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Abstract

:

Increasingly, the effects of supply chains on environmental issues have been a focal point in discussions involving stakeholders, authorities, and customers. The aim of this paper is to inspect how innovation and sustainability are integrated into the wider context of the supply chains. To this end, a systematic literature review was carried out with a particular focus on papers published in recent years (2015–2017) so as to continue from a previous review on the sustainable supply chain innovation topic covering the time span of 1996–2014. The descriptive aspects of the published papers are firstly examined, i.e., the year of publication, journal, research methodology, industry field and country of the study, followed by the thematic ones, i.e., key themes of the innovation process, the types of innovation found, their newness, dimensions, and main theories that emerged. The analysis shows an upward trend of literature in numerical terms and a wider spread of sustainable innovations. Additionally, the research highlights further areas of research that are deserving of attention. These areas include analyses of specific industrial sectors which have been less covered in the published literature; research activities in the less developed countries; more attention on the social dimension of sustainability; a more general contribution from some nations that turned out to be less productive or even inactive on the sustainable supply chain innovation topic. Finally, a framework is developed which could constitute the basis for further developments and research on this issue.
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1. Introduction


With a growing market demand for various products in the latter half of the 20th century, many organizations ventured into risky but frugally profitable modes of production, compromising long-term impacts both on society and the environment [1]. This fact, in addition to the several accidents that have occurred, such as the Chernobyl disaster in 1986 or the famous oil tanker Amoco Cadiz sink in 1978 and many others, led the United Nations to coin the term sustainable development during the Conference on the Human Environment in 1972 [2], which can be inserted in the business context as meeting the needs of firm’s direct and indirect stakeholders without compromising its ability to meet the needs of future stakeholders as well [3]. Some years later, in 1987, the opportunities for sustainability innovation received wide attention with the Brundtland Report [4]. Hence, stakeholders, including regulatory authorities, manufacturers, customers, and the public, were forced to reconsider economic business models and to question the implications of business practices on society and the environment [1]; the depletion of the Earth’s finite resources through increased consumption, industrialization, and globalization caused organizations to reconsider how they should compete in the coming years and decades [5].



Increasingly environmental issues were recognized as sources of strategic change [6], ecological factors became part of innovation research [7,8,9], and eco-innovation practices such as cleaner production, life cycle assessments, and eco-design found their way into firms [10,11].



The effects of supply chains on environmental issues have been a focal point in recent discussions [12] and research in the area of sustainable supply chain management (SSCM) has evolved over the past few decades [13]. SSCM is essentially an extension of GSCM (Green Supply Chain Management), i.e., the integration of environmental thinking into supply chain management [14] that comprises economic, environmental, and social concerns [15].



A more sustainable supply chain performance is indicated by a company’s capacity to reduce the use of materials, energy, or water and to find solutions that are more eco-efficient by improving the management of their supply chains [16]. Several firm leaders are working hard to propose the optimal design of the sustainable supply chain in order to respect the environmental constraints and maximize profit [17] and, at the same time, there is a growing pressure on supply chain managers to provide economical and innovative solutions through waste reduction and the development of new “clean” technologies in order to support the organization’s goals and strategic objectives and pacify stakeholders [18,19]; future supply chains will have to be designed to reduce energy consumption and CO2 emissions [12,20]. In this context, the concept of Reverse Supply Chain Management (RSCM) has been developed as an adaptation of the modern circular economy principles to supply chain management. An RSC includes activities dealing with product design, operations, and end-of-life management aimed at to maximizing value creation over the entire lifecycle through value recovery of after-use products either by the original product manufacturer or by a third party [21]. RSCs are either open-loop or closed-loop; basically, open-loop supply chains involve materials recovered by parties other than the original producers who are capable of reusing these materials or products. On the other hand, closed-loop supply chains (CLSC) deal with the practice of taking back products from customers and returning them to the original manufacturer for the recovery of added value by reusing the whole product or part of it [21,22]; this last configuration is applied to many industries to help managers and scholars understand how the recycling system affects the entire supply chain and each supply chain member [23].



A clear definition that integrates the three concepts of innovation, sustainability, and the supply chain did not exist before the systematic literature review published in 2017 by Gao and colleagues [24]. These authors clarified that the idea of Sustainable Supply Chain Innovation (SSCI) comes from the root Supply Chain Innovation (SCI), which can be defined as an integrated change from incremental to radical changes in the product, process, marketing, technology, resource and/or organization, which are associated with all the related parties, covering all related functions in supply chain and creating value for all stakeholders. If the SCI results in the balanced performance of economic, social and environmental dimensions, meaning that all three dimensions have positive innovation performance, then it is called an SSCI [24]. The linkage between the innovative firm and its supply chain is even more important when one considers that a sustainable supply chain is one of the few remaining ways for a company to achieve a sustainable competitive advantage [25]; therefore, sustainable innovations have to go beyond the single firm and include the whole chain. In today’s business world, in fact, competition is no longer between firms, but between supply chains to enhance a competitive advantage [26].



On the basis of the considerations reported above, this paper tries to inspect how innovation and sustainability are integrated into the wider context of supply chains. To this end, a systematic review of the literature published in 2015, 2016, and 2017 years is carried out. The choice for the time span is that a previous review by Gao et al. [24] targeted papers published from 1996 to 2014. We opted to continue this previous work because of the relevance of the topic and the rapid growth of literature: in fact, 122 papers published from 2015 to 2017 are reviewed in this manuscript, vs. 107 papers published in the 19 years reviewed in the previous study. A systematic literature review is chosen as the research methodology as it is an effective tool for managing the diverse knowledge base for academic inquiry, for summarizing the available outcomes, and for defining further developments of the existing body of literature [27]. Specifically, this review analyzes the literature from a descriptive point of view and a thematic one, to emphasize differences with the previous years, evaluate progress, and underline the areas where further research activities are needed. Overall, this study aims to answer the following question: how is research evolving in the field of SSCI?



The organization of the paper is as follows. Section 2 illustrates the methodology used to carry out the review, while Section 3 details the review results. The main findings of the study, discussions, and conclusions, including limitations as well as future research steps, are presented in Section 4.




2. Methodology


In carrying out the review, we adopted the model proposed by Mayring [28] for the sake of consistency with the previous analysis by Gao et al. [24]. This model consists of four main steps, i.e., material collection, descriptive analysis, category selection and, finally, material evaluation; in our approach, these steps correspond to data collection (material collection) and data analysis (descriptive analysis, category selection, and material evaluation).



2.1. Data Collection


A query on the Scopus (www.scopus.com) and Web of Science (webofknowledge.com) databases was carried out using “sustainability”, “innovation” and “supply chain” as keywords. Scopus was chosen because of its extensive coverage of over 22,000 journals from the main publishers of peer-reviewed papers, like Springer, Elsevier, Emerald, Inderscience, Wiley, and others [29]; in addition, papers collected from Web of Science were included as well, in order to refine the results, as well as for the sake of consistency with the study by Gao et al. [24]. Constraints were set on the language of the paper (English), publication type (journal paper) and time span (2015–2017).



The papers obtained were first screened by looking at the title to remove duplicates, i.e., studies that were returned from both databases. The remaining papers were analyzed by reading the abstract to evaluate their relevance to the present study. More precisely, papers focusing on topics other than the integration of innovation and sustainability or not approaching these topics from a supply chain perspective were excluded from the review. The final number of papers retained for the analysis is 122.




2.2. Data Analysis


Firstly, a set of descriptive statistics was carried out to provide an overview of the targeted literature in terms of the publication year, journal, research methodology, industry field, and country of the study [24]. As far as the content is concerned, the thematic analysis starts by illustrating the various phases and key themes of the innovation process, then identifies the various types of innovation met during the analysis, their respective newness (i.e., radical or incremental), and dimension (i.e., economic, environmental or social); the last part focuses on the main applied theories emerged during the review process. The attention is therefore given to the innovation process itself rather than to its function in the supply chain.



From the sample of articles reviewed, the most popular sustainable practices, drivers to eco-innovation, and barriers against its implementation were extrapolated; these elements form the basis for the framework developed in Section 4, which will be useful to carry out future research activities.





3. Review Results


3.1. Descriptive Analysis


Descriptive statistics about the publication year of the articles reviewed are illustrated in Figure 1. The same figure also shows the results of the previous review for the nineteen years from 1996 to 2014, for a better understanding of the publication trend. As Figure 1 shows, 23 articles were published in 2015, 40 in 2016 and 59 in 2017; 2017 emerges as the more productive year overall. It is therefore clear that the literature discussing innovation and sustainability is gradually growing; although this result could be a consequence of the general growth of literature on green marketing, green accounting, green retailing, GSCM, and green general management [30], we think that this rapid increase in the number of papers published deserves attention. Overall, in just ten years, the number of publications has increased by seven times, in line with Gao et al. statement: we might be able to predict that the rapid growth stage of the research in sustainable supply chain innovation is soon approaching [24].



Table 1 lists the journals where the reviewed articles were published; to be more effective, the list is limited to journals that published at least two papers. Overall, 64 journals were recorded in this triennium for 122 articles against 68 journals of the previous nineteen years for 107 articles. Out of the 68 journals found in the previous review, 12 also published papers in 2015–2017, while no publications were found from the remaining 56 journals. The journal that published most of the studies included in the review is the Journal of Cleaner Production (29 papers, 23.8% of the total articles, compared to 6.5% which covered in the previous review), followed by Sustainability (17 papers, around 14% of the total articles, compared to 0 papers in the previous review), and the International Journal of Production Economics (5 papers, 4.1% of the total articles, compared to the 7 papers in the previous analysis). Five journals published 2 articles, while the remaining journals published just one paper. It is interesting to note that Sustainability is a relatively new journal, launched in 2009, and was, nonetheless, found to be one of the most productive journals on the themes of this review.



The third parameter considered in the descriptive analysis was the methodology used by the authors to carry out their research. According to Seuring and Müller [31], five research methodologies were identified: (1) theoretical and conceptual papers; (2) case studies; (3) empirical surveys; (4) modeling papers; and (5) literature reviews. Figure 2 shows the classification of the papers reviewed by the research methodologies, while Appendix A classifies the papers reviewed according to the methodology applied.



From the classification, empirical surveys emerged as the most widely used methodology, adopted in 56 cases, followed by case studies, used in 28 papers (16 multiple case studies, 12 single case studies). These two empirical methods that were taken together cover 68.9% of the total number of articles; this result is in line with the previous review, where surveys and case studies covered 38.3% and 31.8% of the articles reviewed, respectively. A noteworthy positive element is the fact that 9 literature reviews were also found (including the one by Gao et al.), against only one review reported by Gao et al. This is a further important symptom of the increase in the literature related to the topic investigated: in fact, as review studies requires a significant number of articles to be carried out, the presence of a relevant number of reviews leads to the conclusion that the literature on innovation and sustainability has expanded significantly. Nonetheless, a direct comparison of the present study with the eight reviews available in the literature is not always possible, since these studies concerned very specific areas of SSCI, which cannot be directly related to the topic of this review. Examples of this areas include collaborations aimed at sustainability among different actors of the supply chain, green marketing analyses, new products development, or new technology for pruning harvesting.



To classify the industrial sector, the International Standard Industrial Classification (ISIC) has been taken as the reference. This international system for partitioning economic activities edited by the statistic department of the United Nations is articulated in 21 sections, which, in turn, includes divisions, groups, and classes [32]. The N, S, R, O and P sections were grouped into one main class, named S (service activities), as done by Gao et al. Two further sections were added based on the material: V, which includes multiple sectors, and X, when no specific sector is mentioned, which is often the case for literature reviews. Figure 3 shows the distribution of the industrial sectors considered in the papers reviewed, while in Figure 4, the evolution over the three years related to the fields is depicted; the detailed classification of these papers per industrial sector is reported in Appendix B.



The manufacturing sector, whose firms are perceived to generate stronger social and environmental impacts [33] and whose harms must decrease by 50 times [34], is the most popular sector in the sample of papers reviewed, covering 36% of the articles analyzed. This value shows an increase compared to the previous review by Gao et al., where the manufacturing sector covered 32% of the papers analyzed. The reason for this popularity is twofold: first, the manufacturing sector is the wider and most important sector in the ISIC classification, including 24 divisions, 71 groups, and 189 classes [32], and covers approximately one-quarter of the total activities. Second, production is a key function for value creation within the supply chain, whose data are easily available [24]. Therefore, it has attracted attention in the field of innovation and the sustainability of the supply chain. Numerous articles (26) belong to the X section, meaning that they do not refer to any particular sector. Finally, around 20% of the papers reviewed focus on the agricultural, forestry, and fishing activities. This sector too has experienced an increase in popularity compared to the previous review, where it covered 8.4% of the studies reviewed, probably because it is closely related to the environment and, therefore, worthy of consideration on the topic of the willingness to reduce polluting emissions.



As far as the geographical distribution of the papers is concerned, the first author’s nationality was considered as Gao et al. did. For 9 authors it was not possible to determine the exact nationality: hence, the institution of origin was considered as the origin of the study; generally, the authors’ nationality coincided with the institution of origin, whilst only differing in 17 cases. Nations that contributed with at least two publications are listed in descending order in Figure 5 and Table 2. The GNP (Gross National Product) is also reported in this table, with the relative percentage invested in Research & Development (R & D) in 2015 (first year of this review); related data was retrieved from the “Global R & D Funding Forecast” [35]. The investments in R & D were reported because of their relationship with the innovation developed by a country. A similar relationship has been identified with sustainability, with the amount of investments in 2014 and 2016 reported in Table 3, as elaborated by “Global Sustainable Investment Review” [36].



The podium is occupied by Italy with 19 articles published, 16 of which come from Italian institutions. The top five positions, i.e., the first eight countries considering the ex aequo, also fall in the top ten GNP values, with the only exceptions being Taiwan and The Netherlands which, however, invest more than 2% of their GNP in R & D, showing high funding in research and Italy, investing 1.27% of its GNP: one of the lowest percentage values but, at the same time, they have quite a high number of publications. The United States is rather lacking, especially if we consider their wealth, potentialities, and investments towards both sustainability and R & D; similar considerations hold true for Japan, despite its huge increase in sustainable issues during the period under review. Brazil’s commitment is, again, positive, since it is a leading emerging country in environmental challenges [37] and it is one of the most economically important countries in Latin America, contributing to 7% of the world’s GNP [16].



If we compare these findings with the previous results by Gao et al., the relative importance of the United States totally falls short since this country was at the first place for the number of articles with 30 publications on the innovation and sustainability of supply chain, despite their 2.77% investment in research. It is worth noting that developing economies like China, Taiwan, or Malaysia are still among the first places in the ranking and, with India as well, they have now become fearful competitors with the most developed countries [38]; Australia disappeared from the top ten positions though, in the previous review, it was in the fourth place with 7 papers. The contribution of Italian authors has clearly increased. In terms of the investments in R & D, Finland and Denmark’s commitment stands out, confirming Europe’s good work in this direction. The lack of South Korean research into innovation and sustainability is amazing since 4.04% of its GNP supports R & D, which is the highest percentage with Israel’s 3.95%.



What emerges from this analysis is the urgency of research activities by low-income countries, where there are many sustainability issues, and these issues offer a wide range of related research opportunities that should not be overlooked [39]; just think about the fact that by 2050 the combined GDP of the emerging economies will be more than 50 percent of the total GDP of the world [40].




3.2. Thematic Analysis


The thematic analysis begins with the analysis of the key themes in each phase of the innovation process, which can be separated into pre-innovation, innovation, and post-innovation [24]. Therefore, the articles were first divided into three groups depending on the main argument, then the contents were examined. Nine articles were excluded from this last step since they were literature reviews and, therefore, did not refer to any specific phase of the innovation process. Results are shown in Table 4.



As it is easy to see from the graph in Figure 6, most of the articles (approx. 77%) concern pre-innovation and innovation issues; only 20 papers focus on the post-innovation theme.



The key themes in pre-innovation phases are, as expected, the ones focusing on barriers and obstacles to sustainable innovation or those that motivate sustainable innovation. The former has a fundamental role as a better understanding of the potential barriers to the corporate environmental management can be useful during decision-making processes and to drive decisions regarding the prioritization of issues that deserve attention from managers and policymakers towards a more sustainable society [41]. Among the main barriers, the scarcity of resources, high costs, complexity, risks and, above all, the uncertainty regarding future results can be enumerated [42]. A clear understanding of barriers will help organizations to prioritize and to manage their resources in an efficient and effective way [43]. The contents instead related to boosting sustainable innovation support the sharing of information among the different actors of the supply chain, their communication, and their collaboration. The latter is gaining increasing attention [44], in fact, too often do large retailers ask suppliers for a better environmental performance at ever-lower prices without sacrificing the product quality or making contribution efforts [45], leading to the results being poor. Several studies show that collaborations have a positive impact on the greater environmental and economic performance [46], as well as on the institution, environmental laws, and regulations on the relationships between firms in sustainable supply chains [47]. A cooperating strategy among the suppliers, customers, other organizations, and even competitors is therefore required, together with data sharing and communication



In the innovation phase, the key issues merely cover innovation implementation with its main features and difficulties (e.g., References [48,49]), and the evaluation of its current trend; these are the most common topics in the literature (51 papers).



Finally, the key themes in the post-innovation phase deal with the final assessments and considerations on innovation implementations and this is the less-examined in-depth part, despite the attention it had in the previous period (43 papers); this can be justified by the previous statement referring to the temporal evolution of the subject. Most of the articles related with this phase concern follow-up assessments on implementation (e.g., References [50,51]) rather than steps to be followed after the introduction of innovation (e.g., Reference [13]). Appendix C lists the references according to the different phases of innovation.



In the 122 papers, 108 innovations were identified, or more precisely, in exactly 66 papers, since no innovations were recognized in 56 papers and, accordingly, these articles were excluded from this part as well as from the subsequent analysis of novelty and dimension of innovation. The following five categories of innovation were identified: product innovation, process innovation, organizational innovation, marketing innovation, technological innovation, resource allocation innovation. The first four categories refer to the classification proposed by different authors (e.g., Reference [52]). Specifically, product and process innovations are generally defined “technological innovations”, while organizational and marketing innovations are referred to with the term “non-technological innovations”. The fifth category identified in our review, that is, technological innovation, is expressively referred to mainly as radical novelties such as RFID tools (e.g., Reference [53]) or e-learning platforms (e.g., Reference [54]), not to be confused with similar kinds of product or process innovation, as defined by previous studies [55,56], that sometimes overlap [24]. Finally, resource allocation innovation refers to a resources’ redistribution in order to achieve innovative results. Table 5 reports the definitions for each type of innovation.



The resulting classification is presented in Figure 7, while Appendix D shows the references in relation to the novelty of each innovation.



Process innovation is once again the most common type of innovation highlighted in the literature review; particular attention was paid to innovations related to processes such as biogas, biomass, biodiesel, or biorefineries (e.g., References [62,64]). Organizational innovations follow, including collaborations among different actors of the supply chain, primarily suppliers, which allow profit maximization and high levels of eco-efficiency [45].



Regarding product innovation, we mainly talk about eco-design, with particular attention to the packaging since it corresponds to 30–35% of the municipal solid waste yearly generated in industrialized countries [65]. Less attention was paid to remaining types: marketing innovations refer to “green marketing”, so directed in order to identify segmentation, targeting, positioning, differentiation (e.g., Reference [66]) addressed to promote products and sustainable actions made by firms; finally, resource allocation innovations were found in just two cases, in articles where different scenarios for sustainable innovations were outlined.



Regarding the novelty of each innovation, researchers usually classify innovation as radical and incremental. An innovation is defined as radical when existing practices or models are destroyed or supplanted, and something entirely new (i.e., not existing before) is introduced; examples of radical innovations can be the Aquaponics production system, which plays a crucial role in the future of environmental and socio-economic sustainability in smart cities [67], or the use of 3D printing (3DP) for the creation of a Circular Economy [68]. Instead, incremental innovation denotes a series of small improvements or upgrades made to existing products, services, processes, or methods; usually changes aim at improving an existing product’s development efficiency, productivity and competitive differentiation such as changes in films for the modified atmosphere packaging (MAP) [69] or the recovery and reuse of industrial by-products from other firms [70]. These attributes are, of course, relative, and can change during the time or depending on one’s perspective. In the papers analyzed, 51 innovations were identified as being radical and 52 as incremental (see again Appendix D); hence, the share among radical and incremental innovation is approximately the same. Five cases in the non-classified column typically refer to literature reviews or theoretical papers. In Table 6 the resulting classification is shown.



The last innovation aspect considered is the perspective: the performance of supply chain innovation can be measured through three aspects of sustainability, including economic, environmental, and social aspects [71,72]. Table 7 shows the results of this classification.



Apart from articles in which sustainability is treated in general without a particular perspective highlighted, the most common aspect is, of course, purely economic. This is not surprising, as it is well known that the main aim of a company is profit and, traditionally, economical approaches dominate the literature on supply chain dynamics [73].



Finally, the most common theory and models applied in the 122 articles were identified. A total of 48 theories was recorded. One of the most popular is the Resource-Based Theory (RBT), found in seven articles, used to determine the strategic resources with the potential to deliver a competitive advantage to the firm; the resource-based view of the firm argues that firms use collaborative governance forms to access knowledge, resources, and technologies of other firms [74,75]. Multi-criteria Decision Analysis (MCDA) is also a widespread decision support tool used in four papers, which aids decision makers in determining the degree in which multiple alternatives (i.e., initiatives) perform across a set of relevant criteria in the pursuit of achieving some objective [76]. Relationship theory and the triple bottom line concept are popular as well. Last but not less important is the Life Cycle Management, with its implementation through the Life Cycle Assessment observed in eleven papers, a methodology used to evaluate the environmental impact of a product, process, or activity throughout its entire lifecycle. Appendix E lists the theories and models identified, with the relating definitions and references.





4. Discussion and Conclusions


This paper shows the results from a systematic literature review of the recent literature on SSCI, which is gaining increasing attention from both academics and researchers. This work is the continuum of a previous analysis focusing on a time span of nineteen years (from 1996 to 2014) and focused on the following three years (from 2015 to 2017). Findings and evidence were highlighted in each section, together with the main difference with the previous review.



The first part of the analysis deals with some descriptive aspects of the 122 papers reviewed. The papers have been classified according to the year of publication, i.e., 2015, 2016 or 2017, showing an upward trend of literature, with a peak of studies published in 2017. The journals that published most of the studies are the Journal of Cleaner Production and Sustainability, with 29 and 17 publications out of 122, respectively; empirical surveys and case studies emerged as the most common research methodologies, covering 68.9% of the papers reviewed. The manufacturing industry and the agriculture sector are instead the most investigated industry fields (55.7% of the total articles), despite it has not being possible to identify a specific field in many cases (21.3%); the most productive countries in terms of the number of articles published are Italy (19 papers), China (15), Brazil (8), and The Netherlands (8).



As far as the thematic analysis is concerned, the key themes of the innovation process were first identified: 34.4% of articles cover pre-innovation themes, i.e., barriers, obstacles, or motivation to sustainable innovation; 41.8% of articles deal with innovation themes, that is mainly to say innovation implementation; finally, the remaining 16.4% is concerned post-innovation issues, such as final assessments and considerations on innovation implementation. In the 122 articles, 108 different types of innovation were identified, most of which are process innovation (40%), organization innovation (21.2%), product innovation (17.6%), and technological innovation (17.6%), in line with the results by Gao et al. [24]. This outcome is probably due to the collaborative activities carried out in the SC enhancing (or creating) new product functions and improving the process efficiency and effectiveness. Marketing innovation (1.8%) and resource allocation innovation (1.8%) follow. Conversely, innovations are almost equally distributed among incremental and radical. Looking at the sustainability perspectives, most of the innovations focused on economic aspects (approximately 20% of the total number of articles), while the purely environmental and social ones received less attention (respectively 6.6% and 4.1%). Nonetheless, compared to Gao et al., we found a significantly lower number of papers that focused exclusively on the economic aspects of sustainability (24 vs. 72); this is consonant with the increased awareness about the social and environmental concerns. The last parameter highlighted from the papers reviewed is the set of most common theories and models used to evaluate SSCI, i.e., the Resource-Based Theory, Multi-Criteria Decision Analysis, and Life Cycle Management.



As with any review, this paper does not present new research results per se; rather, its contribution comes from consolidating existing information from many recent studies on SSCI. Moreover, it is the logical prosecution of the review by Gao et al. [24] and complements it. Nonetheless, looking back at the research question of this study, i.e., how research in the field of SSCI is evolving, some trends can be delineated and some avenues for research can be identified.



As far as the trends of the thematic aspect are concerned, compared to the results of the previous review, it is curious to note that the innovation phase was the less developed part in Gao et al.’s paper, argued in just 12 articles out of 107. On the contrary, from 2015 to 2017, it has become the most widely investigated phase (51 papers); the reason for this may be that sustainable innovation is a relatively new subject, thus, at the beginning, barriers and potential obstacles were firstly inspected (in fact, 51 papers of the previous review focused on the pre-innovation phase). In recent years, researchers have gone straight to the heart of the matter and numerous firms have adopted innovation with due regard to the environment and society; hence, the focus has shifted on the innovation phase. The evolution of the different types of innovation is approximately steady, with the only exception being product innovation, for which attention seems to have decreased. Several organizational innovations were recorded, and they gained attention and importance in the last three years, satisfying what Roscoe et al. [5] wished for: more organizational innovations leading to improvements in working conditions through increased visibility of the supply chain, derived through greater stability and, therefore, knowledge and information sharing. Despite that, there is no research exploring how supply chain collaboration (as already mentioned considered as organizational innovation) can improve social sustainability: future directions for research thus include how to improve employee health and working environments, how to decrease child labor usage in developing countries, and how to protect female workers’ benefits [44]. Concerning the novelty of these innovations, Gao et al. found a different result: 40 radical innovations vs. 23 incremental innovations. The reason for this may simply be the reference years. Indeed, the previous review started with the analysis of the faraway 1996, the moment that sustainable innovations began their evolution. Therefore, the first manifestations were, inevitably, completely new in nature, and therefore radical. Since the concept of “radical” changes over time and, at present, we are facing an advanced stage, what at the beginning could be considered as radical now becomes incremental, and this explains why incremental innovations are now like radical ones. Anyway, we must not forget that “the process of innovation is, of course, never-ending” [77]. The last aspect deserving attention is that, compared to the previous review, we found a significantly lower number of papers that focused exclusively on the economic aspects (24 vs. 72) of sustainability; this is consonant with the increased awareness on social and environmental themes. In fact, we also found 13 articles in which the unique main aspect analyzed is either the environmental or the social ones, and 3 papers where these aspects are taken together. These papers are also the first examples of studies where the economic aspect has not prevailed and suggest increased attention against the environmental and society and of a spread of the innovation and sustainability subject.



From a scientific point of view, the results of this review may be summarized in a framework, depicted in Figure 8, showing the main topics emerged from the analysis of the literature previously discussed. These topics may be grouped into four dimensions, labeled in the framework as:




	
Why not/Why, including the barriers and obstacles (“why not”) that hinder, as well as the motivations (“why”) that lead to the implementation of a sustainable innovation. This dimension includes the aspects that emerged with reference to the pre-innovation phase.



	
How, that is, how the innovation process is developed in its main phases (pre-innovation, innovation, and post-innovation). This dimension includes the main features and trends emerged with reference to the innovation implementation phase, as well as the steps undertaken in the post-innovation phase.



	
What, that is, the main innovation according to their degree of novelty (radical vs. incremental) or to their type (i.e., product, process, organizational, marketing, technological, resource allocation).



	
Sustainability, reflecting the dimensions by which the different innovations are measured, i.e., economic, environmental, social or mixed, since the original aim is to investigate the linkage between innovation and its role in sustainable development.








This conceptual framework is a contribution to the request in the literature [78] to formulate concepts and theories for analyzing and understanding how the implementation process of sustainability in supply networks occurs [72]. In particular, it is focused on the innovation aspect, which needs to be integrated in order to fill the gaps of the previous frameworks in this field as Van Bommel highlighted.



Authors could benefit from this model, which could be used as the starting point to carry out a set of case studies, interviews, and other kinds of empirical research on the SSCI topic. Empirical research will allow us to gain further insights on the topic and to validate the framework itself. To this end, the results of this review suggest that case studies should preferably target less developed countries, which have been significantly less explored in the literature. Regarding this last point, it should not be forgotten, however, that the geographical distribution is quite heterogeneous; accordingly, the intervention and the collaboration of wealthier states is at the same time essential.



Furthermore, the thematic analysis showed that purely environmental and social dimensions of SSCI, despite their timidly start to gain attention, are less inspected and overpowered by the economic one; more should be done in this direction. The lack of research in many industrial sectors emerges as well, such as the construction industry, which has been accused of causing several environmental problems [79] or the mining and quarrying sector, impacting the environment with air pollution and waste disposal [80]. We suggest deeper research in these fields.



Marketing innovation should deserve particular attention in the authors’ opinion: in fact, there is a growing number of customers looking for green products [81] and they tend to reward the most virtuous companies in terms of sustainable achievements; in this sense, marketing innovations could attract clients and become a strength for both environment and economic reasons. Good recommendations in this regard are provided by Dangelico and Vocalelli [66].



Moreover, it was noted by analyzing the literature that the role of consumers in the supply chain as a driver to sustainable innovation has not yet been properly addressed: sustainable consumption should be studied systematically. This could be an interesting insight for future research activities.



The study has, of course, some limitations. Firstly, in the review, we have only considered papers that are written in English and published in international journals only. Obviously, this approach excludes papers written in other languages as well as other types of publications, such as conference papers, and, therefore, could lead to some loss of information. Secondly, the keywords’ choice could also lead to selecting some papers but excluding other ones, where the authors have used slightly different keywords. Finally, the findings in the literature review strongly depend on the reviewers’ experience and educational background, and some attributes can be considered as a matter of opinion [24].
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Table A1. The classifications of the studies reviewed per methodology applied.






Table A1. The classifications of the studies reviewed per methodology applied.





	Methodology Applied
	References





	Empirical Surveys
	[12,30,33,37,40,48,50,53,63,65,69,82,83,84,85,86,87,88,89,90,91,92,93,94,95,96,97,98,99,100,101,102,103,104,105,106,107,108,109,110,111,112,113,114,115,116,117,118,119,120,121,122,123,124,125,126]



	Case Studies
	[13,15,16,49,51,62,127,128,129,130,131,132,133,134,135,136,137,138,139,140,141,142,143,144,145,146,147,148]



	Theoretical and Conceptual Papers
	[46,54,64,67,68,149,150,151,152,153,154,155,156,157,158,159,160,161,162]



	Modeling Papers
	[45,70,76,163,164,165,166,167,168,169]



	Literature Reviews
	[24,27,29,39,44,66,170,171,172]
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Table A2. The classification of the studies reviewed per industrial sector.






Table A2. The classification of the studies reviewed per industrial sector.





	Industrial Sector
	References





	A—Agriculture, Forestry and Fishing
	[62,63,67,71,93,96,97,106,116,125,126,128,129,131,135,138,139,142,144,146,152,158,166,170]



	B—Mining and Quarrying
	[49,103,148]



	C—Manufacturing
	[13,15,28,33,37,48,50,64,69,70,82,86,88,89,90,92,94,95,99,101,105,107,109,111,112,113,115,117,118,119,120,121,124,132,133,134,136,140,153,155,163,165,167,168]



	D—Electricity, Gas, Steam, and Air Conditioning Supply
	[156,157]



	F—Construction
	[53,130,145]



	H—Transportation and Storage
	[12,143,162,171,172]



	S—Service Activities
	[51,54,137,169]



	X—No Specific Sector
	[24,27,29,39,44,45,66,68,76,84,85,98,100,102,104,122,123,147,149,150,153,154,159,160,161,164]



	V—Multiple Sector
	[16,40,46,65,87,91,108,110,114,127,141]
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Table A3. The references for each phase of innovation related to their novelty (N.A. = not available).






Table A3. The references for each phase of innovation related to their novelty (N.A. = not available).





	Phase
	References





	Pre-Innovation
	[12,39,53,54,62,63,67,68,70,76,82,85,89,90,91,96,102,105,114,115,126,131,132,144,147,149,150,152,153,154,155,156,157,158,160,161,162,163,164,167,168,169]



	Innovation
	[16,30,33,37,40,45,48,49,64,65,69,83,84,87,93,95,97,100,101,105,106,107,108,109,110,111,112,113,116,117,118,120,121,123,124,125,127,128,129,130,134,137,138,141,142,143,145,146,151,159,165]



	Post-Innovation
	[13,46,50,51,86,88,92,94,99,104,119,122,130,133,135,136,139,140,148,166]



	N.A.
	[24,27,29,44,66,98,170,171,172]
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Table A4. The references for each type of innovation related to its novelty (N.A. = not available).






Table A4. The references for each type of innovation related to its novelty (N.A. = not available).





	Type of Innovation
	Incremental
	Radical
	N.A.





	Product Innovation
	[16,69,88,96,99,108,132,136,145]
	[92,132,136,152,159,168]
	[29,114,161]



	Process Innovation
	[12,16,30,62,64,65,70,86,92,96,101,126,128]
	[12,49,67,68,76,91,92,125,127,129,132,134,136,140,153,159,166,167]
	/



	Organizational Innovation
	[15,16,33,39,45,46,49,62,110,118,136,138,146,147,155,159,165]
	[48,51,133,135,137]
	[44]



	Marketing Innovation
	[150]
	/
	[66]



	Technological Innovation
	[92,96,136]
	[53,54,68,95,96,130,136,172]
	/



	Resource Allocation Innovation
	/
	[62,63]
	/
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Table A5. The theories and models identified in the study and references.






Table A5. The theories and models identified in the study and references.





	Model/Theory
	Definition
	References





	Absorptive Capacity
	The firm’s ability to recognize the value of new information, assimilate it, and apply it to commercial ends.
	[145,148]



	AMO—Ability Motivation Opportunity Theory
	The employee’s ability, desire, and opportunity to make a contribution to job performance.
	[30]



	Analytic Network Process
	ANP is an evolution of the analytic hierarchy process (AHP) used in multi-criteria decision analyses, which structure a decision problem into a network with a goal, decision criteria, and alternatives.
	[134,160]



	BSC—Balanced Scorecard
	BSC is a strategy performance management tool—A semi-standard structured report, that can be used by managers to keep track of the execution of activities by the staff within their control and to monitor the consequences arising from these actions.
	[154,160]



	Benchmarking
	Benchmarking is comparing one’s business processes and performance metrics to industry bests and the best practices from other companies
	[15,132]



	Business Ethics
	Business ethics (or corporate ethics) is a form of applied ethics or professional ethics, that examines ethical principles and moral or ethical problems that can arise in a business environment.
	[33]



	Competitive Theory
	Competitive theory suggests that states and businesses should pursue policies that create high-quality goods to sell at high prices in the market.
	[48,84]



	Complexity Theory
	Complexity theory is the use of the study of complexity systems in the field of strategic management and organizational studies. It is an interdisciplinary theory that grew out of systems theory in the 1960s.
	[103]



	Contingency Theory
	A contingency theory is an organizational theory that claims that there is no best way to organize a corporation, to lead a company, or to make decisions. Instead, the optimal course of action is contingent (dependent) upon the internal and external situation.
	[27,87,148]



	Contractual Coordination Mechanisms
	A set of partner-specific communication, routines, liaison and integration roles, interfirm authorities, group problem solving, planning, and various forms and degrees of property-right sharing.
	[46]



	Decision Theory
	The study of the reasoning underlying an agent’s choices.
	[86]



	DTPB—Decomposed Theory of Planned Behaviour
	A theory for studying adoption processes. It decomposes the three main antecedents of behavioral intention of the Theory of Planned Behaviour into a set of salient beliefs based on the Innovation Diffusion Theory and the Technology Acceptance Model.
	[90]



	Delphi Method
	A structured communication technique or method, originally developed as a systematic, interactive forecasting method which relies on a panel of experts.
	[12,93]



	DEMATEL Method
	A decision-making tool that helps in gathering group knowledge, visualizing the causal relationships of the criteria, and indicates the degree of influence through a cause-effect diagram.
	[90,144]



	Dynamic Capabilities Theory
	In organizational theory, dynamic capability is the capability of an organization to purposefully adapt an organization’s resource base.
	[90]



	Eco-efficiency Concept
	Eco-efficiency is a quantitative management tool that enables the consideration of the life cycle environmental impacts of a product system alongside its product system value to a stakeholder.
	[115,128]



	Ecological Modernization Theory
	A school of thought in the social sciences that argues that the economy benefits from moves towards environmentalism.
	[137]



	Emergy Assessment
	The evaluation of the “emergy” used in the work processes that generate a product or service in units of one type of energy. By definition, “emergy” is the amount of energy of one form (usually solar) that is required, directly or indirectly, to provide a given flow or storage of energy or matter.
	[62]



	Fuzzy Analytic Hierarchy Process
	A decision-making method for multiple criteria decision-making in a fuzzy environment.
	[111]



	Fuzzy Theory
	A form of many-valued logic in which the truth values of variables may be any real number between 0 and 1. It is employed to handle the concept of partial truths, where the truth value may range between completely true and completely false.
	[107,131]



	Games Theory
	A branch of mathematics concerned with the analysis of strategies for dealing with competitive situations where the outcome of a participant’s choice of action depends critically on the actions of other participants.
	[100,155,165,168]



	Grounded Theory
	A systematic methodology in the social sciences involving the construction of theory through methodical gathering and the analysis of data.
	[148]



	IDT—Innovation Diffusion Theory
	An established innovation theory focusing on understanding how, why and at what rate innovative ideas and technologies spread in a social system.
	[90]



	Importance-Performance Analysis
	A popular managerial tool for organizational performance development. This technique helps customer satisfaction understanding, as well as detecting and placing priority on those services/products for which improvement is necessary.
	[134]



	Input-Output Analysis
	Macroeconomic analysis based on the interdependencies between economic sectors or industries used for modelling the generation of wastes along supply chains.
	[120,147]



	Institutional Theory
	A theory according to which institutional environments place pressure on organizations to appear legitimate and conform to prevailing norms used to adequately respond to changing conditions of the regulatory environment.
	[45,90,103,116,138]



	ISM—Interpretive Structural Modeling Approach
	A method that identifies and summarizes the relationships among specific variables.
	[85,115,144]



	Learning Theory
	A theory used to highlight the importance of acquiring knowledge through inter-organizational relationships to promote cleaner production methods and improve environmental performance in the context of inter-organizational networks.
	[138]



	Life Cycle Thinking
	A technique to assess environmental impacts in the whole supply chain
	[62,76,92,100,101,128,129,140,142,147,158]



	Monte Carlo Method
	A Computation intensive forecasting technique used to estimate costs associated with utilizing the available woody biomass for energetic use.
	[126]



	MCDA—Multi-Criteria Decision Analysis
	A sub-discipline of operations research that explicitly evaluates multiple conflicting criteria in decision making; it is used to assess sustainability performance.
	[76,90,128,131]



	MRIO—Multi-Regional Input-Output Analysis
	A method for quantitatively showing the influence that the investment to a specific area affects the surrounding area analysis; it is used to generate information about socio-economic impacts of biomass supply chains, such as economic value added, and job creation, directly and indirectly, related to the activities involved in a system.
	[62]



	QCA—Qualitative Comparative Analysis
	A data analysis technique for determining which logical conclusions a dataset supports; it is used to study how factors combine into configurations of institutional and organizational conditions.
	[116]



	RVT—Relational View Theory
	A theory based on the formation of inter-organizational relationships in order to acquire knowledge; it is used to explore the development of sustainable relationships and practices in inter-organizational networks.
	[33,138]



	Reliability Analysis
	An analysis that is used for the description system with some (more than two) levels of performance (availability, reliability).
	[163]



	Resilience Theory
	A multifaceted field of study addressing the strengths that people and systems demonstrate that enable them to rise above adversity; it is used to understand the complex dynamics that arise from interactions between human and environmental systems.
	[149]



	RBV—Resource-Based View
	A management device for the assessment of the available amount of a business’ strategic assets; it is used to explain corporate sustainability strategies, sustainability competitive advantage, and sustainable supply chain management.
	[16,33,40,46,118,137,138]



	Risk Management
	The identification, evaluation, and prioritization of risks followed by the coordinated and economical application of resources to minimize, monitor, and control the probability or impact of unfortunate events or to maximize the realization of opportunities.
	[76]



	Rough Set Theory
	A method for extracting previously unknown data dependencies or rules from relational databases or decision tables without any preliminary or additional information.
	[169]



	Stakeholders Theory
	A conceptual framework of business ethics and organizational management which addresses moral and ethical values in the management of a business or other organization.
	[90,109,148,164]



	SEM—Structural Equation Modeling
	A set of mathematical models, computer algorithms, and statistical methods that fit networks of constructs to data.
	[111,117,118,135]



	Supply-Chain Operation Reference Model
	A process reference model that describes the business activities associated with satisfying a customer’s demand; it is used to identify the links and logistics operations in all the stages of the supply chain of renewable energy management.
	[102]



	System Dynamics Simulation Analysis
	A methodology and mathematical modeling technique to frame, understand, and discuss complex issues and problems; it is used to demonstrate the rationale of green component procurement collaboration and how the collaborative system could reduce the risk in the supply line and eventually improve the supply chain performance.
	[15]



	TAM—Technology Acceptance Model
	An information systems theory that models how users accept and use a technology.
	[63,90]



	TPB—Theory of Planned Behavior
	A psychological theory based on the assumption that individuals often behave rationally taking into account the available information, and implicitly or explicitly taking into account the implications of their actions.
	[63,67,100]



	TOE Approach
	A framework that identifies three context groups (technological, organizational, and environmental) that may influence the organizational adoption of an innovation.
	[90]



	Transaction Cost Theory
	A theory accounting for the actual cost of outsourcing production of products or services including transaction costs, contracting costs, coordination costs, and search costs; it is used to examine the effectiveness of governance mechanisms in managing buyer–seller relationships with respect to environmental issues.
	[52,125,138]



	Value Mapping
	An approach for ideation and analysis for sustainable business model innovation involving mapping the value captured, missed, and destroyed and new opportunities for a range of stakeholders, to assist in the design of sustainable business models.
	[164]
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Figure 1. The evolution of the number of reviewed studies over time. The red line refers to our time span. 
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Figure 2. The research methodology applied, reported in order of the articles’ decreasing number. Note: light gray represents the results from the previous review. 
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Figure 3. The industrial sectors. 
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Figure 4. The industrial sectors related to the year of publication. 
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Figure 5. The geographical distribution, countries with two publications or more. 
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Figure 6. The percentage of articles in each phase. 
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Figure 7. The types of Innovation. Note: light gray represents the results of the previous analysis. 
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Figure 8. The framework resulted from a systematic literature review. 
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Table 1. The distribution of reviewed papers by journal name.
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Source

	
Publication Year

	
TOTAL




	
2015

	
2016

	
2017






	
Journal of Cleaner Production

	
6

	
8

	
15

	
29




	
Sustainability

	
1

	
5

	
11

	
17




	
International Journal of Production Economics

	
2

	
2

	
1

	
5




	
Renewable and Sustainable Energy Reviews

	
1

	
2

	
1

	
4




	
Supply Chain Management: an International Journal

	
2

	
0

	
1

	
3




	
Benchmarking: an International Journal

	
0

	
2

	
0

	
2




	
Biomass and Bioenergy

	
1

	
0

	
1

	
2




	
Energies

	
0

	
0

	
2

	
2




	
Resource, Conservation, and Recycling

	
1

	
0

	
1

	
2




	
Transportation Research Part D

	
0

	
0

	
2

	
2
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Table 2. The GNP and GNP’s percentage invested in R & D.






Table 2. The GNP and GNP’s percentage invested in R & D.





	Country
	GNP (Bil, US$)
	%GNP in R & D





	Italy
	2171.0
	1.27



	China
	19,390.0
	1.92



	Brazil
	3192.0
	1.21



	The Netherlands
	832.6
	2.16



	UK
	2679.0
	1.78



	India
	7965.0
	0.85



	Taiwan
	1099.0
	2.35



	USA
	17,950.0
	2.77



	Finland
	225.0
	3.55



	Germany
	384.0
	2.92



	Malaysia
	815.6
	1.10



	Spain
	1650.0
	1.30



	Sweden
	474.4
	3.40



	Canada
	1632.0
	1.79



	Denmark
	258.7
	2.98



	France
	2647.0
	2.26



	Greece
	194.9
	NA



	Japan
	4830.0
	3.41



	Norway
	356.2
	1.65
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Table 3. The amounts of investments towards sustainability in 2014 and 2016. Values are expressed in billions (dollars).
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	Region
	2014
	2016
	% Growth





	Europe
	10,775
	1204
	11.7



	United States
	6572
	8723
	32.7



	Canada
	729
	1086
	49.0



	Australia/New Zealand
	148
	516
	247.5



	Asia (ex. Japan)
	45
	52
	15.7



	Japan
	7
	474
	6689.6
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Table 4. The number of articles in each phase.






Table 4. The number of articles in each phase.





	Phase
	Number of Articles





	Pre-innovation
	42



	Innovation
	51



	Post-innovation
	20



	N.A.
	9
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Table 5. The definition of each type of innovation.






Table 5. The definition of each type of innovation.





	Type of Innovation
	Definition
	Source





	Product Innovation
	Any goods, service, or idea that is perceived by someone as new
	[55,56]



	Process Innovation
	The adaptation of existing production lines as well as the installation of an entirely new infrastructure and the implementation of new technologies; it generally allows for the creation of new products
	[55,56]



	Organizational Innovation
	Changes in marketing, purchases, sales, administration, management, staff policy
	[55,56,57]



	Marketing Innovation
	Improvements in product design, placement, promotion or pricing
	[55,56,58,59]



	Technological Innovation
	Any contemporary idea, practice, or product that an organization wishes to adopt and employ for the purpose of obtaining gains in performance
	[24,60,61]



	Resource allocation Innovation
	A resource redistribution in order to achieve innovative results
	[62,63]
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Table 6. The novelty of Innovations (N.C. = non-classified).






Table 6. The novelty of Innovations (N.C. = non-classified).





	Type of Innovation
	Incremental
	Radical
	N.C.





	Product Innovation
	9
	7
	3



	Process Innovation
	22
	21
	0



	Organizational Innovation
	17
	5
	1



	Marketing Innovation
	1
	0
	1



	Technological Innovation
	3
	16
	0



	Resource Allocation Innovation
	0
	2
	0



	Total
	52
	51
	5
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Table 7. The dimensions of Innovations (N.C. = non-classified). Note: the results of the previous review are reported in brackets.






Table 7. The dimensions of Innovations (N.C. = non-classified). Note: the results of the previous review are reported in brackets.





	Dimension
	Articles





	Economic
	24 (72)



	Environmental
	8 (-)



	Social
	5 (-)



	Economic + Environmental + Social
	25 (-)



	Economic + Environmental
	11 (16)



	Economic + Social
	2 (3)



	Environmental + Social
	3 (-)



	Sustainability (in general)
	33 (10)



	N.C.
	11 (6)











© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).
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