study as both antecedences 

and consequences of U-GIoT were tested at one point in time. Generalizability of the current study 

results for the long-term, may be limited. This is brought to light by the fact that the nature of investing 

in green smart technology and the results achieved are usually realized in the long-term. Therefore, 



future studies are highly recommended conducting a longitudinal study to discover how the 

antecedences and consequences of U-GIoT would be different by the passage of time. Further, this 

study occurred within the Saudi service sector, and thus, may impact the generalizability of study’s 

results to other sectors: industrial; agricultural; governmental; and non-profitable. Future research  

studying green technology applications in these sectors are required. This study also considered U-GIoT 

as kind of pro-environmental practices that business organizations should take into account. Thus, it is 

worth future studies looking at different applications of pro-environmental behaviour including pro-

environmental practices such green mobility and transportation, paperless work; recycling; reduce the 

level of waste; and smart green solar.   

7. Conclusion  

Practically, environmental and digital experts have been commonly called to take advantage of smart 

systems such as GIoT. GIoT would be an effective mechanism to enhance energy efficiency and thus 

reduce carbon emissions. However, there is a question regarding the extent of how much business 

organizations actively utilise GIoT in their endeavours to reduce the level of carbon footprint and 

enhance the energy use efficiency. Another question would be raised about the effectiveness of carbon 

footprint reduction in enhancing the organization's ability to improve its sustainable performance. 

Consequently, this study is motivated to propose and examine key factors that could predict the U-GIoT 

applications by business organizations. Figure 1 represents the conceptual model proposed based on 

VBN (Stern et al., 1999). Two constructs derived from VBN (biospheric value and ecological 

worldview) were identified as predictors of U-GIoT applications. The conceptual model was extended 

by considering the role of GMO (Chamorro et al., 2009; Leonidou and Leonidou, 2011; Papadas et al., 

2017). In light of the nature of GIoT, green energy awareness and energy knowledge/ technical 

capabilities are also proposed as key antecedences of U-GIoT applications (Antunes et al., 2014; 

Fernando et al., 2017). This model also suggests that the U-GIoT applications would impact both energy 

efficiency and the reduction of carbon footprint. Finally, both energy efficiency and reducing carbon 

footprint were expected to have a significant influence on sustainable green performance (Mousa and 

Othman, 2020; Gholami et al., 2013). A purposive sample size of 500 respondents who work in service 

sector in Saudi Arabia was employed to collect the empirical data. Structural equation modelling results 

largely supported the impact of proposed factors (biospheric values; ecological worldview; green 

marketing orientation; and energy knowledge technical capabilities) as a key driver of U-GIoT. 

Empirical results also supported the importance of U-GIoT in enhancing energy efficiency and 

decreasing carbon emersions, which in turn, positively accelerates the sustainable green performance.  



References  

Akroush, M. N., Zuriekat, M. I., Al Jabali, H. I., & Asfour, N. A. (2019). Determinants of purchasing 

intentions of energy-efficient products: The roles of energy awareness and perceived 

benefits. International Journal of Energy Sector Management, 13(1), 128-148. 

Alaassar, A., Mention, A.L. and Aas, T.H. (2022). Facilitating innovation in FinTech: a review and 

research agenda. Review of Managerial Science, pp. 1-34. DOI: 

https://doi.org/10.1007/s11846-022-00531-x. 

Al-Mansour, F., & Jejcic, V. (2017). A model calculation of the carbon footprint of agricultural 

products: The case of Slovenia. Energy, 136, 7-15. 

Amri, F. (2018). Carbon dioxide emissions, total factor productivity, ICT, trade, financial development, 

and energy consumption: testing environmental Kuznets curve hypothesis for 

Tunisia. Environmental Science and Pollution Research, 25, 33691-33701. 

Anderson, J. C. and Gerbing, D. W. (1988). Structural equation modelling in practice: A review and 

recommended two-step approach. Psychological Bulletin, 103(3), 411-423.  

Antunes, P., Carreira, P., & da Silva, M. M. (2014). Towards an energy management maturity 

model. Energy policy, 73(October 2014), 803-814.  

Avom, D., Nkengfack, H., Fotio, H. K., & Totouom, A. (2020). ICT and environmental quality in Sub-

Saharan Africa: Effects and transmission channels. Technological Forecasting and Social 

Change, 155, 120028. 

Baabdullah, A. M., Alalwan, A. A., Slade, E. L., Raman, R., & Khatatneh, K. F. (2021). SMEs and 

artificial intelligence (AI): Antecedents and consequences of AI-based B2B 

practices. Industrial Marketing Management, 98, 255-270. 

Bagozzi, R. P., & Yi, Y. (1988). On the evaluation of structural equation models. Journal of the 

academy of marketing science, 16, 74-94. 

Belkhir, L., & Elmeligi, A. (2018). Assessing ICT global emissions footprint: Trends to 2040 & 

recommendations. Journal of cleaner production, 177, 448-463. 

Berniak-Woźny, J., & Szelągowski, M. (2022). Towards the assessment of business process knowledge 

intensity–a systematic literature review. Business Process Management Journal, 28(1), 40-61. 

Biel, A., Dahlstrand, U., & Grankvist, G. (2005). Habitual and value-guided purchase behavior. Ambio: 

a journal of the human environment, 34(4), 360-365. 

Blok, V., Wesselink, R., Studynka, O., & Kemp, R. (2015). Encouraging sustainability in the 

workplace: A survey on the pro-environmental behaviour of university employees. Journal of 

cleaner production, 106, 55-67. 

Bogodistov, Y., Moormann, J., Sibbel, R., Krupskyi, O. P., & Hromtseva, O. (2022). Process maturity 

and patient orientation in times of a health system reform. Business Process Management 

Journal, 28(1), 258-272. 

Bose, R., & Luo, X. (2011). Integrative framework for assessing firms’ potential to undertake Green IT 

initiatives via virtualization–A theoretical perspective. The Journal of Strategic Information 

Systems, 20(1), 38-54. 

Brislin, R. (1976). Comparative research methodology: Cross-cultural studies. International Journal of 

Psychology, 11(3), 215-229. 

Brügger, A., Kaiser, F. G., & Roczen, N. (2011). One for all? Connectedness to nature, inclusion of 

nature, environmental identity, and implicit association with nature. European Psychologist, 

16(4), 324–333. 

Buchanan, K., Russo, R., & Anderson, B. (2014). Feeding back about eco-feedback: How do consumers 

use and respond to energy monitors?. Energy Policy, 73, 138-146. 

Bughin, J., Hazan, E., Allas, T., Hjartar, K., Manyik, J., Sjatil, E., & Shigina, I. (2019). Tech for Good: 

Smoothing disruption, improving well-being. 

https://doi.org/10.1007/s11846-022-00531-x


Bunse, K., Vodicka, M., Schönsleben, P., Brülhart, M., & Ernst, F. O. (2011). Integrating energy 

efficiency performance in production management–gap analysis between industrial needs and 

scientific literature. Journal of Cleaner Production, 19(6-7), 667-679. 

Byrne, B. (2010). Structural equation modeling with AMOS: Basic concepts, applications and 

programming. (6th Ed.). New York, USA: Taylor & Francis Group.  

Chahal, H., Dangwal, R., & Raina, S. (2014). Antecedents and consequences of strategic green 

marketing orientation. Journal of Global Responsibility, 5(2), 338-362. 

Chamorro, A., Rubio, S., & Miranda, F. J. (2009). Characteristics of research on green 

marketing. Business Strategy and the Environment, 18(4), 223-239. 

Charter, M. (1992). Green Marketing: A Responsible Approach to Business. Greenleaf Publishing, 

Sheffield, UK.  

Chekima, B., Wafa, S. A. W. S. K., Igau, O. A., Chekima, S., & Sondoh Jr, S. L. (2016). Examining 

green consumerism motivational drivers: does premium price and demographics matter to 

green purchasing?. Journal of Cleaner Production, 112, 3436-3450. 

Chen, H. C., & Yang, C. H. (2019). Applying a multiple criteria decision-making approach to 

establishing green marketing audit criteria. Journal of cleaner production, 210, 256-265. 

Choi, H., Jang, J., & Kandampully, J. (2015). Application of the extended VBN theory to understand 

consumers’ decisions about green hotels. International Journal of Hospitality Management, 51, 

87-95. 

Chowdhury, G. (2012). How digital information services can reduce greenhouse gas emissions. Online 

Information Review, 36(4), 489-506. 

Chugh, R., Wibowo, S., & Grandhi, S. (2016). Environmentally sustainable Information and 

Communication Technology usage: awareness and practices of Indian Information and 

Communication Technology professionals. Journal of Cleaner Production, 131, 435-446. 

Chung, K. C. (2020). Green marketing orientation: Achieving sustainable development in green hotel 

management. Journal of Hospitality Marketing & Management, 29(6), 722-738. 

Dangelico, R. M., & Vocalelli, D. (2017). “Green Marketing”: An analysis of definitions, strategy steps, 

and tools through a systematic review of the literature. Journal of Cleaner production, 165, 

1263-1279. 

Dartmouth. (2022). Study Shows Economic Impacts of Greenhouse Gas Emissions. Available at: 

https://home.dartmouth.edu/news/2022/07/study-shows-economic-impacts-greenhouse-gas-

emissions#:~:text=According%20to%20the%20study%2C%20emissions,each%20for%20the

%20same%20years. Accessed on 15.10.2022.  

Dato, P. (2017). Investment in energy efficiency, adoption of renewable energy and household 

behaviour: evidence from OECD countries. No. 2017.05, working papers, FAERE – French 

Association of Environmental and Resource Economists. 

De Groot, J. I. M., & Steg, L. (2008). Value orientations to explain beliefs related to environmental 

significant behavior: How to measure egoistic, altruistic, and biospheric value orientations. 

Environment and Behavior, 40(3), 330-354. 

Dietz, T., Stern, P. C., & Guagnano, G. A. (1998). Social structural and social psychological bases of 

environmental concern. Environment and behavior, 30(4), 450-471. 

Donmez-Turan, A., & Kiliclar, I. E. (2021). The analysis of pro-environmental behaviour based on 

ecological worldviews, environmental training/knowledge and goal frames. Journal of Cleaner 

Production, 279, 123518. 

Dunlap, R. E., Van Liere, K. D., Mertig, A. G., & Jones, R. E. (2000). Measuring endorsement of the 

new ecological paradigm: a revised NEP scale. Journal of Social Issues, 56(3), 425-442. 

https://home.dartmouth.edu/news/2022/07/study-shows-economic-impacts-greenhouse-gas-emissions#:~:text=According%20to%20the%20study%2C%20emissions,each%20for%20the%20same%20years
https://home.dartmouth.edu/news/2022/07/study-shows-economic-impacts-greenhouse-gas-emissions#:~:text=According%20to%20the%20study%2C%20emissions,each%20for%20the%20same%20years
https://home.dartmouth.edu/news/2022/07/study-shows-economic-impacts-greenhouse-gas-emissions#:~:text=According%20to%20the%20study%2C%20emissions,each%20for%20the%20same%20years


Dwivedi, Y. K., Hughes, L., Kar, A. K., Baabdullah, A. M., Grover, P., Abbas, R., ... & Wade, M. 

(2022). Climate change and COP26: Are digital technologies and information management part 

of the problem or the solution? An editorial reflection and call to action. International Journal 

of Information Management, 63, 102456. 

Elgaaied-Gambier, L., Bertrandias, L., & Bernard, Y. (2020). Cutting the internet's environmental 

footprint: an analysis of consumers’ self-attribution of responsibility. Journal of Interactive 

Marketing, 50(1), 120-135. 

Fernando, Y., & Hor, W. L. (2017). Impacts of energy management practices on energy efficiency and 

carbon emissions reduction: a survey of Malaysian manufacturing firms. Resources, 

Conservation and Recycling, 126, 62-73. 

Fernando, Y., & Hor, W. L. (2017). Impacts of energy management practices on energy efficiency and 

carbon emissions reduction: a survey of Malaysian manufacturing firms. Resources, 

Conservation and Recycling, 126, 62-73. 

Fernando, Y., & Wah, W. X. (2017). The impact of eco-innovation drivers on environmental 

performance: Empirical results from the green technology sector in Malaysia. Sustainable 

Production and Consumption, 12, 27-43. 

Filippini, M., Kumar, N., & Srinivasan, S. (2020). Energy-related financial literacy and bounded 

rationality in appliance replacement attitudes: evidence from Nepal. Environment and 

Development Economics, 25(4), 399-422. 

Fornara, F., Pattitoni, P., Mura, M., & Strazzera, E. (2016). Predicting intention to improve household 

energy efficiency: The role of value-belief-norm theory, normative and informational influence, 

and specific attitude. Journal of environmental psychology, 45, 1-10. 

Fornell, C. and Larcker, D. F. (1981). Evaluating structural equation models with unobservable 

variables and measurement error. Journal of Marketing Research, 18(1), 39-50. 

Fransson, N., & Biel, A. (1997). Morality and norm violation. Goteborg Psychological Reports, 27(3), 

1-10. 

Gholami, R., Sulaiman, A. B., Ramayah, T., & Molla, A. (2013). Senior managers’ perception on green 

information systems (IS) adoption and environmental performance: Results from a field 

survey. Information & management, 50(7), 431-438. 

Gkargkavouzi, A., Halkos, G., & Matsiori, S. (2019). A multi-dimensional measure of environmental 

behavior: Exploring the predictive power of connectedness to nature, ecological worldview and 

environmental concern. Social Indicators Research, 143, 859-879. 

Global e-sustainability initiative report. (2015). Global e-Sustainability Initiative. Accenture strategy 

SMARTer2030-ICT solutions for 21st century challenges. Brussels: global e-sustainability 

initiative (GeSI) and Accenture Strategy. Available at: 

https://smarter2030.gesi.org/downloads/Full_report.pdf; 2015. Accessed on 25.1.2023.  

Gueddari-Aourir, A., García-Alaminos, A., García-Yuste, S., Alonso-Moreno, C., Canales-Vázquez, J., 

& Zafrilla, J. E. (2022). The carbon footprint balance of a real-case wine fermentation CO2 

capture and utilization strategy. Renewable and Sustainable Energy Reviews, 157, 112058. 

Ha, H. Y., & Janda, S. (2014). The effect of customized information on online purchase 

intentions. Internet Research, 24(4), 496-519. 

Hair Jr., J. F., Black, W. C., Babin, B. J., and Anderson, R. E. (2010). Multivariate data analysis: A 

global perspective. (7th Ed.). Pearson Education International.  

Haldar, A., & Sethi, N. (2022). Environmental effects of Information and Communication Technology-

Exploring the roles of renewable energy, innovation, trade and financial 

development. Renewable and Sustainable Energy Reviews, 153, 111754. 



Halldórsson, Á., & Kovács, G. (2010). The sustainable agenda and energy efficiency: Logistics 

solutions and supply chains in times of climate change. International Journal of Physical 

Distribution & Logistics Management, 40(1/2), 5-13.  

Han, H. (2015). Travelers' pro-environmental behavior in a green lodging context: Converging value-

belief-norm theory and the theory of planned behavior. Tourism Management, 47, 164-177. 

Haseeb, M., Hussain, H. I., Ślusarczyk, B., & Jermsittiparsert, K. (2019). Industry 4.0: A solution 

towards technology challenges of sustainable business performance. Social Sciences, 8(5), 154. 

Hassan, M. G., Hirst, R., Siemieniuch, C., & Zobaa, A. F. (2009). The impact of energy awareness on 

energy efficiency. International Journal of Sustainable Engineering, 2(4), 284-297. 

He, Y., Fu, F., & Liao, N. (2021). Exploring the path of carbon emissions reduction in China’s industrial 

sector through energy efficiency enhancement induced by R&D investment. Energy, 225, 

120208.  

Hoegh-Guldberg, O., Pendleton, L., & Kaup, A. (2019). People and the changing nature of coral 

reefs. Regional Studies in Marine Science, 30, 100699. 

Hoffmann, S., Lasarov, W., & Reimers, H. (2022). Carbon footprint tracking apps. What drives 

consumers' adoption intention?. Technology in Society, 69, 101956. 

Holmatov, B., Schyns, J. F., Krol, M. S., Gerbens-Leenes, P. W., & Hoekstra, A. Y. (2021). Can crop 

residues provide fuel for future transport? Limited global residue bioethanol potentials and 

large associated land, water and carbon footprints. Renewable and Sustainable Energy 

Reviews, 149, 111417. 

Hong, P., Kwon, H. B., & Jungbae Roh, J. (2009). Implementation of strategic green orientation in 

supply chain: An empirical study of manufacturing firms. European journal of innovation 

management, 12(4), 512-532. 

Hossein Motlagh, N., Mohammadrezaei, M., Hunt, J., & Zakeri, B. (2020). Internet of Things (IoT) and 

the energy sector. Energies, 13(2), 1-27.  

Hrovatin, N., Dolšak, N., & Zorić, J. (2016). Factors impacting investments in energy efficiency and 

clean technologies: empirical evidence from Slovenian manufacturing firms. Journal of cleaner 

production, 127, 475-486.  

Hu, R., Shahzad, F., Abbas, A., & Liu, X. (2022). Decoupling the influence of eco-sustainability 

motivations in the adoption of the green industrial IoT and the impact of advanced 

manufacturing technologies. Journal of Cleaner Production, 339, 130708. 

 Huang, G., He, L. Y., & Lin, X. (2022). Robot adoption and energy performance: Evidence from 

Chinese industrial firms. Energy Economics, 107, 105837. 

Jager, H. I., Griffiths, N. A., Hansen, C. H., King, A. W., Matson, P. G., Singh, D., & Pilla, R. M. 

(2022). Getting lost tracking the carbon footprint of hydropower. Renewable and Sustainable 

Energy Reviews, 162, 112408. 

Jaiswal, D., & Kant, R. (2018). Green purchasing behaviour: A conceptual framework and empirical 

investigation of Indian consumers. Journal of Retailing and Consumer Services, 41, 60-69. 

Kar, S. K., & Harichandan, S. (2022). Green marketing innovation and sustainable consumption: A 

bibliometric analysis. Journal of Cleaner Production, 361, 132290. 

Khattak, S. I., Ahmad, M., Khan, Z. U., & Khan, A. (2020). Exploring the impact of innovation, 

renewable energy consumption, and income on CO2 emissions: new evidence from the BRICS 

economies. Environmental Science and Pollution Research, 27(12), 13866-13881. 

Kline, R. B. (2005). Principles and practice of structural equation modelling. New York: The 

Guilford Press.  

Klöckner, C. A. (2013). A comprehensive model of the psychology of environmental behaviour—A 

meta-analysis. Global environmental change, 23(5), 1028-1038. 



Koo, C., Chung, N., & Nam, K. (2015). Assessing the impact of intrinsic and extrinsic motivators on 

smart green IT device use: Reference group perspectives. International Journal of Information 

Management, 35(1), 64-79. 

Kronborg Jensen, J. (2012). Product carbon footprint developments and gaps. International Journal of 

Physical Distribution & Logistics Management, 42(4), 338-354. 

Kros, J. F., Glenn Richey Jr, R., Chen, H., & Nadler, S. S. (2011). Technology emergence between 

mandate and acceptance: an exploratory examination of RFID. International Journal of 

Physical Distribution & Logistics Management, 41(7), 697-716. 

Lam, H. L., Varbanov, P., & Klemeš, J. (2010). Minimising carbon footprint of regional biomass supply 

chains. Resources, Conservation and Recycling, 54(5), 303-309. 

Lange, S., Pohl, J., & Santarius, T. (2020). Digitalization and energy consumption. Does ICT reduce 

energy demand?. Ecological economics, 176, 106760. 

Latif, Z., Latif, S., Ximei, L., Pathan, Z. H., Salam, S., & Jianqiu, Z. (2018). The dynamics of ICT, 

foreign direct investment, globalization and economic growth: Panel estimation robust to 

heterogeneity and cross-sectional dependence. Telematics and Informatics, 35(2), 318-328. 

Leonidou, C. N., & Leonidou, L. C. (2011). Research into environmental marketing/management: a 

bibliographic analysis. European Journal of Marketing, 45(1/2), 68-103.  

Li, J., & Lin, B. (2017). Ecological total-factor energy efficiency of China's heavy and light industries: 

which performs better?. Renewable and Sustainable Energy Reviews, 72, 83-94. 

Lin, S. P. (2015). Raising public awareness: the role of the household sector in mitigating climate 

change. International Journal of Environmental Research and Public Health, 12(10), 13162-

13178. 

Liu, J., Liu, L., Qian, Y., & Song, S. (2022b). The effect of artificial intelligence on carbon intensity: 

Evidence from China's industrial sector. Socio-Economic Planning Sciences, 83, 101002. 

Liu, J., Qian, Y., Yang, Y., & Yang, Z. (2022a). Can Artificial Intelligence Improve the Energy 

Efficiency of Manufacturing Companies? Evidence from China. International Journal of 

Environmental Research and Public Health, 19(4), 2091. 

Lund, H., Østergaard, P. A., Connolly, D., & Mathiesen, B. V. (2017). Smart energy and smart energy 

systems. Energy, 137, 556-565. 

Ma, C., Ju, M. T., Zhang, X. C., & Li, H. Y. (2011). Energy consumption and carbon emissions in a 

coastal city in China. Procedia Environmental Sciences, 4(2011), 1-9. 

McDonagh, P., & Prothero, A. (2014). Sustainability marketing research: Past, present and future. 

Journal of Marketing Management, 30(11−12), 1186–1219. 

Mei, O.J., Ling, K.C. and Piew, T.H. (2012). The antecedents of green purchase intention among 

Malaysian consumers. Asian Social Science, 8(13), 246.  

Morgan, N. A., Vorhies, D. W., & Mason, C. H. (2009). Market orientation, marketing capabilities, and 

firm performance. Strategic Management Journal, 30(8), 909–920. 

Mousa, S. K., & Othman, M. (2020). The impact of green human resource management practices on 

sustainable performance in healthcare organisations: A conceptual framework. Journal of 

Cleaner Production, 243, 118595. 

Mousa, S. K., & Othman, M. (2020). The impact of green human resource management practices on 

sustainable performance in healthcare organisations: A conceptual framework. Journal of 

Cleaner Production, 243, 118595. 

Mukhtarov, S., Mikayilov, J. I., Maharramov, S., Aliyev, J., & Suleymanov, E. (2022). Higher oil 

prices, are they good or bad for renewable energy consumption: The case of Iran?. Renewable 

Energy, 186, 411-419. 



Mukonza, C., & Swarts, I. (2020). The influence of green marketing strategies on business performance 

and corporate image in the retail sector. Business strategy and the Environment, 29(3), 838-

845. 

Müller, E., Poller, R., Hopf, H., & Krones, M. (2013). Enabling energy management for planning 

energy-efficient factories. Procedia CIRP, 7, 622-627.  

Nath, P., & Siepong, A. (2022). Green marketing capability: A configuration approach towards 

sustainable development. Journal of Cleaner Production, 354, 131727.  

National Oceanic and Atmospheric Administration. (2022). Carbon dioxide now more than 50% higher 

than pre-industrial levels. Available at: https://www.noaa.gov/news-release/carbon-dioxide-

now-more-than-50-higher-than-pre-industrial-levels. Accessed on 28-9-2022.  

Navarro, A., Puig, R., & Fullana-i-Palmer, P. (2017). Product vs corporate carbon footprint: Some 

methodological issues. A case study and review on the wine sector. Science of the total 

environment, 581, 722-733.  

Nguyen, T. T., Pham, T. A. T., & Tram, H. T. X. (2020). Role of information and communication 

technologies and innovation in driving carbon emissions and economic growth in selected G-

20 countries. Journal of environmental management, 261, 110162. 

Nokia. (2022). How Artificial Intelligence reduces the carbon footprint of telco networks.  Available 

at: Ahttps://www.nokia.com/networks/bss-oss/ava/energy-

efficiency/?did=D000000007BR#ai-reduce-carbon. Accessed on 15.12.2022.  

Nordlund, A. M., & Garvill, J. (2002). Value structures behind environmental behavior. Environment 

and Behavior, 34, 740-756. 

Nordlund, A. M., & Garvill, J. (2003). Effects of values, problem awareness, and personal norm on 

willingness to reduce personal car use. Journal of Environmental Psychology, 23, 339-347.  

Nunnally, J. C. (1978). Psychometric theory. New York, NY: McGraw-Hill. 

Ogbeibu, S., Emelifeonwu, J., Senadjki, A., Gaskin, J., & Kaivo-oja, J. (2020). Technological 

turbulence and greening of team creativity, product innovation, and human resource 

management: Implications for sustainability. Journal of Cleaner Production, 244, 118703. 

Oreg, S., & Katz-gerro, T. (2006). Predicting pro-environmental behavior cross- nationally values, the 

theory of planned behavior, and value-belief norm theory. Environment and Behavior, 38(4), 

462-483. 

Papadas, K. K., Avlonitis, G. J., & Carrigan, M. (2017). Green marketing orientation: 

Conceptualization, scale development and validation. Journal of Business Research, 80, 236-

246. 

Papadas, K. K., Avlonitis, G. J., & Carrigan, M. (2017). Green marketing orientation: 

Conceptualization, scale development and validation. Journal of Business Research, 80, 236-

246. 

Papadas, K. K., Avlonitis, G. J., Carrigan, M., & Piha, L. (2019). The interplay of strategic and internal 

green marketing orientation on competitive advantage. Journal of Business Research, 104, 

632-643. 

Pirson, T., & Bol, D. (2021). Assessing the embodied carbon footprint of IoT edge devices with a 

bottom-up life-cycle approach. Journal of Cleaner Production, 322, 128966. 

Ramanathan, S., Malarvili, M. B., & Gopinath, S. C. (2022). Assessing Respiratory Complications by 

Carbon Dioxide Sensing Platforms: Advancements in Infrared Radiation Technology and IoT 

Integration. Arabian Journal of Chemistry, 104478. 

Roscoe, S., Subramanian, N., Jabbour, C. J., & Chong, T. (2019). Green human resource management 

and the enablers of green organisational culture: Enhancing a firm's environmental performance 

for sustainable development. Business Strategy and the Environment, 28(5), 737-749. 

https://www.noaa.gov/news-release/carbon-dioxide-now-more-than-50-higher-than-pre-industrial-levels
https://www.noaa.gov/news-release/carbon-dioxide-now-more-than-50-higher-than-pre-industrial-levels


Ruepert, A. M., Keizer, K., & Steg, L. (2017). The relationship between corporate environmental 

responsibility, employees’ biospheric values and pro-environmental behaviour at 

work. Journal of Environmental Psychology, 54, 65-78. 

Saboori, B., Sulaiman, J., & Mohd, S. (2012). Economic growth and CO2 emissions in Malaysia: a 

cointegration analysis of the environmental Kuznets curve. Energy policy, 51, 184-191. 

Schwartz, S. H. (1977). Normative influence on altruism. In L. Berkowitz (Ed.), Ad-vances in 

experimental social psychology (Vol. 10, pp. 221e279). New York, NY: Academic Press.  

Schwartz, S. H. (1992). Universals in the content and structure of values: theory and empirical tests in 

20 countries. In M. Zanna (Ed.), Advances in experimental social psychology (Vol. 25, pp. 

1e65). New York: Academic Press. 

Schwarzer, K. B., Hansmann, R., Popp, M., Von Streit, A., & Binder, C. R. (2015). Energy efficiency 

standards of single-family houses: factors in homeowners’ decision-making in two Austrian 

regions. Energy Environ. Res, 5, 49-66. 

Shan, S., Genç, S. Y., Kamran, H. W., & Dinca, G. (2021). Role of green technology innovation and 

renewable energy in carbon neutrality: A sustainable investigation from Turkey. Journal of 

Environmental Management, 294, 113004.  

Sharma, G. D., Rahman, M. M., Jain, M., & Chopra, R. (2021). Nexus between energy consumption, 

information and communications technology, and economic growth: an enquiry into emerging 

Asian countries. Journal of Public Affairs, 21(2), e2172. 

Slimak, M. W., & Dietz, T. (2006). Personal values, beliefs, and ecological risk perception. Risk 

analysis, 26(6), 1689-1705. 

Smart Energy International. (2022). 3 Ways IoT can help reduce carbon emissions.Available at:  

https://www.smart-energy.com/industry-sectors/iot/3-ways-iot-can-help-reduce-carbon-

emissions/. Accessed on 2.11.2022.  

Solum. (2022). How Does IoT Help Reduce Carbon Footprint?. Available at: 

https://www.solumesl.com/en/insights/how-can-companies-take-advantage-of-iot-to-reduce-

carbon-footprint. Accessed on 2.11.2022.  

Statista. (2022a). Annual carbon dioxide (CO₂) emissions worldwide from 1940 to 2021. Available at: 

https://www.statista.com/statistics/276629/global-co2-emissions/. Accessed on 11.10.2022.  

Statista. (2022b). Primary energy consumption worldwide in 2021 by country. Available at: 

https://www.statista.com/statistics/263455/primary-energy-consumption-of-selected-

countries/. Accessed on 11.10.2022.  

Steg, L., Bolderdijk, J. W., Keizer, K., & Perlaviciute, G. (2014). An integrated framework for 

encouraging pro-environmental behaviour: The role of values, situational factors and goals. 

Journal of Environmental Psychology, 38,104-115. 

Steg, L., Dreijerink, L., & Abrahamse, W. (2005). Factors influencing the acceptability of energy 

policies: a test of VBN theory. Journal of Environmental Psychology, 25, 415-425. 

Stern, P. C. (2000). New environmental theories: toward a coherent theory of environmentally 

significant behavior. Journal of social issues, 56(3), 407-424. 

Stern, P. C., Dietz, T., Abel, T., Guagnano, G. A., & Kalof, L. (1999). A value-belief-norm theory of 

support for social movements: The case of environmentalism. Human ecology review, 6(2), 81-

97. 

Stern, P. C., T. Dietz, and G. A. Guagnano. (1995). The new ecological paradigm in social-psycho- 

logical context. Environment and Behavior, 27 (6),723–743.  

Stoeckl, V. E., & Luedicke, M. K. (2015). Doing well while doing good? An integrative review of 

marketing criticism and response. Journal of Business Research, 68(12), 2452-2463. 

https://www.smart-energy.com/industry-sectors/iot/3-ways-iot-can-help-reduce-carbon-emissions/
https://www.smart-energy.com/industry-sectors/iot/3-ways-iot-can-help-reduce-carbon-emissions/
https://www.solumesl.com/en/insights/how-can-companies-take-advantage-of-iot-to-reduce-carbon-footprint
https://www.solumesl.com/en/insights/how-can-companies-take-advantage-of-iot-to-reduce-carbon-footprint
https://www.statista.com/statistics/276629/global-co2-emissions/
https://www.statista.com/statistics/263455/primary-energy-consumption-of-selected-countries/
https://www.statista.com/statistics/263455/primary-energy-consumption-of-selected-countries/


Sun, H., Edziah, B. K., Kporsu, A. K., Sarkodie, S. A., & Taghizadeh-Hesary, F. (2021). Energy 

efficiency: The role of technological innovation and knowledge spillover. Technological 

Forecasting and Social Change, 167, 120659. 

Sun, T. Q., & Medaglia, R. (2019). Mapping the challenges of Artificial Intelligence in the public sector: 

Evidence from public healthcare. Government Information Quarterly, 36(2), 368-383. 

Tabaa, M., Monteiro, F., Bensag, H., & Dandache, A. (2020). Green Industrial Internet of Things from 

a smart industry perspectives. Energy Reports, 6, 430-446. 

Tarifa Fernández, J. (2022). Dependence and resource commitment as antecedents of supply chain 

integration. Business Process Management Journal, 28(8), 23-47. 

Thøgersen. (2006). Norms for environmentally responsible behavior: an extended taxonomy. Journal 

of Environmental Psychology, 26,247-261. 

Thollander, P., Danestig, M., Rohdin, P., 2007. Energy policies for increased industrial energy 

efficiency: evaluation of a local energy programme for manufacturing SMEs. Energy Policy, 

35 (11), 5774–5783.  

Tsai, P. H., Lin, G. Y., Zheng, Y. L., Chen, Y. C., Chen, P. Z., & Su, Z. C. (2020). Exploring the effect 

of Starbucks' green marketing on consumers' purchase decisions from consumers’ 

perspective. Journal of Retailing and Consumer Services, 56, 102162. 

Tugcu, C. T., Ozturk, I., & Aslan, A. (2012). Renewable and non-renewable energy consumption and 

economic growth relationship revisited: evidence from G7 countries. Energy economics, 34(6), 

1942-1950. 

Van der Werff, E., & Steg, L. (2016). The psychology of participation and interest in smart energy 

systems: Comparing the value-belief-norm theory and the value-identity-personal norm 

model. Energy research & social science, 22, 107-114. 

Van der Werff, E., Steg, L., & Keizer, K. E. (2013). It is a moral issue: the relationship between 

environmental self-identity, obligation-based intrinsic motivation and pro-environmental 

behaviour. Global Environmental Change, 23, 1258-1265. 

Wang, E. Z., Lee, C. C., & Li, Y. (2022). Assessing the impact of industrial robots on manufacturing 

energy intensity in 38 countries. Energy Economics, 105, 105748. 

Wang, H., & Wang, M. (2020). Effects of technological innovation on energy efficiency in China: 

Evidence from dynamic panel of 284 cities. Science of the Total Environment, 709, 136172. 

Wang, J. (2022). Building competitive advantage for hospitality companies: The roles of green 

innovation strategic orientation and green intellectual capital. International Journal of 

Hospitality Management, 102, 103161. 

Wang, Y., & Feng, H. (2012). Customer relationship management capabilities: Measurement, 

antecedents and consequences. Management Decision, 50(1), 115-129.  

Watson, R. T., Boudreau, M.-C., & Chen, A. J. (2010). Information systems and envi- ronmentally 

sustainable development: Energy informatics and new directions for the IS community. MIS 

Quarterly, 34(1), 23–38. 

Wiedmann, T., & Minx, J. (2008). A definition of ‘carbon footprint’. Ecological economics research 

trends, 1(2008), 1-11. 

Wong, E. Y. C., Chan, F. F. Y., & So, S. (2020). Consumer perceptions on product carbon footprints 

and carbon labels of beverage merchandise in Hong Kong. Journal of Cleaner Production, 242, 

118404. 

Wong, E. Y., Tai, A. H., & Zhou, E. (2018). Optimising truckload operations in third-party logistics: A 

carbon footprint perspective in volatile supply chain. Transportation Research Part D: 

Transport and Environment, 63, 649-661. 

Wong, S. L., Chia, W. M., & Chang, Y. (2013). Energy consumption and energy R&D in OECD: 

perspectives from oil prices and economic growth. Energy policy, 62, 1581-1590. 



Wu, L. (2018). The relationships between environmental sensitivity, ecological worldview, personal 

norms and pro‐environmental behaviors in Chinese children: Testing the value–belief–norm 

model with environmental sensitivity as an emotional basis. PsyCh journal, 7(3), 111-121. 

Wurlod, J. D., & Noailly, J. (2018). The impact of green innovation on energy intensity: An empirical 

analysis for 14 industrial sectors in OECD countries. Energy Economics, 71, 47-61.    

Wynveen, C. J., Kyle, G. T., & Tarrant, M. A. (2012). Study abroad experiences and global citizenship: 

Fostering proenvironmental behavior. Journal of Studies in International Education, 16(4), 

334-352. 

Zakaryan. (2022). How AI energy consumption solutions can turn your energy bills into a competitive 

advantage. Available at: https://postindustria.com/how-ai-energy-consumption-solutions-can-

turn-your-energy-bills-into-a-competitive-advantage-ml-manufacturing/. Accessed on 

15.12.2022. 

Zeng, S., Tanveer, A., Fu, X., Gu, Y., & Irfan, M. (2022). Modeling the influence of critical factors on 

the adoption of green energy technologies. Renewable and Sustainable Energy Reviews, 168, 

112817. 

Zhao, R., Geng, Y., Liu, Y., Tao, X., & Xue, B. (2018). Consumers’ perception, purchase intention, 

and willingness to pay for carbon-labeled products: A case study of Chengdu in China. Journal 

of Cleaner Production, 171, 1664-1671. 

Zhao, X., Sun, X., Zhao, L., & Xing, Y. (2022). Can the digital transformation of manufacturing 

enterprises promote enterprise innovation?. Business Process Management Journal, (ahead-of-

print). 

Ziaei, S. M. (2022). The impacts of household social benefits, public expenditure on labour markets, 

and household financial assets on the renewable energy sector. Renewable Energy, 181, 51-58. 

 

 

 

 

 

 

 

https://postindustria.com/how-ai-energy-consumption-solutions-can-turn-your-energy-bills-into-a-competitive-advantage-ml-manufacturing/
https://postindustria.com/how-ai-energy-consumption-solutions-can-turn-your-energy-bills-into-a-competitive-advantage-ml-manufacturing/

