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Abstract

:

Although Industry 4.0 has received much attention in recent years due to the possibility of increasing companies’ productivity, the implementation process is complex. The aim of this study is to present a holistic model for implementing Industry 4.0 based on cleaner production as a fundamental tool for the development of production systems that meet the Sustainable Development 04026-002Goals (SDGs), and social stakeholders that cooperate with this implementation process, helping to develop sustainable infrastructure, processes and technologies to increase the sustainable transformation of these companies towards Industry 4.0. The method used was literature research, and the Delphi technique was used to ask specialists to contribute with their experience to evaluate and propose improvements to the model, in the form of a consensus. The model contributes to the Sustainable Development Goals 9, 12 and 15. This holistic and sustainable model is a contribution to theory and practice, helping executives, technicians, entrepreneurs and those involved with Industry 4.0 to base the implementation process in the needs and specificities of each company, avoiding the “one fits all” models, considering the peculiarities of each company and the complexity of the implementation process in a more efficient and collaborative digital production ecosystems base, seeking to reduce inequalities, through the joint effort of social stakeholders to find ways to restore and/or improve social harmony, impacted by Industry 4.0.
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1. Introduction


New digital technologies have enabled unprecedented interconnectivity, so that industries, supply chain, customers and other key stakeholders can be connected and integrated, enabling humans and machines to exchange data, opening new perspectives for industries [1,2,3]. This digital transformation, called the fourth industrial revolution, or Industry 4.0, is characterized by a new cycle of technological development [4] due to its potential to increase productivity. Despite its importance, the implementation process has received relative attention, but most are not concerned with cleaner production.



Cleaner Production (CP) can be understood as the use of preventive environmental strategies to services, products and processes to cooperate with the preservation of energy, water and raw materials, eliminating or reducing toxic materials, emissions and residues in the production process [5,6] or in the life cycle of a service or product [7]. The aim is to mitigate the risks to environment and people, increasing efficiency and, at the same time, bringing environmental and economic gains [5,8,9,10,11], when, at times, barriers will need to be broken in order to adopt cleaner production [10].



The adoption of cleaner production principles is a basic tool for the development of production systems that can achieve the Sustainable Development Goals (SDG) [12,13,14]. The seventeen SDGs were identified in the United Nations Agenda 2030, presented in 2015 and subscribed to by all United Nations countries, with the purpose of promoting justice, peace, prosperity, and minimizing inequalities, poverty and environmental and climatic deterioration [5,15,16,17].



Industry 4.0 is associated with a group of complex digital technologies to be used in the manufacturing system [18,19,20], and through the implementation of these technological solutions, productivity will be improved, and quality, reliability and costs will be optimized, among others [21,22,23]. The implementation process of Industry 4.0 involves opportunities, but also challenges, such as the strategic alignment of the organization, resistance of the organizational culture, lack of standardization, data security and high initial investment [24,25,26,27]. This involves assuming high risks, with possible impacts on financial institutions, and others [28].



The Industry 4.0 implementation process is complex and subject to some research [29,30,31]. Some relevant studies have proposed models to assess the readiness of manufacturing companies to implement Industry 4.0 [32,33,34,35]; other studies have proposed maturity models with the same purpose [36,37,38,39].



Implementing Industry 4.0 is a challenging process, as the models presented by academia and other institutions are hardly universally accepted, making it difficult for managers to follow a methodology for its implementation [25,40,41]. Strategic roadmaps to guide the process of implementing Industry 4.0 concepts/technologies are not yet clear in academia and industry [21,42,43].



Studies that propose models to achieve cleaner production through implementing Industry 4.0 are scarce [44]. A mixed-integer linear programing model (MILP) was designed to reach cleaner production and circular economy, by optimizing machine-products allocation in Industry 4.0 [45]. In a model to assess Industry 4.0 implementation, technical capability was identified as the most relevant enabler for the adoption of sustainable development and cleaner production [46]. Industry 4.0 was combined with green and lean manufacturing in an implementation model with six phases and twenty-seven steps for improving environmental and economic performance [44]. A model was developed to reduce energy costs in intensive energy industries users during the implementation of Industry 4.0 [47].



The few studies found in the literature that take into account cleaner production for the implementation of Industry 4.0 do not consider the social stakeholders in this implementation process, which is a gap that this study seeks to address to the theory on Industry 4.0 production paradigm. In order to fill this gap, the following research questions were formulated:



RQ1: How should an Industry 4.0 implementation model look like to take into account cleaner production and social stakeholders?



RQ2: What Sustainable Development Goals this model can reach?



The objective of this study is to contribute to the formulation of theory on Industry 4.0, presenting a holistic model for implementing Industry 4.0 based on cleaner production and social stakeholders that cooperate with this implementation process, helping to preserve jobs (people) and develop an adequate infrastructure, processes and technologies to increase sustainable transformation of these companies towards Industry 4.0, and evaluate the contributions to the Sustainable Development Goals.




2. Literature Review


2.1. Industry 4.0


Although some studies question whether the evolution of industry occurred by natural technological evolution or revolutions [33,48,49], four industrial revolutions are usually cited.



The use of water and steam power made possible the mechanization of manufacturing by 1760, which is called Industry 1.0 or the first industrial revolution, bringing new levels of productivity and reducing the use of human physical strength [50,51]. Electrical power and job division made possible mass production through the use of assembly lines, considered as Industry 2.0 or the second industrial revolution [52,53]. In 1969, with the launch of the first Programmable Logic Control (PLC) and the use of electronics, computing, and telecommunications, made possible automation and robotics in operation lines, when Industry 3.0 or the third industrial revolution arrived [54,55].



The world is increasingly uncertain and complex, and industries need to quickly adapt to the market to prevent loss of market share and survive in this challenging scenario [56,57,58]. To help industries overcome this situation, Industry 4.0 was launched. Figure 1 illustrates the four industrial revolutions.



The term Industry 4.0 was coined at Hanover Fair, 2011, as part of a German Government program to improve the competitiveness of their companies, based on high technology, having for pillars: Cyber-physical Systems (CPS), Internet of Services (IoS) and Internet of Things (IoT) [2,59,60].




2.2. Industry 4.0 and Flexibility


Industry 4.0 encompasses technology-based concepts, with the potential to improve performance [61], increase quality, and enable mass customization, bringing more production flexibility than conventional manufacturing [33,62,63].



This industrial paradigm is based on the convergence between Production Systems, Automation Technology (AT) and Information Technology (IT), which enables digital interconnectivity, enabling the exchange of data and information between machines, devices, suppliers, customers and relevant stakeholders [64,65,66].



Given the wide possibilities of Industry 4.0, other nations have also formulated programs with similar objectives to those of Germany, such as: Made-in-China 2025 in China [67], Industrial Internet Consortium in the USA and Manufacturing Industry Innovation 3.0 strategy in South Korea.




2.3. Cleaner Production


Due to the high level of consumption by the population, the continual expansion of the industrial production to meet this consumption and the problem of environmental degradation, the United Nations Environment Programme (UNEP) [68] was created in 1972 to organize international initiatives for environmental protection and the promotion of sustainable development [69].



Cleaner production is defined as a preventive and integrated strategy applied to products, processes and services to improve efficiency and reduce risks to humans and the environment [68], such as the use of sustainable raw materials and the practice of recycling throughout the processes, among others.



Figure 2 displays a strategic model of the Cleaner Production, presenting its many possibilities to increase industrial performance and, at the same time, protect the environment [68,69], showing industrial areas for improvement: product modification, good housekeeping, input material change, production of useful by-products, better process control, on-site recovery/reuse, technology change, equipment modification [69].




2.4. Sustainable Development Goals (SDGs)


Concerned with inequalities and built on the concept of Sustainable Development as a development that meets current needs without harming the potential of future generations, in September 2015 the United Nations General Assembly adopted the 2030 Agenda for Sustainable Development composed of 17 Sustainable Development Goals (SDGs) [70,71,72], subscribed to by all the United Nations countries.



The concept is to overcome the global challenges we face today. The 17 Goals are linked together, but achieving these goals in 2030 seems a very ambitious goal, almost impossible given what we have today.



Each SDG have specific targets, addressing a wide range of issues, including climate change and environmental degradation. Figure 3 displays the 17 SDGs.



Table 1 presents the 17 Goals and a brief description of each Sustainable Development Goal.





3. Materials and Methods


As it was not possible to find in the literature a model that could take into account cleaner production and social stakeholders to help increase the sustainable transformation of companies towards the implementation of Industry 4.0 and, at the same time, achieve relevant Sustainable Development Goals, a literature review was used as the basis for the development of the model.



The initial model was presented to two Production Engineering Professors, each with more than 20 years of experience in teaching and research, for validation, to ensure that the findings are relevant to achieving the objectives. They made minimal changes to the model, which were incorporated into the first model to be presented to specialists.



The Delphi technique was used to ask specialists to evaluate the model. The Delphi technique is an interactive and systematic research technique to gather the consensus of opinion of a group of specialists on a specific subject [73].



Five specialists were invited to evaluate the proposed model and the consensus among specialists was reached in a two-round Delphi survey. These specialists were strategically invited to participate, as they have more than 10 years of experience and are involved in the process of implementing Industry 4.0 in their companies.



To assess the relevance and rarity of the study, the Scopus and Web of Science database were used, as presented in Table 2.



The search was performed in June 2021, using the search string in the Title, Abstract or Keywords, displayed in Table 2. The numbers represent the quantity of documents (papers, conference papers, books, book chapters, reviews, and conference reviews) presented in each database, the year of publication was left open and no filter was used.



Analyzing Table 2, the process of implementing Industry 4.0 has aroused the interest of many studies, as 28% of the studies of Industry 4.0 are about implementation. The proposition of models or models constitutes the majority of these studies (45%), but analyzing them from the perspective of cleaner production constitutes a rarity of studies.



The 4 documents found in Web of Science database were duplicated in Scopus, so the number of documents, in this case, papers, was 5 in total, from 1970 documents.




4. Results and Discussion


Like other industrial revolutions, Industry 4.0 is expected to have a broad impact on industries, markets and society in general.



4.1. Opportunities


It is expected that the implementation of the concepts of Industry 4.0 will bring great opportunities, such as: (1) Provide better production and planning control, through the integration of technologies and communication between customers, suppliers, production and other relevant stakeholders, (2) Increase the company’s global competitiveness, (3) Become or be seen as a modern company, (4) Improve the quality of the production lines, (5) Become or be seen as a company that provides products with superior performance, (6) Reach a better customer/business interaction (pre-sales/sales/after-sales), (7) Increase market share, (8) Deliver products in less time than competitors, (9) Become or be seen as a trustworthy company, (10) Delivery within the initial forecast [18,74,75,76,77,78].




4.2. Barriers


Although the barriers to the implementation of the concepts of Industry 4.0 are relevant, it seems to be less addressed in academic studies [76].



Specialists recognize in the implementation of Industry 4.0 concepts a great opportunity to develop and improve competitiveness [74], but the implementation of the concepts of Industry 4.0 requires high investments in advanced technologies and the integration of these technologies.



Here follows some barriers found in scientific papers: (1) Need to improve the company’s infrastructure, (2) High investments for implementation, (3) Difficulty in changing the organizational culture, (4) Necessity of new management skills, (5) Difficulty in establishing an investment program/Return on Investments (ROI), (6) Difficulty in accessing the learning of new management techniques to organize a company, (7) Difficulty in hiring/training people in digital technology, (8) Leadership resistance to the implementation, (9) Difficulty in integrating information systems, (10) Lack of examples that can be followed for the implementation process [75,76,79].




4.3. Implementing Industry 4.0


To analyze relevant models/models of implementing Industry 4.0 in the academic literature, which addressed several different perspectives other than cleaner production, the following string of research was used: “Industry 4.0” AND implement* AND (model OR model), resulting in 1970 documents in Scopus and 1480 in Web of Science. To filter these documents, the research was limited to: English language, papers, and subject area: Engineering and Business, Management and Accounting, resulting in 117 papers that had their abstracts read, with 42 papers selected for full reading. Only six papers presented some sort of model, from different perspectives, showing the rarity of the theme.



This may be due to the fact that despite the interest in Industry 4.0, evidence of its implementation in practice is still rare [76], challenging and risky, given the need for major systemic transformations that are required in this paradigm shift [80], hindering the work of researchers, entrepreneurs, executives, managers and everyone involved in the process of implementing Industry 4.0.



Industry 4.0 significantly changes production systems and products, with respect to the operations, services and design process [74].



The implementation of the concepts of Industry 4.0 brings consequences for the management and creation of new jobs generating new business models. This impacts industries and markets, contributing to new ways of producing and running a business, while allowing for process improvements and increasing the competitiveness of companies. [74].



The implementation process varies greatly, depending on the country, sector of economy or even from one company to another [74].



4.3.1. General Approaches


Few Industry 4.0 implementation models have been proposed under different approaches:




	(1)

	
Sjödin et al. [80] developed a model based on (i) People—to create and maintain a digital culture associated with innovation, (ii) Process—to establish agile processes, based on data, and (iii) Technology—to configure modular technology to manage the complexity of digital systems, introducing systems to view and monitor critical operational analytics and integrate them with relevant stakeholders;




	(2)

	
Mueller et al. [81] created a model considering: (i) Manufacturing process—controlled in real time, (ii) Devices—physical devices that automatically connect to the information system, (iii) Software—to control business management, production management, regulation and control and other software and (iv) Engineering—to analyze the need for resources in terms of human resources and machinery;




	(3)

	
Martinez [82] generated a model that considers the following steps (i) Define operational efficiency and (ii) understand customer orientation, (iii) analyze the operation, (iv) develop technological solutions, (v) implement solutions and (vi) integrate them, (vii) review, (viii) adjust and (ix) improve the solutions.




	(4)

	
Devi et al. [83] designed a model in which the implementation process was based on high level management that encourages the supply chain and the horizontal and vertical integration, then, use big data, Internet of Things (IoT), and Visual computing to lean on Cyber Physical Systems, which provides the basis for new technologies, as well as management and training systems to reach new steps for the implementation of Industry 4.0.




	(5)

	
Rybski and Jochem [84]) developed a model based on companies that have already implemented lean manufacturing. The process is divided into four phases: (i) Planning process—Goals, pilot areas, roles and responsibilities are defined, budget planning and the qualification of the workforce is established; (ii) Technical preparation—Qualify experts and technology, qualify skills; (iii) Pilot implementation—Implement one or two technologies in pilot areas, create knowledge; (iv) Control and improvement—Control project, transfer acquired knowledge to other areas.




	(6)

	
In a model created by Krishnan et al. [18], the basis is the interest of top managers in implementing Industry 4.0. This process must be supported by Government policies to guarantee the financial performance of industries. Digital processes must be integrated, and the innovativeness of the company to provide a global competitive advantage must be developed in order to satisfy society’s expectation. Thus, industries will be able to adopt Industry 4.0, enabling the fulfillment of customized orders and facing environmental challenges.









The manufacturing sector still has doubts about the implementation of Industry 4.0 [85], since the adoption of Industry 4.0 is still in its initial phase, with many challenges to be overcome [86].




4.3.2. Cleaner Production Approaches


Some studies have analyzed the implementation of Industry 4.0 from the perspective of cleaner production.



	(1)

	
Amjad et al. [44] developed a model combining lean green manufacturing, lean manufacturing and Industry 4.0 to eliminate waste and optimize production. The model starts with the identification of the industry’s problems and introduces the Lean production philosophy. After Lean manufacturing is completely implemented, Cyber-physical systems and controls are introduced as the beginning of the implementation of the Industry 4.0 paradigm. After this stage, the concepts of Green Manufacturing are introduced under the commitment of top senior executives, with the implementation of ISO 14001, 6R techniques (reuse, reduce, recycle, recover, redesign and remanufacture) to reduce energy consumption, greenhouse gases (GHG) emissions and resource usage, and use of renewable energy resources. The model emphasizes the reach of smart energy monitoring using Industry 4.0 concepts.




	(2)

	
The model proposed by Shayganmehr et al. [46], considered Industry 4.0 as a key instrument to support the implementation of the Circular Economy (CE) and Cleaner Production (CP) to increase the quality of services and products in a context of sustainable and ethical business development. The model is a readiness model for the implementation of Industry 4.0 with six enablers: (i) Technical capability; (ii) Policy and regulation; (iii) Education and participation; (iv) Security and safety; (v) System flexibility; and (vi) Support and maintenance, and sub-capacitors. Technical capability was considered the most important enabler to successfully adopt sustainable development and cleaner production.




	(3)

	
Rajput and Singh [45] developed a model to minimize machine processing costs and energy consumption through effective machine-product allocation, to reach cleaner production and circular economy by reducing energy consumption.




	(4)

	
The model developed by Ma et al. [47] aims to save energy costs, based on plant, machinery and shop-floor, through the technologies of Industry 4.0. There are three layers in the model: (i) Perception layer—Energy consumption was monitored in real-time, (ii) Management layer—for energy efficiency assessment, and (iii) Application service layer—for energy efficiency optimization. The model foresees external links with the Government and energy departments.




	(5)

	
Lu et al. [87], suggested that industries should consider in their business strategy, from the initial phase of implementing Industry 4.0, that in all decisions, policies, actions and practices, the following components should be analyzed: environmental, philanthropic, legal, ethical and economical. This reinforces the role of corporate social responsibility and organizational innovation in contributing to organizational performance [88], which is relevant to the adoption of an environmentally sustainable manufacturing.







The strengths of some models are basing the process on industry needs, involving top executives and adapting the organizational culture to the introduction of different production systems. Others consider the circular economy and cleaner production as pillars for the implementation of Industry 4.0 and easy to handle. There are models that focus on reducing investments in machinery and energy consumption, one of the main challenges in implementing Industry 4.0, and others focus on minimizing energy consumption and strengthening ties with Governments and the energy department. Another considers the social aspects, is concerned with providing guidance to support the business strategy, and can be applied in any situation, not just in the implementation of Industry 4.0.



The weakness of some models is the time required for this implementation to base the implementation process on Lean manufacturing, and only later for the Green Manufacturing implementation. The introduction of Cyber-physical systems, controls and energy monitoring does not guarantee the implementation of the Industry 4.0 paradigm. The social impact of Industry 4.0 implementation was not discussed in some models. In addition to a readiness model, it is restricted to analyzing an industry moment. Some models are restricted in scope and others are too generic to provide guidance.





4.4. The Proposed Model


The proposed model is presented in Figure 4.



The proposed model is centered on the cleaner production strategy, considered a fundamental tool for the development of production systems that meet the Sustainable Development Goals (SDGs), and on social stakeholders, as a basis for the implementation process, and not as a consequence of this implementation, as seen in some approaches.



The model shows the need for an integrated and participatory approach for the implementation of Industry 4.0, presenting the flow of processes that interact with each other, described below. It is designed to present a holistic view of the complexity surrounding the implementation of Industry 4.0, going beyond the purely technology-centric approach that has dominated academic studies, but considering the relevance of technology.



Due to the importance of preserving the environment, cleaner production should be considered a fundamental need, as a basis, from the initial stages of the implementation of Industry 4.0 [44,45,46,47], and not as a result of the implementation process.



The fundamental concept of this model is to base the Industry 4.0 implementation process using cleaner production as a strategic tool. From the beginning, the technologies and concepts of Industry 4.0 must be established based on the preservation of water, energy, raw material, reduction or elimination of emissions, toxic material and residues in the production process [5,6,44,45,46,47] or in the life cycle of a product or service [7,89,90]. The objective is to bring environmental and economic gains, while increasing efficiency and reducing risks to the environment and people [5,8,9,10,11,12,44,45,46,47].



(1) People must be a relevant factor of attention. The implementation of Industry 4.0 is complex, involves extensive capital and time to train the workforce, adapt the organization’s culture, and install, integrate and operate the new (2) processes and (3) technologies [74,75,76,79,91,92,93].



It is a technological and organizational culture change that involves risks, which grow as companies find themselves in advanced technological stages [75,76,79,94]. Companies that are in the Industry 1.0 or 2.0 stage should consider introducing automation technology and information technology first into the production process to reach the Industry 3.0 standard first, in order to reduce investments, risks and prepare the organizational culture.



(4) Adequate infrastructure is necessary to support the complexity of the changes, requiring that companies can be guided in this implementation process. It is expected that the implementation of Industry 4.0 will bring unemployment [74,75,76,77,78,79] to the less qualified workforce, so these companies should be oriented towards alternatives to preserve the income and/or employment of this less favored workforce, reducing inequalities [74,75,76,77,78,79]. It is suggested that social stakeholders such as: Government [95,96], unions (employers and workers), banks, academic institutions, other organizations and institutions, as well as private companies [18,47,72] can join efforts to assist in this process.



Unions, academic institutions, and other organizations and institutions engaged in the process, should seek alternatives for the possible unemployed [97], such as training, requalification, entrepreneurship, among other alternatives.



Governments must establish public policies to provide an adequate infrastructure, finance and encourage this implementation [18]. Banks should offer prime rate credit lines to encourage this process.



From the adoption of a Cleaner Production strategy, organizations, institutions, academic institutions and private companies, even though they are competitors, must jointly analyze the best alternatives to overcome the barriers and take advantage of the opportunities of this implementation process, helping in the development of sustainable processes, infrastructure, and technologies to increase the sustainable transformation of these companies towards Industry 4.0.



In the companies the process must be conducted by (5) top executives, supported by qualified and committed technicians, as it involves substantial changes, requiring leaders who can move forward, correct directions and maintain the necessary change actions to minimize risks, keep investments within budget and keep everyone involved in this process of change and open to innovation [19,84].



The (6) needs and objectives of each company must be established from the beginning to propel the company on this journey to Industry 4.0. That is, companies should implement Industry 4.0 in an effort to achieve their goals [84], not by fad or impulse.



Considering that the implementation process varies a lot, depending on the country [73], and that companies, even in the same economic sector, have their (7) own specificities, the model does not suggest the process of internal implementation in each company. This internal process must be built considering each goal or objective in partnership with academic institutions, organizations and institutions, private companies, and other relevant stakeholders. General guidelines can be suggested, but propose a general process of internal implementation, and to think that any company could adopt it is to disregard the differences between the companies.



The processes that make up the holistic model are networked, influencing and being influenced by other processes. Depending on the stage of the industry, the greater the investment effort in the implementation process will be, which is influenced by the determination of Governments to support their industries for the implementation of Industry 4.0, through different mechanisms and/or actions.



The holistic model presents the network where top executives are influenced in their decisions about the implementation of Industry 4.0 by the cleaner production strategies, associated with the ease of finding qualified labor, affordable technology prices, which will determine the manufacturing processes, as well as internal and external infrastructure of the environment of the company.



The joint determination of social stakeholders to generate industrial development through the use of cleaner production strategies while preserving sustainable development and social harmony, ends up connecting to generate a positive impact on the Sustainable Development Goals.




4.5. Implications for the Sustainable Development Goals


The model based on cleaner production and social stakeholders allows the implementation of Industry 4.0 with environmental advantages, enabling companies to meet the following SDGs:



# 9 Industry, innovation and infrastructure—Industry 4.0 can make industries more productive, bringing opportunities to all, but it must be supported by a resilient infrastructure, hence the need for Government participation in the implementation process, under a culture of innovation.



# 12 Responsible consumption and production—As the model is based on cleaner production to reach Sustainable Production Consumption, it is strategic to maintain economic and social development, avoiding environmental degradation, in order to keep the development of the future generations.



# 15 Life on land—The cleaner production strategy adopted in this model is supposed to reduce degradation that compromises species and reduce climate change.



Manufacturing is an important sector of the economy that brings wealth where it is installed [98], so that some other SDGs can be indirectly reached by increasing the productivity and competitiveness of these companies, such as: # 1 Reduce poverty, and # 2 Hunger – increasing the populations’ income; # 3 Good health and well-being, by building or expanding health facilities and # 4 Quality education demanded by a higher income population. # 6 Clean water—companies can contribute by using cleaner production, which reduces water contamination and waste [99].




4.6. Contributions to Theory


This holistic and sustainable model contributes to the theory of implementation of Industry 4.0, presenting that (i) it is possible to migrate from any stage to Industry 4.0, but to reduce risk exposure and investments it is advisable that companies have at least adopted Automation and Information Technologies; (ii) Cleaner production should be considered a strategic factor to base the implementation process, not as a result of this process, bringing environmental and economic gains, furthermore increasing efficiency and reducing risks to environment and people [5,8,9,10,11]; (iii) Government, unions, banks, academic institutions, other organizations and institutions, as well as private companies, should join efforts by collaborating with this implementation process [18,47,72], helping to develop sustainable processes, infrastructure and technologies to increase sustainable transformation of these companies towards Industry 4.0; (iv) Due to the risks, complexity and volume of investments, the implementation process must be led by top executives supported by technicians [82,84]; (v) Needs and goals must be defined from the beginning to guide investments and the course of actions [84]; (vi) The peculiarities of each company must be considered before establishing an implementation process; (vii) The model directly contributes to the Sustainable Development Goals 9—Industry, innovation and infrastructure, 12—Responsible consumption and production, and 15—Life on land and, indirectly, to some others.




4.7. Contributions to Practice


The competition among industries has intensified, they need to stay competitive to remain in the global market, becoming more flexible to adapt to a tempestuous competitive environment to gain competitive advantage [100,101].



The contribution to the practice is to alert entrepreneurs, technicians, executives and those involved with Industry 4.0 to base the implementation process in cleaner production, in order to promote operational, environmental and economic benefits [102,103] and in the needs and specificities of each company, avoiding general models, respecting the companies and the complexity of the implementation process, based on more efficient and collaborative digital production ecosystems.





5. Conclusions


The objective of this study is to present an implementation model of Industry 4.0. A holistic model for implementing Industry 4.0 was proposed, based on cleaner production as a fundamental tool for the development of production systems that meet the Sustainable Development Goals (SDGs) and social stakeholders considered pillars for this implementation process, helping to develop sustainable infrastructure [74,75,76,77,78,79], processes [18,80] and technologies [16,17,18,19,20,47,74,75,76,79,84] to increase the sustainable transformation of these companies towards Industry 4.0. The model was evaluated and improved by specialists through the Delphi technique.



The proposed model presents, in a holistic way, the complexity that represents the implementation of Industry 4.0 and its interrelated processes, being possible to provide implementation guidelines for companies of the industrial sector.



Unlike other industrial revolutions, the Fourth Industrial Revolution is being studied as it develops, providing an opportunity to seek to reduce inequalities, as generated by other industrial revolutions. The contribution of this model to society, in this sense, is to bring together different relevant social stakeholders (Government, unions, etc.) seeking to reduce negative impacts on society, such as unemployment, reduced income and other impacts on the Sustainable Development Goals, expected with Industry 4.0.



Despite being a theoretical model, a limitation of this study, it is suggested that future studies use it in practice, so that its strengths can be evaluated and its weakness corrected.
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Figure 1. The four industrial revolutions. 
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Figure 2. Strategic model of the Cleaner Production. Adapted from [70]. 
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Figure 3. The 17 Sustainable Development Goals. Source [70]. 






Figure 3. The 17 Sustainable Development Goals. Source [70].



[image: Sustainability 13 12479 g003]







[image: Sustainability 13 12479 g004 550] 





Figure 4. Proposed model. 
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Table 1. Brief description of each Sustainable Development Goal.
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	Goal
	Description





	# 1 No poverty
	It is estimated that around 10% of the world population, or 790 million people (2021), live in extreme difficulties, struggling to fulfil needs like food, education, health and access to sanitation and water. The COVID-19 pandemic could lead an additional 71 million people to this condition.



	# 2 Zero Hunger
	In 2019, about 25% of the world population (around 2 billion people) did not have access to sufficient and nutritious food. Food scarcity and high food prices are world problems, mainly in Africa and Asia.



	# 3 Good health and well-being
	Poor countries did not have sufficient health facilities. The COVID-19 pandemic aggravated this situation. An additional 18 million health workers are needed in poor countries.



	# 4 Quality education
	Education is a key to escaping poverty, reducing inequalities. Around 773 million adults remained illiterate in terms of writing and reading skills.



	# 5 Gender equality
	Gender inequality remains everywhere, stagnating social development. Only 28% of the managerial positions worldwide were held by women.



	# 6 Clean water and sanitation
	Water is necessary for health, as well as to food security, poverty reduction, human rights, education and peace. Around 785 million people do not have basic drinking water.



	# 7 Affordable and clean energy
	Energy system is basic to support all sectors of the economy, such as: medicine, education, agriculture, infrastructure, etc. Around the world, about 789 million people do not have access to electricity.



	# 8 Decent work and economic growth
	Inclusive and sustainable economic growth creates jobs, drives progress and raises living standards. The COVID-19 pandemic is negatively impacting the economy, generating unemployment.



	# 9 Industry, innovation and infrastructure
	Industrialization brings opportunities to all; resilient infrastructure and innovation support it. In total, 54% of the world’s population uses the Internet, but in poor countries only 19% of the population can access it.



	# 10 Reduced inequalities
	Two out of 10 people have suffered discrimination. Inequality is growing around the world, increasing the risk of wars and making it harder to promote social and economic development.



	# 11 Sustainable cities and communities
	Nine out of 10 people live in urban areas around the world. It is fundamental that cities can provide adequate infrastructure, services and planned urban development, and at the same time sustainable.



	# 12 Responsible consumption and production
	It is important to reach sustainable consumption of products to keep social and economic progress, avoiding environmental degradation that can compromise the future development of the next generations.



	# 13 Climate action
	Every country in the world is being affected by climate change, bringing droughts, wildfires, floods, hurricanes and other climate disasters.



	# 14 Life below water
	Fisheries and the oceans supply the social, environmental and economic needs of the global population. About 3 billion people depend on coastal and marine biodiversity for their financial support.



	# 15 Life on land
	In total, 31% of our planet’s land area is covered by forests. Degradation compromises species, promotes climate change and harms the livelihoods of 3.2 billion people.



	# 16 Peace, justice and strong institutions
	Sustainable development needs to be based on an inclusive and peaceful society, providing access to justice for all. Everyday 100 civilians are killed in armed conflicts.



	#17 Partnerships for the goals
	To solve the world problem, it is necessary to strengthen the global partnership and multilateralism. It is time for governments, scientists, civil society, academia and the private sector to unite for the common good.










[image: Table] 





Table 2. Number of documents in Scopus and Web of Science database.
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	Search String
	Scopus
	Web of Science





	“Industry 4.0”
	15,566
	8933



	“Industry 4.0” AND implement*
	4364
	2679



	“Industry 4.0” AND implement* AND (model OR framework)
	1970
	1480



	“Industry 4.0” AND implement* AND (model OR framework) AND “cleaner production”
	5
	4
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