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Abstract

:

Companies constantly thrive to enhance their performance in order to achieve their environmental, social, and economic goals. One way to achieve these goals is to integrate some effective management tools, such as an environmental management system (EMS), that can support sustainable development and value creation. Based on the literature, in this study some EMS integration dimensions were identified that can be used to assess its influence on business performance. The study was conducted on SMEs listed on the AeRO-Bucharest Stock Exchange that voluntary apply the ISO 14001 EMS, using a quantitative approach. To assess the EMS integration score, principal component analysis was used. Using logistic regression analysis, business performance probability (quantified by return on assets) was estimated for each company included in the final sample. Fuzzy logic was further used for modelling the influence of EMS integration on business performance probability. The research results showed that EMS integration has different effects on business performance probability, considering the influence of activity field and environmental management experience. This research assertion could be extended for all the listed Romanian companies or for major companies at the EU level.
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1. Introduction


Sustainability issues could be considered the future of tomorrow [1,2,3]. Organizational sustainability approaches can be defined as “a consensual solution of stakeholders who are involved in the business decision-making process” [4], taking into account the synergy between enhancing (i) ecological resilience, (ii) people, and (iii) profit [5]. Organizational sustainability is defined as the synergy between enhancing ecological resilience, fostering human resources development, and economic profitability.



Sustainability cannot be ignored by businesses as a result of “increased environmental awareness and ecological pressures from markets and various stakeholders”. Hence, manufacturing companies select sustainable suppliers in order to pursue “supply chain performance and competitive advantage” and to achieve environmental, social, and economic goals [6]. Likewise, public awareness associated with sustainable energy and environmental resources protection increased; therefore, supporting sustainable energy solutions will ensure energy security, pollution reduction, and climate change risk reduction [7]. Policy instruments also take into consideration the environmental problems complexity as a consequence of future impacts and “economic valuation of environmental change” [8].



Organization sustainable development implies implementation and integration of various effective management tools. Such a “driving force for sustainable development and value creation” is an environmental management system (EMS)—ISO 14001 [9]/EMAS [10,11]. ISO 14001 intend to provide to worldwide organizations a management scheme with the purpose to achieve environmental and economic goals. Likewise, ISO 14001 provides a “start-up platform” in organizational management with the main purpose to meet the sustainable development concerns presented in 1992 at the United Nations Conference on Environment and Development, Rio de Janeiro. Hence, the ISO 14001 EMS is the most widespread organizational management tool [12]; until 2017 more than 362 610 organizations worldwide have used ISO 14001 guidelines in their management practices [13]. Likewise, the current complex business environment and evolving environmental regulations move forwarded the importance of having an EMS [5,10].



Businesses which have implemented an EMS must analyse the environmental issue’s consequences/effects on business performance. The ISO 14001 EMS brings multiple benefits to organizations such as (i) market share, (ii) employees’ motivation, (iii) customer loyalty and trust, (iv) cost reductions, (v) operation and process efficiency, (vi) business reputation, (vii) profitability, and so on [14,15,16]. The French Standardization Association (AFNOR) highlighted a study conducted by the Paris Dauphine University entitled “Performance des organizations”, showing environmental practices such as the ISO 14001 EMS have a significant positive impact on business economic performance [17].



The International Standardization Organization mentions that, related to the ISO 14001 EMS, there are many reasons why it should be implemented by an organization in order to improve its environmental performance. The strengths of ISO 14001 are (i) compliance with regulatory requirements, (ii) increase human resource involvement, (iii) improve company reputation due to strategic communication, (iv) achieve strategic business aims by integrating environmental issues into business management, (v) provide a competitive and financial advantage, and (vi) encourage better environmental performance of suppliers [18].



Boiral and his collaborators [19], with regard to ISO 14001 adoption and outcomes, mention a set of main themes and subthemes associated to it. Hence, for “ISO 14001 outcomes” the subthemes are [19] (i) environmental management results (regulation compliance, practices effectiveness, documentation control, sustainable supply chain, performance monitoring, and so on); (ii) environmental indicators (environmental performance, air pollution, environmental risks management, waste management, safety management, energy and resource consumption, water pollution, and so on); and (iii) environmental awareness and social issues (organizational image, stakeholder relationships, employee commitment and involvement, human resource training, managers’ involvement, and so on). Likewise, for “ISO 14001 adoption”, the mentioned subthemes are [19] (i) limited resources, shallow implementation, excessive documentation, change resistance, low capabilities, time constraints, consultant expertise, and so on; (ii) contingent factors (managers commitment, human resources involvement, certification motivation, internalization, and so on); and (iii) contextual factors (certification maturity, organizational size, early adoption, and so on).



Hence, this research can likewise be considered as a reflection of current research themes associated with European and International research and innovation directions, such as the United Nations Environment Program (UNEP)—environmental governance, US Environmental Protection Agency programs, European Environment Agency Multiannual Work Program 2014–2018: Quality management and operational service, and the Horizon 2020 Program (EU Framework Program for Research and Innovation). The research subject fits within the research priorities and directions in the field of environmental innovative protection investigations.



“ISO 14001 EMS implementation inevitably increases costs of organizations” [14]. Consequently, organizations must obtain various advantageous outcomes in business performance, in order to effectively integrate (institutionalize) and maintain this management system (EMS). Therefore, one of the research goals, through computational modelling of EMS-integration dimensions/indicators using fuzzy logic, is to be able to provide viable “answers” associated with a torque balance between EMS and business performance.



This paper aims to analyse and assess the influence of EMS integration on business performance. In this study, we propose a new approach in quantifying EMS integrations, using (i) principal component analysis—PCA (a multivariate analysis descriptive method that is used to reduce the analysed data in order to obtain a new latent variable [20])—and its influence on business performance, based on return on assets (ROA); (ii) logistic regression analysis (to describe the relationship between a binary response variable and a predictor variable set [21]); and (iii) fuzzy logic (a computing approach based on the “degrees of truth” instead of the “true or false” Boolean logic on which a computer is based [22]).



The main research objectives are to estimate EMS integration and business performance probability, and to determine the distribution of business performance probability under the influence of EMS integration. The study was conducted at the level of listed companies on the AeRO-Bucharest Stock Exchange in 2019. As a novelty, our study uses advanced statistical methods (PCA and logistic regression analysis) with fuzzy logic in order to assess the influence of EMS integration on business performance. The research results revealed that EMS integration has a positive significant influence on business performance, by activity field and by environmental management experience.




2. Literature Review and Hypothesis Development


In the literature, an organizational sustainable development issue is presented as an extensive approach by scholars “but with the risk to be unclear from its practical fundament” [3]. Hence, until a relative consensus is reached regarding this complex concept, it is “very difficult to propose viable actions for sustainability” [3,23,24,25]. Bolis and his collaborators [25] noted that, in order to obtain a sustainable development, organizations must rethink the decision-making process based on ecological principles [3]. Implementation of such organizational principles could be obtained through a real EMS integration. Hence organizations will improve their overall environmental awareness and responsibility, mainly because, as Esty and Cort [26] remarked, “environmental responsibility is good for business” [3].



2.1. Environmental Management Systems (EMS) and Its Organizational Integration Challenges


The International Standardization Organization designing ISO 14001 defined an EMS as “a component of the general management system that includes the organizational structure, planning activities, responsibilities, practices, procedures, processes and resources in order to elaborate, implement, achieve, analyze and maintain the environmental policy” [13,15,27,28].



Pesce and his collaborators [29] noted that an EMS is a scheme for managing environmental aspects and impacts and it “cannot be considered as an independent management tool, but as a sub-set of the overall management system (MS) of a company”.



EMS are developed according to a “Plan, Do, Check, Act” structure (Deming’s principle) and, therefore, can be presented as a continual cycle of planning, implementation, re-evaluation, and improvement phases associated with organizational processes in order to enhance environmental performance continuous improvement, similarly to a continuous complex process—see Table 1 [15,28,30,31].



Regarding an EMS’s main objectives, Teodosiu [32] mentions the following [15]: (i) An EMS must identify and control the environmental aspects, relevant impacts, and risks; (ii) an EMS should comply with developed environmental policy, environmental objectives, and environmental regulation; (iii) an EMS must define a set of principles that should develop organizational environmental responsibilities; (iv) an EMS must set an environmental program that should increase organizational performance level (costs–benefits balance); (v) an EMS should define responsibilities, authority, and procedures that will ensure the human resource involvement; (vi) an EMS must develop an efficient communication system and provide fit human resource training; and (vii) an EMS must mandatorily diminish a negative environmental impact.



Linking to the main objectives associated with an EMS, its specific characteristics could be observed synthetically in Figure 1.



For a better understanding of EMS-specific characteristics (Figure 1), in the following, each of these will be synthetically detailed [33]: (i) precision—EMS must include precise environmental objectives and targets; (ii) systematic organization—EMS components must be approached in an integrating manner; (iii) realism—EMS must be adapted to an organization’s specific features/organizational structure; (iv) complexity—EMS must “cover” all organizational activities and human resources; (v) precisely to each decision level, EMS design, implementation, and operation must include all of the organization’s levels; (vi) full registration—EMS design and maintain must imply recording all the environmental data, information, knowledge, and performed activities; (vii) integrated—EMS design and institutionalization should be integral at all the organization’s management systems (standardized or non-standardized); (viii) flexible/dynamic—EMS must be flexible in order to fast and adequately answer to all implementation and operation changes; and (ix) ensure continual improvement—EMS must be designed, implemented, and operated so it should allow a continual and viable data/information circuit (feedback).



On 15 December 2015, the International Standardization Organization published a new edition of this standard with the purpose that EMSs will successfully respond to market requirements. Hence, the ISO 14001: 2015 has been improved regarding [18,34] increasing leadership commitment; strategic direction alignment; greater environment protection, focusing on proactive initiatives; more effective communication; and life-cycle thinking—from product/services development to end-of-life [29].



Iatridis and Kesidou [35] and Chowdhury and his collaborators [36] mentioned that there are two major types of organizational approaches associated to ISO 14001 integration: (i) companies that fully integrate ISO 14001 and viably pursuit continual improvement, and (ii) companies that implement ISO 14001 without consistent compliance to its directives, and without real environmental practices incorporation.



Likewise, institutional theories and resource-based views suggest the fact that EMS could be implemented very differently in different organizations. This variability in ISO 14001 EMS implementation may be responsible for the heterogeneous performance of this standardized system. The current literature on the ISO 14001 EMS has largely neglected this phenomenon of integration (internalization) [16,37]. Hence, Yin and Schmeidler [37] argue that studies are needed regarding ISO 14001 EMS integration in order to understand performance change.



A major problem highlighted since 1998 by Boiral Olivier is that there are contradictions between IS0 14001 EMS and modern management trends. ISO 14001 reiterate traditional management principles: Plan, Organize, Command, Coordinate, and Control (identified by Henri Fayol). EMS is clearly “top down”. Hence, nowhere does IS0 14001 encourage corporations to enhance human resource involvement, despite the fact that contemporary corporate management “is moving toward individual empowerment and flexible structures” processes that has as a result an organizational human resource commitment and profit [38].



Having in view the aforementioned ideas, it can be stated that this research has a high level of importance. An effective approach of EMS organizational integration is needed in order for this type of management system to have expected results [15]. Likewise, an EMS often reacts nonlinear and have a high degree of rigidity organically transmitted. This organizational need can be satisfied by changing the EMS integration approach. EMS integration must move forward to a new state limit that genuinely will fulfil the most wanted organizational goal: business performance maximization.



Organizational theory and knowledge management research [39] underlines the need for a new and more flexible approach.



This work can be considered as being of extreme importance due to the fact that in the literature there are few articles that explain the relationship between ISO 14001 EMS and business performance. The researches in the literature consider a dichotomic variable certification itself, but do not analyse the degree of ISO 14001 EMS internalization (integration) [16]. Scholars interested in environmental standards must focus on standards integration, and not only on certification [40], mainly due to the fact that it is a complex scientific approach associated with different activity fields [41,42,43,44,45,46,47,48]. Hence, this research represents an original attempt to “unpack” this organizational management system, considered by Feng and Wang [49] to be a “black box”, in order for organizations to really profit from EMSs and not consider it a “necessary burden”.




2.2. ISO 14001 EMS Integration and Business Performance


ISO 14001 EMS being linked directly to its standardized aspect has a homogeneity and conformity character. An ISO 14001 EMS’s character is derived from an institutional theory perspective associated with isomorphism. Hence, associated to this organizational orientation DiMaggio and Powell [50] remarked that “… forms, culture and practices tend to become more isomorphic because of coercive, mimetic and normative pressures” [37]. However, ISO 14001 EMS implementation generates different outcomes—phenomenon that occurs in the moment when organizations want “external legitimacy rather than internal efficiency drives adoption” [37,51].



EMS organizational integration is defined as the “degree to which facilities have integrated the ISO 14001 standards into various aspects of organizational life” [37,52] or described as being related to an internalization concept which implies environmental practices and ISO 14001 integration into daily activities [19,37,40,53,54,55,56].



Literature regarding the concept of EMS integration refers to it as [55] “internalization” associated to ISO 14001 certification [57,58], “rigorous compliance” [51], “daily usage” of certifications [59], or “maintenance” associated to ISO 14001 certification [60]. EMS implementation on a daily basis is not necessarily determined by ISO 14001 certification/standardization and “studies have treated the process as a discrete phenomenon, neglecting variations in its use” [61].



Organizations that want to receive ISO 14001 EMS certification/re-certification must satisfy the following set of requirements: (i) develop, integrate, and commit to an environmental policy; (ii) identify all organizational environmental issues, set environmental objectives and targets, and develop environmental programs for these; (iii) define and integrate environmental responsibilities and fit training programs in order to increase environmental awareness and competencies for all organizational human resources; (iv) develop and implement an associated system to check, to take corrective action, to monitor, to report, and to prevent all the environmental issue; and (v) develop a management review process in order to enhance continuous improvement [61]. However, ISO 14001 EMS integration unfortunately can be decoupled from certification; therefore, the results are different across certified organizations. Hence these types of firms do not use in their daily operations the requirements of the ISO 14001 EMS—“adoption of the standardized management model never goes beyond paperwork” [37]. Instead, great efforts are made before certification audits. However, there are organizations with an opposite orientation “that embed standard requirements in their daily routines” [40].



It could be observed previously that a key concept is the term of standardization. ISO 14001 certification used in organizational daily routines lead to standardization and this is an important fact because “ISO 14001 will … enhanced business performance” [61]. This concept of standardization is associated to the level “to which rules, policies, and procedures govern” [61] a firm’s environmental issues. Likewise, it refers it to (i) routine operations procedures, (ii) coordination, (iii) assessed performance, (iv) responsibilities and priorities, (v) precision, and so on [61,62].



Standardization fundaments/key elements are “consistency, co-ordination, control, and co-operation on a global scale—relate positively to performance” [61,63]. ISO 14001 also recommend organizational standardization based on its requirements and therefore an “organization will establish and maintain documented procedures…” [64]. Hence, ISO 14001 standard certification and EMS organizational integration include knowledge and experience in order to (i) reduce variance of each organizational environmental task, (ii) increase management homogeneity, and (iii) improve overall effectiveness [61,65,66].



EMS integration as organizational internalization of environmental practices and ISO 14001 requirements into organizational daily routines, is characterized by the following dimensions: (i) organization policies (OP) [5,32,33,40,56,61,67,68,69,70]; (ii) resources allocation (RA) [5,33,56,68,69,71]; (iii) operational control and documentation (OCD) [5,56,69,71,72]; (iv) support and information systems (SIS) [5,56,69,73,74]; (v) training and development (TD) [5,33,56,69,72,73]; (vi) organization and structure of responsibilities (OSR) [5,33,56]; (vi) appreciation and reward systems (ARS) [5,69,73,74]; and (viii) measuring and monitoring systems (MMS) [5,56,69,70,74]—see Figure 2.



In the literature, the business performance concept is referred to as integrating “gross profit margin, market share, sales, and sales per employee”; included as well is the production cost and market position [61]. Traditionally various scholars claimed that environmental practices are negatively associated to business performance [75,76]; however, there are opposite results [61]. ISO 14001 could be considered a cost-saving tool and therefore a return-on-investment case can be made to sustain EMS integration [77].




2.3. Hypothesis Development


The literature shows that extensive theoretical and empirical research on the EMS benefits has been performed. These studies do not provide sufficient proof to generalize their findings. EMSs have not yet achieved a high degree of “maturity” in their implementation, and they are not fully integrated in corporate management dynamics. In order to render EMS as an effective management tool, this management system must be easy to enable all the hierarchical organization levels that adopt an EMS: From the upper management to operational personnel [78].



EMS integration implies organizational reutilization of various environmental practices associated to (i) planning and organization, (ii) operational, and (iii) communication. Hence the ISO 14001 EMS integration dimensions/indicators could be considered the following [5,15,28]: (i) environmental organization policies, (ii) environmental resources allocation, (iii) environmental operational control and documentation, (iv) environmental support and information systems, (v) environmental training and development, (vi) environmental organization and structure of responsibilities, (vii) environmental appreciation and reward systems, and (viii) environmental measuring and monitoring systems.



Although its importance in the environmental management field, the ISO 14001 EMS is still debatable [19,29,79]—literature presents mixed opinions. Link and Naveh [61] noted that “in practice, however, studies have been unable to definitively show that ISO 14001 either leads or does not lead to improvements in environmental and business performance” [75,80,81,82,83]. However, Pesce and his collaborators [29] citing the literature mentioned that “studies point out that ISO 14001 brings three types of benefits: environmental performance, efficiency and profitability” [84].



Castka and Prajogo [55], related to ISO 14001 EMS integration, noted that “…better results if the requirements of certifications are rigorously adopted” and “…firms will also gain reputational benefits by internalizing the requirements of certifications”. Hence a real ISO 14001 EMS integration “results in real improvements”—operational benefits [51,85].



A well-known proxy used in measuring operating performance is return on assets (ROA) [70,86,87,88]. This financial indicator is defined as the capacity of all the assets, which are used by a company in operating activities, to generate future economic benefits [89] and is calculated as a ratio between operating income and total assets [87]. “ROA is typically employed as a proxy of financial performance in environmental management literature” [90,91] and companies that apply ISO 14001 are more profitable, based on ROA, compared to the other companies [86,92,93,94].



Starting from previous literature findings, in this study we developed, for testing and validation, the following main research hypothesis:

Hypothesis 1 (H1).

The EMS integration has a significant influence in increasing corporate business performance, based on ROA.









3. Research Methodology


Based on the research hypothesis proposed in the study the methodological approach is a statistical/quantitative one [95]. Hence, in the validation process associated to research hypothesis, the following research objectives were proposed:




	
Estimating the scores for proposed EMS integration dimensions.



	
Estimating the overall score of EMS integration using previous dimensions estimated scores.



	
Estimating the business performance probability, based on ROA, using overall score estimates of EMS integration.



	
Modelling and determining the distribution of business performance probability under the influence of EMS integration.








In order to fulfil this scientific approach in the first phase, the definition of the studied population and of the analysed sample was considered. Then the variables were identified and the models and methods of analysis were chosen, and the data used in the analysis were collected and their statistical processing took place. In the last phase, using the fuzzy logic and using as input the previously obtained statistical results, the influence of EMS integration on business performance will be evaluated.



3.1. Analysed Population and Sample


In order to reach the research objectives, the studied population is represented by all the companies listed on the Bucharest Stock Exchange (BSE), but on the non-regulated AeRO market. The AeRO market allows the listing of the shares of small and medium-sized companies, and the reporting requirements are lower than those applicable to the companies listed on the regulated market [96]. It should be noted that the companies on the regulated market were not chosen because they are required to report financial information in accordance with International Financial Reporting Standards (IFRS) [97], which include a series of provisions related to the reporting of environmental financial information [98]. This obligation does not occur in the case of companies listed on the AeRO market, as they may apply IFRS in a voluntary manner, as well as other environmental reporting frameworks.



From this point of view, we consider it more appropriate to choose a sample of companies from the AeRO market, precisely to better control the influence of sustainable EMS integration on business performance. At the level of the AeRO market, in 2019, 290 companies were identified for which a questionnaire [15] (see Table A1 in Appendix A) for evaluating the degree of implementation of sustainable EMS was submitted for online completion, in the May–June period. The questionnaires were aimed at responsible persons in companies within top management, and only 73 answers were received from the targeted companies. Of these, complete answers for all items in the questionnaire were recorded for only 31 companies. Although the sample volume is small enough to lead to the generalization of research results, in the case of fuzzy logic, this fact facilitates the collection and analysis of data from fewer experts and can ensure verification of generalization [99].



For the 31 companies included in the final sample, 26% of the respondents stated that they have management experience between 5 and 10 years, 32% have management experience between 10 and 20 years, and the remaining 42% have management experience over 20 years. Of the 31 companies included in the sample analysed, 17 companies (55%) applied environmental regulations for less than 5 years, and 14 companies (45%) applied environmental regulations for more than 5 years.



Depending on the activity field, 71% of companies operate in the industrial field, and the remaining 29% operate in the services field.




3.2. Variables and Models Proposed for Data Analysis


Starting from the model proposed [5] in Figure 2, regarding ISO 14001 EMS integration customized dimensions, the variables included in the analysis (items) are grouped according to the 8 dimensions OP, RA, OCD, SIS, TD, OSR, ARS, and MMS [5,56,68]. For each dimension of the EMS, 37 items using a Likert-type scale with the following values were considered: 1 = Totally disagree (TD), 2 = Disagree (D), 3 = Partially disagree (PD), 4 = No opinion (NO), 5 = Partially agree (PA), 6 = Agree (A), and 7 = Totally agree (TA). Based on the values of the answers provided by the respondents, the final EMS score will be estimated using principal component analysis—PCA [100]—taking into account the 8 dimensions of the EMS, as well as the items associated with them.



The degree of association between the items included in the analysis was tested using Cronbach’s alpha statistics. Following the analysis in Statistical Package for the Social Sciences (SPSS) 22.0 software (“software designed to solve business and research problems by means of ad hoc analysis, hypothesis testing, geospatial analysis and predictive analytics” [101]), resulted in a value of 0.76 for Cronbach’s alpha test, which ensures an acceptable consistency at the level of the items included in the construction [102].



For testing the EMS influence on business performance, the following logistic regression model is proposed and is defined by the equation [103]


ln[pi/(1-pi)] = β1EMSi + β2AFi + β3EMEi + εi,



(1)




where pi is a conditional mean and indicates the probability that a firm will be performant, based on ROA. In this case, activity field (AF) and environmental management experience (EME) are control variables that can influence business performance [56,69,70,87,88], and βj (j = 1, …, 3) represents the coefficients of the logistic regression model and ε is the error component.



In the study, for each company included in the analysed sample, the ROA values are obtained based on the information published in their financial statements [104]. In this case, it is considered that a company is performing if the value of ROA, registered for it, exceeds the value of 30% [89]. This fact can be explained based on the results obtained from the operating activity that can cover the cost of indebtedness and the net result can be used to offer dividends to shareholders for the invested capital in the company [89]. For ROA values lower than the 30% threshold, the company is considered to be non-performant.




3.3. The Use of Principle Components Analysis to Estimate the EMS Integration Score


Based on the 8 dimensions of an EMS [5,56,68], in this study principal component analysis (PCA) was used to estimate the integration score of the EMS for each company included in the sample. PCA is a multivariate analysis descriptive method [20,105,106] that is used to reduce the analysed data in order to obtain a new latent variable to better explain the phenomenon variation and to decrease errors [100]; limitations of this descriptive method are directly correlated data and being sensitive to outliers in the data [107].



In the first phase, starting from the initial Item_dimji (j = 1,…,m; m = 8 dimensions; i = 1,…,n; n = 9 maximum numbers of items per dimension), presented in Table A1 in Appendix A [15], PCA is used to estimate the scores for each dimension (Dimj), based on the equation


Dimj = γj1Item_dimj1 + γj2Item_dimj2 + ... + γjiItem_dimji + ... + γjnItem_dimjn



(2)




where Dim ∈ {OP, RA, OCD, SIS, TD, OSR, ARS, MMS}.



Once the scores for each dimension was estimated, in the second phase PCA as used to estimate the EMS integration score, using the equation


EMS = θ1OP + θ2RA + θ3OCD + θ4SIS + θ5TD + θ6OSR + θ7ARS + θ8MMS.



(3)







Based on the PCA, the estimates for the (γji) and (θi) describe the contribution of each initial variable (dimension or item) to the development of an EMS integration score [100]. For parameters estimates and data analysis, SPSS 22.0 was used.




3.4. The Use of Fuzzy Logic for Business Performance Assessment Based on EMS Integration


In this study, fuzzy logic has been used to assess the influence of EMS integration on the business performance which is quantified by ROA. The fuzzy algorithms are modelling the human language [108] and are based on previous knowledge that is encoded in the form of antecedent rules to obtain desired conclusions [109]. The fuzzy inference system is a popular computing framework, also known as fuzzy-rule-based-system, fuzzy expert system [110], fuzzy model [111], or fuzzy associative memory [112]. The purpose of a fuzzy inference system is to deduct a conclusion based on the information that is used as input [108]. Inference systems could be implemented by the Mamdani-type [113] or Sugeno-type [114]. The Mamdani method allows to represent the expertise in more intuitive manner [115]. The Sugeno method is computationally effective and works well with optimization and adaptive techniques, which makes it very attractive in control problems, particularly for dynamic nonlinear systems [114,116].



Fuzzy logic has become a solution to complex problems in almost all scientific fields, due to its resemblance to human reasoning and decision making. Fuzzy logic offers answers to uncertainties and ambiguities in precise and discrete terms [117]. In contrast, fuzzy logic has a number of disadvantages. It could be difficult to develop fuzzy rules and to choose membership functions properly. Likewise, fuzzy outputs can be subject to various interpretation facts that makes analysis difficult. In addition, it requires a lot of data and expertise to develop a fuzzy system [118].



A fuzzy modelling process has the following features [119]: The rules structure of a fuzzy inference system that incorporate the human expertise about the target system directly into the modelling process; and the input–output data of a target system that can be used for fuzzy modelling.



The fuzzy modelling algorithm implies the following steps [120]: (i) fuzzification is based on the values of the linguistic variables [121]; (ii) rules evaluation is based on the conditional statements that form the backbone of fuzzy logic and approximate reasoning and has the following form if A then B [115]; (iii) aggregation of the rule outputs is based on the combination of the all output fuzzy sets [122]; and (iv) defuzzification is the final step in the fuzzy inference process in order to generate a final output of fuzzy system which has to be a crisp number, as consequent [115,123], using some specific methods [124].



In our analysis, in order to determine business performance probability based on a fuzzy inference system the following fuzzy model is proposed (Figure 3):



In order to determine business performance probability based on fuzzy inference system, the relations were statistically determined, based on Equation (1). Figure 3 presents the crisp output value for business performance probability indicator obtained by defuzzification of fuzzy sets included in the analysis. To build our fuzzy model we used the MATLAB fuzzy Logic Toolbox.





4. Research Results and Discussions


Considering the research objectives proposed in the study, for the sample of companies used in the analysis, the main results obtained are a series of descriptive statistics on the analysed variables, the estimates of EMS integration scores, the estimation of the influence of EMS integration on business performance using logistic regression analysis, and the results following the fuzzy analysis.



4.1. Descriptive Statistics


In the study, business performance was measured by using return on assets (ROA) [70,86,87,88] for which 4 categories were determined: less than 10% and between 10% and 30% for non-performant companies and between 30% and 50% and more than 50% for performant companies. ROA distributions, by categories, are presented in the following tables according to activity field, environmental management experience, and EMS implementation.



At the level of the analysed sample, depending on the activity field, the ROA values by performance categories are presented in Table 2.



From the data presented in Table 2, it can be observed that companies in the industrial domain register values of over 50% of ROA but also values below 10%. In contrast, there is a significant number of service companies characterized as performant (with ROA values greater than 30%) in comparison with the reduced number of companies with low values of ROA.



According to the environmental management experience, the ROA values by performance categories are presented in Table 3.



From Table 3, it can be observed that the companies that have less than 5 years in environmental management experience in most cases have ROA values of over 10% and can be classified in the performant category. This can be explained by the immediately adoption of environmental standards, which may have led to increased business performance. The companies that also have more than 5 years in in environmental management experience obtained ROA values greater than 30%. This can be explained due to their operational knowledge that could be used in ROA improvement.



According to EMS implementation, the ROA values by performance categories are presented in Table 4.



From data presented in Table 4, it can be observed that the companies that have less than 3 years in EMS implementation present, in most cases, ROA values of over 30% and can be classified in the performant category. This can be explained by the immediate alignment and adoption of environmental standards, in particular ISO 14001, which have led to increased business performance. Companies that have 3–5 years in EMS implementation also obtained ROA values between 10% and 30% due to various improvements that have associated costs that reduce the business performance.




4.2. Estimates of EMS Integration Score Based on PCA


Based on Equation (2) and using PCA, the parameters of the equations have been estimated and were used to calculate the scores for each of the 8 dimensions of EMS integration. The estimation indicates the importance of each item on the EMS integration dimensions. The values of the estimates are significant for a 10% risk level and the associated eigenvalues are presented in the Appendix A (Table A2, Table A3, Table A4, Table A5, Table A6, Table A7, Table A8 and Table A9 in the Appendix A). The estimations of the parameters of the Equations (4)–(11) are presented below.


OP = 0.368OP1 + 0.444OP2 + 0.367OP3,



(4)






RA = 0.674RA1 + 0.674RA2,



(5)






OCD = 0.175OCD1 + 0.134OCD2 + 0.181OCD3 + 0.166OCD4 – 0.005OCD5 +

+ 0.125OCD6 + 0.145OCD7 + 0.161OCD8 + 0.155OCD9,   



(6)






SIS = 0.171SIS1 + 0.156SIS2 + 0.184SIS3 + 0.175SIS4 − 0.168SIS5 + 0.140SIS6 + 0.125SIS7

+ 0.149SIS8,                             



(7)






TD = 0.237TD1 + 0.204TD2 + 0.257TD3 + 0.237TD4 + 0.255TD5,



(8)






OSR = 0.693OAR1 − 0.693OSR2,



(9)






ARS = 0.363ARS1 + 0.351ARS2 + 0.380ARS3,



(10)






MMS = 0.247MMS1 + 0.268MMS2 + 0.261MMS3 + 0.270MMS4.



(11)







The scores for the 8 dimensions follow a normal distribution, as follows: Dimj ~ N(0, 1), where Dim ∈ {OP, RA, OCD, SIS, TD, OSR, ARS, MMS}.



Once the scores for each of the 8 dimensions of EMS integration have been estimated, based on Equation (3), the parameters of the regression model with which the EMS integration scores can be estimated will be obtained using PCA. The estimates of the parameters of Equation (3) are significant for a 10% risk level, and the associated eigenvalues are presented in the Appendix A (Table A10 in the Appendix A) and they are presented below:


EMS = 0.196OP + 0.095RA + 0.209OCD + 0.210SIS + 0.169TD + 0.051OSR + 0.103ARS

+                                    

+ 0.197MMS.                           



(12)







From Equation (12), the influence of each dimension on EMS integration can be observed, based on parameter estimates. It can be seen that SIS and OCD dimensions have the greatest influence on EMS integration, followed by the dimensions of MMS, OP, TD, and ARS. The smallest influence on EMS integration is determined by the RA and OSR dimensions. And in the case of EMS integration, the PCA estimated scores follow a normal distribution, as follows: EMS ~ N(0, 1).




4.3. Estimates of EMS Integration Influence on Business Performance Based on Logistic Regression


Once the scores related to EMS integration have been estimated, in the next step, its influence on the probability (pi) of the firm’s performance or not, according to the regression model in Equation (1), will be estimated. In this case, a firm is considered to be performing if it has ROA values above the 30% threshold. The estimates of the parameters are presented in Table 5.



From data presented in Table 5, it can be observed that the model proposed in Equation (1) explains in a proportion of 50.8% of the variation of the probability for a company to be performant, under the influence of the factors. In this case, from the factors included in the model, EMS integration (EMS) has the most significant influence. At an increase with a unit of EMS integration the probability of a company being classified in the category of high performance (that registered ROA values greater than 30%) will increase by 90%. Moreover, the classification in the performant category is not significantly influenced by the belonging to a certain activity field (AF) nor by environmental management experience (EME).



Depending on the values of EMS, AF, and EME, for each company it was estimated the probability of being classified in the performant category (p) or non-performant category (1-p), where p ~ N (0.7922, 0.2498), minimump = 0.3361, maximump = 0.9974, and (1-p) ~ N (0.2523, 0.2699), minimum(1-p) = 0.0000, maximum(1-p) = 0.7816.




4.4. Results on the Influence of EMS Integration on the Business Performance Based on Fuzzy Logic


Once estimated the values of EMS integration (EMS), as well as those related to the probability (p) of a company being performant, the fuzzy modelling algorithm is as follows.



The first step is to take crisp inputs, EMS integration, activity field and environmental management experience and to determine the degree to which these inputs belong to each of the appropriate fuzzy sets. The crisp input is always a numerical value. In our case, the range of EMS integration input data is limited (−3.098–1.183) and the range of activity field and environmental management experience is (0–1) according to the experimental domains.



For EMS integration three linguistic levels are used: Low, Average and High and the proposed fuzzy set membership shape is triangular, as shown in Figure 4. The EMS integration behaviour is represented by the three triangular functions, shown in Figure 4, where the y-axis represents the degree of membership value between 0 and 1 and the x-axis represents the assessment of the EMS integration score by levels.



The Low EMS integration linguistic variable represents the range below 0.1562, with definite inclusion of the value −3.098. The broad range of the Average EMS integration linguistic variable covers the values between −0.236 and 0.789, with the highest level of membership being 0.2765. The High EMS integration linguistic variable represents the range above 0.1562, with the strongest influence at 1.183. This triangular membership functions [125] were used due to their simplicity [126] and because it is similar to human reasoning; also, this membership function types are the most suitable for performance measurements [127].



For activity field two linguistic levels are proposed: Services and Industrial. A Z-shaped membership function was proposed, and as a consequence associated with the observed distribution (0.29 services companies and 0.71 industrial companies). The degree of fuzzy set membership shape is shown in Figure 5.



For environmental management experience two linguistic levels are also proposed: Less than 5 years and more than 5 years. A Z-shaped membership function was proposed as a consequence, associated with the observed distribution (0.548 less than 5 years environmental management experience and 0.452 more than 5 years environmental management experience). The proposed fuzzy set membership shape is shown in Figure 6.



In the case of the output variable, business performance probability, starting from the estimates of (p) and (1-p) from logistic regression, the Non-Performant and Performant membership functions are presented in Figure 7. Likewise, the shapes of membership functions describing these two parameters are symmetric Gaussian functions. This type of membership function was used because it reflects with a high degree of confidence, associated to output variable characteristics.



Figure 7 presents in the universe of discourse associated with business performance probability output, whose maximum degree for Non-Performant and Performant parameters computed being identified as 0.3361 and 0.7816, respectively.



In the second step, the fuzzy rules are used to create the conditional statements. These rules are obtained based on the empirical association between all variables included in the analysis and it was tested using multiple correspondence analysis (MCA) [128,129]. The association between variables is presented in the diagram from Figure 8.



From Figure 8, it could be observed that performant companies have High EMS values, compared to the non-performant ones. Although there are no significant differences on business performance based on environmental management experience, companies that have less than 5 years are more performant in comparison with the companies with a greater experience. Based on identified associations between variables included in the MCA, the fit set of rules (R) for the fuzzy model is presented as follows:



R1. If (Activity field is Industrial) and (Environmental Management Experience is Less than 5 years) then (Business performance probability is Non-Performant) (1)



R2. If (Activity field is Services) and (Environmental Management Experience is More than 5 years) then (Business performance probability is Performant) (1)



R3. If (Activity field is Industrial) and (Environmental Management Experience is More than 5 years) then (Business performance probability is Performant) (1)



R4. If (Activity field is Services) and (Environmental Management Experience is Less than 5 years) then (Business performance probability is Performant) (1)



R5. If (EMS-Integration is High) and (Activity field is Services) and (Environmental Management Experience is More than 5 years) then (Business-Performance-Probability is Performant) (1)



R6. If (EMS integration is High) and (Activity field is Services) and (Environmental Management Experience is Less than 5 years) then (Business performance probability is Performant) (1)



R7. If (EMS integration is Average) and (Activity field is Services) and (Environmental Management Experience is More than 5years) then (Business performance probability is Non-Performant) (1)



R8. If (EMS integration is Average) and (Activity field is Services) and (Environmental Management Experience is Less than 5 years) then (Business performance probability is Performant) (1)



R9. If (EMS integration is Low) and (Activity field is Services) and (Environmental Management Experience is More than 5 years) then (Business performance probability is Non-Performant) (1)



R10. If (EMS integration is Low) and (Activity field is Services) and (Environmental Management Experience is Less than 5 years) then (Business performance probability is Non-Performant) (1)



R11. If (EMS integration is High) and (Activity field is Industrial) and (Environmental Management Experience is More than 5 years) then (Business performance probability is Non-Performant) (1)



R12. If (EMS integration is High) and (Activity field is Industrial) and (Environmental Management Experience is Less than 5 years) then (Business performance probability is Performant) (1)



R13. If (EMS integration is Average) and (Activity field is Industrial) and (Environmental Management Experience is More than 5 years) then (Business performance probability is Non-Performant) (1)



R14. If (EMS integration is Average) and (Activity field is Industrial) and (Environmental Management Experience is Less than 5 years) then (Business performance probability is Performant) (1)



R15. If (EMS integration is Low) and (Activity field is Industrial) and (Environmental Management Experience is More than 5 years) then (Business performance probability is Non-Performant) (1)



R16. If (EMS integration is Low) and (Activity field is Industrial) and (Environmental Management Experience is Less than 5 years) then (Business performance probability is Non-Performant) (1)



The importance of each rule is considered to be the same and is equal to 1 (see the values in brackets).



In the third step, all the output fuzzy sets that are derived from the proposed rules are used in the fuzzy inference system and are combined in order to obtain the results, using the maximum aggregation method [122].



Figure 9 presents the application of the fuzzy operator AND aggregation for rule 16 (R16), for output parameter business performance probability.



Figure 9 presents how the output parameter business performance probability is computed based on particular values of input parameters EMS integration, activity field, and Environmental Management Experience. The variation interval of parameters cannot exceed the range presented in the membership function (Figure 9). Hence, Figure 9 presents the consequent for business performance probability. The output value of the rule consequently can be estimated directly from a corresponding truth membership grade in the antecedent. Fuzzy rule 16 has multiple antecedents and the fuzzy operator (AND) is used to obtain a single number that represents the antecedent evaluation result. For EMS integration measured as −0.958, activity field measured as 0.5, and environmental management experience measured as 0.5, EMS integration, activity field, and environmental management experience are fuzzified to 0.5, 0.4, and 0.4. The antecedent evaluation result would be equal to 0.4 as is presented in Figure 9, 0.4 = min (0.4, 1.1). This number (the truth-value) is then applied to the consequent membership function, in this case the membership of business performance probability.



The fuzzy rules, their ranges as described above and the final output business performance probability is presented in Figure 10.



The final step of the fuzzy inference process is represented by defuzzification to generate a final output of fuzzy system, which has to be a crisp number, using the centroid technique [124]. In our case fuzzy output business performance probability is transformed into a crisp number with values between 0 and 1. The more output result parameter is closer to 1, the better business performance probability performs [115,123]. The result of applying the centroid method can be seen in Figure 10 where the business performance probability as an output parameter obtained a 0.33 value based on EMS integration measured as −0.958, activity field measured as 0.5, and environmental management experience measured as 0.5.



In the diagrams (a), (b), and (c) from Figure 11, the estimates distributions associated to business performance probability are presented under the influences of EMS integration, activity field, and environmental management experience.



From Figure 11a it can be observed that blue areas are associated to a low level of business performance probability determined by low values of EMS integration (a poor EMS integration) and high values of activity field (associated to industrial firms). Opposite, yellow areas are associated with a high level of business performance probability determined by high values of EMS integration (a good EMS integration) and low values of Activity field (associated to service firms).



In Figure 11b the estimates distributions associated to business performance probability under the influences of activity field and environmental management experience are presented. In this case the low level of business performance probability is associated with blue areas determined by low values of environmental management experience (a poor degree) and high values of activity field (associated to industrial firms). Likewise, yellow areas are associated with a high level of business performance probability determined by high values of environmental management experience (a good degree) and high values of activity field (associated to service firms).



Finally, in Figure 11c, the estimates distributions associated to business performance probability are presented under the influences of EMS integration and Environmental Management Experience. It can be observed that the low level of business performance probability is associated with blue areas determined by low values of EMS integration (a low level of EMS integration) and low values of environmental management experience (a poor degree). Opposite, green to yellow areas are associated with a high level of business performance probability determined by high values of EMS integration (a good EMS integration score) and high values of environmental management experience (a good degree).





5. Conclusions


At an organizational level, sustainability involves the synergy between enhancing (i) ecological resilience, (ii) people, and (iii) profit. Sustainable development could be based on implementation and integration of an environmental management system, as an effective management tool in order to create value for the company.



The implementation of EMS determines the analysis of environmental issue consequences on the business’ performance, with a direct and positive impact on market share, employee’s motivation, customer’s loyalty, business and production processes, performance, and profitability.



Because of the increasing cost of organization due to EMS implementation [14], companies have to maintain a balance between business performance and EMS integration. This goal could be attended through computational modelling of EMS integration dimensions using advanced statistical methods and fuzzy logic, in order to provide solutions in management decision making processes. From this point of view, it could be considered that this approach is suitable.



Although the literature presents the importance of EMS integration on business performance, this relationship is still debatable. Some opinions consider that EMS integration increase the costs of the companies and do not determine a high performance [67]. Others consider that EMS integration determines real benefits at the organizational level, at the level of environmental performance, efficiency, and profitability [84].



Starting from the existing evidence from the literature, the purpose of this study was to assess the influence of EMS integration on business profitability. For this, advanced statistical methods were used and a fuzzy logic model.



Based on the results obtained in SPSS 22.0 (for Cronbach’s alpha statistics, PCA estimates, and logistic regression analysis) and the MATLAB Fuzzy Logic Toolbox (for business performance probability estimation), the proposed research hypothesis was validated: EMS integration has a significant influence in increasing corporate business performance, based on ROA. Based on its best practices, EMS integration could in the future reduce various operational costs that add value to an organisation through future benefits that enhance business performance.



The research objectives were also reached in all the research steps proposed in the study.



In the first phase, using PCA, the scores for the proposed EMS integration dimensions and the overall score of EMS integration using previous dimensions’ estimated scores were estimated. Based on the research results, it can be seen that SIS and OCD dimensions have the greatest influence on EMS integration, followed by the dimensions of MMS, OP, TD, and ARS. The smallest influence on EMS integration is also determined by RA and OSR dimensions.



In the second phase, it was determined the influence of EMS integration on business performance, using logistic regression analysis. In this case, EMS integration has the most significant influence, and classification in the performant category is not significantly influenced by the belonging to a certain activity field nor by environmental management experience.



In the final phase, using the fuzzy logic, the distribution of business performance probability was determined under the influence of EMS integration, activity field, and environmental management experience. Starting from the statistical results obtained in the first-two phases, the fuzzy set membership functions for the input and output variables and the fuzzy rules (using MCA) were identified. The results obtained shows that EMS integration has the most significant influence on the business performance probability.



The principal limit of the study is the small sample size. This is explained by the small number of listed firms on AeRO that implement or integrate EMS, and also by the insufficient management experience in environmental activities.



Future research aims to extend the research at the level of all companies that are listed on the BSE (regulated and non-regulated markets), and to make comparisons with other companies from Europe in the terms of EMS integration influence on business performance.







Author Contributions


All authors have contributed equally to all sections of this manuscript.




Funding


(i) ARUT: project number GnaC2018_119—National Research Grants of the “Gheorghe Asachi” Technical University of Iasi, Romania; (ii) Alexandru Ioan Cuza University of Iași, Faculty of Economics and Business Administration, Iași, Romania.




Acknowledgments


This work was supported by a National Research Grants of the “Gheorghe Asachi” Technical University of Iasi, Romania, project number GnaC2018_119. Likewise Alexandru Ioan Cuza University of Iași, Faculty of Economics and Business Administration, Iași, Romania, has supported a part of this scientific approach.




Conflicts of Interest


The authors declare no conflict of interest.





Appendix A




[image: Table] 





Table A1. Items included in the questionnaire by EMS integration dimensions.






Table A1. Items included in the questionnaire by EMS integration dimensions.





	
EMS Organizational Integration Dimensions

	
Items Included in the Questionnaire

(Scale 1–7)






	
ORGANIZATION POLICIES (OP)

	
OP1—Organization has a clearly and explicitly established environmental policy

OP2—Organization has a clearly established and expressed outlook on environmental issues




	
OP3—Environmental objectives and goals are clearly defined and should not be confused with other objectives and targets associated to different organizational management systems




	
RESOURCES ALLOCATION

(RA)

	
RA1—Budget allocation process includes also environmental issues

RA2—Organizational financial resources are enough only to solve current environmental problems




	
OPERATIONAL CONTROL AND DOCUMENTATION

(OCD)

	
OCD1—Organization constantly monitors the environmental aspects in order to comply with regulations (Planning and control)

OCD2—Frequently, measurements are carried out regarding air polluting emissions

OCD3—Frequently, measurements are carried out regarding the water polluting emissions

OCD4—Frequently, all variables of the water discharged into the environment are monitored (e.g., temperature)

OCD5—Frequently, measurements are carried out regarding the soil polluting emissions

OCD6—At the level of my organization, documents regarding the following issues are constantly developed and updated:

a. environment strategies;

b. environmental objectives and targets

c. environment programs

d. emergency situations

OCD7—Organization has an environmental performance indicators system

OCD8—Organization monitors the degree to which the employee/manager understood correctly the necessary basic knowledge to carry out environmental tasks

OCD9—Organization checks if the managers explained correctly

to employees the assigned environmental tasks




	
SUPPORT AND INFORMATION SYSTEMS

(SIS)

	
SIS1—Organizational Information System (IS) allows to management be aware of everything that happens

SIS2—Information’s always reaches departments where it should reach

SIS3—Information’s received by the IS allows to identify all the factors that led to an environmental issue emergence

SIS4—All environmental information’s transmitted throw IS reaches to all employees

SIS5—Environmental specific documents transmitted throw IS are developed by competent persons

SIS6—A manager involved in environmental decision-making situation receives absolutely all the collected data and information

SIS7—Brainstorming sessions are used to distribute environmental information’s

SIS8—Organization stores all the environmental information’s on expertise’s resulting from environmental tasks fulfilment




	
TRAINING AND DEVELOPMENT

(TD)

	
TD1—Periodically, are developed trainings that aims to increase employees’ awareness regarding environmental protection issues

TD2—All organization employees have fulfilled a training session associated to environmental procedures (consequences of non-compliance)

TD3—Organization provides to all employees the opportunity to attend to environmental educational programs

TD4—Organization provides to all managers the opportunity to attend to university environmental programs

TD5—Environment trainings are aimed to use the best environmental practice




	
ORGANIZATION AND STRUCTURE OF RESPONSIBILITIES

(OSR)

	
OSR1—As a consequence of environmental certification, in my job description were added new environmental responsibilities and activities

OSR2—The new activities description required by pollution prevention were mentioned in all the employees job descriptions




	
APPRECIATION AND REWARD SYSTEMS

(ARS)

	
ARS1—Environmental performance is a part of employees rewarding system

ARS2—Organization employees consider the reward to be even for their work (fair reward)




	
ARS3—Environmental performance is a part of employee’s promotion process




	
MEASURING AND MONITORING SYSTEMS

(MMS)

	
MMS1—I am often checked by management regarding the environmental activities and the duties provided in job description




	
MMS2—All organizational management systems are periodically the subject to internal audits

MMS3—Environmental information’s obtained by internal audits is used to improve Environmental management system

MMS4—Periodically are performed environmental performance assessments and analyses




	
COMMUNICATION AND REPORTING

(CR)

	
CR1—Organizational environmental IS allows real-time communication between employees/ managers
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Table A2. Total variance explained for Equation (4).






Table A2. Total variance explained for Equation (4).





	
Item

	
Initial Eigenvalues

	
Extraction Sums of Squared Loadings




	
Total

	
% of Variance

	
Cumulative %

	
Total

	
% of Variance

	
Cumulative %






	
OP1

	
2.140

	
71.341

	
71.341

	
2.140

	
71.341

	
71.341




	
OP2

	
0.692

	
23.060

	
94.400

	

	

	




	
OP3

	
0.168

	
5.600

	
100.000

	

	

	








Extraction Method: Principal Component Analysis.
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