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Abstract

:

Industry 4.0 (I4.0) technologies have been highlighted in recent literature as enablers of servitisation. Simultaneously, businesses are advised to implement a circular economy (CE) to bring new opportunities. However, it is pertinent to mention that little attention has been given to assess the role of I4.0 in adopting the CE and servitisation in a fully integrated manner. This research fills this gap by developing a conceptual framework through a systematic literature review of 139 studies investigating the relationship between the I4.0, CE, and servitisation. This study identifies the impact of these variables on a firm’s operational and financial performance (revenue stream, growth, and profitability). Our research findings advocate that adopting I4.0 technologies to the business and manufacturing model enables sustainability, energy and resource efficiency while enhancing performance and offering innovative products through smart services. Thus, firms must systematically adopt I4.0 technologies to support a CE model that creates value through servitisation. This study identifies the research gaps that are unexplored for practitioners and future researchers while providing insight into the role of I4.0 in implementing CE in the servitisation business model.
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1. Introduction


Technology plays a vital role in today’s dynamic world. It continuously transforms how organisations operate by reshaping products, processes, services, strategies and adopting sustainable business models to perform better [1,2,3]. The fourth industrial revolution, called Industry 4.0 (I4.0), integrates IoT, cloud computing, cyber-physical systems (CPS), smart manufacturing/factories, artificial intelligence (AI) and big data analytics for value creation that enables the binding of a smart, decentralised, and digitised value chain [4]. Innovative products with high functionality are in great demand with enhanced technological advancement that utilises cautious resources (capital resources, human resources, and material resources). Therefore, I4.0 has been deliberated as a suitable solution for addressing contemporary issues such as innovation cycles, enhanced demand volatility, and increasing customisation [5]. The primary focus of this integration is to modify a business model (BM) while providing new revenues and value-producing opportunities that reduce a product’s manufacturing time and efforts [6].



In addition to this, industrial organisations are expected to create sustainable value, such as contributing to society by pursuing social, ecological, and economic objectives as the circular economy (CE) [7]. In simple terms, I4.0 plays a critical role in strengthening and maintaining future global competitiveness [8]. I4.0 is an innovative approach that adds value to manufacturing processes and thus possesses a marked improvement for its sustainability [9] and supports servitisation [10]. Therefore, it is within the interests of businesses to enable and enhance technical development within the BM. This vision aims at higher flexibility, and improved quality and commercial (economic) returns to gain a competitive market advantage [4].



A common perception among academics is that this revolution will create digitally enhanced machines that will efficiently substitute human labour [11]. The usage of these intelligent machines comes under servitisation and subsequently improves an organisation’s overall performance [12]. Industries continuously work towards increasing production, but they have been trying to do so by providing products alone without technology-enabled services in the past years. [8]. Hence, in today’s competitive market, I4.0 technologies possess the potential to catalyse the rapid development of the CE paradigm through specialised service design. Servitisation disrupts the economy and forces it to evolve by advancing technology, creating professional employment opportunities, opening new markets, and boosting goods and services through sustainable life-cycle integration [13]. This systematic transformation is based on the CE paradigm that generates revenue from an undervalued waste stream [14]. It encompasses organisations’ innovative techniques to use energy, resources, and materials while reducing their environmental impact [3,4] efficiently and effectively. Questions remain regarding how to manage this progressive integration solution.



The academics and practitioners actively adapt to the CE paradigm and adopt pivotal technologies to enhance their operational efficiency and financial performance [15]. This unprecedented change persuades firms to adopt digitalisation through software empowered products [16]. CE’s comprehensive methodology provides organisations with environmental, social, and monetary benefits when it replaces the traditional linear-economy model [17]. At the same time, servitisation offers “outcome as a service” instead of a one-off sale [18]. Consequently, in today’s competitive world, the demand for the next generation of intelligent products with improved functionality and value-added services is rising [19,20]. Products must be integrated with closed-loop processes across the supply chain [21], and service provision constitutes a massive share in the revenue stream for manufacturers [22,23].



The focus of this study is to find the answer to the following research questions: what are the focal discoveries by previous researchers of (i) I4.0, (ii) servitisation, and (iii) CE? How do firms perceive the collective potentials of combining them? The literature review presented in this paper explores the relationship among the key variables, i.e., I4.0, servitisation, and CE, to investigate the disposition of this fast-moving global revolution. It also analyses how this relationship influences firms’ operational and financial performance to clarify the impact and consequences of the above-mentioned three megatrends. The preliminary part of this paper will briefly explain the main variables of this research study. Furthermore, this paper will present an in-depth, cross-theme analysis of the variables and evaluate their relationship.



This paper is structured as follows; Section 2 briefly describes the methodology adopted to conduct this research and explains the selection process of the articles. Section 3 presents a combined summary of the literature related to the key variables: I4.0, servitisation, and CE, and their relationship—investigating their impact on the performance of firms. Finally, Section 4 presents the discussion and conclusion, including practical and research gaps relevant for future investigation.




2. Research Methodology


The systematic literature review (SLR) approach has been widely used in the multidisciplinary domain to investigate the in-depth knowledge of research findings from various studies [24,25]. The critical principle of SLR is transparency and inclusivity, which logically initiates research to conduct a rational and objective stance from previous research [26]. This paper uses the methodology suggested by Fisch [27] to conduct a transparent SLR. This method supports building a conceptual foundation of this paper’s key variables (I4.0, servitisation, and CE).



2.1. Steps of Systematic Literature Review


The authors have followed the planning, execution, and reporting principles suggested by Tranfield [24] in conducting an SLR. A list was articulated containing all the elements of the selected papers. It helped the authors to scrutinise the information from variant perspectives. Figure 1 depicts the steps used in this study to conduct the SLR.



The first step of an SLR is to determine the research scope and identify key objectives [27]. This research study aims to analyse the previous research to identify key characteristics and the novelty of the variables (I4.0, servitisation, and CE) and the relationship among the key variables. Then, the paper assesses the impact of the key variables on firm performance.



The second step involves screening the relevant articles for analysis. There is a high chance of systematic error in this phase, and so the authors used Newbert’s inclusive and exclusive criteria for selection [28]. After several brainstorming sittings among the authors, eight keywords related to the research domain were selected that met the screening criteria, i.e., I4.0, the fourth industrial revolution, smart manufacturing, internet of things (IoT), digitalisation, servitisation, product-service system, and CE. Later these keywords were refined by different combinations, for instance, “CE and/or I4.0”, “CE and/or servitisation”, “CE and/or IoT”, “I4.0 and/or servitisation”, “I4.0 and/or CE and/or servitisation”. One hundred and thirty-nine articles were extracted and analysed to identify the patterns, directions, comparations, and variances related to the key variables of this study (I4.0, CE, and servitisation).



The focal goal of this study was to investigate the key variables (I4.0, servitisation, and CE), their relationship, and their impact on performance. Thus, the third step was selecting relevant publications from the selected databases in a predefined period (from 2013 to the first quarter of 2021). The four databases that were used were Emerald, Science Direct, Scopus, and Web of Science. The journal articles from these databases are of high quality as they are peer-reviewed. From searching these databases, it is clear that the key variables used in this paper (I4.0, CE, and servitisation) are currently receiving increased attention from academics and practitioners [1,16,29].



The fourth step involves validating the quality of the search protocol followed in conducting this research to ensure data validity and reliability. This study used Newbert’s [28] inclusive and exclusive criteria to shortlist the relevant papers:



	
Empirical research papers in the business and management discipline.



	
Multidisciplinary empirical papers on I4.0, CE, and servitisation, especially business and management discipline (including supply-chain management).



	
Papers only selected from peer-reviewed scientific journals published in English.



	
Non-academic papers such as white papers, industry magazine papers, and personal blogs were excluded.



	
Articles with at least one keyword (I4.0 or/and servitisation or/and CE) in the title or abstract were selected to ensure relevance.



	
Duplicates and papers published outside the specified period (from 2013 to the first quarter of 2021) were excluded.






The authors utilized an architecting software system known as Quality Attributes (QA), as Agarwal [30], to conduct the study. It includes a series of checklist questions that limit errors and biases. The four QAs used to ensure the validity and reliability of the research, eliminating potential subjective prejudices, are:




	
QA1: Do the selected papers discuss any I4.0 technologies or/and servitisation or/and CE or CEBM?



	
QA2: Does the selected paper related to the key variables (I4.0, CE, and servitisation)?



	
QA3: Does the selected paper discuss the relationship among the key variables (I4.0, CE, and servitisation)?



	
QA4: Do the selected paper findings, results, and conclusion correspond to our research domain?









2.2. Methodology Process


The research began by selecting four databases (Emerald, Science Direct, Scopus, and Web of Science) and one search engine, i.e., “Google Scholar”, to extract the relevant research papers. The following databases are believed to be highly credential for holding scientific publications from all over the world.



The initial research started by searching the keywords (I4.0, servitisation, and CE) to select the papers for review. Figure 2 shows a PRISMA flow diagram and explains the rigorous process followed in the selection of papers. The authors found 4301 papers overall within the databases and selected 1965. Various filters were used to refine the keywords with Boolean logic, concentrating the search to 614 papers.



The authors decided to apply inclusive and exclusive criteria to these selected papers’ search process and quality attributes. This step excluded papers that were less scientifically rigorous or irrelevant for this study. This resulted in a final 415 papers left for analysis. After reading the content of these papers, the authors finalised the relevant papers for the ultimate selection. The authors were left with 139 papers that met the criteria and were explicitly related to the theme of this study. Table 1 highlights the methodology process that the authors adopted to select the most relevant papers for this research:



2.2.1. Analysis Process


The selected papers finalised for review were unwaveringly related to the key variables (I4.0, servitisation, and CE). The next step was to archive and classify them into a research matrix prepared on an excel sheet. The authors conducted a rigorous analysis to retrieve valuable information that comprehended their domain. These papers were categorised according to the journal name, year of publication (2013–first quarter of 2021), authors, theme (main focus of the research), type of paper (empirical or conceptual frameworks), design, applied methodology (systematic literature review, qualitative, or quantitative), sample size (population or unit analyses), research gap (for future researchers), and the results.



The research matrix made it easier for the authors to cover I4.0, servitisation, and CE from various standpoints. There were three exclusive features identified from the review: (i) Most of the papers had been established or developed using two of the three variables (I4.0, and/or servitisation, and/or CE); (ii) Most of the papers included theoretical framework or case studies using qualitative research techniques from developed countries; and (iii) Most of the papers were undertaken from the perspective of customer value or firm’s downstream operations. These judgments lead the authors to identify and develop the conceptual views in the domain of the key variables (I4.0, servitisation, and CE). The classification of the analysis process of the finalised papers that were used in this study can be divided into the following sections:




	
Keyword analysis



	
Descriptive analysis



	
Methodology analysis









2.2.2. Keyword Analysis


The keyword analysis holds significant importance in the paper. It transpires the focus area of a research paper. Several keywords were identified; the clustering of these keywords helped the authors to set them into categories. The keyword categorisation process used in this paper is described in Figure 3.



The authors cited various keywords during the analysis process, such as the internet of things (IoT), cyber-physical System (CPS), smart manufacturing, smart factory, product-service system (PSS), sustainability, and circular BM. These come under the master themes: (i) the role of I4.0, (ii) servitisation, and (iii) CE. The authors then conceptualised the master theme as the hybrid of the three key variables (I4.0, servitisation and CE).



Consequently, this paper indicated three distinct research areas in which the authors investigated how this combination of variables meets, captures, and delivers new value to all stakeholders. The authors reviewed the 139 papers in detail. Each paper was categorised depending on its primary focus and subsequently set into first-order thematic categories according to the key variables (I4.0, servitisation, and CE). They were then further grouped into a second-order analysis representing the key variables’ hybrid categories (I4.0 and/or servitisation; I4.0 and/or CE; servitisation and/or CE).




2.2.3. Descriptive Analysis


The authors selected relevant papers that were published between 2013 to the first quarter of 2021.



Figure 4 demonstrates the database-wise analysis of the finalised papers relevant to this study. Most of the articles originated from Scopus, whereas the lowest number of articles came from the Emerald database. Figure 5 showcases the distribution of journals in which the finalised 139 papers used by the authors to conduct this SLR were published.



It is evident from Figure 6 that there has been regular research on servitisation within the literature over the years. In contrast, I4.0 and CE literature has only received particular attention among researchers in recent years. The government and practitioners are giving a lot of consideration to investigating the potential of I4.0 technologies in firms that adopt a CE.



Researchers and scholars from all over the world publish their research work on these databases. It is vital to understand the geographic location of the authors. The authors have used inclusive and exclusive criteria for selecting the relevant papers. It is evident from the literature on servitisation that it has been covered almost equally worldwide, as shown in Figure 7.



In contrast, most of the articles related to I4.0 originate in early years from the Germany, as the term “Industry 4.0” was coined in Germany, as showed in Figure 7. In comparison, the USA and the UK hold the most significant share in providing technological services. Figure 7 also showed that the articles on the CE paradigm are published mainly by authors from the Netherlands, France, the UK, and Italy.




2.2.4. Methodology Analysis


After conducting descriptive and keyword analysis, the authors categorised the papers according to their adopted design and applied methodology. It is evident from Figure 8 that among 139 papers selected for the SLR, 23% of the I4.0 and/or CE and/or servitisation papers are literature reviews (systematic or narrative). In contrast, case studies are applied to 46% of the papers. The authors have adopted the qualitative approach by interviewing the related firms that have adopted the CE and are service providers.



The authors identified a research gap in the current literature, suggesting that most future researchers should adopt a mixed-method approach when conducting case study methodology to validate outcomes. It can be said that I4.0 and CE literature is comparatively new; thus, researchers are still developing the conceptual or theoretical framework. In contrast, service-related papers are mostly case study based, where the authors have tried to understand the orientation through employees’ experience.






3. Results


The SLR results are characterised into three groups. Firstly, how the key variables (I4.0, servitisation, and CE) have been studied in the business and management domain. The second objective is to analyses their hybrid affiliation by investigating how each variable plays a role in enabling another. Lastly, an in-depth analysis of how I4.0, servitisation, and CE impact a firm’s performance.



3.1. Key Variables


This section discusses the three main concepts, I4.0, servitisation, and CE. A brief description of these concepts is presented below.



3.1.1. Industry 4.0


I4.0 technologies (IoT, cloud computing, predictive analytics, and big data) offers a sophisticated interconnected platform that combines hardware and software [31,32]. A general assertion shared among scholars and researchers is that 14.0 connects the physical and digital world [4,12,16]. IoT technologies in industrial manufacturing and production systems help digitalise these systems [33] and contribute to value creation [34].



I4.0 was initially developed in 2011 as a zero-sum method based on the impact of innovation [16,35] on future production systems and as a scheme to establish Germany’s competitiveness in the fourth period of economic change [35]. The term “I4.0” was coined by Klaus Schwab, a German industrial strategist, in 2015 [36]. It provides an intrinsically accessible platform for businesses to adapt to unforeseeable market conditions [15].



It supports management processes by streamlining decision-making about operations, digital transformations and enhancing the customer experience while improving the return on investment [4]. It was founded on the principle of intelligent, vertical, horizontal, and real-time connections of machines, people, information, objects, and communication systems to manage complex systems vigorously [28].



From the I4.0 literature analysis, it is noted that the present increasing attention and interest of organisations in I4.0 technologies encapsulate the technical foundations of its general implications on business [2,3,37]. Most studies focus on the challenges of I4.0 for organisations [36,38], in the form of reviews or opinions that critically relate to BM designs [39,40,41] and how I4.0 can help organisations’ deliver, capture, and create value in this context [4]. The vital influence of I4.0 in BMs has critically received limited attention from researchers [16,42].



In a BM, the value proposition is being reformed by the technology known as I4.0 that critically contributes towards improving consumer operations procedures [8]. Experts believe l4.0 is a cluster of opportunities [28,43]. This perception aligns with the results gathered from papers that indicate that I4.0 supports firms in improving their performance [12,44,45]. Another common perception within the literature is related to the role of l4.0 technologies adapted for different roles within a firm [35]. The analysis showcases a positive outcome on the internal infrastructure within a business management context [12], the principal constituent of the business operations model [14,46], and customer relationship management [12,47] when the system is accustomed accordingly.



Likewise, Rymaszewska [1] suggested a service-based operating model that essentially constitutes the manufacturing assets and provision of production along with associated analytics services, full-service operations, information services, and efficient mass customisation via end-user integration. Presently in companies or factories using I4.0, equipment is connected as a collaborative community [48].



This type of evolution supports the usage of advanced prediction devices [10,32,49]. Data gathered can be methodically administered to identify uncertainties and develop well-versed solutions to overcome barriers to a more collaborative, sustainable, and resilient supply-chain network [10,50]. Thus, it can be said that I4.0 is an advanced version of predominantly information technology (IT) that drives transformations in the current manufacturing operations and systems [37,38,51]. Experts have also shown consensus about l4.0, suggesting that such development not only infuses technological advancement but is accompanied by versatile organisational repercussions as well [12,21,52].




3.1.2. Servitisation


Industries and manufacturing organisations are encountering many changes and revolutions resulting from the past few decades. Technology has changed the criteria related to how organisations do business with customers and develop, supply, and manufacture products [34]. The two existing macro-phenomena I4.0 and servitisation have an impact on and significantly challenge organisations’ BMs.



Servitisation is principally linked to the demand-pull innovation trajectory [34]. As the present industries and markets shift from product consumption towards result-oriented demand, consumers anticipate receiving supplementary services that improve their overall experience while making purchases or getting in touch with their goods and services [1].



In some situations, rather than finding ways to pay for the product or services itself, the consumer wants to obtain the worth integrally presented using the merchandise, consequently using it as a service [53]. This drastic transformation has resulted in the introduction of servitisation approaches within manufacturing organisations, including initiating a shifting from the product-centred organisations towards the PSS [54]. PSS and servitisation are used alternatively in the literature [55].



PSS is customer-focused and substantially impacts product development, life-cycle management, and cost analysis [13,56,57]. Servitisation is defined as the transformation procedure from the product-centric towards a service-oriented BM [55]; servitisation defines the productivity of this process [8]. It integrates services and goods that offer diverse functionalities to stakeholders and consumers and offer environmental advantages [58].



According to Witell et al. [59] and Kuhl et al. [60], transformations are significantly rooted in the value architecture of organisations. They consist of value creation, capture mechanisms, delivery, acting, and complementarities as a manifestation of a company’s business approaches that are critically referred to as business model innovation (BMI).



The most common understanding of servitisation is that it brings competitive and strategic aids for implementing this innovated BM [61]. Several research papers have deliberated a relationship of servitisation within the manufacturing industry [1,18,62], and further researches in this domain have significantly increased in the past two decades [18,61]. There are different definitions for the term servitisation; we have picked the one more relevant to our research studies given in Table 2.



Servitisation is one of the cost-effective megatrends of the present technological society [61]. It is a process that helps create value for the manufactured goods by adding services to products [1]. This current and rising megatrend of the BM is called servitisation [13,63,64]. Many companies have initiated models that have machines and products with intelligent digital systems to operate and communicate with other devices and systems independently [13,32,65]. As a result of this growing trend, many companies have started to use digital systems [12,66] to offer various services to their clients and customers [18].




3.1.3. Circular Economy


The current dominant economic development model, known as the “take, make, and dispose of” model, is presently being questioned [67]. On both the global and regional level, sustainable methods of managing and consuming provisions and natural resources have become significantly important [68]. As Majeed [3] suggested, resource intake’s dominant economic development model is dependent on carrying out business activities by utilising material resources.



Throughout the diversification and evolution of the linear economy, the industrial economy had hardly moved away from the initially established primary characteristics developed in the preliminary days of industrialism [69]. When companies use the linear model, they harvest, extract, manufacture, and sell products in the market, and subsequently, these are entirely discarded when no longer used [67]. The linear model depends on the excessive availability of resources; therefore, there is an immense need to change its entire operation [70].



According to Kristensen [70], “The CE has gained traction as a pathway towards more sustainable economic growth”. CE is referred to as an industrial economy that aims to be restorative, critically relies on alternate energy, reduces, eliminates and tracks the utilisation of toxic substances, and reduces waste via cautious design [4,68]. The CE concept goes beyond the mechanics of consumption and production of products and services, particularly in areas that need to be redefined, such as rebuilding capital involving natural and social aspects and shifting clients from customers to users [52,57]. The perception of the CE is initiated from the study of non-linear systems, specifically the living ones [52].



Copani [71] explain that the idea of circular suggests embracing new techniques for industries and organisations that create value not previously attained for both the consumers and the company itself. The principles of CE entailing the 10R-strategy explain ways for value creation, such as re-using the used product or using its component as a by-product for a new product; rethinking the BM; reducing the usage of virgin resources and enhancing efficiency; reusing a used product by outsourcing; repairing and maintenance of a defected product; refurbishing and restoring products through upgrades; remanufacturing, i.e., using a component of the discarded product in a new product with same functionality; repurposing a redundant product with different functionality, and recycling of products or materials [52,72].



Consequently, De Moura [61] claimed that this idea of CE proposes that the synchronised formation of economic and environmental benefits can produce employment opportunities in the industry. These sustainable financial goals will directly contribute to employment creation where businesses acquire human resources to take care of related services [70].





3.2. Relationship Among the Three Key Variables


The second objective of this SLR is to understand how each variable plays a role in enabling the other variable and vice versa. Initially, of the 139 scientific articles were selected, 40 described the direct and indirect relationships between I4.0 and servitisation. The authors identified that 68 papers described the relationship between I4.0 and CE, and 31 articles dealt with the relationship between servitisation and the CE. An initial overview of the literature was undertaken from various perspectives to test the link between these three key variables.



3.2.1. Linking I4.0 and Servitisation


The current literature relating to servitisation has given unprecedented prominence to understanding organisation-level success and failure [1,61]. It nurtures innovation within business operations as they expand their scope by introducing value-added services [73]. Since it considers the heterogeneous resources of organisations [74], it should be noted that an appropriative infrastructure helps in identifying innovation requirements that enable the effective dispersal of technological innovations [8,71,75]. Commonly, I4.0 improves online scheduling and monitoring systems by deciding on the most acceptable parameters [32,45,51]. Using a cloud-operated dashboard aids timely service interference for manufacturing process alterations [9,76,77].



Bal [78] and Seddon [79] indicated that adapting the lease-first-then-sell (LFTS) concept enhances the profit because remanufactured components decrease production costs, leading to an increase in income [80]. Meanwhile, Schroeder [10] presented an integrated PSS from a life-cycle perspective to reduce costs and associated service disruptions. Thus, the integration of efficient products [71,81,82] and competent services must be accompanied by a supportive network that ensures the disposability of offerings of servitisation [50,83]. For example, 3D printers are frequently presented as additive manufacturing (as one of the I4.0 technologies). This technology supports servitisation because firms take them on lease from a third party instead of buying them, maximising the value of exploiting and reallocating cyber-physical resources [62,65].



Evidence from Table 3 (below) advocates that this disruption caused by adopting the CE revolves around supply-chain management. Consequently, preventing unnecessary material flow by optimising or reducing supply-chain activities results in higher economic rewards [55,76,78,79]. Therefore, innovative product design would facilitate reusing, refurbishing, upgrading, and maintaining products [80]. The I4.0 and servitisation literature are still in development [1,81]. Several studies consider servitisation as the only transformation in the broader sense that helps create value by integrating I4.0 technologies [1,65,82,83]. Businesses must integrate servitisation features into their strategy and ensure an excellent supply-chain network for sustainability that avoids unnecessary disruption [80].




3.2.2. Linking I4.0 and CE


The manufacturing industry is experiencing an immediate revolution from a linear to a circular economic model [89]. Self-optimisation and self-configuration play a significant role in making the system more dynamic and efficient [90]. According to Rehman [45], the critical attributes identified for I4.0 include scalability, interfacing, security, quality of service (QoS), reliability, modularity, networking capabilities, integration, and interoperability.



The transition from a linear to CE results in a notable shift in the market/customer segment. Therefore, to achieve maximum customer value, firms invest heavily in I4.0 technologies by integrating full value networks and transparency of systems [37,50,91,92]. To explain the relationship between I4.0 and CE, most experts have used the term “Digitalisation of CE” [28,33,36,93].



The majority of the business studies-related literature highlights that firms have a dual responsibility [94,95,96,97]. The first and foremost aim is to produce a substantial return on investment [4,98,99]. The other is to eliminate any negative environmental impact while enhancing social acceptability in the new market [100,101,102].



I4.0 offers a path for firms to apprehend a sustainable spot in the market through innovative development, primarily through smart manufacturing [103]. There is a consensus among researchers that the development of information and communication technologies brought about by I4.0 can subsidise sustainable manufacturing through using examples mostly from developed countries [22,100,104]. Saberi [91] suggested that I4.0 technologies such as IoT and blockchains are significant innovations that drive sustainable business systems [68].



According to Govindan [105], infrastructure creation, policies [106], and laws [107] to promote sustainable businesses are critically regarded as significant for the integration of I4.0 [15,38,48]. It is evident from the analysis that few authors insist about policy-enforcement or law binding to make it compulsory for the firms to acquire sustainability in their business model [4,9,77]. Table 4 explores the key studies discussing I4.0 and its impact on CE in detail.



The optimisation of products and services to achieve a functional service economy helps create more excellent value for an extended period [108,109]. In support of this perception, [110] put forward effective strategies for maintaining a sustainable business system that includes product as a service (PaaS), infrastructure building, IoT, energy recovery, and waste recovery as the crucial elements for I4.0 [45,91,111].



Therefore, various authors have assessed the correlation among these two most essential paradigms from several perspectives [51,112]. The majority of the papers used a broader view for analysis such as regeneration of the used product or using its component as a by-product for a new product [17,113]; rethinking the BM [4,28,77,114]; reducing the usage of virgin resources [115,116] and enhancing efficiency [17,21]; reusing the used product by outsourcing [108]; repairing and maintenance of a defected product [117]; refurbishing and restoring by upgrading it [77]; remanufacturing, i.e., using a component of the discarded product in a new product with the same functionality [17,33]; repurposing a redundant product with a different functionality [4], and recycling of products or material [102].



Few authors have discussed this association by assessing this affiliation on a micro-level such as: life-cycle management [9,106,113,118,119], supply-chain management [69,78,115], value chain [36,85,115,120], and stakeholders perception [86,121].
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Table 4. Key studies in the research domain discussing how I4.0 and its technologies enable CE and vice versa.






Table 4. Key studies in the research domain discussing how I4.0 and its technologies enable CE and vice versa.
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3.2.3. Linking Servitisation and CE


The study indicates that servitisation and CE mainly emphasise servitisation as a critical driver for resource reduction [43,100,125,126]. Manufacturers and users regularly take decisions related to elevating and investing capital in the industry [43,100,125,126]. These decisions are critically based on a significant number of factors from across the globe [127]. Servitisation literature follows a similar trend to that of I4.0 and CE. Several papers used for analysing this correlation perceive CE as a vital idea that significantly contributes to servitisation through increased product longevity [55,61], closed-loop supply chains [128], and resource and functional efficiency [58], as discussed in Table 5.



Rymaszewska [1] explains that the flaring of the operations of businesses via multi-stakeholder partnerships [13,55,64,66] can help the organisations gain competitive advantages [13], creating more efficient supply-chain systems [51,61,88,128], and limiting costs [2,106,112] by sharing digital solutions among related stakeholders. Bressanelli et al. [4] suggested a circular economic BM is a primary reason affecting how organisations manufacture, collect and produce value within closed-loop resources [40,51,60,61,64,87]. It is hypothesised as maintenance, repair redistribution (reuse without treatment), disposal, recycling, remanufacturing, energy recovery, and upgrading [67,129].



In most papers, researchers have identified that the CE concept extends the product life cycle and that servitisation is the system that facilitates this transition along with the entire lifespan [58,60,61,70,77]. The redesigning of operations has been studied widely in industries such as those relating to textiles [129], architecture [112], clothing [130], etc., where few authors have discussed servitisation as a solution for decreasing environmental risks [43,90,131]. Similarly, the product life extension model is used for recapturing the potential circular value of the manufacture of goods [13,17,64].



Few authors highlight the sharing platform model as another circular model that links products with those who want them [33,40]. It is used when organisations keep their products in the market for as long as possible [132]. This discourse with the CE principles, where the goods’ history is considered an arrangement of trajectories instead of a liner path design for the production, consumption, and disposal stages [40,106].
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Table 5. Key studies in the research domain discussing how servitisation enables CE and vice versa.
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	Servitisation and CE

References
	Life-Cycle Management
	Stakeholders Perspective
	Business Model
	Differentiation
	Competitive Advantage
	Value Chain
	Supply-Chain Management
	Strategy
	Product Development
	Innovation
	Smart Services
	Reduce Waste
	Resource Efficiency
	Smart Manufacturing





	[13]
	
	x
	
	x
	x
	x
	
	
	
	
	
	
	
	



	[40]
	
	
	
	
	
	
	
	x
	
	x
	x
	
	
	x



	[55]
	
	x
	
	
	
	x
	
	x
	
	
	
	
	
	



	[58]
	x
	
	
	
	
	
	
	
	x
	
	
	
	
	x



	[60]
	
	
	x
	
	
	x
	
	
	
	
	
	
	
	



	[64]
	
	x
	x
	
	
	x
	
	
	
	
	x
	
	
	



	[66]
	
	x
	x
	
	
	
	
	
	
	
	x
	
	
	x



	[70]
	x
	
	
	
	
	x
	
	
	x
	
	
	
	x
	x



	[77]
	x
	
	
	
	
	x
	
	
	x
	
	
	
	x
	x



	[133]
	
	
	x
	
	
	
	
	
	
	x
	
	
	
	



	[87]
	
	
	x
	
	
	
	
	
	
	
	x
	
	
	



	[88]
	
	
	
	
	
	
	x
	x
	
	
	
	
	
	



	[134]
	
	
	x
	
	
	x
	x
	
	
	x
	
	
	
	



	[129]
	
	
	
	
	
	
	
	x
	
	
	
	x
	x
	



	[132]
	
	
	x
	
	
	x
	
	
	
	x
	
	
	
	










3.3. Impact on the Firm’s Performance


I4.0, CE, and servitisation critically impact a firm’s performance by increasing production efficiency and significantly contributing to business systems effectiveness [17,70,77,90,135]. The IoT and other innovative technologies help complement product life-cycle approaches [80,82], enabling the efficient incorporation of product-related information from the formulation of ideas towards describing the products, evaluating the businesses cases, product design and solution, and product improvements [13].



Similarly, with digitisation and servitisation, companies can integrate digital technologies for production and consumer management [80]. In simple terms, I4.0 is playing a significant role in supporting and preserving future global competitiveness [8]. On the other hand, due to the uncertainty in IoT’s implications and actual effects, there are still contradictory proclamations related to its potential risks and benefits from practitioners, politicians, researchers, and consultants [17,65,80].



A cost management assessment of this relationship is pivotal in justifying a firm’s operational and capital expenditure during and after the transition phase [80]. Cost management mainly focuses on three significant areas: impact on the revenue stream, growth, and profitability. A brief description of financial measures is used to assess a firm’s economic performance [136,137].



After careful consideration, the authors identified that numerous papers focused on investigating the redesigning of the operational stream of a firm, variations in operational efficacy [132], or disparities in operational performance after the transformation of a firm. In contrast, some have broadly presented the idea of assessing financial arrangements [72,105]. However, none have provided any concrete evidence of economic parameters [138]. Moreover, the authors rarely evaluated the performance of firms from a legal or regulatory perspective [84].



Therefore, Table 6 highlights the studies according to the metrics or parameters that the authors used to investigate the performance of service-centric firms when they adopted a CE with I4.0 technologies. A brief explanation about the operational and financial performance indicators is given below:




	
Operational Performance



	
Financial Performance








3.3.1. Operational Performance


Businesses based on servitisation will embrace this transition towards the fourth industrial revolution combined with sustainability through the CE in different ways [45,77,91]. I4.0 technologies are mostly data-driven analytics that provides a greater level of flexibility [93]. Thus, firms that adopt the CE will capitalise through servitisation collectively with a higher degree of automation [9]. However, this road is paved with barriers [35]. There are three main domains: (i) Manufacturing operations: this includes asset management [128], smart manufacturing [111,139], end-to-end transparency [77], performance optimization [3,140], and human resource management; (ii) Maintenance and production asset management: involving the tracking and tracing of assets to ensure high quality, enhanced functionality/performance, and to monitor the degradation of assets [6,109]; (iii) Field services: these are value-added services such as installation, maintenance, and repairs [1,42,63]. Therefore, a radical shift in BM will serve as the capable connection between service design and a circular product [77,114,140] through streamlined data sharing among stakeholders [4,114].



The management principles from the BM perspective have been vaguely studied across different domains [141]. It is believed that the combination of I4.0, CE, and servitisation will create an entirely new manufacturing concept. Therefore, an overview of the main trends concerning the themes and expected development in the literature of key variables (I4.0, servitisation, and CE) is provided as follow:




	
Business Model








BM has always been a vital pillar in management sciences [40]. To cater to global competitions, businesses are bound to adopt an efficient and adaptable BM [61,114,142,143] to deliver a high level of flexibility and transparency in developing, designing, and manufacturing high-quality products and service packages at an affordable price [70,117].



I4.0 will support creating value by reducing operating costs through end-to-end integration [144]. At the same time, servitisation increases the efficiency of remanufacturing, reusing, and recycling systems due to analytical algorithms that process big data collected at different stages of production [135,142]. It is a dual-dimensional, conceptual representation of a firm’s value creation and value capturing profitably and sustainably [35,141]. Another essential value domain of a BM is its value propositions, which answer the question as to why customers prefer the firm over other businesses operating in the market. Studying this shift would aid in identifying the potential prospects in the combined BM from the firm’s perspective.



	
Value Domain






The diversification of the traditional BM has become a radical measure in reconfiguring value networks [85]. Businesses opt for superior value propositions to integrate effective and efficient functionalities to a circular product [115]. These value propositions are interconnected elements of a BM [128] that help a firm to gain a competitive advantage in the market [145]. The traditional value domain was majorly concerned with the creation of value through financial measures [100,146]. It is now adding value-capturing and value opportunities to help a firm survive in the market [77,92].



The revised value drivers emphasise increasing resource efficiency, reducing material consumption [70,71,87], extending the lifespan of a product with enhanced residual value [23,67,83,147], and closing the loop [41,103,148]. I4.0 technologies (IoT, big data and analytics, cloud computing, and robots) are playing a vital role in improving product design [35,65,121], attracting new customers while upholding the existent customer segments [12,71,149] by providing add-on technical and maintenance support [44,150,151]. Several authors noted that servitisation would benefit firms operating in any sector if they reconfigure their BM by integrating I4.0 technologies [9,14,61,133,152,153,154,155].



	
Supply Chain Management






Supply Chain Management (SCM) plays a critical role in enabling a firm’s competitiveness [117,156]. Therefore, in today’s global dynamic market, businesses must rethink their SC to survive in the market [1,117]. SC manages the association of services offered by independent firms at different stages (production, logistics, and sales), resulting in transparency and flexibility provided by I4.0-enabled digitalisation [37]. SCM helps a firm measure and monitor the performance parameters that establish a benchmark to regulate value-added operations [46]. Therefore, it has become a vital task for firms to identify and infuse innovative, sustainable, and cost-effective resolutions into their supply-chain network [152].



Ramsheva et al. [88] suggested this reconfiguration of the system calls for expansion and collaboration across the entire supply-chain network to make it resilient and less wasteful. This SLR identifies a need for measuring the value of I4.0 technologies and their ability to mitigate the technical, economic, compliance, and logistical challenges. The results of this study indicate that I4.0 will provide strategic oversight on a product’s sustainability and functional efficacy that can be shared across a firm’s supply-chain network [93].




3.3.2. Financial Performance


CE has become a well-established global concern for sustainable production and consumption. Meanwhile, the role of I4.0 technologies in this transformation is expected to be profound. Therefore, it is vital to ensure the CE delivers on its sustainability promises. For that purpose, the management of a firm needs to assess its viability and anticipate the impact of CE adoption within their BM while offering servitisation with the help of I4.0 technologies.



The impact of the key variables (I4.0, CE, and servitisation) on the revenue stream, financial performance, and growth in the market is described in detail in the next section.



	
Impact on Revenue stream






Cash-flow management gives an idea of changes that occur in business accounts [157,158]. It includes cash and cash equivalents representing the costs associated with operations, investment, and financing activities. Revenues/income from trading can be calculated using income generating ratios such as return on asset (ROA), return on equity (ROE), and return on investment (ROI) [98,159].



The studies used in this SLR often point out that the transformation of a firm from linear to circular is imposed in different phases. Therefore, following the directives presented by the Ellen MacArthur Foundation, firms are suggested to review their revenue stream as the profits might differ in the short and long term [82,87].



A common perception of the circular product in the manufacturing sector is its positive impact on the revenue stream [72,88,107]. Businesses are incentivised to engineer products to enhance their durability [101]. It is evident from Table 6 that researchers are determined to investigate the operational and financial efficacy of this increasing trend where businesses are utilising I4.0 technologies to make their resources stay in the cycle for as long as possible and deliver efficient and practical functionality to the customer [115].



Thus, as businesses are incentivised to engineer products with enhanced durability [103], their ROA will differ depending on their payback period [160]. Meanwhile, Chang et al. [44] and Cainelli et al. [139] suggested that a higher revenue stream is contingent on market share. Weking et al. [14] also advocate that firms will capture a higher customer base that will translate into a higher rate of return when firms serve larger market [44,127]; by offering distinctive and customised products [83] along with value-added services [23,34,150]



	
Impact on Growth






Organisations are reliant on withholding investment flows [108]. Their growth is determined by standard features (size and age) and obligations, future growth prospects, and innovation [161]. The development of a business largely depends upon acquiring assets and the provision to finance them [162].



Limited studies have assessed the legal and regulatory policies and performance connected with the key variables (I4.0, servitisation, and CE). The desire for growth is one of the vital drivers for organisations, along with underlying motivations such as internal drivers that depend on the leadership strengths like an organisation’s culture, the capability to change, and identifying opportunities [80,104,110,129,133,134,136,137,161]. However, it is not clear from the analysis of the finalised papers what legal risks may occur during any transformation, how companies will manage them, or how they will affect a firm’s performance.



Then there are external enablers, and organisations are expected to invest financial and human resources into predicting changing trends and opportunities in the market [138,146]. Few authors have mentioned the guidelines and regulations imposed in different countries, but there is no explanation about their management or jeopardies. Hence, by critically reviewing the extensive scientific papers, the authors tried to understand the variations in the market. This can be through a technology development (I4.0) or sustainability paradigm (CE) that will help firms to gain a competitive advantage [160,163] in the market [73,164].



A cross-national study investigating the difference in policymaking between the Taiwanese and Chinese markets concentrated on the “political and legal” aspect of environmental policies [84]. In this context, government influence and laws and regulations play a vital role in how I4.0 technologies favour the transition towards servitisation while adopting the CE paradigm [115].



	
Impact on Profitability






Another important instrument is the profitability of a business that generates working capital [137]. Existing literature suggested various indicators that are positively associated with innovation in a firm [163], such as shared sustainable goals [165], development and redesigning processes and operations [164,166], and addition of service-package element with products [167].



Demirel [101] recommended businesses invest in capital (human and physical), opting for innovation (advancement in product and processes through R&D) [126,136] and market expansion [88]. Hence, this study envisages a shift from the drivers and opportunities associated with I4.0. It leverages CE and servitisation by reviewing existing studies on these topics to identify challenges, barriers, and strategies to eliminate adverse effects. In particular, a lack of research was found regarding the investigation of the impact on a firm’s profitability in both the short and long term during and after their transition journey [98,99,168,169].



The results of this SLR demonstrate that BMs and value domains often associated with innovation are the most common assessment approaches. It is further observed that more comprehensive environmental assessments are presented in CE-related publications. In contrast, servitisation literature stresses operational and financial performance indicators [140]. Superficially, the legal and regulatory performance indicator is the least assessed. Hence, it is evident in Table 6 that a comprehensive assessment including financial, operational, economic, social, and legal performance indicators from the potential of BM perspective has rarely been tested in the existing body of I4.0, CE, and servitisation literature.
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	Impact on Firm’s Performance

References
	Main Variables Used in the Study
	Financial Performance
	Operational Performance
	Legal/Regulatory Policies
	Environmental Performance
	Social Performance





	[1]
	Servitisation+I4.0
	
	x
	x
	
	



	[10]
	Servitisation+I4.0
	
	x
	
	
	x



	[14]
	CE+I4.0
	x
	
	
	
	



	[21]
	CE+I4.0
	
	x
	
	
	



	[40]
	Servitisation+I4.0+CE
	
	x
	
	x
	



	[49]
	Servitisation+I4.0
	
	x
	
	
	



	[52]
	CE+I4.0
	
	x
	
	
	



	[61]
	Servitisation+CE
	
	
	
	x
	x



	[62]
	Servitisation+I4.0
	
	x
	
	
	



	[65]
	Servitisation+I4.0+CE
	x
	x
	
	
	



	[77]
	Servitisation+I4.0+CE
	
	x
	
	
	



	[78]
	CE+I4.0
	x
	
	
	
	



	[170]
	CE+I4.0
	x
	
	
	
	



	[88]
	Servitisation+CE
	x
	
	
	x
	



	[122]
	CE+I4.0
	x
	x
	
	
	



	[165]
	CE+I4.0
	x
	x
	
	x
	



	[139]
	CE+I4.0
	x
	x
	
	x
	



	[129]
	Servitisation+CE
	
	x
	
	
	x



	[171]
	CE+I4.0
	
	x
	
	x
	



	[172]
	CE+I4.0
	x
	
	
	
	











4. Conclusions and Future Recommendations


This research conceptualised the various dimensions of I4.0, servitisation, and CE through a rigorous SLR. This study developed an assessment to examine the relationships between critical variables based on 139 accredited scientific papers. The analysis process consisted of three steps. The first section deepened the understanding of CE and the servitisation standpoint and investigated how I4.0 technologies impact the BM and service systems [42,63,153]. This study addresses the role of I4.0 in servitisation and CE, and aligns BM, value propositions, and financial performance indicators. The second step integrated thematic categories to assess correlations; while the third step investigated the impact of this collaboration on a firm’s performance. The main contributions of this research can be summarised as:




	
This SLR has offered a thorough review from the business and management context to provide a deeper insight into how well I4.0 supports CE and servitisation. Since I4.0, servitisation and CE have become the most debated topics [9] in the last decade. This study provides a comprehensive review of servitisation that led to a more circular supply chain [113] from the perspective of the firms and indicated what role I4.0 played in enabling this transformation [85,93,173].



	
It is evident from the analysis presented in this study that majority of the authors agree that firms should systematically adopt I4.0 technologies as they support CE to create value through servitisation. However, there is still a lack of practical implications to validate theoretical knowledge [9,55,85,174]. Thus, more empirical evidence is required regarding the reconfiguration of the BM [12,56,104], principally in terms of capturing the value through innovation [58,65,98,107], setting the strategy based on circularity [80,101,133], offering smart-product through smart-services, and managing the supply-chain network [38,124].



	
Businesses are frequently pushed to experiment with innovative BMs [56] to capture unique value propositions while curbing operational costs [10,14,15,109]. The trend from the analysis of this study reveals that most of the servitisation literature discusses this from a functional perspective (see Table 6) [14,56]. Servitisation is seen as a path that enhances the downstream opportunities by providing autonomous services to their customers [1,62]



	
This study adds to current knowledge since it assesses that I4.0 can play in solidifying the sustainable global competitiveness of a firm [16] through servitisation [9,75]. Hence, there is a need for future researchers to investigate factors that will enable firms to take advantage of the opportunities which accompany I4.0 and project strategies to overcome the barriers associated with this transition [52,86,151].



	
This study suggests that many uncertainties and risks occur during the transformation phase [1,55]. To eradicate these uncertainties, [119], we propose four methods that can transform these challenges into opportunities, i.e., the reconfiguration of the revenue model, external environment, customer relationship, and the optimising of cost structures. The journal papers used for this analysis are mostly literature reviews or case-studies. Thus, generalisation is challenging to achieve. Consequently, future researchers are instructed to conduct a longitudinal investigation using a mixed-method approach to run a detailed assessment of this venture’s financial, economic, and social aspects [12,40,44,106].



	
The finding of this SLR indicates that the relationship between the key variables of this study is expected to impact firms’ performance [96] positively. Adopting I4.0 technologies to business and manufacturing models enables sustainability, energy, and resource efficiency while enhancing performance efficacy and offering smart products through smart services. This integration will eventually lead to a market shift [32,41,89] with enhanced management and production capability [12,64,71,157]. Therefore, perspective presented in this study can be used as a baseline by future researchers to investigate the hidden gems in this venture and explore innovative strategies from its integration. This paper presented the literature that focuses on large enterprises from developed countries using generic CE practices. Therefore, future research is recommended to investigate the impact of a specific I4.0 technology when firms adopt servitisation BMs surrounding an explicit CE practice.
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Figure 1. Steps in the systematic literature review. 
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Figure 2. PRISMA flow diagram showing the search and screening process. 
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Figure 3. Keyword categorisation process. 
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Figure 4. Database-wise finalized papers. 
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Figure 5. Distribution of journals in which the finalised papers were published. 
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Figure 6. Yearly published papers on I4.0, servitisation, and CE. 
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Figure 7. Geographic context of the articles published on I4.0, servitisation, and CE. 
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Figure 8. The design and applied methodology of the selected papers. 
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Table 1. Summary of the methodology process.
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	Scopus
	Web

of Science
	Science Direct
	Emerald
	Total





	Step 1: Keywords

Industry 4.0, servitisation, and circular economy.
	2069
	1205
	699
	327
	4301



	Step 2: Theme

Managerial approach: literature related to business models, supply chains, or firm’s value chains.
	798
	403
	549
	215
	1965



	Step 3: Incl. and Excl. Criteria

Off-topic, non-peer-reviewed, non-English, duplicate.
	86
	78
	39
	23
	226



	Step 4: Selected Papers

Finalized paper for review
	49
	32
	46
	12
	139
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Table 2. Definition of servitisation.
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	Author
	Definition





	Tim Baines [13]
	“Servitisation is the concept of manufacturers offering services tightly coupled to their products”.



	Andy Neely [22]
	“The innovation of organisations’ capabilities and processes to better create mutual value through a shift from selling products to selling PSSs”.



	Bart van Looy [62]
	“A trend in which manufacturing firms adopt more and more service components in their offerings”.
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Table 3. Key studies in the research domain discussing how I4.0 enables servitisation and vice versa.
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	I4.0 and Servitisation References
	Life-Cycle Management
	Stakeholders Perspective
	Business Model
	Differentiation
	Competitive Advantage
	Value Chain
	Supply-Chain Management
	Organisation Structure
	Strategy
	Product Design
	Innovation
	Smart Services
	Resource Efficiency
	Transformation
	Smart/Lean Manufacturing





	[1]
	
	
	x
	x
	
	
	
	x
	
	
	
	
	
	
	



	[9]
	x
	
	
	
	
	
	x
	
	
	
	x
	
	
	
	



	[49]
	
	
	
	
	
	x
	
	
	
	
	x
	x
	
	
	



	[62]
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	x
	
	
	
	
	
	
	
	
	



	[69]
	
	
	x
	
	
	
	x
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	x



	[70]
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	x
	
	
	



	[78]
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	x
	
	
	
	
	
	
	
	



	[84]
	
	x
	x
	
	
	
	
	x
	
	
	x
	
	x
	
	



	[85]
	
	
	
	
	
	x
	
	
	
	
	x
	x
	
	
	



	[86]
	
	
	
	
	
	
	
	x
	
	
	
	
	
	
	



	[87]
	
	
	
	x
	
	x
	x
	
	
	
	x
	
	
	
	



	[88]
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	x
	x
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