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Abstract

:

Due to climate change, firms are encouraged to introduce various measures to enhance both their competitiveness and sustainability, particularly energy efficiency measures (EEMs). Energy efficiency is particularly important in energy-intensive sectors such as the industrial sector. However, EEMs within industrial firms are hindered by several internal barriers such as competing interests within firms, lack of information regarding energy efficiency opportunities, and low technical competence. In this regard, energy audits aim to improve energy efficiency in facilities and to tackle internal barriers to energy efficiency. We developed a model that seeks to investigate the significance of energy audits in the implementation of EEMs and to reduce the intensity of internal barriers to energy efficiency. Our research model was empirically tested via data collected from a survey conducted with 193 industrial firms in the Kingdom of Morocco. Results show that competing interests, lack of information, and low technical competence hinder the adoption of EEMs within industrial firms, which aligns with findings from previous studies. In addition, our findings indicate that energy audits enhance EEMs and mitigate the negative effect of lack of information and low technical competence on the adoption of EEMs, which is consistent with findings from prior studies. However, our results demonstrate that energy audits do not attenuate the negative effect of competing interests on EEMs; this contrasts with findings from several previous studies. Therefore, our study builds upon prior research and contributes new insights regarding the importance of energy audits in tackling internal barriers to energy efficiency.
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1. Introduction


Climate change is an urgent and significant issue of the modern era [1]. This multifaceted challenge impinges upon a wide range of areas, including politics, the business world, and personal choices [1]. In this regard, energy efficiency is paramount to decreasing firms’ climate footprints while enhancing their competitiveness [2]. Energy efficiency refers to the process of reducing energy consumption to its lowest possible level without compromising quality of production, profitability, and quality of life [3,4].



A substantial body of the existing literature points to energy efficiency multiple benefits at the firm level [5,6,7,8]. However, energy efficiency potential is still untapped [2], which means that there is a difference between energy efficiency potential and the current energy efficiency level [1].



Factors hindering the adoption of EEMs contribute to the energy efficiency gap; these factors are referred to as energy efficiency barriers [9].



The empirical literature has found that several barriers hinder energy efficiency within firms, including financial factors [10], organizational factors [11], and behavioral factors [9,12]. Energy efficiency barriers could be classified into internal and external barriers to energy efficiency [13]. External barriers to energy efficiency are associated with institutional settings, while internal barriers are linked to internal capabilities and behaviors [14].



In the current study, we focused on the effect of internal barriers to energy efficiency on the implementation of EEMs, namely the competing interests within firms, the lack of information regarding energy efficiency, and the low technical competence within firms.



Competing interests could impede the adoption of EEMs within industrial firms by attaching a high importance to expanding production capacity to the detriment of energy issues that could also be beneficial [11].



The existing literature assumes that competing interests—also referred to as diverging priorities—are one of the main barriers to energy efficiency [15]. However, for some authors, competing interests are not a weighty barrier to energy efficiency [16]. We believe that competing priorities within firms’ departments have a negative effect on the adoption of EEMs within firms.



Furthermore, prior research states that the lack of information concerning energy efficiency opportunities leads to non-optimal decisions regarding energy issues or even the non-implementation of EEMs [13,17]. In this regard, the lack of information should be negatively related to the adoption of EEMs within firms.



Low technical competence within industrial firms is noticeable when it comes to sensing energy efficiency opportunities and integrating energy efficiency measures into the existing internal processes [13]. In this regard, previous studies have shown that low technical competence and expertise constitute significant barriers to energy efficiency [18,19]. From this point of view, lack of competence should be negatively related to the adoption of EEMs within firms.



Our research focused on examining the effect of competing interests, lack of information, and low technical competence on the implementation of EEMs within the Moroccan industrial sector. The Moroccan industrial sector was chosen for the following reasons:



First, the industrial sector is well known for being an energy-intensive sector, a sector that could play a central role in decreasing global energy consumption and in closing the energy efficiency gap [20]. Second, in the Moroccan context, the industrial sector consumes one quarter of the overall energy production [2]. It is therefore relevant to explore the effect of internal barriers to energy efficiency within the Moroccan industrial sector in order to determine the most appropriate means to reduce their intensity.



Furthermore, our research explored the role of energy audits in tackling internal barriers to energy efficiency.



An energy audit is defined as an analysis of energy use within a firm’s facilities in order to assess energy efficiency opportunities and to identify avenues for energy savings [21]. Energy audits are powerful vehicles for encouraging firms to undertake energy efficiency investments [22]. Energy audits are important within the industrial sector for the following reasons:



To begin with, energy audits lead to cost savings within firms via lowering cost of maintenance, tracking energy savings, and enhancing equipment age [23]. Furthermore, energy audits promote greater comforts within the workplace. Moreover, energy audits help firms to comply with current or potential regulations [23]. After a literature review on EEMs, we found that several studies have considered energy audits to be excellent instruments to overcome internal barriers to energy efficiency, including information barriers [22], competing interests, and competence related barriers [24]. Thus, we believe that energy audits are positively related to the adoption of EEMs within industrial firms.



Overall, this study explores the following factors: first, the negative direct effect of competing interests, lack of information, and low technical competence on the adoption of EEMs within the Moroccan industrial sector; second, the positive direct effect of energy audits on the adoption of EEMs within the Moroccan industrial sector; finally, the indirect moderating effect of energy audits on mitigating the negative effect of internal barriers to energy efficiency on the adoption of EEMs within the Moroccan industrial sector.



To the best of our knowledge, no empirical study in Morocco has put the emphasis on the role of energy audits on mitigating the negative effect of competing interests, lack of information, and low technical competence on the adoption of EEMs within Moroccan industrial firms [25], which constitutes the originality of our study.



In the second section, we present our research model, the theorical background, and our hypotheses. In the third section, we explain the method of the study. Then, in the fourth section, we present our results. Subsequently, in the fifth section, we discuss the findings of the study. Finally, in the sixth section, we elaborate on our study’s policy implications.




2. Theorical Background and Research Hypotheses


We built a model that examined the effect of competing interests, lack of information, and low technical competence on EEMs’ adoption. We also explored the effect of energy audits on mitigating the negative effect of the aforementioned internal barriers on EEMs (See Figure 1).



From Figure 1, competing interests, lack of information, and low technical competence are considered as potential barriers to EEMs. Moreover, energy audits could potentially enhance EEMs within firms and could dampen the negative effect of the aforementioned internal barriers on EEMs.



2.1. Internal Barriers to Energy Efficiency


The existing literature posits the existence of an untapped energy efficiency potential [22]; this potential is referred to as the energy efficiency gap [26]. The energy efficiency gap is the difference between the theoretical energy efficiency potential and the current energy efficiency level [27].



The energy efficiency gap is attributed to the existence of energy efficiency barriers [28].



Several studies have explored and categorized energy efficiency barriers across different categories [29]. Energy efficiency barriers could be related to neoclassical economics, behavioral economics, and psychology [29]. Energy efficiency barriers could also be related to consumers, governments, and financial institutions [30]. In addition, energy efficiency barriers could be institutional, organizational, or behavioral [31].



Energy efficiency barriers could be internal (within firms) and external (with respect to firms) [13]. Internal barriers to energy efficiency are associated with internal competence and individual behaviors, while external barriers are linked to institutional and regulatory framework [14]. In this paper, the emphasis was placed on internal barriers.



Internal barriers arise not only from the lack of managerial competence and awareness and the lack of management commitment to energy efficiency issues but also from irrational behaviors and individual preferences within firms [14,32].



Several energy efficiency barriers arise from firms, such as competing interests within firms and other priorities [33], the lack of information regarding energy efficiency technologies [34], and low technical competence within firms [35].



2.1.1. Competing Interests


Competing priorities or interests or conflicts of interests are undoubtedly considerable internal barriers to energy efficiency within the industrial sector [24,36]. The existence of competing priorities hinders EEMs by impeding the adoption of long-term perspectives and by limiting firms’ abilities to achieve their energy efficiency potential [15,36].



In this regard, industrial firms tend to place a higher priority on production activities [11]. Industrial firms consider the main value stream to be production, which explains the importance they attach to expanding their production capacity and increasing their market share [11]. By emphasizing production activities, industrial firms’ management tends to neglect EEMs [37].



Numerous papers have addressed how the existence of competing interests within industrial firms could impede EEMs [11,38,39]; therefore, Hypothesis 1 is as follows:



H1. 

The existence of competing interests has a negative effect on the adoption of EEMs.






2.1.2. Lack of Information


The lack of information regarding energy efficiency technologies is a prominent barrier to energy efficiency [40].



The lack of information could be explained by the existence of transaction costs related to the collection and analysis of information on products and suppliers [32]. Furthermore, the lack of information could be a result of individual inattention or the existence of constraints when assessing available information such as time constraints [14].



The adoption of EEMs is often hindered by a firm’s lack of information [41]. As a best-case scenario, the lack of information results in decision making based solely on the most noticeable features, which ultimately leads to non-optimal decisions [13,17].



Several studies have examined the negative effect of poor information regarding the benefits and costs, technologies, and suppliers of energy efficiency on implementing EEMs [42,43]. Thus, Hypothesis 2 is as follows:



H2. 

The lack of information regarding energy efficiency has a negative effect on the adoption of EEMs.






2.1.3. Low Technical Competence


Technical competence and expertise are paramount to implementing EEMs [40]. In this regard, low technical competence within a firm delays the adoption of EEMs [44] and could lead to the non-implementation of EEMs [45].



Barriers related to internal competence are materialized by inefficient diagnoses related to a firm’s energy needs, inefficiencies in sensing energy efficiency opportunities, difficulties regarding the integration of EEMs into the existing internal processes, and the difficulty of attracting external competent human resources [13].



These barriers point to a management lack of awareness regarding energy efficiency opportunities [46] and to inadequate management capacity [11,13].



Various studies have highlighted the impact of low technical competence within firms on impeding EEMs [13,18,19,39,47]. Thus, we propose the following hypothesis:



H3. 

The low technical competence regarding energy efficiency has a negative effect on the adoption of EEMs.







2.2. Energy Audits


Energy audits are processes by which an auditor evaluates how facilities use different forms of energy, examines opportunities, and determines different routes for energy savings and areas for energy efficiency [21]. Energy audits do not result in energy savings [48] but rather constitute a first step toward unlocking the untapped energy efficiency potential [49]. Thus, energy audits are great tools for encouraging firms to invest in energy efficiency projects [22].



Energy audits within companies could be financed by energy services companies (ESCOs) [50]. Energy services companies (ESCOs) are specialized firms that provide energy-efficient solutions and services to help clients reduce energy consumption and improve energy performance [50]. ESCOs have the following specificities: they facilitate or arrange financing for energy audits based on the achieved energy savings and they receive remuneration based on the achieved energy savings [50]. Therefore, the ESCO market is a valuable tool for promoting energy efficiency [51]. Therefore, energy auditors play a central role in the energy audit’s process [52]. The certification of energy auditors is regulated by well-recognized international standards [52].



The promotion of energy audits enhances energy efficiency and is vital to address the energy efficiency gap within firms [53] (Fleiter et al., 2012), not only for small and medium enterprises (SMEs) but also for large companies [54,55] (Redmond and Walker, 2016; Lisauskas et al., 2022).



In this regard, the energy efficiency directive in the UE requires large companies within the most energy intensive sectors to undergo mandatory energy audits [56] (Nabitz and Hirzel, 2019). Mandatory energy audits are important to enhance energy performances of industrial firms, particularly the ones within the most energy intensive sectors [57] (Herce et al., 2022). The adoption of mandatory energy audits is also crucial for large companies within the industrial sector [58] (Locmelis et al., 2020).



Even if few studies have found that energy audits might deter audit recipients to invest in energy efficiency when the perceived breakeven point is reached only after a long period of time [59,60], a vast body of the existing literature has shown that energy audits are critical to improve industrial firms’ energy management [22,61,62,63].



We believe that energy audits promote EEMs within industrial firms. Therefore, we have the following hypothesis:



H4. 

Energy audits have a positive effect on the adoption of EEMs.





Energy audits reduce the intensity of energy efficiency barriers [35,49]. Energy audits could overcome competing interests and the low priority given to energy issues within firms by increasing employees’ involvement [24]. Energy audits enable employees’ early commitment through the multiple cross-functional meetings [24]. Thus, we believe that energy audits reduce the negative effect of firms’ competing priorities regarding the adoption of EEMs.



H5. 

Energy audits dampen the negative effect of competing interests on the adoption of EEMs.





Conducting energy audits is considered an important tool for decreasing the intensity of energy efficiency barriers, including the lack of information regarding energy efficiency opportunities [22,49]. Therefore, we have the following hypothesis:



H6. 

Energy audits dampen the negative effect of the lack of information on the adoption of EEMs.





Energy audits could tackle internal barriers to energy efficiency, including low technical competence within firms [24]. By pinpointing the various inefficiencies, installing energy management software, introducing energy KPIs, defining employees’ roles, and setting training programs, energy audits are most likely to overcome internal barriers related to competence [24]. We believe that energy audits mitigate the negative effect of low technical competence within firms regarding EEM.



H7. 

Energy audits dampen the negative effect of low technical competence on the adoption of EEMs.





Figure 2 presents our research model and visualizes our seven research hypotheses.





3. Method


3.1. Measurement Development and Data Collection


Survey studies necessitate a carefully designed questionnaire. To ensure the quality of the questionnaire, several actions were taken. The development of measurements of constructs was informed by prior research [45,64] (see Table A1). We used simple and concise wordings, excluding words that could be seen as offensive. Afterwards, we started the pretest phase. Then, based on respondents’ feedback, minimal refinements were made, resulting in the final version of our questionnaire.



Data collection lasted four months, from May to August 2022. Questionnaires were made available to employees in industrial firms based in four regions: “Fez-Meknes”, “Tangier-Tetouan-Al Hoceïma”, “Casablanca-Settat”, and “Rabat-Sale-Kenitra”. We selected geographical areas comprising the main manufacturing cities of Morocco.



Further to the data collection, 193 usable questionnaires were obtained. Most of the respondents were employees within a variety of departments such as production, finance, etc., who were arguably capable of providing answers regarding EEMs [64].



Our sampling constituted industrial firms that belonged to energy intensive sectors, composed of firms that implemented energy audits. These sectors were: automotive, energy, aircraft parts, and chemical and parachemical, as well as other sectors such as food processing and textiles. A total of 140 of our respondents were large companies; 53 of them were SMEs. Figure A1, Figure A2, Figure A3, Figure A4 and Figure A5 show how the size of companies impacted their answers regarding the adoption of EEMs, the adoption of energy audits, and the weight of internal barriers to energy efficiency.




3.2. Data Analysis Method


Once the data were collected, we employed the partial least square (PLS) technique and the software SmartPLS 3 to test the model and the research hypotheses. PLS was convenient to assess models with latent constructs and moderating effects [65,66].



Data analysis through PLS-SEM comprised two major steps [54]: the measurement model and the structural model. The measurement model examined the connection between variables/latent constructs and their corresponding items/measures. The structural model examined the connection among the various variables/latent constructs.



The measurement model assessment involved conducting several tests, namely factor loadings, Cronbach’s alpha, composite reliability, and average variance extracted. These tests were important for determining the validity and the reliability of the model by evaluating the strength and consistency of the relationships between indicators/items and their latent constructs. In addition, the measurement model assessment entailed performing tests such as the Fornell and Larcker criterion and the heterotrait–monotrait ratio of correlations in order to establish the divergent validity of the model by examining the correlations between different constructs and ensuring that they were lower than the correlations between items within the same construct.



The structural model assessment involved conducting several tests, namely R squared, with the aim of measuring the amount of variance explained by the endogenous latent variables in the model. Q squared was also important in the structural model assessment in order to estimate the predictive relevance of the model by measuring the amount of variance in the endogenous latent variables that could be predicted by the exogenous latent variables. Furthermore, the standardized root mean square residual (SRMR) was conducted to assess the overall goodness of fit of the measurement model by evaluating the discrepancies between the observed and predicted covariances in the model. Finally, the structural model assessment required the performing path coefficient to determine the strength and significance of the relationships between the latent variables in the structural model. In our research, SmartPLS allowed us to assess the connection between our five latent variables and their observed indicators/measures. In addition, SmartPLS allowed us to analyze the negative direct effects, which referred to the effects of the independent variables, namely competing interests, lack of information, and low technical competence, on the dependent variable (which was EEMs). Moreover, SmartPLS allowed us to analyze the positive direct effects, which referred to the effects of the independent variable energy audit, on the dependent variable (which was EEMs). Furthermore, SmartPLS allowed us to explore the indirect moderating effect, which referred to the effect of the energy audit as a variable that could reduce the intensity of the aforementioned internal barriers on the adoption of EEMs. Ultimately, SmartPLS allowed us to quantitatively assess and validate their hypotheses using collected data.





4. Results


4.1. Assessment of Measurement Model


4.1.1. Convergent Validity


To test the measurement model’s convergent validity, we began by assessing factor loadings. Factor loadings should be higher than 0.7 [67,68]. Table 1 indicates that all factor loadings that we kept were greater than 0.7. Thus, all measures were sufficiently correlated to their corresponding latent variables.



In addition, we determined latent variables’ Cronbach’s alpha (CA) and composite reliability (CR). As indicated in Table 2, the five latent variables of our model had a Cronbach’s alpha higher than the 0.7 threshold [69]. Our five latent variables also had a composite reliability greater than the recommended value of 0.7 [70]. Consequently, the five constructs of our model were internally consistent [71].



Furthermore, we determined the average variance extracted (AVE) for each construct. All five constructs had an AVE greater than the advised value of 0.5 [72]. Thus, all five latent variables of our model accounted for their corresponding measures [73].



Taken together, the convergent validity of the model was supported.




4.1.2. Discriminant Validity


To test the measurement model’s discriminant validity, we conducted both the Fornell and Larcker criterion and the heterotrait–monotrait ratio of correlations (HTMT ratio) [74,75].



Table 2 shows that diagonal values corresponding to the square root of AVE were greater than inter-construct correlations. Therefore, all latent variables explained better the variance of their respective measures compared with the variance of the remaining latent variables.



HTMT was also conducted to test the measurement model’s discriminant validity [76]. Table 3 indicates that all HTMT values were inferior to the recommended value of 0.85 [74,77].



Based on the results of both the Fornell and Larcker criterion and the HTMT ratio, the discriminant validity of our measurement model was stated.





4.2. Assessment of Structural Model


4.2.1. Direct Effect


Data analysis through PLS-SEM comprised two major phases. Following the evaluation of the measurement model, we proceeded with the evaluation of the structural model. We started by determining R² value for our dependent variable. R2 represented the fraction of variation in the endogenous variable, which could be accounted for by the combination of the independent variables [67]. Table 4 shows that R2 for our dependent variable “energy efficiency measures” was higher than 0.1 [78]. Therefore, the construct’s energy audits, competing interests, lack of information, and low technical competence together accounted for 58.2 percent of the dependent construct energy efficiency measures.



Moreover, we determined Q2 for our dependent construct. Table 4 shows that Q2 for the dependent construct was greater than 0 [79]. Thus, the model’s predictive validity was established.



To establish the model fit, we used the standardized root mean square residual (SRMR). Table 5 shows that the SRMR value was between 0 and 0.08, corresponding to the desirable range for SRMR [80] and signifying an adequate model fit.



Afterwards, we tested our research hypotheses. As indicated in Table 6, competing interests had a negative direct effect on the adoption of EEMs (beta = −0.331, t-value = 4.513, p-value = 0.000); H1 was then supported. The lack of information regarding energy efficiency opportunities had a negative direct effect on the adoption of EEMs (beta = −0.136, t-value = 2.055, p-value = 0.000); H2 was then also supported. Low technical competence within firms had a negative direct effect on the adoption of EEMs (beta = −0.191, t-value = 2.273, p-value = 0.000); thus, H3 was supported. H4, which assumed that energy audits had a positive direct effect on the adoption of EEMs, was also supported (beta = 0.425, t-value = 7.217, p-value = 0.000).




4.2.2. Indirect Moderating Effect


We also tested indirect moderating effects. The research model hypothesized that:




	-

	
Energy audits mitigate the negative effect of competing interests on the adoption of EEMs.




	-

	
Energy audits attenuate the negative effect of the lack of information on the adoption of EEMs.




	-

	
Energy audits moderate the negative effect of low technical competence on the adoption of EEMs.









From Table 7, H5 (which posited that energy audits mitigate the negative effect of competing interests on the adoption of EEMs) was not supported (beta = 0.037, t-value = 1.781, p-value = 0.076). Energy audits attenuated the negative effect of the lack of information on the adoption of EEMs (beta = 0.365, t-value = 6.926, p-value = 0.000); H6 was then supported. Energy audits moderated the negative effect of low technical competence on the adoption of EEMs (beta = 0.321, t-value = 6.609, p-value = 0.000); H7 was also supported.



Results of direct and indirect moderating analysis “structural model” are presented in Figure 3.






5. Discussion


5.1. Discussion of Expected Results


This study emphasized the significance of energy audits as a valuable tool to mitigate the impact of internal barriers on energy efficiency, namely competing interests, lack of information, and low technical competence. After empirically testing our research model, the following findings were obtained:



H1, H2, H3, H4, H6, and H7 were consistent with our prior expectations and with the previous literature.



	(1)

	
Competing interests have a negative direct effect on the adoption of EEMs. This could be explained by the fact that industrial firms tend to place their main attention on enhancing their productivity to the disadvantage of energy related issues, including the adoption of EEMS, even if these measures could be beneficial and could generate significant energy savings [11,15].




	(2)

	
Lack of information regarding energy efficiency opportunities has a negative direct effect on the adoption of EEMs, meaning that the lack of information concerning energy efficiency opportunities leads to non-optimal decisions regarding energy issues [13,17].




	(3)

	
Low technical competence has a negative direct effect on the adoption of EEMs. This result could be explained by management’s lack of awareness concerning energy efficiency opportunities [46] and also by inadequate managerial capacity [11].




	(4)

	
Energy audits have a positive direct effect on the adoption of EEMs. One possible explanation is that, by implementing energy audits, firms determine energy efficiency opportunities and identify avenues for energy savings [21]. Therefore, energy audit results are likely to encourage firms to undertake energy efficiency investments [22].




	(5)

	
Energy audits attenuate the negative effect of the lack of information regarding energy efficiency opportunities on the adoption of EEMs. One possible explanation is that energy audits create and share knowledge regarding technology options and their respective cost savings potential, which is likely to lead to the implementation of EEMs [22].




	(6)

	
Energy audits attenuate the negative effect of low technical competence on the adoption of EEMs. One possible explanation is that energy audits upgrade employees’ technical competence through the introduction of energy KPIs, energy management software, and training programs [24].







It is noteworthy that these findings differed according to the size of firms within our sample. First, the intensity of internal barriers to energy efficiency was more significant for SMEs. One possible explanation is that non-energy-intensive SMEs tend to experience more internal barriers to energy barriers because they are compromised by their limited internal/managerial capabilities compared with big companies [33].



Second, big companies are more likely to adopt EEMs following the completion of energy audits. One plausible explanation is that employees within SMEs tend to be less trained to implement energy audit recommendations, which therefore jeopardizes the success of energy audits [81]. Another plausible explanation is that SMEs and non-energy-intensive firms receive less attention by policies in terms of audit subsidies, which makes the adoption of energy audit recommendations complicated due to cost considerations [82].




5.2. Discussion on Unexpected Results


However, H5 was not supported:



Energy audits did not attenuate the negative effect of competing interests on the adoption of EEMs. This finding was divergent from our prior prediction and from the previous literature that states that energy audits tackle internal barriers to energy efficiency, including competing/divergent interests [24]. Our findings extended prior research, as we found that, even if firms implemented energy audits and raised awareness regarding energy efficiency opportunities, they did not consistently attenuate the negative effect of competing interests between energy managers and production managers regarding the adoption of EMMs.



Table 8 indicates that H1, H2, H3, H4, H6, and H7 were consistent with prior research, whereas H5 was inconsistent with the previous research, summarizing our research findings and categorizing the research hypotheses and findings as either consistent or inconsistent with the previous literature.





6. Conclusions and Implications


In this research, we built a research model with the aim of determining the effect of energy audits on reducing the intensity of internal barriers to energy efficiency, namely competing interests, lack of information regarding energy issues and opportunities, and low technical competence. We collected data from 193 industrial firms in four Moroccan regions. We analyzed the collected data using the software SmartPLS 3; then, we tested our hypotheses. The following findings were obtained:




	-

	
Competing interests within firms’ departments, lack of information regarding energy issues and opportunities, and employees’ lack of technical competence hinder the adoption of EEMs.




	-

	
Energy audits lead to the implementation of EEMs. Energy audits are instruments that facilitate the adoption of EEMs within firms through the assessment of energy efficiency potential and the identification of new routes for energy savings.




	-

	
Energy audits mitigate the negative effect of lack of information and low technical competence regarding the adoption of EEMs. Therefore, energy audits not only compensate firms’ lack of information regarding the best energy efficiency measures and technologies by providing tailored recommendations but also compensate employees’ lack of technical competence through expert guidance and support.




	-

	
Energy audits do not attenuate the negative effect of competing interests regarding the adoption of EEMs. Despite the implementation of energy audits, competing interests could influence the decision-making process regarding the adoption of energy audit recommendations.









Based on our results, our research has theorical and policy implications.



Theorical implications: Our research reinforces previous studies with additional confirmation regarding the importance of energy audits as a factor that reduces the intensity of internal barriers to energy efficiency. Furthermore, our research invalidates the fact that energy audits reduce the intensity of competing interests within firms regarding the adoption of EEMs. In this regard, our study extends prior research.



Policy implications: because of the importance of energy audits in tackling internal barriers to energy efficiency, policy makers could carry out the following:



Regarding big companies, policy makers could promote energy audits among firms using information tools, namely energy efficiency networks [22]. Energy efficiency networks facilitate an early involvement of all pertinent stakeholders related to EEMs, including local administrations, ESCOs, and financial institutions [22].



Regarding non-energy-intensive SMEs, and based on our findings, policy makers could first provide training programs in favor of employees, aimed at enhancing their understanding of energy-efficient technologies and assisting in the implementation of energy audit recommendations [81]. Also, to help SMEs to implement energy audits’ recommendations, policy makers could provide audit subsidies to SMEs [82].
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Table A1. Wordings for study’s latent constructs.






Table A1. Wordings for study’s latent constructs.










	Latent Constructs
	Indicators
	Phrasing





	Energy Efficiency Measures
	EEM1
	Your company incorporates energy-efficient practices into its daily work routines (efficient lighting, HVAC systems, etc.).



	
	EEM2
	Employees are encouraged and incentivized to adopt energy-saving behaviors and practices in your daily work routines.



	
	EEM3
	Energy-efficient technologies and equipment are actively utilized within your company’s operations.



	
	EEM4
	Renewable and clean energy sources, such as solar panels, are utilized within your company to minimize energy consumption.



	
	EEM5
	Your company monitors and analyzes energy consumption data to identify areas for EE improvement.



	Energy Audits
	EA1
	Your company conducts comprehensive energy audits to identify areas for EE improvements.



	
	EA2
	Employees are involved in the energy audit process and contribute their insights and observations.



	
	EA3
	The recommendations from energy audits are taken seriously and are used to guide decision making for EEMs within your company.



	
	EA4
	Your company allocates resources specifically for the implementation of energy audit recommendations to achieve energy savings.



	Competing Interests
	CI1
	It is challenging to balance the focus on EE with the need to meet production targets.



	
	CI2
	Your company prioritizes production demands over EE goals.



	
	CI3
	Limited resources are allocated to EE due to competing production-related demands.



	Lack of Information
	LI1
	Your company does not have a process in place to identify potential energy efficiency opportunities.



	
	LI2
	Your company has limited access to up-to-date information about EE technologies.



	
	LI3
	The limited availability of information about EE technologies and suppliers poses a challenge for your company in making well-informed decisions regarding their adoption.



	Low Technical Competence
	LTC1
	You may need further support and development in acquiring the technical skills necessary for effective implementation of EEMs.



	
	LTC2
	Your company does not invest in trainings to enhance the technical competence of its employees in relation to EE.



	
	LTC3
	The effective implementation of EEMs within your company may be influenced by a lack of technical competence
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Figure A1. Adoption ratio of energy efficiency measures (N = 193; large companies = 140; SMEs = 53). 
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Figure A2. Adoption ratio of energy audits (N = 193; large companies = 140; SMEs = 53). 
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Figure A3. Ratio of the internal barrier: competing interests (N = 193; large companies = 140; SMEs = 53). 
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Figure A4. Ratio of the internal barrier: lack of information (N = 193; large companies = 140; SMEs = 53). 
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Figure A5. Ratio of the internal barrier: low technical competence (N = 193; large companies = 140; SMEs = 53). 
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Figure 1. Research model. 






Figure 1. Research model.
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Figure 2. Research model with hypotheses. 






Figure 2. Research model with hypotheses.
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Figure 3. Structural Model Assessment-Direct model assessment: direct and moderating analysis. 
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Table 1. Convergent validity assessment: measurement model.
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Latent Variables

	
Indicators

	
Loadings

	
CA

	
CR

	
AVE






	
Low Technical Competence

	
LTC1

	
0.946

	
0.960

	
0.974

	
0.926




	

	
LTC2

	
0.963




	

	
LTC3

	
0.960




	
Energy Audits

	
EA1

	
0.819

	
0.901

	
0.932

	
0.776




	

	
EA2

	
0.941




	

	
EA3

	
0.957




	

	
EA4

	
0.795




	
Energy Efficiency Measures

	
EEM1

	
0.797

	
0.934

	
0.950

	
0.793




	

	
EEM2

	
0.849




	

	
EEM3

	
0.938




	

	
EEM4

	
0.946




	

	
EEM5

	
0.915




	
Competing Interests

	
CI1

	
0.920

	
0.923

	
0.951

	
0.867




	

	
CI2

	
0.944




	

	
CI3

	
0.929




	
Lack of Information

	
LI1

	
0.940

	
0.897

	
0.936

	
0.830




	

	
LI2

	
0.931




	

	
LI3

	
0.860
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Table 2. Discriminant validity assessment: Fornell and Larcker criterion.
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	CI
	EEM
	EA
	LTC
	LI





	Competing Interests
	0.931
	
	
	
	



	Energy Efficiency Measures
	−0.613
	0.891
	
	
	



	Energy Audits
	−0.389
	0.645
	0.881
	
	



	Low Technical Competence
	0.684
	−0.590
	−0.474
	0.962
	



	Lack of Information
	0.496
	−0.529
	−0.568
	0.559
	0.911
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Table 3. Discriminant validity assessment: HTMT ratio.
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	CI
	EEM
	EA
	LTC
	LI





	Competing Interests
	
	
	
	
	



	Energy Efficiency Measures
	0.657
	
	
	
	



	Energy Audits
	0.420
	0.702
	
	
	



	Low Technical Competence
	0.724
	0.622
	0.503
	
	



	Lack of Information
	0.549
	0.578
	0.633
	0.606
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Table 4. R square and Q square values.






Table 4. R square and Q square values.










	
	R Square
	Q Square





	Energy Efficiency Measures
	0.582
	0.451
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Table 5. Model fit assessment: SRMR.
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	Saturated Model
	Estimated Model





	SRMR
	0.060
	0.060
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Table 6. Structural model assessment: direct path.
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	Std. Beta
	Std. Error
	T Statistic
	p Values
	2.5%
	97.5%
	Supported?





	H1—CI -> EEM
	−0.331
	0.073
	4.513
	0.000
	−0.478
	−0.193
	YES



	H2—LI -> EEM
	−0.136
	0.066
	2.055
	0.000
	−0.266
	−0.014
	YES



	H3—LTC -> EEM
	−0.191
	0.049
	2.273
	0.000
	−0.283
	−0.064
	YES



	H4—EA -> EEM
	0.425
	0.059
	7.217
	0.000
	0.310
	0.541
	YES
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Table 7. Structural model assessment: indirect moderating path.
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	Std. Beta
	Std. Error
	T Statistic
	p Values
	2.5%
	97.5%
	Supported?





	H5
	CI*EA -> EEM
	0.029
	0.052
	1.781
	0.076
	−0.088
	0.137
	NO



	H6
	LI*EA -> EEM
	0.365
	0.046
	6.926
	0.000
	0.292
	0.465
	YES



	H7
	LTC*EA -> EEM
	0.321
	0.055
	6.609
	0.000
	0.299
	0.457
	YES







*: CI affects EEM through the moderator EA. LI affects EEM through the moderator EA. LTC affects EEM through the moderator EA.
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Table 8. Research hypotheses and findings in light of the prior literature.
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Hypotheses

	
Reference

	
Consistent Findings with the Previous Literature






	
H1

	
[11,15]

	
Competing interests hinder the adoption of EEMs.




	
H2

	
[17,40]

	
Lack of information regarding EE impedes the adoption




	
  of EEMs.




	
H3

	
[13,18,19,47]

	
Low technical competence regarding EE inhibits the




	
  adoption of EEMs.




	
H4

	
[53]

	
Energy audits have a positive effect on the adoption of EEMs.




	
H6

	
[22]

	
Energy audits mitigate the negative effect of the lack of information on the adoption of EEMs




	
 




	
H7

	
[24]

	
Energy audits attenuate the negative effect of low technical competence on the adoption of EEMs.




	
 




	
Hypotheses

	
Reference

	
Inconsistent findings with the previous literature




	
H5

	
[24]: they found that energy audits reduce the intensity of competing/divergent interest within firms.

	
We found that energy audits raise awareness regarding energy efficiency opportunities but do not consistently attenuate the negative effect of competing interests on the adoption of EEMs.
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