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			Resumen

			Este libro aborda una serie de problemáticas relacionadas con la sostenibilidad y la administración (management) desde diversas perspectivas. En este sentido, busca aportar una referencia pertinente al estudio de la sostenibilidad desde diferentes áreas funcionales de la administración, entre las que se incluyen la gestión humana, la innovación, el emprendimiento, el liderazgo y las finanzas. A través de metodologías diversas en las que se incluyen estados de la cuestión y aproximaciones de orden cuantitativo y cualitativo, el presente texto se posiciona como una innovadora propuesta que resalta por su originalidad y por la interdisciplinariedad requerida para el estudio de la administración y la sostenibilidad.
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			Sustainability and management

			Abstract 

			This book addresses a series of issues related to sustainability and management from diverse perspectives. In this sense, it seeks to provide a relevant reference to the study of sustainability from different functional areas of management, including human management, innovation, entrepreneurship, leadership, and finance. Using diverse methodologies that comprise states of the question and quantitative and qualitative approaches, this text offers an innovative proposal that stands out for its originality and the interdisciplinarity required to study management and sustainability.
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			Introduction


			The current global scenario for meeting the Sustainable Development Goals is difficult. The pandemic’s cascading effects have largely erased the progress that had been made in recent years toward meeting these goals. According to figures reported by the United Nations (2022), the health emergency caused by covid-19 has erased much of the progress made in the fight against hunger over the last 4 years. Furthermore, negative consequences of this situation have emerged in areas such as health, education, and gender equity. This fact has been accompanied by the growing economic and political instability caused by Russia’s and Ukraine’s conflicts.

			In this situation, climate change acts as a fuel that exacerbates humanity’s difficult situation. The attention demanded by the aforementioned crises has slowed the implementation of measures to mitigate the negative effects of climate change. Therefore, the need for initiatives aimed at achieving the goals of sustainable development is greater than ever. The administration, as a field of study, plays a critical role in the proposals made by the academy for the future. Thus, initiatives aimed at improving production processes, allocating resources with a sustainable orientation, and developing economic activities that consider humanity’s future must be generated.

			This text aspires to be a tool that contributes to society’s open discussion.

			In this sense, the book provides a diverse perspective on the current state and recent advances in various research fields related to management and sustainability. The goal of the text is to create a reference set that analyzes the path taken by various management research areas and their interrelationship with sustainability as a field of study. Furthermore, it seeks to create a possible future course of action that will allow academics and students interested in this subject to have a navigation chart on the potential contributions that will be made in sustainability and management.

		

		
		


		
			Sustainability in the era of digital transformation and Industry 4.0:
Key issues and further conceptual developments 

			Aglaya Batz Liñeiro*

			Nelson Alfonso Gómez-Cruz*

			Carlos Jesús Vega Pérez**

			Introduction


			The fourth industrial revolution’s technological advancements have the potential to boost economic growth and mitigate some of the world’s major challenges. However, a high level of leadership and understanding of the ongoing changes is required, across all sectors, to manage the negative impacts and design effective strategies. In addition, a coherent and shared understanding of the opportunities and challenges of this revolution is required to empower the individuals and communities at the forefront of this change. As a result, this study aims to map the intellectual structure of the literature on digital transformation and sustainability using co-word analysis.

			Economic experts studying the global impact of Industry 4.0 (I4.0) assure that all of the major macro variables—GDP, employment, investment, trade, etc.—will be affected (Schwab, 2017). A large increase in productivity, and thus higher economic growth, is expected. Countries are currently confronted with a major challenge: an aging population. Because of the existing disparity between the working-age population and the percentage of dependent elderly, an aging world will grow more slowly (Calzavara et al., 2020). Thus, technology can provide a solution to this problem by allowing people to work smarter rather than harder, allowing older members of society to remain productive.

			From an economic standpoint, I4.0 has resulted in an increasing rate of innovation, both in its development and dissemination. For example, Netflix, Uber, Alibaba, and other disruptive companies that are now well positioned in the minds of customers were relatively unknown only a few years ago. The iPhone launched the smartphone boom in 2007, but by the end of 2020, there will be more than 5.22 billion smartphone users worldwide (Kemp, 2021). Disruptive technology companies, in general, require less capital to thrive. Companies like Instagram, WhatsApp, and Rappi, to name a few, did not require much funding to get started. However, despite all of these positive effects, there are significant challenges, such as rising inequality (Prisecaru, 2017). Those who generate or own intellectual or physical capital (innovators, investors, and shareholders) are the primary beneficiaries of I4.0, widening the wealth gap between those who rely on their labor and those who own capital. Regardless, all industries should brace themselves for technological disruption (Bolden & O’Regan, 2016; Healy et al., 2017). Therefore, companies should begin to ask themselves, “What form will disruption take, and how will it affect me and my organization?” It is everyone’s responsibility to ensure that we establish a shared set of values, policies, and visions, and that we implement the necessary changes to address this revolution.

			Another factor to consider is social. There is widespread concern about the impact of technology on employment. Machines are currently replacing many jobs, most notably repetitive jobs (Rajnai & Kocsis, 2017). This revolution proposes two competing employment effects. First, there is a destruction effect, which is caused by labor-substituting technological capital, forcing workers to reallocate their skills elsewhere or become unemployed. Second, there is a capitalization effect, which occurs when demand for new goods and services generates new occupations, businesses, and even industries. Finally, as humans, we can quickly adapt and outperform ourselves. However, the question is how quickly the capitalization effect will outpace the destruction effect. What must we do to achieve positive outcomes, and how can we assist those caught in the middle of the transition? The historical hope is that revolutions always result in increased productivity and wealth, which leads to increased demand for goods and services and the creation of new types of jobs to meet that demand.

			I4.0 has an impact on the environment as well. However, impact does not always imply positivity. On the one hand, positive change is possible because technologies can assist in addressing larger challenges such as reducing carbon emissions, managing waste, and increasing energy efficiency, among others (Chen et al., 2021). Every day, research into renewable energy, fuel efficiency, and energy storage advances. This fact makes investments in these fields more cost-effective and helps to mitigate climate change. On the other hand, there are still obstacles to overcome, such as the negative impact of the shadow economy, which implies economic activities that fall outside the purview of government accounting (Fleming et al., 2000), which is an impediment to achieving energy efficiency (Chen et al., 2021); and the devastating effects on natural ecosystems as a result of increasing demand for natural resources in the face of the need to fuel technological developments (Oláh et al., 2020).

			As a result, we believe it is critical to provide researchers with a conceptual map to trace the convergence of I4.0, digital transformation, and sustainable strategies. The co-word analysis approach is used to address the main questions listed below and to deal with problems that traditional methods cannot handle.

			1.How is the literature on I4.0, digital transformation, and sustainability organized?

			2.What is the relationship between I4.0, digital transformation, and sustainability?

			3.Which themes are central to the theme, and which are peripheral?

			Theoretical framework


			Industry 4.0


			Industry 4.0 is based on a world in which virtual and physical systems collaborate by conceptualizing “smart factories, smart products, extended value networks—vertical, horizontal, and end-to-end integration.” This is referred to as cyber-physical systems (cps). cpss are integrated into manufacturing operations and supported in industrial processes by Internet of Things (IoT) technologies. These technologies are intelligently linked to one another and continuously exchange data in real time via virtual networks such as the cloud, enabling complete product customization, the development of innovative services, and the creation of new business models, propelling companies toward digital transformation (Shrouf et al., 2014).

			Digital transformation


			Digital transformation is “[a] fundamental change process, enabled by the innovative use of digital technologies accompanied by the strategic leverage of key resources and capabilities, aiming to radically improve an entity (an organization, a business network, an industry, or society) and redefine its value proposition for its stakeholders” (Gong & Ribiere, 2021). As a ­result of the new challenges and opportunities presented by digital transformation, new business and operating models must be developed. Emerging technologies and broad-scale innovation are spreading much faster and further than in previous revolutions. Government and public institutions, as well as the private sector, must spearhead new initiatives to capitalize on these opportunities, while also engaging citizens so that they understand and see the long-term benefits.

			Sustainability


			The risks of development and industrialization, such as the continued increase in rates of human-induced biodiversity loss, exponential growth in per capita resource consumption, and global climate change caused by carbon emissions, affect governments, businesses, communities, and individuals alike (Biermann et al., 2012). Therefore, the concept of sustainability is still important to everyone. Sustainability as a political concept derives from the Brundtland Report (Bruntland, 1987), which states that “sustainable development is a development that meets the needs of the present without compromising the ability of future generations to meet their own needs” Throughout its history, the concept of sustainability has encompassed three dimensions: economic, social, and environmental (Strezov et al., 2017).

			Methodology


			We conducted a co-word analysis to better understand the relationship between digital transformation, Industry 4.0, and sustainability in order to answer the research questions. As a result, we gathered the research work indexed in Scopus and created a co-word-based map explaining the thematic interrelationships using vosviewer. Figure 1 depicts a comprehensive framework characterizing the steps taken in this work.
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			Figure 1. Methodological framework for mapping the intellectual structure of a given subject


			Data collection


			We intend to investigate the intellectual framework surrounding digital transformation, Industry 4.0, and sustainability. The domain analysis entails investigating these words and their variations (e.g., sustainability, sustainability) in the title and/or in the keywords reported by the authors, as shown in the search equation below:

			(title (sustainab* and (“digital transformation” or “industry 4.0” or “industry 5.0”))) or (authkey (sustainab* and (“digital transformation” or “industry 4.0” or “industry 5.0”))) or (title (sustainab*) and authkey (“digital transformation” or “industry 4.0” or “industry 5.0”)) or (title (“digital transformation” or “industry 4.0” or “industry 5.0”) and authkey (sustainab*))

			The search was carried out on August 31, 2021, taking into account all existing publications on the subject. Scopus yielded 661 peer-reviewed documents as a result of the search. The data was saved in a csv file for later use in vosviewer.

			The topic of sustainability in the context of digital transformation and Industry 4.0 and 5.0 is relatively new to the academic literature; approximately 67% of the 661 articles retrieved for the analysis were published between 2020 and 2021. The majority of research is coming from the European Union, owing to the efforts of the European Commission and its Horizon 2020 program. Finally, Table 1 depicts the most common outlets where research in the investigated domain is published.

			Table 1. List of journals related to the analyzed domain with the highest citation score


			
				
					
					
					
					
					
					
				
				
					
							
							No.

						
							
							Journal

						
							
							Quartile

						
							
							H-index

						
							
							Frequency

						
							
							%

						
					

				
				
					
							
							1

						
							
							Sustainability (Switzerland)

						
							
							Q1

						
							
							85

						
							
							115

						
							
							26,81

						
					

					
							
							2

						
							
							Journal of Cleaner Production

						
							
							Q1

						
							
							200

						
							
							30

						
							
							6,99

						
					

					
							
							3

						
							
							Economics Management and Financial Markets

						
							
							Q1

						
							
							10

						
							
							13

						
							
							3,03

						
					

					
							
							4

						
							
							Journal of Self Governance and Management Economics

						
							
							Q1

						
							
							10

						
							
							12

						
							
							2,80

						
					

					
							
							5

						
							
							International Journal of Production Research

						
							
							Q1

						
							
							142

						
							
							9

						
							
							2,10

						
					

					
							
							6

						
							
							Technological Forecasting and Social Change

						
							
							Q1

						
							
							117

						
							
							8

						
							
							1,86

						
					

					
							
							7

						
							
							Applied Sciences Switzerland

						
							
							Q2

						
							
							52

						
							
							7

						
							
							1,63

						
					

					
							
							8

						
							
							Resources Conservation and Recycling

						
							
							Q1

						
							
							130

						
							
							7

						
							
							1,63

						
					

					
							
							9

						
							
							Computers and Industrial Engineering

						
							
							Q1

						
							
							128

						
							
							6

						
							
							1,40

						
					

					
							
							10

						
							
							Energies

						
							
							Q2

						
							
							93

						
							
							6

						
							
							1,40

						
					

				
			

			Source: Based on the information retrieved from SCOPUS and SCimago

			Keyword selection


			Author keywords have been shown to accurately describe academic literature content (Callon et al., 1991). A thesaurus has been created to ensure that the keywords are chosen correctly. Various actions are taken within the thesaurus to clean and refine the extracted keywords. These actions include: (1) standardizing singular and plural words (e.g., value chains into value chain); (2) combining equivalent expressions in American and British English (e.g., digitalization into digitalization); (3) integrating acronyms with their corresponding full names (e.g., sustainable development goals into sdgs); (4) the normalization of hyphenated expressions (e.g., cybersecurity into cyber-security); (5) the reduction of synonymous expressions (e.g., covid-19 pandemic into covid-19); and (6) the elimination of references to the territory (e.g., Italian ceramic industry, German industry sectors), research methodologies (e.g., case study, swot analysis), and irrelevant or generic terms (e.g. sustainability, modeling).

			The relevance of the keywords chosen for the research determines the quality of the co-word network (Hosseini et al., 2021). The frequency of occurrence of the keywords in the sample of documents is the most commonly used criterion for keyword selection (Hosseini et al., 2021; Pourhatami et al., 2021). Given the sample, keywords with at least two points of frequency were chosen. In the raw data, 1,713 keywords were obtained, of which 1,647 were obtained after using the thesaurus. Finally, 246 keywords appeared at least twice. Table 2 shows the most frequently occurring words in the 616 documents used as the basis for the analysis. The terms directly related to sustainability are highlighted.

			Table 2. Most frequent keywords in 616 documents


			
				
					
					
					
					
					
					
					
					
				
				
					
							
							No.

						
							
							Keyword

						
							
							occ

						
							
							%

						
							
							No.

						
							
							Keyword

						
							
							occ

						
							
							%

						
					

				
				
					
							
							1

						
							
							sustainable development

						
							
							76

						
							
							5,7795

						
							
							16

						
							
							sme

						
							
							15

						
							
							1,1407

						
					

					
							
							2

						
							
							iot

						
							
							58

						
							
							4,4106

						
							
							17

						
							
							supply chain

						
							
							15

						
							
							1,1407

						
					

					
							
							3

						
							
							circular economy

						
							
							55

						
							
							4,1825

						
							
							18

						
							
							smart factory

						
							
							14

						
							
							1,0646

						
					

					
							
							4

						
							
							sustainable manufacturing

						
							
							52

						
							
							3,9544

						
							
							19

						
							
							social sustainability

						
							
							14

						
							
							1,0646

						
					

					
							
							5

						
							
							digitalization

						
							
							36

						
							
							2,7376

						
							
							20

						
							
							supply chain management

						
							
							14

						
							
							1,0646

						
					

					
							
							6

						
							
							big data

						
							
							33

						
							
							2,5095

						
							
							21

						
							
							sustainable supply chain

						
							
							13

						
							
							0,9886

						
					

					
							
							7

						
							
							smart manufacturing

						
							
							26

						
							
							1,9772

						
							
							22

						
							
							triple bottom line

						
							
							13

						
							
							0,9886

						
					

					
							
							8

						
							
							sdgs

						
							
							25

						
							
							1,9011

						
							
							23

						
							
							additive manufacturing

						
							
							11

						
							
							0,8365

						
					

					
							
							9

						
							
							ai

						
							
							23

						
							
							1,7490

						
							
							24

						
							
							business model

						
							
							11

						
							
							0,8365

						
					

					
							
							10

						
							
							innovation

						
							
							19

						
							
							1,4449

						
							
							25

						
							
							sustainable production

						
							
							11

						
							
							0,8365

						
					

					
							
							11

						
							
							manufacturing

						
							
							19

						
							
							1,4449

						
							
							26

						
							
							technology

						
							
							11

						
							
							0,8365

						
					

					
							
							12

						
							
							cyber-physical system

						
							
							18

						
							
							1,3688

						
							
							27

						
							
							3d printing

						
							
							10

						
							
							0,7605

						
					

					
							
							13

						
							
							covid-19

						
							
							17

						
							
							1,2928

						
							
							28

						
							
							big data analytics

						
							
							10

						
							
							0,7605

						
					

					
							
							14

						
							
							iiot

						
							
							16

						
							
							1,2167

						
							
							29

						
							
							corporate social responsibility

						
							
							9

						
							
							0,6844

						
					

					
							
							15

						
							
							digital technology

						
							
							15

						
							
							1,1407

						
							
							30

						
							
							digital economy

						
							
							9

						
							
							0,6844

						
					

				
			

			Total occurrences 1,315; Keywords in raw data: 1,713; Keywords in preprocessed data: 1,647; keywords with 2+ occurrences: 246.

			Co-word analysis


			Co-word analysis reveals a field’s global structure as a network of interconnected concepts and visualizes the various clusters (sub-networks) that comprise it. On the one hand, the LinLog normalization algorithm included in the vosviewer software was used to map the keyword co-occurrence matrix (Eck & Waltman, 2009). The parameters used for attraction and repulsion were 2 and -1, respectively. In contrast, the clustering technique (community detection) is a weighted and parameterized variant of modularity-based clustering developed in physics (Newman & Girvan, 2004). In this case, 1:00 was chosen as the model’s resolution and 20 as the minimum cluster size. Because mapping and clustering are complementary techniques, they are combined under a single paradigm (Waltman et al., 2010).

			Strategic diagram


			A strategic diagram is generated at the cluster level. This diagram depicts the maturity and cohesion of each topic in two dimensions (Giannakos et al., 2020). These two variables reveal the topic’s standing in the academic setting (Callon et al., 1991). Complementary and peripheral themes are mapped on quadrants II and III, emerging and developing themes on quadrants III and IV, and leading themes on quadrant I. The horizontal axis represents cluster centrality, the vertical axis represents cluster density, and the origin is determined by computing the averages. The following equations are used by Hosseini et al. (2021), to calculate the centrality (1) and density (2) on a given cluster L1:

			CL = ∑i ∈ L ∑j ∈ Mwijeij     (1)
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			Results and discussion


			The co-word matrix was subjected to the community detection technique, which identified five major clusters. Circular Economy, Sustainable Development, Sustainable Manufacturing, I4.0 Technologies, and sme Sustainability are the clusters. Figure 2 depicts the entire structure of the co-word network. Each cluster considered as a sustainability theme, as well as the emergence of digital transformation and Industry 4.0 technologies, is represented by a different color. Furthermore, keywords with higher link strength have larger fonts and larger bubbles.
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			Figure 2. Co-word network of sustainability amid digital transformation and Industry 4.0


			The theme of C1 Circular Economy revolves around improving the mechanisms for better supply chain management, and those mechanisms are inextricably linked to the three aspects of sustainability: economic, social, and environmental. The C2 sustainable development cluster connects digital transformation to the Sustainable Development Goals (sdgs), with a particular emphasis on developing the necessary capabilities to meet challenges such as covid-19 or greenhouse gas reduction. The C3 Sustainable Manufacturing cluster focuses on technologies that will reshape new manufacturing systems, such as smart manufacturing, additive manufacturing, and 3D printing. The C4 Technologies for Sustainability cluster brings together the most important digital transformation technologies, including the triad of IoT (sensing and capturing environmental data), big data (structuring and analyzing data), and ai (automation to take actions that maximize the possibility of achieving previously established objectives). Finally, despite being the smallest cluster, the C5 sustainability for SMEs addresses the challenges and risks of digital transformation for small and medium-sized businesses (smes). To achieve sustainability, particularly in the economic sphere, technologies must be tailored to the needs of smes and aligned with supply chain strategies.

			C1. Circular economy


			Given Industry 4.0 initiatives, the most difficult challenge to achieving supply chain sustainability is changing organizational culture (Luthra & Mangla, 2018). However, there will be additional challenges ahead, particularly in changing the business model and implementing new processes. Changes in legal and ethical issues, the definition of disruptive strategies, and the incorporation of technological changes are all required (Luthra & Mangla, 2018). Furthermore, some authors argue that I4.0 technologies are required to increase demand responsiveness and capacity flexibility, as well as to enable a new level of data coordination and supply chain visibility by simulating and triggering recovery policies (Ivanov et al., 2019; Manavalan & Jayakrishna, 2019; Nascimento et al., 2019). IoT and Additive Manufacturing are two of the technologies suggested by the authors that have an impact not only on the internal workings of organizations but also on their environments and the relationship between the communities surrounding the enterprise. In this regard, Manavalan and Jayakrishna (2019) argued that increasing the sustainability of supply chains necessitates incorporating IoT into their structures in order to achieve greater efficiencies, i.e., lowering costs and time; and managing the data generated throughout the supply chain. Meanwhile, Nascimento et al. (2019) have demonstrated how using additive manufacturing to recycle waste and deliver new products can reduce resource consumption, optimize natural resources, and generate a new supply and demand pathway for society.

			C2. Sustainable development


			Nations have recently established conventions to develop global policies in a unified framework to ensure global sustainability. The sdgs are a global partnership of 17 goals that are an urgent call to action for all countries to achieve a sustainable approach in their development actions (United Nations, 2016). In accordance with the sdgs commitments, innovation will play an increasingly important role in successfully responding to the challenges of Industry 4.0. To achieve this goal, research shows that it is necessary to: (1) improve workers’ technical capacity, with training and continuous professional development being a primary factor, resulting in greater employee integration and inclusion, job enrichment, and a better work-life balance (Stock & Seliger, 2016); (2) motivate dynamic innovation, as it provides the opportunity to develop new organizations and business models (Ghobakhloo, 2020); (3) motivate the digitalization and virtualization process, as it presents different opportunities for manufacturers to develop new values and drive innovation (Muñoz-La Rivera et al., 2020); and (4) reduce the gap between the use of natural resources to sustain the economy and safeguard the environment and ecosystems (Bonilla et al., 2018). It is also worth mentioning that covid-19, has accelerated some of these changes, especially those related to the emergence of innovation around technology-based products, services, and processes, as well as the development of digital capabilities at all levels of society.

			C3. Sustainable manufacturing


			This cluster is concerned with the implications of utilizing I4.0 to generate sustainable manufacturing processes. Smart manufacturing will be distinguished by the use of highly automated machine tools and robots. In this sense, retrofitting factories with existing manufacturing equipment is critical to achieving this goal in a sustainable manner, particularly in terms of the economic and environmental dimensions of sustainability (Stock & Seliger, 2016). As previously stated, current manufacturing jobs are at high risk of being automated to a large extent. The number of workers will undoubtedly decrease. Workers will need to develop creative and social skills to deal with the social impact of I4.0. This requires increasing the effectiveness of worker training supported by ict technologies, as well as the motivation and creativity fostered by cps-supported programs (Stock & Seliger, 2016). Additive manufacturing technologies will be increasingly used in value creation processes and will play a significant role in reducing environmental impact. The costs of additive manufacturing are decreasing and, as a result, speed and precision are improving, allowing for the design of more complex, stronger, and lighter shapes, as well as larger scales of product manufacturing (Mehrpouya et al., 2019). This enables mass customization of products, integrating the customer as early in the value chain as possible, and driving circular economy models (Nascimento et al., 2019). Selling product functionality and accessibility rather than selling only tangible products will be a leading concept in this context.

			C4. I4.0 technologies related to sustainability


			I4.0 technologies are classified as either physical or digital (Bai et al., 2020). Additive manufacturing, sensors, robotics, and drones are all examples of physical technologies. Digital technologies are based on the knowledge management hierarchy model, the dikw (data, information, Knowledge, Wisdom) pyramid, which explains how we move from data to information, knowledge, and wisdom, as well as the technological evolution of I4.0 (Rowley, 2007). In this sense, and as shown in Table 3, IoT emerges as the most researched technology because it allows for environmental monitoring and data collection. Following big data and analytics, these technologies allow for the collection and analysis of large data sets from various sources, as well as the conversion of data into information. This data is used to support real-time decisions via artificial intelligence algorithms, all while using cloud infrastructure. As a result, new challenges have emerged, such as information privacy; as a result, it is necessary to advance in cybersecurity methods to protect information, giving rise to technologies such as blockchain.

			There is a significant lack of understanding about I4.0 technologies, including their connection to sustainability. As a result, various studies have been proposed to investigate the opportunities and challenges of implementing I4.0 in the context of sustainability (Müller & Voigt, 2018), a sustainable I4.0 framework has been defined (Kamble et al., 2018), and a method for measuring the impact of I4.0 on sustainability has been proposed (Bai et al., 2020). However, authors working on this topic emphasize the importance of further research into the relationship between I4.0 Technologies and sustainability, as the future of humanity will be determined by the technological and social decisions we make today (Bai et al., 2020; Kamble et al., 2018).

			C5. Sustainability for Small and medium enterprises (smes)


			There is widespread concern about the situation of smes in relation to I4.0, both economically and psychologically. smes are hesitant to implement I4.0 due to rising operating costs, increased application complexity, and a lack of it skills. As a result, issues such as education and promotion (both in terms of finance and know-how) remain crucial. Furthermore, it is suggested that I4.0 may be designed for the needs of larger companies. Because smes have less capital, fewer employees, and lower productivity, they face greater challenges in incorporating I4.0 into their business models than larger counterparts. One of these is smes’ limited product portfolio, which does not guarantee that they will be able to fully exploit the effectiveness of these technologies. Another challenge is raising funds for a specific investment, as well as the risks that come with a volatile environment from both micro and macro perspectives (Ingaldi & Ulewicz, 2020). Specialists advise designing adaptations or developing accompanying programs for smes, as they cannot be overlooked on the path to societal digital transformation (Müller & Voigt, 2018). Governments could help by providing a framework and recommendations for standardizing processes that assist smes in the long-term integration of I4.0. Furthermore, by seeking strategic partnerships between smes to realize the potentials of digitalization and interconnectedness, which they may not be able to achieve alone, but as part of a larger supply chain, all three dimensions of sustainability are enhanced (Müller & Voigt, 2018).

			Strategic diagram


			The density and centrality of each community in the co-word network are calculated using equations (1) and (2) to generate the strategic diagram around the theme of sustainability and digital transformation, as shown in Table 3.

			Table 3. Density and centrality measures for each community in the co-word network


			
				
					
					
					
					
					
				
				
					
							
							Cluster

						
							
							No. nodes

						
							
							No. edges

						
							
							Centrality

						
							
							Density

						
					

				
				
					
							
							C1. Circular economy

						
							
							67

						
							
							151

						
							
							213

						
							
							0,0683

						
					

					
							
							C2. Sustainable development

						
							
							63

						
							
							180

						
							
							245

						
							
							0,0922

						
					

					
							
							C3. Sustainable manufacturing

						
							
							47

						
							
							109

						
							
							205

						
							
							0,1008

						
					

					
							
							C4. I4.0 technologies

						
							
							44

						
							
							132

						
							
							260

						
							
							0,1395

						
					

					
							
							C5. Sustainability for SMEs

						
							
							25

						
							
							50

						
							
							99

						
							
							0,1667

						
					

				
			

			The strategic diagram of the five communities based on the centrality and density measures is shown in Figure 3. According to these findings, there are no I4.0 and Sustainability themes in the Chaos/Unstructured quadrant QIII, such as emerging or disappearing themes, which can be attributed to the research’s newness and immaturity. As previously stated, the majority of current research bringing these topics together – sustainability and digital transformation – was published between 2020 and 2021.

			The C1 I4.0 Technologies cluster, located in QI (Mainstream), plays an important role because understanding technologies is required to capitalize on their benefits in sustainable development. Although research is still being conducted to advance technologies that support digital transformation, the challenges lie in their implementation and adoption by organizations and society. The C5 Sustainability for smes cluster is located in QII (Ivory Tower), which is well structured internally but has relatively weak external relationships, implying that more effort is required to help develop and connect this theme to the main theme. In this regard, it is critical to consider policy to accelerate the adoption of technologies by smes and ensure workforce development to meet the challenges of this transition in these types of organizations.
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