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Introduction
The linear economy is generally stated as a ‘take, make and dispose’ (Stahel 2016, Jørgensen and Pedersen 2018) practice, based on the continuing extraction and waste of scarce resources. A consequence of following a linear economy results in an imbalance in the functioning of Earth systems and improper processing and consumption of raw materials.
Such concerns give rise to adopting a circular economy (CE) strategy (Esposito et al. 2018) with the introduction of new business practices and models (Osterwalder and Pigneur 2010) to address the environmental crisis and respond to changed consumer demands.  The circular economy changes practice and strategy to capturing value from the materials and taking responsibility for their end of life environmental impact. A choice of business frameworks are in use but none that take position as a confirmed framework of choice to influence the CE path; there are also numerous choices of measurement tools, indicators and monitoring frameworks. However, the Process Classification Framework (PCF) developed by the American Productivity and Quality Center (APQC) in the early 1990s offers a potential for aligning CE strategic activity to business operating processes within and across the business and extended supply chain.
The passage to a circular economy may be costly and risky, with numerous barriers: lack of knowledge and experience, competing priorities, limited industry connectivity, lack of pricing strategy and inconsistent policy are listed as major barriers, with enterprises needing skilled labor and workforce training on CE strategy and process management. This may be offset by opportunities (Porter and Kramer 2011) to CE business practice, such as developing innovative business models, co-creating with consumers and integrating Industry 4.0 technologies, to improve knowledge sharing (Jørgensen and Pedersen 2018), automation, flexibility, sustainable improvement in resource efficiency and environmental performance, value creation in supply chains, (Blunck and Werthmann 2017; Kalmykova, et al. 2018), for improving provenance, durability of products and traceability in supply chain operations. Digital technologies as summarized in Industry 4.0 are seen as essential stepping stones in the transition to a CE as they capture the information flow across individual business processes (Kristoffersen 2020).
The term Industry 4.0 was discussed at the Hannover Fair, in Germany, in 2011 and generally refers to increased automation, digitization, real time connectivity of systems, services, people and things leading to process improvements.  While the term was initially used in reference to the manufacturing sector, SMART manufacturing, it has developed into ancillary industries in the supply chain to enable value creation, improved production processes, alongside mass customization, and improved customer relationship management  (PwC 2016).
The Industry 4.0 technologies currently in use include: artificial neural networks, automation, big data, blockchain, convolutional neural networks, deep learning (DL), digitalization, internet of things (IoT), machine learning, additive manufacturing, fuzzy decision-making trial and evaluation laboratory (DEMATEL) systems, smart factory (Hennemann Hilario da Silva and Sehnem 2022), and  additional technologies referred to by IBM such as cloud computing, edge computing, cybersecurity and digital twins.  Research by PwC (2016, p.11) states that enterprises are placing central importance on Industry 4.0 in their strategic and research levels, with companies “combining advanced connectivity and advanced automation, cloud computing, sensors and 3D printing, connected capability, computer-powered processes, intelligent algorithms and ‘Internet of Things’ (IoT) services to transform their businesses”. In response, Khan et al. (2021) support the transformative effect of Industry 4.0  to facilitative CE practices, and innovation-led processes. Concerns for the environment have resulted in many studies that address the interaction or interfaces between CE and Industry 4.0; research by DaSilva and Sehnem (2022) focuses on the exploration of strategies to move towards sustainability and the slowing down of environmental deterioration from a producer as well as consumer perspective through waste minimization and reduced energy consumption   (Yadav et al. 2020).
Although the number of industry specific case studies and conceptual research on the CE is vast and growing, the role of Industry 4.0 as an enabler towards a practical implementation of CE activities in enterprises through the application of frameworks such as the APQC’s Process Frameworks is unexplored (Kristoffersen 2020). Therefore, this chapter addresses this gap by investigating whether  enterprise operating processes may be aligned to the four inner loops of the CE, named the four Rs (4Rs), along with attention to the choice of frameworks currently in use that offer potential to improve understanding of CE activities and align to operational processes implementation.

Circular Economy
The Circular Economy is not an entirely new idea and the circularity in the use and maintenance of products as well as efficient use of resources was engrained in people’s behavior especially before the industrial revolution and the rise of consumerism (Pearce and Turner1990). At that time, it was possible to fix broken items as they were repairable; it was socially accepted to use mended products - from cars to clothes - and the skills to carry out these necessary repairs were widely available in the society. We are now confronted not only with build-in obsolescence in products which make things unrepairable but with a constant need to upgrade products to the latest version (Charter 2018). This has significantly reduced the shelf life of most but especially electronic items. Furthermore, skills have already been lost in society and even when things are repairable, the desire to mend is thwarted by unavailable craftsmanship. 
The model of the circular economy does not mean reverting back to pre-industrial times but depicts it as a wider concept which provides solutions to business, society, and the environment alike. Within the CE concept, the role of business and consumers changes as both parties must take on greater responsibility. The purpose of organizations has been discussed widely in academia and rationales have changed from the profit maxim to the greater good for a society which is often reflected in Corporate Social Responsibility (CSR) statements published on company websites (Khan et al. 2016). The proposed justification in this chapter does not contradict these but suggests organizations identify and focus on the original business case. Enterprises exist as they serve a purpose, provide solutions to a problem, or fill a gap in the market. Instead of artificially inflating demand for new versions of the same product, organizations should focus on the service provision within a circular economy through repair, reuse, remanufacture and if everything fails, recycling services. The 4 R model (repair, reuse, remanufacture and recycle) as defined by the Ellen MacArthur foundation (EMF, 2013) as such requires organizations to go beyond the boundaries and to span across supply chains and industry sectors (PwC 2018). By doing so, organizations within the CE environment maintain the value of resources in use for as long as possible. The focus shifts from value creation for customers, as taught through concepts such as the value chain analysis by Porter (2011), on preserving value of resources and material. 
There is considerable support that sustainability and CE are not addressing similar features, with the former emphasizing societal, environmental and economic goals. CE, however, is more specifically concerned with addressing economic imperatives, to define growth for the benefit of society, and address this through a closed loop system (Rashid et al. 2013). Enterprises that have largely made a move to sustainable business practices, and have set targets to address Sustainable Development Goals, and corporate responsibility, yet many of these enterprises are considerably slower in the transition to a CE, with little consideration to the value of materials in use in the process stages.  
The literature on CE is growing at a fast pace, with many diagrammatic depictions of CE suggested, yet there still tends to be open debate on a satisfactory definition of CE with Kirchherr et al. (2017) reporting some 117 definitions. There are numerous explanations of CE including various taxonomies, loops and strategies, with some authors referring to 4 Rs, 6 Rs or even 9 Rs (Potting et al. 2017). As Potting (2017) illustrates, the value maintaining loops and opportunities are defined through narrow strategies ranging from a more intense material usage to a complete product redesign. 
The first diagrammatic depiction of CE was suggested by Stahel (1982), referring to reuse, repair, reconditioning and recycling which more recently feature in the Ellen MacArthur Foundation (EMF 2013) ‘butterfly’ diagram, and are referred to as the 4R loops. As early as 1982, Stahel’s paper considered processes whereby the 4Rs/loops could be understood by business sectors. To advance practice and process change enabled by 4Rs thinking could lead to ways to minimize wasteful depletion of valuable resources, while keeping products and materials in use for longer, with early designing out of waste processes and designing out of pollution as well as regeneration of natural systems.  
However, despite such extensive publications on wide ranging areas of CE influence and impact, there is a lack of clarity for businesses in how to address CE in practice. The published research presents conceptual and normative frameworks but these tend not to be something enterprises can use and implement in their enterprise. While Lewandowski (2016) stresses that current business model frameworks can be used in parts to embed the circular economy, there are no comprehensive structures which can be applied to all business processes and across industries. Consequently, enterprises have not initiated an early transfer to CE; while there is no one encompassing definition agreed across continents, individual countries place a different emphasis on characteristics, associated metrics and indicators for assessment and benchmarking. 
This chapter considers the EMF (2013) 4 Rs from their CE systems diagram and as stated in Kirchherr et al. (2017, p.211), it “is argued to be the one with most traction these days”, and in our study the most suitable approach for assessing the status of CE across enterprises.  The 4 Rs stated are: Repair (Maintain/Prolong), Reuse/Redistribute, Refurbish/Remanufacture and Recycle.
The CE systems diagram (EMF 2013) shows 4 inner loops/Rs. Most value is maintained in these very small loops of repair, reuse and refurbish (Wieser and Tröger 2018), as these demand less resources and energy and tend to be more economically useful than conventional recycling.  Where an enterprise endeavors to keep the product in use, most value is maintained.  Clearly, the value is lost the wider the circle becomes. Importantly, with recycling, most of the value is lost in this loop. Therefore, the time the materials or resources spends within the inner circles should be maximized in order to increase the value of the resource and to slow the depletion of natural resources.
In contrast to a top-down approach, this chapter suggests starting with the identification of individual circular processes within organizations and drawing on already well-established and used frameworks known to businesses from performance management to supply chain models. As organizations are unique in their resources and capabilities, they need a robust and practice-based framework that allows them to quickly identify CE opportunities. 



Business Processes and Process Frameworks
Business Processes Definition 
The concept of business processes is concerned with how tasks associated with functional business areas are communicated effectively and efficiently within and across enterprises who act as suppliers in a larger supply chain or web of systems. The act of organizing and structuring tasks termed as ‘processes’ coincides with the introduction of ICT systems in organizations during the 1980s and 90s and Hammer and Champy (1993), and Davenport (1993) have made significant contributions to the field.
The authors share the rationale for the transactional perspective on business process management as it enhances the efficiency and effectiveness of operations and structures relationships between organizations with a clear focus on the customer. Whereas Hammer and Champy (1993) emphasize the need to meet customer expectations for each transaction, Davenport concentrates on the mutual fulfilment of longer-term promises. Both approaches are highly relevant in terms of CE implementation as the circular model requires more frequent interactions between the customers and organizations and also needs to be embedded in the longer-term strategy. 
Business Processes Frameworks 
APQC Framework
While enterprises adjust their internal processes, business models, and value proposition to utilize the capacity of I4.0 technologies to improve their competitive position, and efficient use of data and information (Zawadzki & Żywicki 2016), they also utilize technology to support changes in the external environment and promote innovation to better respond to economic, social and environmental drivers of change. As enterprises make the transition to CE the need to establish process frameworks to aid circular business process is vital to improve knowledge and information sharing.
There are several frameworks that offer practical considerations as opposed to a choice of management frameworks that provide classifications of primary ‘core’ and secondary ‘supportive’ processes (Aguilar-Saven 2004, Derkacz, et al. 2021). These practice-based frameworks include the Process Classification Framework (PCF), Supply-Chain Operations References (SCOR), and Global Supply Chain Forum (GSCF). 
The PCF is a generic framework, co-developed in 1992 by Global Best Practices and the American Productivity and Quality Center's (APQC), International Benchmarking Clearinghouse (APQC 2022). The SCOR and the GSCF frameworks are two well-recognized supply chain management frameworks. 
The level of detail and universal business process information provided by the PCF, SCOR, and GSCF provide the baseline and common language to explore the overarching research question of this study i.e. can existing business frameworks, such as the PCF, SCOR, and GSCF be used to consistently map CE activities in organizations from different industries? Furthermore, could these frameworks be adapted or used by enterprises to design, develop and implement CE activities across different industries?
The selection of the APQC PCF is made due to it consisting of “a taxonomy of cross-functional business processes to allow for the objective comparison of organizational performance within and among organizations” (APQC 2022, Ziemba et al. 2019, p.73). Furthermore, it is one of the most used business frameworks and reflects current developments as it has been regularly updated since its inception in 1992. The PCF version 7.3 (2022) framework contains six operating processes and seven management processes.

Table 1: Process Classification Framework (PFC) 
	1.0
	Develop Vision and Strategy
	

Operating Processes

	2.0
	Develop and Manage Products and Services
	

	3.0
	Market and Sell Products and Services
	

	4.0
	Manage Supply Chain for Physical Products
	

	5.0
	Deliver Services
	

	6.0
	Manage Customer Service
	

	7.0
	Develop and Manage Human Capital
	


Management Processes

	8.0
	Manage Information Technology (IT)
	

	9.0
	Manage Financial Resources
	

	10.0
	Acquire, Construct, and Manage Assets
	

	11.0
	Manage Enterprise Risk, Compliance, Remediation, and Resiliency
	

	12.0
	Manage External Relationships
	

	13.0
	Develop and Manage Business Capabilities
	


Source: APQC Process Classification Framework. Version 7.3.0. Houston: APQC, 2019. 
As detailed in Table 1, the PCF states common terminology to name, organize, and map key processes performed in an enterprise, and the process levels are grouped hierarchically. It is used to aid enterprise to rethink their process development from a horizontal rather than a vertical view. It is robust and used by enterprises to address their process and performance benchmarking. It consists of 13 enterprise-wide processes, consisting of operating processes and management process and was updated in 2022. The purpose is to address cross-industry processes and benchmark against other global enterprises, yet it does not address all processes.
Whereas the PCF focuses on intra-organizational processes, supply chain management frameworks recognize the need for the integration of business processes between enterprises (Lambert et al. 2005). Lambert provides a most comprehensive study of supply chain process frameworks stating four specific criteria which are considered to be essential for the sustainability of organizations. These criteria can be fundamental to addressing process frameworks aligned with CE loops.  The GSCF framework consists of eight supply chain management processes with the two central relationship management processes, i.e. customer relationship management and customer service management forming the critical links through which the remaining six processes are organized. 
GSCF Framework 
The GSCF Framework (Lambert et al. 2005) considers the structures and relationships required to meet the needs of clients, functions, and customers.  These include ‘Customer Relationship Management’ (Croxton et al. 2001), ‘Customer Service Management’ (Bolumole et al.  2003), ‘Demand Management’ (Croxton et al. 2002), ‘Order Fulfilment’ (Croxton 2003), ‘Manufacturing Flow Management ‘(Goldsby and García-Dastugue 2003), ‘Supplier Relationship Management’ (Croxton et al. 2001), ‘Product Development and Commercialization’ (Rogers et al. 2004) and the final supply chain management process is concerned with ‘Returns Management’ (Rogers et al. 2002).
SCOR Framework 
The SCOR Framework consists of five SCOR processes as summarized below (Supply-Chain Council 2003): 
1. Plan demand and supply such as sourcing, production and delivery.  
1. Source activities related to procuring goods and services
1. Make activities related to transforming goods into a finished product that confirm step 1 and 2 planning and demand
1. Deliver activities relate to providing the finished goods and relates to steps 1-3 and includes order, transportation and distribution management. 
1. Return activities relate to returning or receiving returned products and aligns to customer support.
The SCOR and GSCF have been explained extensively by Lambert et al. (2005), using a set of four criteria they derived to assess process orientated supply chain frameworks. Applying the four criteria to the PCF framework indicates possible weaknesses in wider supply chains, in particular the lack of inter-connectedness and lack of customer relationship focus.
The following four criteria are used to summarize the three chosen frameworks introduced in Lambert et al. (2005).
(1) Scope: Does the framework support the corporate strategy? This question is important as it determines organizational success as well as resource allocation at business unit level. Do functional activities respond to market driven product demands? 
(2) Intra-company connectedness: Are departments formally or informally connected, for instance through employees? The successful conduct of business processes relies on the interconnectedness across corporate functions and can be applied to both transactional efficiency or relationship management. It relies on information dissemination across corporate functions or on cross-functional integration.
(3) Inter-company connectedness: Does management differentiate between long-term relationships and transactional, short-term relationships between the enterprise and customers or suppliers respectively and is relevant support available?
(4) Drivers of value generation: Which of the activities have an impact on value generation? More specifically, which drivers will lead to increasing income streams, decreasing operational costs, or working capital or increasing efficiency?
In contrast to the GCSF and SCOR framework, the PCF framework shows a greater level of detail as it differentiates between 13 processes of which 6 are operational processes (BP1 to BP6, see Table 1). There is little focus on relationship management in contrast to the GCSF framework in which this process is central and coordinates all remaining six processes. 
There is no focus on the intra-company connectedness in the PCF and, instead, hierarchical cross industry activities are presented individually without references to potential intra-company connections.
The PCF is driven by benchmarking goals and assesses performance efficiency. This approach corresponds more to SCOR with transactional efficiency and less with the relationship management approach followed by GCSF. Additionally, there is a marked difference between the three models in terms of drivers of value generation. 
Built on comparing the three frameworks, PCF has been selected to assess CE engagement status across enterprises. As Blomsma et al. (2022) ascertain, CE literature focuses on the development and discussion of normative and conceptual frameworks but offers no practical guidelines for organizations to embrace and adopt circularity. Therefore, a focus on internal processes benchmarking using the PCF is seen as a good base for the initial analysis of CE implementation opportunities and the potential design and development of an applied framework. 
Description of Enterprise Study
A survey was conducted in 2019 to assess the status of sustainability in International enterprises operating in UK business sectors.  The survey was revisited in 2022 to reassess their CE status.
Research Model
The research model consisted of a number of stages to ensure a thorough research design.

[image: ]

Figure 1: The research model illustration

The following eight steps provide a summary of the research process:

1. Reviewed the current literature on CE to identify the gaps in enterprise management practice.
2. A group of 100 students with research interest in the CE were selected from the MBA course following the concept of purposive sampling (Creswell 2013) as they had clear understanding of the aims of the study and this sample size was deemed to be homogenous and provides additional validity (Levy and Ellis 2011).
3. Introduced students to the randomized sampling approach and to the research task: Randomly list 30 enterprises they have purchased from in the last five years and complete an Excel table (Table 2). The survey was designed with simplicity in mind to ensure repeatability of results and contained five sections on Enterprise information, Sustainability, Circular Economy, Business process and Industry 4.0 evidence.

Table 2: Survey areas
	Enterprise information
	Company Name

	Enterprise information
	Number of Employees

	Enterprise information
	Company Size (Small <250, Medium >250-500, Large 500-1000, Mega >1000)

	Enterprise information
	Industry Sector - Broad Version

	Enterprise information
	Industry Sector  [SICCODES]

	Sustainability
	Do they have a Sustainability statement (Yes / No)  Link Evidence

	Circular Economy 
	Do they have a Circular Economy statement (Yes / No)  Link Evidence

	Sustainability
	Evidence of Sustainability areas, focus / type (YES/NO)  Link Evidence

	Circular Economy 
	If Yes to CE statement  - Does it evidence Repair   Link evidence

	Circular Economy 
	IF Yes to CE statement - Does it evidence Reuse / Redistribute Link evidence

	Circular Economy 
	IF Yes to CE statement - Does it evidence Refurbish / Remanufacture Link Evidence

	Circular Economy 
	IF Yes to CE statement - Does it evidence Recycle Link evidence

	Circular Economy and  Business process
	Does the CE statement relate to any of a specific business process? Yes /No

	Business process 
	If Yes state which process (BP1, BP2, BP3, BP4, BP5, BP6) Link evidence for each process captured

	Business process 
	Evidence the business process statement on the website – Include "their actual statements" for (BP1,BP2, BP3, BP4, BP5, BP6)

	Industry 4.0
	Evidence of Industry 4.0 (I4.0) focus (YES/NO)  Link Evidence

	Industry 4.0
	State I4.0 technologies and  Link Evidence 



4. The lists of companies were collated and checked for consistency in data recorded and duplicated enterprise records were deleted to ensure data validity, reliability and consistency (Saunders et al. 2003).  
5. The full data samples were collected over a month period and the separate lists were collated and duplicated cases checked for consistent responses and duplicated enterprises and associated records removed.
6. The final data set consisted of 333 enterprise records.
7. The data set consisted of 16 industry sectors, to show a good representation of sectors across the study with a minimum of 2 -151 enterprises reported in the sectors.
8. The data was analyzed using IBM SPSS version 28.0.1.0 and data summaries and graphs reported for interpretation.
The enterprises were selected by MBA students using the random selection of large-size global enterprises (OECD 2010), known to them from making a previous purchase. The data set consisted of 333 enterprises subsequent to the cleaning and removal of duplicate enterprises.  The survey was revisited in 2022 and updated with additional questions to reassess the enterprise websites for evidence of CE engagement and their alignment to operating processes, in particular, six operating processes organized in the PCF framework. Enterprise websites were assessed for the following sustainability keywords that included: corporate social responsibility (CSR), sustainable development goals, ethics, human rights, human impact, natural resources, biodiversity, social impact, environmentalism, renewable energy, and sharing.  
The CE category search keywords included reduce, rethink, refuse, repair, reuse, renovate, refurbish, remanufacture, repurpose, recycle, and recover.  While, Industry 4.0 related keywords included artificial neural networks, automation, big data, blockchain, convolutional neural networks, dlearning (DL), digitalization, internet of things (IoT), machine learning, additive manufacturing, fuzzy DEMATEL systems, smart factory, digital twin and other (cloud, robotics, virtual reality).  The search was executed through a pairwise query, taking one keyword from each category (CE and Industry 4.0) at a time.
The survey was sorted by industry according to the Standard Industrial Classification (SIC 2007). This established framework is well accepted and used in research due to its consistency and uniformity. 
Table 3: Enterprises sorted by SIC (2007) code and CE vs Sustainability Engagement (Sus)
	Industry Classification SIC (2007)
	CE
	no CE
	Sus
	no Sus

	A 
	Agriculture, forestry and fishing
	0
	1
	1
	0

	C
	Manufacturing
	44
	51
	90
	5

	D/E
	Electricity, gas, water supply and sewerage
	4
	9
	13
	0

	F
	Construction
	1
	1
	1
	1

	G
	Wholesale and retail trade; repair of motor vehicles 
	77
	56
	110
	23

	H
	Transport and storage
	5
	16
	21
	0

	I
	Accommodation and food service activities
	0
	5
	3
	2

	J
	Information and Communication
	14
	10
	21
	3

	K
	Financial and insurance activities
	3
	10
	10
	3

	O
	Public administration and defense
	1
	0
	1
	0

	P
	Education
	0
	2
	2
	0

	Q
	Human health and social work activities
	2
	2
	4
	0

	R
	Arts, entertainment, and recreation
	4
	7
	11
	0

	S
	Other Services
	1
	7
	8
	0

	Total number of enterprises
	156
	177
	296
	37



Four research propositions were surveyed.  RQ: Can organizations use the APQC PFC framework to identify CE activities which then enables them to transfer from linear to CE business processes? This research question can be further split into four distinct research propositions: proposition 1: enterprises engage in CE activities in any of the four main loops (Rs) repair (1), reuse/ redistribute (2), refurbishment/ remanufacture (3), and recycle (4); proposition 2: enterprises are associated with CE activities for each of the APQC operating processes stages (stages BP1-BP6); proposition 3: there is evidence of CE loops in all surveyed enterprises; proposition 4: there is reported evidence of a link between CE processes and Industry 4.0 within the surveyed enterprises.

Enterprises Engagement in CE and Sustainability
The following graphs present the condensed data to address the above propositions and summarize the enterprise engagement in the CE versus sustainability more generally before analyzing the specific circular loop and business process (BP) activities in further detail. 

Figure 2: Circular Economy (CE) engagement vs sustainability (Sus) engagement
Figure 2 displays a wide gap between enterprises engaged in wider sustainability activities and particular CE activities. The results illustrate 156 (47%) of the selected enterprises engage in CE activities and 296 (89%) in sustainability activities. This suggests almost all enterprises claim to be involved in sustainability activities while only 47% of the surveyed enterprises refer to CE activities on their website. These results are almost identical to a 2018 report from PwC on the top 100 Global enterprises, where their study found only 50% of the surveyed companies publishing CE statements. In contrast to their results, our data set was larger, with 333 global enterprises sampled, yet, four years later, the results depict little change.
This result may be explained by the fact that the CE concept is lacking in developing the social dimension. While it may broadly support sustainability, the social aspects which enterprises have developed in recent times, tends to be absent in CE as mentioned in Geissdoerfer et al. (2018).  Similarly, the results confirm that CE is not a strategic priority of enterprises, it is not on their radar and may not be identified easily on existing process frameworks.  In terms of scope criterion, it can be deduced that none of the current frameworks relate process level activities to specifically focus on how to embed CE into the corporate strategy. The scope of the frameworks proves inadequate with respect to sharpening CE implementation in early stage resource allocation and meeting cross-market driven product demands.

Figure 3: 4 Rs associated with enterprise CE engagement
The 333 enterprise website statements were analyzed to record enterprises’ intention to do, i.e. record statements that support direct engagement in the 4 R loops, rather than record evidence of actual proof of engaging in CE.  The results indicate that most CE engagement is in the recycling loop, with few enterprises engaging in the repair loop. Repair is the important loop in the CE, as it maintains most of the value, yet it is the least used or stated loop in the enterprise CE statements. Recycling is relatively easy for enterprises as it is mainly outsourced, but repair is arguably more complex and considerably reliant on process design changes internally as well as supporting supply chain interconnectedness.  Enterprises have the tools to design products, therefore they have the machinery to work at the inner loops. In this sense, proposition 1 has been fully confirmed as enterprises show engagement in any of the CE loops.
However, the results reveal the opposite actions to the CE butterfly where value is maintained in the inner loops while most of the value of the resource and product is lost in the recycling loop. This demonstrates where enterprises lack knowledge and skills to seek opportunities, such as devising new business models to preserve the value of resources. Interestingly, only one enterprise statement was concerned with all 4 loops, an illustration that enterprises do not understand the concept of CE.  The process frameworks arguably do not specifically denote which activity levels have an impact on the value associated with the 4 loops, which are attached to income streams, decreasing operational costs or working capital or increasing efficiency. This illustrates that enterprises do not understand the concept of CE, with missed opportunities to engage in all loops to preserve drivers of value creation and value generation. 


Figure 4: 4 Business processes associated with enterprise CE loops
The enterprise websites were analyzed to determine if they reported CE activities that align to the PCF operating processes. Process activity related to CE loops was identified in all business processes, i.e. BP1 to BP6. More specifically, the exercise detected that 47% of all enterprises seem to have a specific plan in terms of their respective CE activities (BP1) and were providing a CE statement.  BP2, develop and manage products and services, was the second most recorded section with 128 enterprises (80%). Simultaneously, it covers the most fundamental processes which are relevant to support changes to lifecycle development. BP3, BP4, BP5 and BP6 confirm less than 10% activity for each suggesting little attention to managing the supply chain or service delivery in a different way using innovative systems. The BP1 statements affirm a standalone position with little connection to the following operating process stages. The lack of cross process activity suggests low inter-company and intra-company connectedness and missed opportunities that may result in lack of consistent internal communication.  An example of this would be where the marketing employees and function are not aware of the CE emphasis and do not know how to direct the process to address CE and evidence a more holistic approach to engage with suppliers and customers.
These findings reveal enterprises do not necessarily formulate a CE strategy which transcends into their business operations. However, looking at individual processes within the business demonstrates that some activities are circular. This raises the question whether enterprises are not aware of the circular approach and these activities just happen to be circular, or whether organizations lack a framework to consistently apply CE across the different processes and, therefore, refrain from translating it into their business purpose (Lewandowski 2016). In this respect proposition 2 has not been fully confirmed as not all enterprises have engaged in all six business processes.



Figure 5: Enterprise sectors’ engagement in CE loops
Using SICCODES (EU standard codes and categories) the enterprises were categorized according to their main business activity. The seven main industries based on numbers of observations are reported in Figure 5.  As expected, sustainability exceeds CE in each of the seven sectors, but the smallest difference is recorded in wholesale and retail (18%) and in information and communication (20%) sectors. This is difficult to explain but the manufacturing sector may be less agile to changes process than, for example, the wholesale and retail and information and communication sectors, and this requires further research. In conclusion, proposition 3 has not been fully confirmed as not all enterprises have engaged in all four CE loops.
The CE opportunities will require new business models. For example, to design out current or underused functions and use reverse logistics to increase the life of products, thereby maintaining the materials for a longer period, the value in their materials and the overall value derived from them, so that fewer materials end up as waste. 
If we interpret CE as a step-up from sustainability in terms of specific actions required by enterprises to have a positive environmental impact, the manufacturing industry falls behind other sectors, most notably the wholesale and retail trade or ICT sector. Following the further assumption that manufacturing derives its business mainly through B2B in contrast to either retail or ICT, it is possible to link the greater CE engagements and efforts to the demand driven by the end customer (Lewandowski 2016). It remains to be seen how much of the ‘trickle down’ effect remains further down the supply chain. This effect has already been analyzed in terms of the supply chain and sustainability and researchers have questioned to what extent the suppliers of sustainable organizations are following sustainable practices themselves (Patil et al. 2022). Whereas Seuring and Müller (2008 p.1700) define sustainable supply chain management as “the management of material, information, and capital flows, as well as cooperation among companies along the supply chain, while taking goals from all three dimensions of sustainable development into account”, a similar notion does not yet exist for the CE.
Table 3: Engagement of all organizations (CE and Non-CE organizations) in Industry 4.0
	ALL
	
	Industry SIC Codes

	
	all
	C
	G
	H
	J
	K
	R
	S

	Industry 4.0
	121
	66
	36
	3
	13
	2
	1
	0

	Artificial neural networks
	65
	25
	20
	1
	11
	8
	0
	0

	Automation
	79
	48
	23
	0
	4
	4
	0
	0

	Big Data
	95
	49
	32
	1
	6
	6
	1
	0

	Blockchain
	13
	7
	2
	0
	1
	2
	1
	0

	Convolutional Neural Networks
	5
	2
	0
	0
	1
	2
	0
	0

	Deep Learning
	10
	3
	1
	1
	4
	1
	0
	0

	Digitization
	64
	26
	25
	1
	6
	4
	1
	0

	Internet of Things
	40
	20
	13
	1
	5
	0
	1
	0

	Machine Learning
	48
	12
	16
	2
	9
	8
	1
	0

	Additive Manufacturing
	32
	23
	8
	1
	0
	0
	0
	0

	Fuzzy Dematel Systems
	0
	0
	0
	0
	0
	0
	0
	0

	Smart Factory
	72
	48
	17
	1
	6
	0
	0
	0

	Digital Twins
	13
	7
	5
	0
	1
	0
	0
	0

	Other
	1
	0
	0
	0
	0
	1
	0
	0



The table above summarizes that out of 333 analyzed organizations, there is evidence of Industry 4.0 engagement in 121 enterprises. The enterprises which referred to CE activities or engagement on their websites were also more likely to mention Industry 4.0 or make a specific reference to one of the Industry 4.0 technologies. ‘Big data’ is referred to by 95 enterprises and we found a link to ‘automation’ in 79 organizations, followed by 72 for ‘smart factory’. As highlighted in the table, a similar pattern exists for the industries manufacturing (C), (G) and (H). Furthermore, we can also observe a lower Industry 4.0 activity in the industries (J), (K), (R) and (S).


Figure 6: Difference in Industry 4.0 engagement between CE and non-CE organizations
The above figure summarizes the differences between Industry 4.0 engagement between CE and non-CE enterprises. We record a positive gap between CE and non-CE enterprises which supports proposition 4, i.e. enterprises which acknowledge or actively practice CE practices also record a higher awareness or link to either Industry 4.0 or any of the associated technologies. This applies to all recorded specifications, except for  ‘convolutional neural networks’ which results in a negative figure of 1 meaning this Industry 4.0 specification was referred to more often in enterprises engaging in sustainability (3 enterprises) rather than CE (2 enterprises).  In line with the above analysis, ‘big data’, ‘artificial neural networks’, ‘internet of things’ and ‘machine learning’ stand out with large differences between CE and non-CE organizations. Additionally, less than 5 of the CE companies made a specific connection to how their Industry 4.0 technologies can positively impact their CE processes.

Conceptual model of Business Process Frameworks, Industry 4.0, and CE Associations
Industry sectors as identified above need to address technology barriers and seek enablers that optimize processes by embedding Industry 4.0 technologies in CE activities to facilitate  repair and reuse, as well as allowing the reintegration of processes, machinery and products (Rajput and Singh 2019). The connection between process, CE and Industry 4.0 needs to be explored and a number of authors have proposed conceptual frameworks to address where CE and Industry 4.0 are integrated (Lu et al. 2022; Khan et al. 2021) in supply chains to enhance organizational performance.  The conceptual framework proposed by Lu et al. (2022) also includes a roadmap and considers a dynamic capabilities view of the drivers and barriers to manage operational excellence in Industry 4.0 CE supply chains for sustainable competitive advantage. The conceptual framework proposed by Khan et al. (2021) considers one aspect of Industry 4.0, namely blockchain and the relationship to three CE practices: circular purchasing, recycling and remanufacturing and circular design, and their relationship with firm performance.  Their findings from 404 firms across China and Pakistan indicate that blockchain has “an effective role in implementing circular economy practices to spur economic and environmental performance” (Khan et al. 2021, p. 4008). While the considerations are mainly on CE procurement processes, the findings are a useful indicator of technology developments that may improve the reconfiguration of additional operating processes.  
However, there is a lack of research studies that explore the antecedents to organization performance through associations of CE factors, Industry 4.0 technologies, and operating processes.  Therefore, our findings lead to a new conceptual model to gain process insights through investigating the nature and choice of CE practice and the influence of processes facilitated by the choices of Industry 4.0 technologies in global enterprises.
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Figure 7:  Conceptual model to test Process Frameworks, Industry 4.0, CE associations
Our findings indicated that enterprises which make a reference to CE on their website are also more likely to relate to Industry 4.0 and these enterprises may be regarded as the “pioneers”, as they have accepted that a change is needed to transform organizations into more environmentally responsible institutions. Such thinking is accompanied by a more forward approach in terms of embracing new technologies as found in Industry 4.0. Furthermore, these technologies could allow enterprises to be active in wider CE practices.  
Opportunities
Enterprises that design new business models with a whole-system perspective on resource use, incorporate closed supply chains, regenerative design, and embed emerging digital technologies into their processes will see opportunities in the CE (Lewandowski 2016).  Governments have a role to direct enterprises to transition to CE, and support them to identify CE opportunities and implement them in any enterprise independent of a specific industry. 
Clearly enterprises need to have a CE statement and strategy, similar to organizations having a CSR statement.  There are opportunities to be realized in moving away from competition to co-opetition as an alternative business model (Mirzabeiki and Sarpong 2021).  Importantly, it is an approach and path to follow to differentiate and identify CE as a competitive advantage.
The results revealed that less than half of the surveyed organizations (48%) mention CE as part of their strategy. This is in stark contrast to, for instance, statements concerning the CSR approach which are clearly stated on the companies’ websites; the results obtained in this study confirm this with 89% referring to sustainability. The greater availability and especially visibility of CSR is largely driven by customer expectations and choice. Educated customers not only seek product-specific information but also want to learn about companies’ attitudes, behaviors and policies with respect to ethical business which can encompass human rights issues but also sustainable sourcing and manufacturing processes (Yu 2022). CE activities within organizations should not be hidden within the sustainability efforts of an organization but treated as a separate approach of conducting business. Especially now enterprises in CE should use the first mover advantage to benefit from a competitive advantage as they use the alterative business model to differentiate from competitors. 
Furthermore, moving away from a linear to a circular business requires networking within and between businesses, businesses and customers and businesses and suppliers. As already emphasized in the supply chain management literature, there should be a clear focus and emphasis on establishing, managing, and maintaining good relationships. Additional benefits and opportunities from moving away from competition to co-opetition as an alternative business strategy have been emphasized widely in the relevant literature especially to address inter-organizational dynamics (Dagnino 2007).
Barriers
There are many barriers for enterprises to disengage in circularity and these barriers are well documented in the literature.  Ekins et al. (2019) refer to internal barriers that include: lack of a global definition of CE; perceived high costs; lack of benchmarks; lack of knowledge and expertise, identified as a knowledge gap. External barriers include supply chain constraints, inconsistent policies, lack of technologies and lack of motivation to remove the barriers while there are few government incentives for CE. Changes to internal processes and supply chain processes can be enabled by following structured frameworks, and address some of the barriers to knowledge acquisition across business functions and knowledge-sharing within the enterprise and across the supply chain (Mangers 2021).  The study, however, confirmed that current process frameworks partially attend to CE where the specific language (4 Rs) and terms of reference and practice of CE are only scantly referred to in the process levels.
Process
The GCSF and SCOR frameworks (Lambert 2005) are concerned with the wider supply chain and provide concise approaches on integration of enterprise functions or information sharing, which may enable processes aligned to engagement in CE.  Yet enterprises need a starting point, prior to wider supply chain activity, to drive internal process changes that facilitate a transition to internal CE strategy, and the PCF appears to offer potential in CE process implementation.   
The PCF process levels mention characteristics of sustainability and CE, in some cases using the same names as seen in the EMF (2013) CE 4 loops, such as repair, reuse, remanufacture and recycle.  A concern for CE is the lack of attention to it at this primary process stage, BP1.  For example, BP1 clearly states the following process level, 1.2.2.8 “develop sustainability strategy”, yet there is no similar separate statement to “develop circular economy strategy” which would be necessary as a BP1 process level statement to ensure it is included as a defined strategy. Other PCF statements such as 1.2.6.2 “establish baseline metrics” could be considered too vague, as there are about 13 different indicators and measures of CE.  The notes would need to clearly reflect the choice of indicators and metrics valid for use internally and externally to the enterprise.  
There are further statements that focus more closely on CE engagement; the BP2, PCF 2.3.1.5 statement “provide warranty-related recommendations” should include notes on the recent change to “right to repair”, global movement and current policy changes and regulations currently under discussion in the EU (Šajn 2022). Here manufacturers no longer have the sole rights to product repair, opening up options for consumers for wider CE repair loop considerations, with emphasis on durability of products and types of product obsolescence (Šajn 2022). While the BP3, PCF level 3.3.7 statement “develop and manage packaging strategy” could be tied in more closely to the CE strategy on resource acquisition. 
The BP4 level considers supply chain resourcing, and there are numerous statements that tie in well to the CE loops, with some sharper statements that specifically used the loop terms such as, 4.4.2.6 “salvage or repair returned products”, 4.4.2.6.1 “perform salvage activities” and 4.4.2.6.2 “manage repair/refurbishment and return to customer/stock”. 
At BP5, level, 5.1.2.3 statements include “evaluate resource availability” and 5.2.1.3 “collaborate with customers” where CE alternatives need to include those who are part of “deliver services”. With the final operating process BP6, this includes 6.1.6 “define warranty offering” and 6.5.4.4 “identify opportunities to eliminate warranty waste” which suggest reference to CE loops, but the notes need to clearly relate these statements to the CE loops. 
The language of CE, such as reference to the 4 Rs, needs more emphasis in the PCF hierarchical levels to enable enterprise to address the process stages and create a more interconnected approach to CE.  It is in these examples, where existing business process frameworks, such as the PFC with its focus on the inter-organizational view, alongside SCOR and GSCF supply chain frameworks, can be updated with the language associated with CE to consistently map CE activities in organizations from different industries. Furthermore, these frameworks could be adapted or used by enterprises to design, develop and implement CE activities across different industries.
Furthermore, the focus on the GSCF model is clearly linked to networking between enterprise, suppliers and customers. This is seen as an essential feature of the CE and managing these relationships is not a central part of the PCF framework. 



Conclusions
The four research propositions were address and provided valuable findings to enable a better understanding of enterprises’ current situation, as well as gaining a wider understanding of where process frameworks and Industry 4.0 are aligned to the 4 Rs of CE. The research propositions confirmed:
	Proposition 1: Enterprises engage in CE activities across any of the four main loops (Rs). All loops were identified but mainly acknowledged that the least valuable loops are the ones currently addressed by enterprises. 
	Proposition 2: Enterprises are associated with CE activities for each of the PCF operating processes stages (stages BP1-BP6). The CE loops show highest match to BP1 and 2, but only limited match with BP3-6. 
	Proposition 3: There is evidence of all four CE loops in all surveyed enterprises. The study found evidence in this study of only one out of 333 enterprises engaging in all four CE loops.
	Proposition 4: There is no evidence that enterprises which acknowledge or actively practice CE practices also record a link to Industry 4.0 to support their CE activities.
The contribution of this study to the field of CE literature is fourfold: firstly, we identified a gap between enterprise engagement in CE versus sustainability, indicating that there is a lack of awareness, skills, and processes to embed CE into the enterprise strategy. Secondly, we identified the possibilities and limitations of the PCF framework to align processes to the CE loops. Thirdly, we recognized the possibilities of supply chain frameworks to complement internal process frameworks through inter-organizational, customer relationship management and supply chain management perspectives to suggest a more comprehensive and practical framework for use by enterprises.  Fourthly, enterprises which acknowledge or actively practice CE practices do not record a link to Industry 4.0 to support their CE activities.
The preliminary findings raise important questions for further work.  In particular, the authors analyzed the website statements to record the intention to do rather than proof of doing and this important distinction means further research is required to assess the status of intention versus active engagement in CE activity and process changes.
The findings from proposition 2 suggest that there are unclear connections between CE loops and business processes, particularly BP3-6 suggesting that change needs to be instigated in enterprises to adapt to and implement the CE processes. 
The findings confirmed across seven industrial sectors, that sustainability exceeds CE in each of these sectors but the smallest difference is recorded in wholesale and retail (18%) and in information and communication (20%) sectors. Further research should examine how agile the sectors need to be to respond to change in implementing processes within the enterprise and their supply chain.
The findings confirmed a need for a new conceptual model consisting of three main constructs: process frameworks, CE factors and Industry 4.0 technologies, to be explored to confirm where process frameworks can be maximized to support CE strategy to minimize scarce resources and maximize resource utilization.  
The study has a number of limitations.  In particular it would be useful to broaden the study to include more enterprises in each industry sector and include more industry sectors in the sample study. 
The data captured CE statements from the enterprise web sites.  The analysis did not make a distinction to separate those enterprises providing evidence of actual engagement in CE activities as opposed to those enterprises stating an intention to engage in CE. Separating out these distinct statements could provide more valuable insights into the current situation. 
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