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Abstract

:

Scientific and business environment literature shows that green, sustainable innovation or eco-innovation has proven to be a source of competitive advantage today. The industrial clusters, their dynamism, and the synergies created within them attract a lot of attention from the scientific community. However, to date, the joint study of these two concepts and, more specifically, the factors that drive eco-innovation specifically in a cluster, have not been studied in depth. This article models eco-innovation in industrial clusters, thus addressing this gap and proposing a model based on information gathered from the literature and a detailed analysis of behavior in relation to eco-innovation in different sectors. Results suggest that including eco-innovation variables and measures may have positive implications such as improvements at the strategic level and the reduction of costs and use of resources. An eco-innovation model for clusters is proposed. It considers eight key factors that seek to raise its competitive level by promoting eco-innovation within clusters. The model includes five internal factors that analyze business capabilities and three external factors that study the effect of launching eco-innovative activities. This model could help the companies’ managers and those responsible for clusters in creating more successful strategies to increase competitiveness by enhancing eco-innovation. It could also serve as a guide for government entities in the performance of eco-innovative activities in economic sectors.
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1. Introduction


The concept of eco-innovation is linked to the relationship between competitiveness and care for the environment [1]. For the Organization for Economic Cooperation and Development [2], eco-innovation arises not only from concern for the environment, but also from the implementation of new strategies within an organization, which creates benefits such as increased productivity, competitiveness, reduced costs, and access to new markets [3]. The concept of eco-innovation discussed in this article is related to the ability of companies to be more competitive by considering the environment as a driver of change in production processes, use of technologies, marketing strategies, internal environmental rules, access to new markets, and the responsibility to support society’s environmental awareness [1,4].



On the other hand, among the different advantages of belonging to clusters from which companies can benefit, one of the most important is the competitive advantage obtained due to the vibrant economic interactions among producers, suppliers, competitors, and clients [5]. The close relations that are established, as well as the knowledge and information transfer, strengthen innovation, interdisciplinarity, and new government policies to create networks of business cooperation [6,7].



A cluster is a set of companies that are related by their value chain, with companies belonging to different industries but still interrelated. Companies belonging to a cluster are located in the same geographical area. This agglomeration, which generates business networks and increases the efficiency, both individually and as a group, is known as the economy of agglomeration [8,9]. Therefore, not only is a close relationship created with the overall goal of raising competition, but also a high cooperation between the parties, leading to the development of technologies, commercialization derived from research, creation of new areas of demand, and increased capacity as the system becomes adaptive to changes in the external economy; this leads to the success of the cluster due to its high degree of growth and innovation [10,11,12].



The competitiveness in a cluster generates a shared value and strategic level that is superior to that of a single company; therefore, a collective strategy establishes a win-win of the entities associated to it. Competitive advantage is measured by the profitability of the organizations, and there are different ways of achieving it. One way is through the differentiation of products and services, and also through the reduction of costs and the increase of the profit margin.



Eco-innovation has gained importance on the part of companies, researchers, and governments who formulate economic policies, and for this reason, applying eco-innovation is necessary to create more sustainable societies [13,14]. When studying eco-innovation within the cluster, we consider it an extension of innovation that contributes to the environmental growth of different industries. Thus, eco-innovation in clusters appears to potentiate companies’ value chains and the swift transition to becoming sustainable societies as well as enhance business competitiveness [15].



The overall objective of the paper is to analyze the factors that drive eco-innovation in clusters. To do so, the existing literature will be reviewed and, based on that, we will present a model that considers all the variables affecting eco-innovation and the aspects to be taken into account. This study will be especially useful for those companies in clusters that have not yet developed eco-innovative activities. It will provide them with a roadmap to follow. Companies that have already started their implementation can potentiate their eco-innovative projects.



The current literature has already identified some studies that establish the determining factors that drive eco-innovation in clusters. A study by Daddi and De Giacomo [15] provides evidence that eco-innovation can strengthen the ability of companies to recover and update their behavior with regard to management and strategic fields to align themselves with the most innovative competitive challenges. It is important to establish effective indicators to measure eco-innovation given its complexity from being applied in more than one sector of the industry [16]. This study analyzes the determining or driving factors of eco-innovation, taking worldwide research as a reference to examine its incidence in clusters. A conceptual model is proposed to study the factors that drive eco-innovation in clusters to create more competitive business strategies and, thus, design effective tools that promote eco-innovation and, as a consequence, create societies that are more committed to environmental sustainability [17,18,19].



Consequently, the following research question has been developed: What are the main factors that encourage eco-innovation in a cluster?



This research contributes to the literature in different ways. It analyses the importance of eco-innovation in the literature and how it has been applied worldwide in industrial clusters to improve their competitiveness. A cluster is a dynamic entity that benefits from the individual actions of companies and organizations that are part of it, but its orientation towards a greener innovation activity can also be fostered either with public policies or private initiatives. The objective of this paper is to identify which are the key variables that impact the transformation of a cluster to a more eco-innovative entity. Through an exhaustive analysis of the literature, we will propose a model based on internal factors and external factors to explain what drives eco-innovation activities in industrial clusters, identifying the factors that intervene in its dynamics.




2. Literature Review


In the literature on innovation, the inclusion of elements related to sustainability tends to be used as a strategy to improve innovation in products and processes, revolutionize existing markets, and introduce a new approach: Eco-innovation [20]. When introducing the concept of eco-innovation as a result of sustainable innovations, it is necessary for more prosperous and competitive societies to focus on the current and future environmental issues to improve energy and resource consumption [21]. This has a significant positive effect on competitiveness [22]. As clusters are structures that overlay an industry or related industries [23], fostering eco-innovation within a cluster is compatible with the survival of companies belonging to the cluster by reducing environmental damage through more ecological products, eco-processes, novel ideas for products/services, increased cooperation between the clusters actors and, thus, business competitiveness [24].



The tools employed to analyze the degree of eco-innovation on a business level include indicators or factors [25,26,27,28,29], some of which are related to the number of economic benefits for businesses, the level of collective efficiency and the environmental rules implemented. When analyzing the factors that drive eco-innovation, one of the most important factors considered is environmental regulations [30,31,32,33]. In Europe, for example, it has been a determining factor for the development of industries that manage natural resources [34]; previously, they were considered an imposition for companies, but the thinking has changed and today they are considered favorable when innovating, since they help companies to identify efficiency failures in their processes and are used as a tool to reduce default and production costs, improving competitiveness [35,36]. The companies discovered that by investing financially in eco-innovation activities, their competitive advantage also increased [37,38], bringing benefits such as cost savings, improved corporate image, marketing advantages, sustainable growth in the environment, and creation of new markets [13,14].



The benefits of eco-innovation should not only be studied from the economic benefits that they can bring to the company, but also from the social benefits that they can provide. For instance, according to Segarra-Oña et al. [39], eco-innovation is considered successful when environmental contributions to society, creation of new jobs, and growth of more sustainable societies are evidenced. It should be noted that to achieve these benefits, changes are needed in the organizational structure of companies, in internal processes and in how companies establish pull-push marketing strategies. It is here where concepts such as eco-design and changes in relationships with suppliers, customers, and distributors emerge, and where environmental awareness integrates new activities in the value chain [40,41].



Once the literature was reviewed, different indicators for the measurement of eco-innovation were analyzed, the study by Kemp and Horbach [25] performed a review on how to measure eco-innovation in companies through surveys, the number of patents, and access to documentary sources. Survey analysis has been the most widespread and widely used due to its easy application. Arundel and Kemp [42] proposed a series of indicators grouped by input indicators and intermediate indicators that are based on the measures implemented by companies and direct and indirect output indicators based on the benefits achieved. Cheng and Shiu [40] applied the input–output approach proposed in Arundel and Kemp’s [42] work and grouped their indicators according to the implementation of eco-innovation: (1) Implementation of eco-processes, (2) implementation of eco-products, (3) innovation strategy, and (4) performance of the company. Another interesting approach to the measurement of eco-innovation is proposed by Scarpellini et al. [35], who developed a methodology to analyze the main characteristics of eco-innovation projects from the perspective of the business strategy, taking into account environmental, economic, and social indicators. Cheng and Shiu [40] also developed a set of indicators for the measurement of eco-innovation projects, grouping them into four dimensions or constructs: Green economy performance, economic and social performance, technological accumulation performance, and environmental protection performance. Likewise, the European Commission (EU) [14] has been interested in establishing indicators for eco-innovative activities that illustrate the performance of innovation in the EU member states. The objective is to analyze the performance of the countries and measure their ability to promote an economic, social, and environmental vision according to the evaluated context.



Of the few eco-innovation studies found in specific sectors, Italy’s study on industrial businesses [15] shows that businesses that invest in creating differential opportunities, product innovation, technology, and new jobs to manage eco-innovative activities gain economic advantages and efficiency in the sector’s production processes. Similarly, a study by Hojnik and Ruzzier [38] involving 223 Slovenian businesses concludes that businesses that make adjustments to strategic objectives using eco-innovative initiatives obtain higher profitability, positive sustainable image, growth, and competitive benefits. Another study involving 3200 Spanish manufacturing businesses [41] states that public regulations and investments in research and development (R&D) are the triggers to implement eco-innovation activities, while government subsidies and the market are not considered key factors for eco-innovation.



The eco-innovation study carried out in 222 companies in the Spanish construction sector [43] reveals that the companies that invest the most in R&D are more successful in environmental innovations than those that do not. The study concludes that eco-orientation when innovating does not depend on the descriptive variables of the company (size, number of employees, etc.) but on its initiatives and behaviors. By studying the conditions that drive the eco-innovation and its effect on business performance of 442 manufacturing companies in China [44], it was revealed that technological and organizational capabilities and the creation of instruments to measure the degree of eco-innovation contribute to its development. This study shows that eco-innovation improves the environmental performance and economic status of companies, achieving resource efficiency. However, Cai and Li [44], and also Esty and Winston [1], showed that it is not enough to depend on institutional factors, such as environmental regulations or pressure from competition to develop eco-innovation, but also on the internal resources that companies have. This is why it is proposed to improve environmental policies where the internal resources and installed capacities of companies can be improved to carry out these types of activities.



Clusters by their nature have a shared vision of a strategy, resources, efforts, and goals, while remaining competitive in the same market [45,46]. Normally, defining the concept of innovation establishes a relationship with technology, but it goes much further, as it relates to business investment, human resource capabilities, R&D, and new knowledge [47,48,49,50,51]. Knowledge transfer is faster within clusters, as well as the creation of strategies based on cooperation [52]. The degree of innovation is subject to the performance of a company, and the more robust it is, the greater the commitment to innovation [53]; the greater number of relationships that may exist in a cluster, the higher the level of innovation. Porter [5] was the first author to state that companies that are connected in the same geographical area have better access to knowledge and its transfer, thus both the size of the companies and their proximity to each other are an advantage. One of the characteristics of clusters is the enhancement of innovation and alliances with competitors to support companies strategically located in a geographical area [7]. For its part, the European Commission [14], as a strategy to improve the competitiveness of medium and small companies, has created an innovation cluster policy, so that clusters with sufficient critical mass and innovative potential could improve their cooperation strategies and be able to access the internationalization of the company.



As the innovative cluster concept evolves and the eco-innovative cluster concept is introduced, a new cycle of economic development is promoted in a region which naturally induces a new cycle of attraction of companies with environmental technologies. Likewise, aspects of social welfare will be incorporated, increasing eco-competitiveness as a pillar of the economy of a region.



De Gouvea and Kassicieh [54] analyzed the process of creating a water cluster for the Amazon region of Brazil. It ensures that by incorporating eco-innovation activities in the cluster and joint work between companies, government entities, industrial parks, and institutions, such as research centers, the region’s competitive advantage was increased by incorporating an eco-innovation economy based on water. Cai and Li [44] confirmed that clusters are an important part of eco-innovation and proposed to further study the resources that companies require to develop eco-innovative skills since it will affect the amount of new innovations. A successful case of an eco-innovative cluster is the ecological cluster of Wallonia in Belgium [55]. It brings together more than 150 companies and other institutions for the development of eco-innovative projects for sustainable construction, resource management, and material recovery and subsequent reuse [55]. This cluster, through the focus of the group of companies, has been able to access government funds to carry out research and innovation activities. In agreement, when innovating business models in clusters, it is important to include resource efficiency, circular economy, and cleaner production as aspects proposed by eco-innovation to reduce costs and consequently create companies who make positive environmental commitments [54,56].



Among the initiatives of the Europe 2020 strategy, one of its main objectives is an industrial policy for globalization with efficient economic and environmental processes. Eco-innovative clusters serve to improve the conditions of companies and boost markets and their internationalization more quickly through sustainable policies [57,58,59]. However, it is important to identify the necessary factors to promote these types of activities, since there are few studies that propose an eco-innovation model that serves to potentiate sustainable economies.




3. Materials and Methods


To determine the search parameters, a review of the drivers of eco-innovation was conducted, which lead to a definition developed by Hojnik and Ruzzier [31] that established that factors based on motivation are stimuli of eco-innovation, as in the case of environmental regulations, customer demand, and pressure from the competition.



These drivers are considered a great help to the different types of innovations that may occur, such as product, process, and organizational innovation. The literature also establishes that these drivers are normally conditioned by internal and external factors [60,61].



To design the eco-innovation model in industrial clusters and determine the main factors that motivate cluster eco-innovation, the literature on global eco-innovation studies was evaluated. An exhaustive search was performed in scientific databases, Web of Science and Scopus, that are widely recognized for publication analysis. The search equation employed was as follows:




(eco-innovation) AND ((eco-innovation AND model)) AND (“environmental innovation”) AND (driver eco-innovation)





Information about the mentioned databases was collected for 625 publications, with a cut-off date of 2020. Following this, data cleanup was conducted through the Mendeley® bibliographic reference manager by using the “check for duplicates” tool and eliminating duplicate articles; this yielded 477 articles. Then, a more advanced filter was applied, wherein only the studies containing keywords related to ‘determining’, ‘sustainable innovation’, and ‘eco-innovative factors’ were selected. Finally, 431 articles were eliminated, and 46 specific works on the theme were obtained (see Figure 1).



Of the 46 chosen studies, 10 were found to contain detailed studies of eco-innovation in clusters [15,16,22,62]. Notably, the other 36 articles do not mention the word ‘cluster’; however, they highlight eco-innovation in specific sectors [44,63,64,65]. As a result, the factors or determinants used worldwide have been analyzed in detail among others, wherein they propose different determinants or factors to measure eco-innovative activities. The data are refined by taking this information into account, analyzing the most important authors and determinants or variables used to measure eco-innovation and the variables that impact eco-innovative activities.



3.1. Results: Proposed Model Factors


Kesidou and Demirel [32] indicated that demand factors affect the decision of companies to carry out eco-innovation and do not influence the level of investment in them. It also suggests that companies initiate eco-innovation activities as a measure of customer and society satisfaction. Cruz and Teixeira [10] investigated the correlation between eco-innovation and competitiveness by evaluating the economic performance in the clusters through the indicators of employment, production, export, and critical mass of the cluster. The aim of this study was to analyze how eco-innovation can help companies recover in the long term by improving their strategic behavior and aligning themselves with innovative challenges. Sara and Tiberio [16] studied how companies that continue to seek operational flexibility, production capacity, reduced labor costs, and lower energy consumption are prepared to adopt an environmental orientation, and propose several factors to measure the level of eco-innovation. In the study by López Jiménez et al. [12], the role of the capacity of torsion in the clusters was found to be a fundamental factor for their performance, helping companies to introduce innovation through external knowledge of the cluster networks. However, there are divergences in managers when making strategic decisions due to the imbalances in external and external knowledge management. Other studies [56,57,66] propose eco-innovation models that add circular economy indicators and recommend for their implementation the development of modern technologies that allow the recovery of valuable materials. It is suggested that regional policies should be analyzed to allow for the creation of indicators that are closer to reality. Some of these indicators were included in the instruments proposed for the measurement of eco-innovation [25,26,35,40,42,58].



The analysis performed on the literature highlighted the need for a more thorough study. The proposed model brings together diverse factors that foster eco-innovative activities as identified by the research of world-renowned eco-innovation authors. Several studies on eco-innovation in cluster structures highlight the work of Arranz et al. [67] that fosters cluster creation due to the impact of Small and medium-sized enterprises (SMEs) in activating national economies, for which the European Union created multiple strategies to promote and strengthen the economies of conglomerates to make them competitive on an international scale and gain worldwide visibility, as seen when analyzing cluster experiences in India, Pakistan, Japan, and China [11,68]. Arita [11] stresses the role of the capabilities generated, especially when there is an innovation support system for such initiatives and business growth [69]. Clusters in the creative and cultural industry are highlighted as research trends in this group of works [70]. Many steps are taken by agencies to encourage cluster creation given its advantages. In Latin America, for example, agencies such as the Inter-American Development Bank and the World Bank develop competitiveness programs to support eco-innovation in products, services, and processes of businesses through cluster initiatives and the support of chambers of commerce as regulating organizations [15].



The eco-innovative determinants proposed in this model are segmented into internal and external factors. Internal factors include resources, characteristics, and supplies, commitment of business management to perform eco-innovative activities, businesses reaction to market pressure, and clusters’ cooperation networks. Business size and the sector of study were taken as the controlling variables. In this case, the model analyses how the size and sector to which the cluster belongs influence the development of sustainable innovation activities. Figure 2 shows the proposed model for measuring eco-innovation factors in clusters with the associated variables.



The proposed model provides a more specific insight into the drivers of eco-innovation. It brings together a set of factors applied in a cluster or in specific sectors outlined in the literature, creating a broader view of the indicators associated with each of the factors. This new cluster model is expected to be a support for the leaders of the companies and for the actors that coordinate the clusters in a region, as well as a tool to create policies that encourage cluster activities around an environmental era.



The cluster eco-innovation model proposes an instrument to collect information on the cluster you want to study with each of the proposed factors that drive eco-innovation and to measure the incidence of each of the assigned variables to the factors (see Appendix A). The questionnaire was designed to collect information on the factors that drive eco-innovation and to measure the incidence of each of the variables attached to the proposed factors. The questionnaire was measured using various items adapted from Hojnik and Ruzzier [31], from the final report to measure eco-innovation in SMEs proposed and validated by Kemp et al. [25,26], as well as questions taken from the questionnaire of the Economic Commission for America Latina and the Caribbean (ECLAC) [15], from the study of the European cluster observatory by Barsoumian, Severin, and Spek [59], and also from the study developed in Chinese companies on the drivers of eco-innovation [44]. For the questionnaire, multiple element scales were implemented to measure each factor in the model, and a 7-point Likert scale ranging from “strongly disagree” (1) to “strongly agree” (7) was combined for the questionnaire. The questionnaire was structured in this way to analyze by means of the fuzzy sets Qualitative Comparative Analysis (fsQCA) the incidence of the variables of each of the factors in cluster eco-innovation. We selected the FsQCA technique as the following step for this research project because it uses Boolean logic instead of the traditional correlation methods to establish causal conditions strongly related to a particular outcome. Our study is based in a scale that has been used and validated in previous studies, and we will apply a methodology that it has been growing in the recent years. This approach, as we indicated, has not been yet explored and should complement the actual knowledge about the eco-innovation attitude and potential within clusters.



Nine questions were included to characterize the companies consulted. To guarantee the validity of the questionnaire, three experts in industrial clusters from ACOPI (Colombian Association of Micro, Small, and Medium-sized Enterprises) were consulted; they reviewed the initial structure and adaptation of the proposed items. Then, the questionnaire was reviewed by three innovation experts from the Universidad de la Costa –CUC- to improve the validity of the proposed questions (see Appendix A). Table 1 shows Eco-innovation determinants analyzed in literature for this work.



3.1.1. Industrial Cluster Capacity


The behavior of businesses varies depending on features such as their size, origin, type of business, and technological capabilities; it also varies depending on government support and the region’s policies that condition access to human, financial, material, and technological resources. The technological capabilities of businesses to carry out innovations are directly related to absorption capacity, for which the investments made by clusters for research and development do not depreciate with time; rather, the acquired knowledge drives other innovations due to the specialized and transformation knowledge generated [76].



Eco-innovative activity is considered a complex process for businesses, since there may be financial barriers and very high technology-investment costs with considerable associated risk. Access to this kind of financing is not easy for businesses, as a strong research team at the production line is required in addition to the necessary financial resources [61,77]. Businesses must invest in formal structures in which R&D personnel focus on new forms of production and creation of clean technologies to empower innovation processes and increase the life cycle of technology and markets [78].



Furthermore, eco-innovation processes are the creation of the management of the environmental knowledge of the network, and businesses with high capacity for technological and organizational eco-innovation can transfer this knowledge to the cluster’s network. As “innovation generates innovation” is an established fact, it is highly probable that businesses that have carried out innovation activities will generate further innovations in their processes, with a better exercise of good practices within the agents making up the cluster [12,16,53].



Another variable for analysis is absorption capacity (ACAP), which coincides with development based on resources and an approach set on organizational knowledge [22]. ACAP is the ability of a business to identify, assimilate, transform, and exploit external knowledge, including evaluating and employing knowledge currently related to technological or internal scientific development. The knowledge absorption exercise may have certain barriers such as a lack of qualified staff and quality machinery or equipment, a failure to establish relations or cooperation with public research institutions, and a lack of capacity to acquire external knowledge [79,80].




3.1.2. Demand Factors in Eco-Innovation


Pressure of demand is driven by consumers’ awareness and, although consumers are attracted by ecological products, they are not willing, in most cases, to pay the price of caring for the environment as it is much higher than the traditional alternative [13]. The government plays an important role in promoting more ecological and responsible awareness as well as the use of eco-innovative products, and several authors have analyzed how government subsidies and incentives affect client’s motivation [81,82]. Research has been conducted on demand factors in several countries, such as Canada, France, Germany, Italy, Japan, Spain, the United Kingdom, and the United States, and it established that people may be willing to pay up to 5%–10% more for a product with an ecological component [83].




3.1.3. Level of Cooperation between the Clusters’ Actors


Cooperation may be defined as the level of synergy between two or more businesses, which enables them to work jointly towards a specific objective, thus improving efficiency and market competitiveness. A fundamental aspect of the geographical cluster is the presence of high rates of cooperation and, at the same time, more intense competition between the businesses operating in it [5,79,84]. Additionally, Porter [5] states that cooperation favors innovation and improves clusters’ overall performance, which extends vertically to the productive chain, channels, and consumers. It also extends horizontally by including businesses and industries from technology and other related sectors. Many clusters also include government institutions such as universities, research centers, and suppliers. In this sense, several authors have contributed a diversity of analytical concepts wherein they claim that cooperation with other businesses may be a way to share resources (see Table 2).



The cooperation between businesses and their close relationships with knowledge institutions, such as universities and research centers, are fundamental generators of eco-innovation [11]. A study carried out in Romagna (Italy) shows that cooperation with universities and suppliers is the main driver of eco-innovation [15]. This is because it is essential for eco-innovative activities to take the input of driving technological factors such as the formal knowledge factors: Universities, high schools, scientific articles, and informal knowledge factors involving suppliers, clients, and competitors.



A Latin-American cluster analysis [77] highlights the poor cooperation between the clusters’ actors to perform joint actions, from businesses of the same type and from businesses or institutions that promote competitiveness. This study confirms that since clusters in developing countries have fewer capabilities, they form strategic alliances with foreign services and technologies. Additionally, businesses with advanced and mature capabilities are envious of the information and processes they possess, although they are members of the same cluster. This indicates scarce cooperation. In the same manner, government policies are not in accordance with the search for competitiveness; the cluster’s needs and government policies are not aligned. Furthermore, the development of a high level of cooperation between members of a cluster leads to the development of technologies, research-derived marketing, creation of new areas for demand, and increased capacity as the system becomes adaptive to the changes in the external economy. The cluster’s high level of growth and innovation results in the cluster’s success [11,52].




3.1.4. Competitive Pressure


Today, the acceleration of technological change, market globalization, and increased competition pressures businesses into seeking to differentiate their products or services to survive in the market [19,48].



According to Becker and Dietz [80], the innovative performance of businesses depends to a large extent on market requirements, the level of technology, and the degree to which industry knowledge is updated. The greater the changes, the greater the competitive pressure, pushing businesses to increase the quality, reliability, and variety of their products and, in turn, leading to new requirements, production processes, and more aggressive innovation.



Competitive pressure is directly related to an organization’s ability to create new knowledge; this is materialized by the participation of universities and research centers, as well as synergy with industrial clusters. Personnel training and level of education are necessary inputs to achieve competencies allied to new knowledge, reflecting the creation of technological improvements, patents, and disclosure of technical knowledge in scientific articles.



Another important aspect is that it drives market share through the implementation of environmental concepts and enables a change to a more ecological image. This is because as long as the pressure to seek international markets exists, the option of creating eco-innovation as a strategy to cover those markets also exists [69].



When businesses are economically and environmentally sustainable, they can easily redirect the existing segmentation and welcome a range of new solutions and pioneering market leading products [63,69]. Although competitive pressure can be considered the cause for stress within businesses, it is also a form of radical innovation that can generate high productivity rates and enable progress in the face of an increasingly changing and demanding market [1].




3.1.5. Environmental Policies and Regulations and Their Effect on Eco-Innovative Activities


Policies supporting eco-innovative activities are highlighted as specific determinants of eco-innovation. As they are either internal company policies (environmental management systems) or government policies, eco-innovations respond to regulatory stimuli in the form of demand (existing and expected environmental regulation) and tools for driving supply (access to subsidies) such as preferential subsidies for eco-innovation or tax policies [17,21,27,32]. Therefore, to initiate eco-innovative activities, large-scale changes are needed, from the creation of effective economic incentives for organizations to a change in the governments’ production matrix and support of national and international policies to gain access to new markets [14].



Due to their organizational structure, clusters operate like an economic policy and develop policies that promote government actions for industry development [17,22]; the government’s commitment in underdeveloped countries is important for the creation of clusters, which mostly emerge not as a spontaneous activity, but as a planned initiative. According to Bilal et al. [68], clusters enable higher levels of productivity and innovation. In a study on Italian clusters, it was found that the development of clusters varies depending on eco-innovation strategies, the number of environmental certifications (ISO 14001 and EMAS), business subsidies. and the use of new technologies to reduce pollution or resource consumption in productive processes [69,78].




3.1.6. Economic Effects of Eco-Innovative Behavior


The economic effects are related to savings in costs due to eco-innovative activities and is important because of its contribution to double externality, in other words, investments in economic activities that impact society without any payment or retribution from their part. The economic effects also improve resource efficiency and product quality since cost saving in businesses is the basis of further development of ecological and general innovations. Eco-innovative behavior is useful for driving the environmental performance of a business and indirectly improving its economic performance [35,37]. It is important to analyze how resource efficiency increases the productivity of materials in accordance with European Union indicators [14]. However, many approaches are considered at the time of its assessment [1,25]. One way is to analyze the income from eco-innovative services or products, the reduction of environmental costs, and the improvements to society from investment in sustainable products.




3.1.7. Eco-Innovative Effect


The result of eco-innovative activities is evidenced by the presence of cleaner technologies, a reduction of pollution levels, the introduction of a circular economy, and more efficient manufacturing processes and reuse of materials, which are also the variables of study proposed for this factor.



Businesses compete by taking two fundamental aspects into account: Price and differentiation. The former is related to cost reduction, either by the manufacture of products or rendering of services. Cost reduction may be achieved through energy-saving strategies or energy-efficient strategies as well as by reducing costs of raw material or the logistics process. Differentiation is the ability of businesses to include functional, ergonomic, and any other improvements that add to the value chain in their processes. By taking these aspects into account, the result of eco-innovative activities will be a product or service with a price adjusted to the competition or is better than that of competitors, and a product or service image that values sustainability.



According to Mebratu [86], as eco-innovation impacts the life cycle and value chain, it directly affects what is expected from suppliers and distributors, creating a public image of “sustainable competitiveness”. Sustainability also generates income; concern for the environment can be allayed by being loyal to brands that contribute to the environment and health and well-being of people.



Countries’ capacity to innovate largely depends on businesses having competent business lines and the agility to introduce new technologies. According to Horbarch [81], patents are an indicator of the degree of implementation of innovation activities. Switzerland currently heads the Global Innovation Index for patents and publications in specialized journals; notable positions are held by the Netherlands, Sweden, the United Kingdom, Singapore, the United States, Germany, and Ireland [87]. When referring to clean technologies, such as those that do not leave a pollution footprint or, at least, practically eliminate their footprint, Switzerland creates the highest level of clean technologies worldwide.



According to the report on European clean technologies [88], Switzerland is Europe’s most advanced country in the cleantech field. Notably, since 2010, the Swiss government has been playing an important part in enabling businesses to reduce their electric power consumption by using clean technologies. Similarly, it has driven the creation of businesses (SMEs) based on energy-efficient solutions. This proves the importance of the intervention of policies towards swift development and worldwide disclosure of these types of innovations [17].



Among the effects of eco-innovation, a circular economy has a catalytic effect on the value of products, resources, and supplies, maintaining their stability in the market as long as possible and reducing waste. The favorable results of a circular economy arise from the creation of strategies to reduce environmental impact through the substitution of materials, strategies to increase the number of services offered by products, and policies to extend product life as long as possible [54,57,66]. A circular economy implies the extraction, transformation, distribution, use, and recovery of products that improve environmental management processes in businesses. According to Mebratu [86], three sustainable dimensions, namely, economic, social, and environmental, have been the subjects of several studies to push economic sustainability forward. These are the basic dimensions to apply a circular economy and are the driving forces behind the creation of jobs, for example, in the resource sector, based on waste recycling and the conversion of resources into raw materials.



Taking the aforementioned into account, eco-innovative effects on an organizational level represent improved business awareness and initiative from executives to integrate environmental management as a strategy to improve competitiveness and obtain remarkable benefits such as cost reduction, new sources of income (sale of waste), support to the value chains of other businesses, improved quality of products and processes, and the portrayal of a higher commitment to the environment, which, consequently, helps attract more new clients and retain existing ones.




3.1.8. Access to New Markets due to Eco-Innovative Behavior


As pioneers in consumables from natural resources for their daily operations, businesses have the responsibility to create solutions according to the issues faced by the environment; the search for new means of production, product improvements, organizational capabilities, and distribution strategies are the challenges faced by industries through eco-innovative activities, specifically in sectors affected by the exploitation of the environment. Thus, multinational corporations and medium and small businesses, independent of their size, are becoming increasingly aware of their role in making businesses environment-friendly, and of how this improves competitiveness and is essential to protect the environment and reach new markets [82].



To gain access to new markets, it is not enough to reduce operational costs; it is also important to design socially solid, environment-friendly, and affordable products [83]. Access to new markets is related to eco-innovation in products and marketing strategies that drive product sustainability with a high added value. In effect, eco-innovation must incorporate the market either by gearing towards new business segments or by increased competitiveness, for which environmental improvements are essential [81].




3.1.9. Level of Industrial Cluster Development


When understanding the origin of the cluster creation, we must take into account that many are the results of incidental external economies and are spontaneously generated where there is a formation emerging from economic activity without the initial intention of formally creating a cluster [79]. Developed clusters are born naturally from this manner of cluster creation and are defined by their spontaneous cooperation, which are unplanned clusters emerging from a link and joined together to promote competitiveness. They create a sociocultural structure with the commitment and identity that make up the cluster. Literature states that clusters created in this manner are largely successful [77].



Notably, the cluster theory, with the new economic geography—regional agglomeration—drives surging concentrations [10] and the competitive advantage that rises from spontaneous external economies [8]. According to Porter [5], clusters are systems created spontaneously and must be studied as networks organizing themselves due to the need to adapt to and survive changing environments.



A contrasting concept is a cluster initiative (created or planned cluster) or cluster association, which has a formalized structure and a work team tasked with supporting and promoting relationships between the actors on a greater level [34,46]. These clusters rely on effort in order to materialize their goals and are configured with a premeditation of the environment through cooperation between actors. As per [47], it is a participative organization since policy deployment is much more complex, and its growth may take longer than expected as it is managed by the public sector on many occasions.






4. Conclusions


Business competitiveness is impacted by internal and external factors that must be adjusted to global markets’ needs. A strategy to access these markets is the development of products and processes based on eco-innovation. This document contributes to the literature on eco-innovation in clusters through a conceptual model composed of several factors serving as guide to analyze the factors that drive eco-innovation, thereby becoming a framework of reference for future studies on this subject. In most of the studies reviewed, cooperation between the cluster’s actors, ACAP, and internal capabilities of businesses are studied in a very general manner [22,86].



After performing the systematic review of the literature, the most relevant authors proposing indicators and variables to study eco-innovation in a study sector and in industrial clusters were grouped in Table 1. It also indicates which are the factors that are most often mentioned in the literature, where aspects relevant to the success of the clusters are highlighted, such as the level of cooperation between the authors, presence of support institutions, knowledge management through research, etc., and aspects relevant to eco-innovation. We proposed to consider these factors, integrate them and complement them in a model that can help identify which are the key factors that impact the transformation of a cluster with an eco-innovative component. The proposed internal factors are: The capacity of the cluster, which analyses the capacity of human resources and technology and knowledge transfer available to companies belonging to the cluster in order to deal with eco-innovation [81]; the demand factor, which analyses the pressure on consumers to use greener products and how governments and incentive policies affect collective awareness of the market; cooperation, which establishes the synergy between the actors in the cluster, while the competitive pressure factor encourages companies to create a differentiation in their products or services that allow them to survive in the market; environmental policies and regulations in clusters, which operate through actions that promote government incentives for the development of industries, as well as regulations for their good development; and the level of development of the cluster, which is related to understanding the origin of the cluster. In this case, the spontaneous or natural clusters and cluster initiatives will be studied.



The proposed external factors are: The economic effect due to eco-innovative behavior, which is related to cost savings for eco-innovative activities and is very significant due to its contribution to double externality; the eco-innovative effect, which is the result of good environmental practices, from which a result is the presence of cleaner technologies, reduction of pollution levels, introduction of a circular economy, more efficient manufacturing processes, and the reuse of materials; and access to new markets, which is related to eco-innovation in products and marketing strategies that promote sustainability in products, with high added value.



Considering the above, the validation of this proposed model and its subsequent application as a tool for analysis and improvement of the level and innovative eco-capacity in industrial clusters will have implications both at the strategic level in business decision-making and at the operational level in the field of cost reduction or use of resources. The survey will be deployed among the selected companies belonging to a cluster, creating a unique database that will be analyzed using fuzzy sets QCA methodology in order to extract conclusions with both managerial and policy implications that will help companies within the cluster better orientate their eco-innovative orientation.



By focusing on industrial clusters, the model gives considerable relevance to the level of cooperation, an indicator of the degree of synergy between the cluster’s actors, and proposes a level of cooperation between universities, distributors, suppliers, competitors, and clients of the cluster.



Literature highlights the steps taken by governments in creating sustainable systems within organizations to support the reduction of the carbon footprint and ensure improvement of materials, clean technologies, and to develop functional organizations with high standards of quality, focused on improving their effect on the environment through their practices. The role of consumers is also essential in changing mindsets, as consumer habits determine the value of products or services and make organizations design a more ecological image and incorporate green marketing and eco-labelling. Therefore, it is considered essential to include client demand in the model as an input factor enabling change within business activities. An under-researched aspect, taken into account in this model, is the level of cluster development; the cluster’s nature impacts the decision-making and competitiveness of its businesses. The size and the sector to which the cluster belongs are also considered in this model, as there is a direct relation between business size and its ability to create innovation and access new markets [83]. Of the external factors, we highlight the circular economy, as it is a relatively new concept in literature and businesses need to be more aware of its importance as a strategy in reducing the consumption and wastage of raw materials, energy, and water. There are multiple implications of this study. It can serve as a guide for managers to understand the key variables on which to act to properly guide the strategies of companies, as well as public and private organizations, to adapt policies, promote rapid adaptation to new needs that society raises, and promote sustainable innovations in industrial clusters.



This article addresses a deep understanding of the eco-innovation process and is beneficial to politicians, indicator developers, and buyers who need to learn which determinants would better prepare them for strategic implementation. It would help strengthen cluster networks to facilitate the environment for new participants.



Finally, the proposed model provides an interesting instrument to create government policies that aim to promote cluster eco-innovations, aligned with the reduction of pollution and the creation of strong innovation platforms on which companies can obtain support to strengthen their organizational capacities.



The study presents some limitations that are also linked with future lines of research. The theoretical study highlighted the main constructs affecting the eco-innovative orientation of firms belonging to industrial clusters. The proposed model will be completed, firstly, with a quantitative analysis. The Qualitative Comparative Analysis Using Fuzzy Sets (FsQCA) will be used to validate the model results. Then, in depth cases will be deployed to confirm and enrich the theoretical model.



Direct implications for companies and policy makers arise from the model that puts together the seminal references regarding eco-innovation, competitive enhancement, and clusters theory. This triple strategic focus is a new approach to managerial decision’s making process that usually envisions each of them separately.
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Appendix A. Questionnaire


The objective of the survey is to analyze eco-innovative activities in companies belonging to industrial clusters. Eco-innovation is the introduction of a new product or process that adds value to a business or a client by reducing the environmental impact. An innovation with environmental benefits is a new or significantly improved product, process, organization method, or marketing method that creates benefits compared to other alternatives.



A. COMPANY INFORMATION



1. Indicate the Total number of employees of the Organization. (Please tick the correct box)



	(1)

	
Less than 10 employees.




	(2)

	
Between 11 and 50 employees.




	(3)

	
Between 51 and 250 employees.




	(4)

	
More than 250 employees







2. Please indicate the sector to which your company belongs (Please tick the correct box)



	1. Agriculture
	  
	7. Transportation
	  



	2. Mining and energy
	  
	8. Agriculture
	  



	3. Construction
	  
	9. Financial
	  



	4. Manufacturing
	  
	10. Communications
	  



	5. Transportation
	  
	11. Metalworking
	  



	6. Trade
	  
	12. Social Services
	  








3. Year of the company’s foundation_________



4. City where the company is located________________



5. Type of company (Please tick the correct box)



	1. Public
	  



	2. Private without foreign participation
	  



	3. Private with participation <10% of foreign capital
	  



	4. Private with participation> 10% and <50% of foreign capital
	  



	5. Private with participation> 50% of foreign capital.
	  



	6. Research association and other research institutions
	  








6. Is your company located in a Science or Technology Park? Yes, Park Name: ____________ No_____



7. In which geographic markets did your enterprise sell goods and/or services?



	1. Local / regional market
	  



	2. National
	  



	3. Mercosur / Latin America
	  



	4. All other countries
	  








8. Position in the Company____________________________________________



The following topics describe the driving factors behind your enterprise’s implementation of eco-innovation and its impact on the performance.



Please indicate to what extent you agree or disagree with the following statements (1-strongly disagree to 7-strongly agree)



	
Cluster Capacity

	
1

	
2

	
3

	
4

	
5

	
6

	
7




	
The production of environmental technologies in your company is appropriate.

	
1

	
2

	
3

	
4

	
5

	
6

	
7




	
It is practical for your company to use consulting services focused on planning, evaluation and training on environmental issues.

	
1

	
2

	
3

	
4

	
5

	
6

	
7




	
Your company has been successful regarding to eco-innovation.

	
1

	
2

	
3

	
4

	
5

	
6

	
7




	
Your company has the necessary resources for the design of green/sustainable products.

	
1

	
2

	
3

	
4

	
5

	
6

	
7




	
Your company’s research and development team has very solid and mature design capabilities.

	
1

	
2

	
3

	
4

	
5

	
6

	
7




	
Your company provides incentives or bonuses to people who have made contributions to energy conservation and emission reduction.

	
1

	
2

	
3

	
4

	
5

	
6

	
7




	
The acquisition of external knowledge is positively related to the responsiveness of the organization.

	
1

	
2

	
3

	
4

	
5

	
6

	
7




	
The assimilation of external knowledge is positively related to the responsiveness of the organization.

	
1

	
2

	
3

	
4

	
5

	
6

	
7




	
Demand Factor

	
Degree of importance




	
The environment is a critical issue for your important clients.

	
1

	
2

	
3

	
4

	
5

	
6

	
7




	
The environment is a critical issue for your important suppliers.

	
1

	
2

	
3

	
4

	
5

	
6

	
7




	
Your important clients often pose environmental problems.

	
1

	
2

	
3

	
4

	
5

	
6

	
7




	
Customer demands motivate your company in the environmental efforts.

	
1

	
2

	
3

	
4

	
5

	
6

	
7




	
Your clients have clear environmental demands.

	
1

	
2

	
3

	
4

	
5

	
6

	
7




	
Level cooperation Please indicate to which degree there is relationship among the parties within the cluster your company belongs to.

	
Degree of importance




	
Your company cooperates with other companies belonging to the same holding.

	
1

	
2

	
3

	
4

	
5

	
6

	
7




	
Your company cooperates with local, regional, or national governmental agencies or policy makers.

	
  

	
  

	
  

	
  

	
  

	
  

	
  




	
Your company cooperates with other companies within the cluster.

	
1

	
2

	
3

	
4

	
5

	
6

	
7




	
Your company cooperates with public or private clients.

	
  

	
  

	
  

	
  

	
  

	
  

	
  




	
Your company cooperates with universities or research agencies.

	
  

	
  

	
  

	
  

	
  

	
  

	
  




	
Your company cooperates with suppliers, materials, component, or software providers.

	
  

	
  

	
  

	
  

	
  

	
  

	
  




	
Competitive pressure Please indicate the level of agreement with the following statements

	
  

	
  

	
  

	
  

	
  

	
  

	
  




	
Your company’s environmental image is better compared to the competitors.

	
1

	
2

	
3

	
4

	
5

	
6

	
7




	
Your company increases its market share through green concepts.

	
1

	
2

	
3

	
4

	
5

	
6

	
7




	
Your company improves its competitive advantage of the company over the competition through ecological concepts.

	
1

	
2

	
3

	
4

	
5

	
6

	
7




	
Regulatory policies

(1)Please indicate the level of agreement with the following statements

	
  

	
  

	
  

	
  

	
  

	
  

	
  




	
Your company participates in voluntary actions or initiatives for environmental good practice within your sector.

	
1

	
2

	
3

	
4

	
5

	
6

	
7




	
Your company considers environmental auditing as an internal management standard.

	
1

	
2

	
3

	
4

	
5

	
6

	
7




	
Your company works under the principles of ISO 14000.

	
1

	
2

	
3

	
4

	
5

	
6

	
7




	
(2) How important were the following factors in driving your enterprise’s decisions to introduce innovations with environmental benefits?

Existing environmental regulations

Existing environmental taxes, charges, or fees

Environmental regulations or taxes expected in the future

Government grants, subsidies, or other financial incentives for environmental innovations

Current or expected market demand for environmental innovations

Government grants, subsidies, or other financial incentives for environmental innovations

	
1

	
2

	
3

	
4

	
5

	
6

	
7




	
Eco-innovative effects. Please indicate how important are the introduction of a product (good or service), process, organizational, or marketing innovation with any of the following environmental benefits for your company.

	
Degree of importance




	
Low energy consumption such as water, electricity, gas, and gasoline during production/use/disposal

	
1

	
2

	
3

	
4

	
5

	
6

	
7




	
Recycle, reuse, and remanufacture material

	
1

	
2

	
3

	
4

	
5

	
6

	
7




	
Using cleaner technologies to generate savings and prevent pollution (such as energy, water, and waste)

	
1

	
2

	
3

	
4

	
5

	
6

	
7




	
Generation of patents by substitution of materials for other less polluting or dangerous

	
1

	
2

	
3

	
4

	
5

	
6

	
7




	
Reduction of materials or water per unit produced

	
1

	
2

	
3

	
4

	
5

	
6

	
7




	
Implementation of circular economy

	
1

	
2

	
3

	
4

	
5

	
6

	
7




	
Reduction of energy or CO2  

	
1

	
2

	
3

	
4

	
5

	
6

	
7




	
Extended product life through more durable products

	
1

	
2

	
3

	
4

	
5

	
6

	
7




	
Access to new markets During the past two years, how important were the following factors in driving your company’s decisions to introduce innovations with environmental benefits?

	
Degree of importance




	
Export of products derived from eco-innovation

	
1

	
2

	
3

	
4

	
5

	
6

	
7




	
Ability to pay existing environmental taxes, fees, or duties

	
1

	
2

	
3

	
4

	
5

	
6

	
7




	
Environmental regulations or taxes foreseen in the future

	
1

	
2

	
3

	
4

	
5

	
6

	
7




	
Government support through financial incentives for exporting companies with innovative components

	
1

	
2

	
3

	
4

	
5

	
6

	
7




	
Significant current or expected market demand for environmental innovations

	
1

	
2

	
3

	
4

	
5

	
6

	
7




	
Access to new markets as a strategy to improve the company’s reputation

	
1

	
2

	
3

	
4

	
5

	
6

	
7




	
Compliance with public procurement requirements to access international projects

	
1

	
2

	
3

	
4

	
5

	
6

	
7




	
Economic effects During the past three years, how important were the following economic effects derived from eco-innovations in your company?

	
Degree of importance




	
Cost reduction of energy, water, or materials

	
1

	
2

	
3

	
4

	
5

	
6

	
7




	
Increase of sales for products with eco-labelling

	
1

	
2

	
3

	
4

	
5

	
6

	
7




	
Investments in eco-innovative aspects

	
1

	
2

	
3

	
4

	
5

	
6

	
7
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Figure 1. Eco-innovation study selection process. Compiled by author. 
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Figure 2. Conceptual model proposed for the measurement of eco-innovation factors in industrial clusters. Factors are identified in green color; analysis variables in white and control variable in yellow. Compiled by author. 
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Table 1. Eco-innovation determinants analyzed in literature.
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Table 2. Benefits of business cooperation. Compiled by author.
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	Contribution
	Authors





	Sharing Fixed Costs
	Gans & Stern, 2003 [82]



	Achieving Economies of Scale in R&D
	Bougrain & Haudeville, 2002 [53]



	Reducing Research Time
	Bossink, 2002 [51]

Zahra & Filatotchev, 2004 [85]



	Sharing Risks
	Bayona, Garcia-Marco, & Huerta, 2001 [52]



	Accessing New Markets
	Doz & Gary Hamel, 1998 [81]
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