		
Towards Circular Business Models: A systematic literature review on classification frameworks and archetypes
Paolo Rosa §, Claudio Sassanelli, Sergio Terzi

Department of Management, Economics and Industrial Engineering, 
Politecnico di Milano, Piazza Leonardo da Vinci 32, 20133 Milan - Italy
§ Corresponding author: paolo1.rosa@polimi.it

Abstract
Since many years, companies are trying to cope with impressive technological growth rates, severe environmental issues and even more restrictive national and international directives. However, innovative Business Models (BMs) and industrial strategies adequate to this new context are still either under development or implementation. To this aim, the article proposes a systematic literature review on existing Circular Business Models (CBMs) and their classification methods, by selecting the most promising ones. A total amount of 283 articles related with CBMs has been assessed into detail, by identifying: 5 archetypes, 9 classification methods, 5 adoption-oriented challenges, 4 decision-support tools and 3 additional research areas. Key findings demonstrate that: i) Product-Service Systems (PSSs)-oriented and Reuse, Remanufacturing and Recycling (3R)-based CBMs are the most common archetypes, ii) Business Model Canvas is the most diffused classification framework, iii) sustainability and company-based challenges are the most discussed by the experts and iv) sustainability check-oriented is the most common type of decision-support tools. These (and others) results could support both companies, researchers and governments in updating the current knowledge on CBMs and make them adoptable for practitioners from different industrial contexts. 
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	GBM
	Green Business Model
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1. Introduction
Since many years, companies are trying to cope with the fast technological growth rates, severe environmental issues (Murray et al., 2017; WCED, 1987) and even more restrictive national and international directives (European Commission, 2017, 2011; Mathews and Tan, 2016, 2011). However, innovative Business Models (BMs) and industrial strategies  adequate to this new context are still either under development or implementation (Ghezzi and Cavallo, 2019). The need of rethinking and reshaping current production and consumption behaviours emerged from several works (Bocken et al., 2016a; Merli et al., 2018; Pardo, 2018), claiming for further researches on CE-oriented innovative practices, such as sharing economy, product-service systems, dematerialization, remanufacturing and product lifecycles. Considering all these elements, the paper wants to analyse the Circular Business Model (CBM) research context in all its dimensions and make companies aware about them during their shift towards CE. To this aim, a systematic literature review has been conducted. Firstly, a state-of-the-art analysis allowed the identification of macro-areas composing the CBM research context and the most common types of CBMs. Secondly, an in-depth analysis of these macro-areas allowed the understanding of their classification into archetypes. The paper is structured as follows. Section 2 defines the research context and its objectives. Section 3 analyses the adopted research methodology to perform the systematic literature review. Section 4 presents and discusses results coming from the literature analysis. Finally, Section 5 provides some concluding remarks and proposes future research areas.
2. Research context
The entire work is based on two main concepts, as CE and CBMs. This section presents them and tries to clarify their definition. 
2.1 Circular Economy
CE is often framed in the wider concept of sustainability (Merli et al., 2018). Considering the report of The Ellen MacArthur Foundation (2015), CE is defined as a global economic model minimizing the negative effects of finite resources consumption, by focusing on intelligent design of materials, products and systems. Inspired by the concept of closed-loop economy, the CE paradigm was introduced at the end of the ‘80s (Pearce and Turner, 1991; Stahel and Reday-Mulvey, 1981) to minimise emissions, resource use, pollution and waste, and maximise the resource efficiency of material assets. However, only in the last years its relevance was amplified worldwide, by an increasing interest of people in environmental impacts of products and processes and the sustainable use of natural resources (Reuter et al., 2013). Before the introduction of CE, a traditional linear (open-ended) economy was the only existing paradigm, treating the environment as a waste reservoir (Su et al., 2013). Products followed a linear lifecycle that, starting from conceptualization and design, went through development, in-service and finished with disposal. Progressively, these old production and consumption patterns have been substituted by closed-loop ones – completely focused on resource efficiency and waste reduction – able to better balance and harmonize economy, environment and societal needs. However, this paradigm shift is not immune from criticalities (Murray et al., 2017). CE is an active research area evolved primarily as research on waste generation, resource use and environmental impact, while neglecting business and economic perspectives. This way, its implementation at industrial level has been inhibited, since advantages for industries are still not explicit (Lieder and Rashid, 2016). To this aim, a real transition towards CE requires relevant changes along the value chain, also in the terms of adopted market strategies and BMs.
2.2 Circular Business Models
BMs describe the rationale of how an organization creates, delivers, and captures value (Osterwalder and Pigneur, 2010). The literature studied along the time their role as a mean for driving competitiveness and set up a company’s market strategy (Wünderlich et al., 2015). CBMs are a new kind of BMs, where the value creation is grounded on keeping the economic value embedded into products after their use and exploit it for new types of market offerings. This action requires a set of return flows (from end users to producers), eventually through intermediaries (Linder and Williander, 2017). The economic value of a product can be maintained through a series of activities, like: i) lowering the dependence from virgin materials, ii) shifting from non-renewable to renewable energy systems, iii) adopting more sustainable production practices and iv) greening the entire value chain. Depending on the reference literature, CBMs (also named Circular Economy Business Models – CEBMs) can be grouped under the wider umbrella of either Green Business Models (GBMs) and/or Sustainable Business Models (SBMs). Among the several types of CBMs available in literature, Product-Service System (PSS)-based CBMs are considered by several authors as one of the most simple innovation strategy towards CE (Manzini and Vezzoli, 2003; Tukker and Tischner, 2006; Wong, 2004). They are declined in three main categories (product-, use- and result-oriented PSSs) and differentiated in eight archetypes (Tukker, 2004).
3. Research methodology
A systematic literature review has been conducted by following the five steps defined by Denyer and Tranfield (2009). Firstly, the research scope was defined, grabbing valuable knowledge from papers related to both the effects of CE on traditional BMs and methods to classify CBMs. This approach led to the following research questions: 
· RQ1: Which existing BMs can be identified as CBMs?
· RQ2: What is the most common framework for classifying CBMs?
Trying to improve the searching efficiency, scientific articles published from 2000 up to the first quarter of 2018 and gathered from the most popular academic search engines (i.e. Scopus and Science Direct) has been assessed. Without considering any document type and field content limitation, a total amount of three searches have been performed. The set of queries selected for conducting the searching process on title, abstract and keywords has been reported in the following Table 1, leading to 1703 results.
Table 1. Searches by keywords
	Queries
	Search engine

	
	Scopus
	Science Direct

	“Circular Economy” AND “Business Model”
	728
	661

	“Circular Business Model”
	125
	95

	“Circular Economy Business Model”
	59
	35

	Total
	912
	791



Figure 1 shows the adopted research strategy. The initial set of 1703 articles has been improved with 58 documents added through cross-referencing, 8 through hand-searching and 23 recommended by the experts. After having detected and removed redundancies among documents, a first selection by title, abstract and keywords was performed. A second screening was done by assessing full text.
[image: ]
[bookmark: _Ref1982226]Figure 1. Systematic review approach adapted by (Smart et al., 2017)

By applying some refining criteria, a final amount of 283 documents was considered as reference literature and assessed into detail (see Section 4). Two experts analysed the documents to avoid biases and obtaining a full interpretation of the assessed contributions. Results were compared and, then, made consistent to each other. Documents have been classified by year, type of publication, nationality of the first author and type of research. Furthermore, documents have been clustered into 8 macro topics (e.g. CBM design, industrial strategies, governmental policies, environmental impact, circular design, theoretical analysis, societal impact, new technologies) detected through a keywords analysis (i.e. progressively gathering and grouping articles by keywords) and furtherly declined in 35 detailed topics. 
3.1 Descriptive characterization of the sample
Results reported in Table 1 unveiled that the attractiveness of CBMs increased from 2015 onwards. The first round included "Circular Economy" AND "Business Model", providing 661 results constantly growing along the period (see Figure 2). This highlights the relevance of the topic in literature. Due to the high number of contributions, a second search has been conducted, using "Circular Business Model” as keyword, providing 95 results. A further search was implemented inserting “Circular Economy Business Model” as keyword, but very few contributions were gathered from it. These numbers reveal not only the interest raised by academics in this research context, but also the need for further investigation on these topics. Furthermore, the same trends can be found through word searches conducted with other search engines.
Figure 2 displays results of the searching process, in terms of number of articles per year and publications trend. The total amount of 283 articles reveals the relevant attention devoted to this topic (from 2000 up to 2018-first quarter) by the experts, especially in 2016 and 2017. An inflection point occurs around 2015, after which annual publication rates accelerate. A total of 158 articles were published in scientific journals with impact factor, 26 in scientific journals without impact factor, 64 in proceedings of scientific conferences, 24 scientific reports, 8 book chapters and 2 industrial reports.
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[bookmark: _Ref1982163]Figure 2. Historical series of published articles

As shown in Figure 3, 32,5% of the articles (92 out of 283) have been published in five top scientific journals, and the most popular one is Journal of Cleaner Production.
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[bookmark: _Ref1982150]Figure 3. Top five journals

In general terms, the literature assesses CBMs considering either a theoretical/analytical or a practical view. In the first case, the intent is presenting the main concepts of CE and CBMs to a general public, in terms of strengths and weaknesses (112 articles) or analytical assessments (95 articles). In the second case, the final aim is describing best practices through case studies (58 articles) or surveys (18 articles). This extract shows that studies not involving companies, both theoretical (presenting a qualitative assessment of the common knowledge) and analytical ones (performing a quantitative analysis through mathematical models), constitute 73.1% of the overall literature on CE and CBMs.
Considering the nationality of the authors, the highest number of contributions come from northern European countries, followed by China and Italy. More into detail, United Kingdom is the major contributor, with 36 articles (19.6%), followed by Sweden (10.2%), The Netherlands (8.1%), China (6.0%) and Italy (4.9%) (see Figure 4).
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[bookmark: _Ref1982083]Figure 4. Top five publishing countries

Following a bottom-up procedure about the typology of literature assessed, there are several perspectives from which CE and CBMs were approached by the experts. Works have been gathered basing on micro topics (i.e. considering title, abstract and keywords). Best practices are the most discussed topic in literature (10.2%), followed by opportunities and challenges related with CE (9.2%), conceptualization of CE (7.8%), BM innovation frameworks (7.4%), BM challenges and BM decision-support tools (6.0% each), Chinese CE policies, design decision-support tools and future trends (5.7% each). The sum of the mentioned topics represents about 50% of the available literature. Then, a lot of other topics have been discussed (see Figure 5).
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[bookmark: _Ref1982093]Figure 5. CE and CBM micro topics

Trying to streamline the analysis, micro topics have been grouped in macro categories basing on their mutual consistency. This way, business model design is the most discussed macro topic in literature (23.3%), followed by industrial strategies (20.1%), governmental policies (19.1%), environmental impact (11.7%), circular design of products (9.5% each), theoretical analyses (8.5%), societal impact (5.3%) and new technologies (2.5%) (Figure 6).
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[bookmark: _Ref1982052]Figure 6. CE and CBM macro topics

Concerning the mentioned topics appearing in Figure 5 and Figure 6, only topics strictly related with CBMs will be described into detail in the following Section 4. In particular, the micro topics named CBM rapid experimentation, CBM performance comparison, CBM lifecycle assessment, CBM decision-support tools, CBM challenges, CBM classification methods and CBM best practices have been grouped in the macro topic named CBM design, consisting in 65 articles (see Figure 7).
4. Thematic analysis
After having identified the limited group of documents that, more than others, can allow to get information about the research questions identified in Section 2, the present section is focused on the thematic analysis of detailed topics listed at the end of the previous section. The aggregate dimension of analysis, named CBM design, is split into seven 2nd order themes (see Figure 7) and each of them will be described into detail and furtherly divided in 3rd order themes. Subsequently, the focus shifts on CBM classification methods and the, so called, “archetypes”.
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[bookmark: _Ref1982033]Figure 7. CBM design dimension scheme (adapted from (Smart et al., 2017))

4.1 CBM best practices
The first, and most discussed, topic is related with CBM best practices, or practical implementation of CBMs. From this perspective, the authors follow different strategies. Some experts present CBMs by directly referring to existing examples, usually calling them with emblematic names, like repair cafés (Adam et al. 2017), gap exploiters (Whalen et al. 2017) and gatekeepers (Prendeville et al. 2017b), trying to interpret what already proposed by The Ellen MacArthur Foundation (2015). Other experts are focused on specific services and their role in reaching an efficient and sustainable growth (Piciu 2016). Again, other experts are focused on a specific product, mainly on washing machines (Bocken et al., 2017; Bressanelli et al., 2017; Gnoni et al., 2017). However, great part of the literature focuses on a particular sector, like metallurgy (Hindley, 2016; Kim et al., 2016; Ma et al., 2014), electric components (Laubscher et al. 2014), ICT (McIntyre and Ortiz 2015), apparels (Rattalino, 2017; Stål and Corvellec, 2018), mobility (Sarasini et al. 2016), solar energy (Svatikova et al. 2015), biomass/aquaculture/hydroponics (Jagger, 2016; Yazan et al., 2015) and large white goods (Sousa-Zomer et al., 2018, 2017). Finally, other authors prefer to maintain a more generic perspective, by proposing common patterns for: i) leading companies in reinventing their BMs (Beulque and Aggeri 2016), ii) identifying different types of product-people interactions (Dewberry et al. 2016), iii) describing 3R-based generic guidelines for adopting CE (Goyal et al., 2016; Guldmann, 2016), iv) presenting CE-related competitive advantages (Morioka et al. 2017), v) implementing innovators practices for closing materials loops (Regenfelder et al. 2016), vi) describing SME-oriented methods for adopting reuse principles (Venselaar and Kelft 2014) and vii) presenting wealth creation frameworks for developing countries (Scheel 2016).
Table 2. CBM best practice classification
	Author
	CBM best practice classification

	
	Paradigm-based
	Service-based
	Product-based
	Sector-based
	Pattern-based

	(Adam et al. 2017)
	x
	
	
	
	

	(Beulque and Aggeri 2016)
	
	
	
	
	x

	(Bocken et al. (2017)
	
	
	x
	
	

	(Bressanelli et al. (2017)
	
	
	x
	
	

	(Dewberry et al. 2016)
	
	
	
	
	x

	(Gnoni et al. 2017)
	
	
	x
	
	

	(Goyal et al. 2016)
	
	
	
	
	x

	(Guldmann 2016)
	
	
	
	
	x

	(Hindley 2016)
	
	
	
	x
	

	(Jagger 2016)
	
	
	
	x
	

	(Kim et al. 2016)
	
	
	
	x
	

	(Laubscher et al. 2014)
	
	
	
	x
	

	(Ma et al. 2014)
	
	
	
	x
	

	(McIntyre and Ortiz 2015)
	
	
	
	x
	

	(Morioka et al. 2017)
	
	
	
	
	x

	(Piciu 2016)
	
	x
	
	
	

	(Prendeville et al. 2017b)
	x
	
	
	
	

	(Rattalino 2017)
	
	
	
	x
	

	(Regenfelder et al. 2016)
	
	
	
	
	x

	(Sarasini et al. 2016)
	
	
	
	x
	

	(Scheel 2016)
	
	
	
	
	x

	(Sousa-Zomer et al. 2017a)
	
	
	
	x
	

	(Sousa-Zomer et al. 2017b)
	
	
	
	x
	

	(Stål and Corvellec 2018)
	
	
	
	x
	

	(Svatikova et al. 2015)
	
	
	
	x
	

	(Venselaar and Kelft 2014)
	
	
	
	
	x

	(Whalen et al. 2017)
	x
	
	
	
	

	(Yazan et al. 2015)
	
	
	
	x
	

	Total
	3
	1
	3
	13
	8



Summing-up the results from Table 2, five sub-categories can be assigned to CBM best practice: paradigm-based, service-based, product-based, sector-based, pattern-based. Among them, the most recurrent are the last two, i.e. those aimed at guiding companies belonging to specific industries (mainly electric and electronic equipment) and those aimed at indicating general and innovative patterns helping companies in addressing CE in a more effective way, independently by the referring industry. Furthermore, there is a research gap in terms of consolidated circular practices guiding companies in improving the circularity of either product or services.   
4.2 CBM classification methods
The second research area about CBMs is related with classification methods. In general terms, it is possible to distinguish these works in three macro segments: 1) papers referring to the ReSOLVE framework proposed by The Ellen MacArthur Foundation (2015), 2) papers focusing on the Business Model Canvas (BMC) methodology proposed by Osterwalder and Pigneur (2010) and 3) papers proposing hybrid models, exploiting both the previous ideas – see Table 3 for details.
Table 3. CBM classification methods
	Author
	CBM classification methods

	
	ReSOLVE
	BMC
	SI
	PPP
	OS
	CD
	BSC
	VEM
	MM

	(Antikainen and Valkokari, 2016)
	
	x
	
	
	
	
	
	
	

	(Bocken et al., 2014)
	
	
	
	
	
	x
	
	
	

	(Bocken et al., 2016a)
	
	
	
	
	
	x
	
	
	

	(Charter, 2016)
	x
	
	
	
	
	
	
	
	

	(Chiappetta Jabbour et al., 2017)
	x
	
	
	
	
	
	
	
	

	(Chiaroni et al., 2016)
	
	x
	
	
	
	
	
	
	

	(Haanstra et al., 2017)
	
	
	
	
	
	
	
	
	x

	(Heyes et al., 2018)
	x
	x
	
	
	
	
	
	
	

	(Janssen and Stel, 2017)
	
	
	
	
	
	
	x
	
	

	(Lewandowski, 2016)
	
	x
	
	
	
	
	
	
	

	(Lozano et al., 2016)
	
	
	
	x
	
	
	
	
	

	(Manninen et al., 2018)
	x
	
	
	
	
	
	
	
	

	(Mendoza et al., 2017)
	x
	
	
	
	
	
	
	
	

	(Morioka et al., 2018)
	
	
	
	
	
	
	
	x
	

	(Nerurkar, 2017)
	
	
	x
	
	
	
	
	
	

	(Nußholz, 2017a) 
	
	x
	
	
	
	
	
	
	

	(Nußholz, 2017b)
	
	x
	
	
	
	
	
	
	

	(Prendeville and Bocken, 2016)
	
	
	
	
	
	x
	
	
	

	(Stratan, 2017)
	
	x
	
	
	
	
	
	
	

	(Tolio et al., 2017)
	
	
	
	
	x
	
	
	
	

	(Urbinati et al., 2017)
	
	x
	
	
	
	
	
	
	

	(Witjes and Lozano, 2016)
	
	
	
	x
	
	
	
	
	

	Total
	5
	8
	1
	2
	1
	3
	1
	1
	1

	BMC= Business Model Canvas; SI= Sustainability Impact; PPP= Public-Private Partnership; OS= Operation Strategy; CD= Circular Design; BSC= Balanced Score Card; VEM= Value Exchange Matrix; MM= Morphological Matrix



The ReSOLVE framework is a set of principles defined by The Ellen MacArthur Foundation (2015) focused on supporting companies and governments during the definition of CE policies. This framework identifies six different ways to be circular: 
1) Regenerate – or actions focused on: i) shifting on renewable energy and secondary materials, ii) reclaiming/retaining/restoring health of the ecosystem or iii) returning recovered biological resources to the biosphere;
2) Share – or actions focused on: i) sharing assets, ii) reuse/second hand or iii) prolonging product lifetime through maintenance/DfX rules;
3) Optimize – or actions focused on: i) increasing performance/efficiency of products, ii) removing waste in production and supply chains or iii) leveraging big data, automation, remote sensing and steering;
4) Loop – or actions focused on: i) remanufacturing of products/components, ii) recycling of materials, iii) anaerobic digestion of wastes or iv) extraction of biochemicals from organic wastes;
5) Virtualize – or actions focused on direct/indirect dematerialization of products;
6) Exchange – or actions focused on: i) replacing old materials with advanced non-renewable ones, ii) applying new technologies in traditional processes or iii) transforming products/services.
Even if the ReSOLVE framework cannot be referred to as a real classification method, many experts started from it for developing their own classification methods. For example, Charter (2016) tried to translate in practical terms what theoretically defined by the ReSOLVE framework, by categorising CBMs into two macro classes and six sub-segments. Manninen et al. (2018) exploited the ReSOLVE framework to develop an Environmental Value Proposition Table (EVPT) for embedding the environmental side on the value proposition of CBMs. Mendoza et al. (2017) added to the original ReSOLVE framework the “Implement” level, trying to reduce the gap between theoretical principles presented and their practical adoption. Finally, Chiappetta Jabbour et al. (2017) started from the ReSOLVE framework to map the relation between CBMs and big data analysis.
Considering the BMC-based classification methods, papers try to modify the original BMC for making it able to map CBMs, not only linear ones. For example, Antikainen and Valkokari (2016) added two evaluation levels to the original BMC, with the intent of better mapping the existing links between a reference company and all the actors involved in its supply chain. Nussholz (2017a, 2017b) embedded in the original BMC a method for assessing the added value coming from a cyclical exploitation of resources. Lewandowski (2016) added to the original BMC two dimensions, trying to map CBMs with the same model. Stratan (2017) followed a similar logic but focusing on the social entrepreneurship side in order to assess not-for-profit businesses. Finally, Chiaroni et al. (2016) and Urbinati et al. (2017) focused on value proposition and relations with suppliers, defined as the most important KPIs to control when a CE strategy must be implemented.
Considering papers proposing hybrid models, some interesting perspectives are presented by the authors. Nerurkar (2017) classified sustainability impacts related with CBMs in four classes. Bocken et al. (2014) proposed a set of CBM archetypes starting from circular product design principles. Lozano et al. (2016) and Witjes and Lozano (2016) identified the relation between public and private sectors for developing CE strategies. Tolio et al. (2017) focused on the operational issues related with CBM implementation strategies and information exchange among actors involved in circular value chains. Heyes et al. (2018) put together BMC and ReSOLVE trying to map service-oriented companies. Morioka et al. (2018) did a similar thing, but for assessing an entire BM through a Sustainable Value Exchange Matrix (SVEM). Janssen and Stel (2017) mapped the sustainability of the value proposition through a redefinition of the Balanced Score Card (BSC) concept. Bocken et al. (2016a) tried to classify CBMs basing on the concept of resource flows and classifying them into three groups. Haanstra et al. (2017) proposed a morphological matrix linking product lifecycle stages with organizational procedures. Finally, Prendeville and Bocken (2016) proposed service design like a fundamental element supporting CE practices. 
4.3 CBM challenges
The third research area about CBMs focuses on challenges related with the adoption of the CE paradigm. Here, some authors speak about CBM challenges from a general perspective on sustainability, without considering any specific sector or issue. For example, Lüdeke-Freund and Dembek (2017) reflected on the current state of sustainable business models (SBMs). Roos (2014) discussed about the origins and meaning of different “green” concepts relevant for CE, concluding with a high-level definition. Sannö et al. (2014) identified challenges and perspectives to be included in the development of environmental sustainability frameworks, grouped in four categories. Smith-Gillespie (2017) defined the concept of CBM, trying to balance the CE theory with BM design practices. Morlat and Pinto-Silva (2014) described market instruments for energy transition and their relations with CE. 
Some authors describe CBM challenges from a macroscopic level, by referring to supply chains. For example, Chertow and Ehrenfeld (2012) presented a model involving numerous actors engaged in material and energy exchanges, trying to map network benefits and institutionalize beliefs and norms enabling successful collaborative behaviours.
Other authors describe CBM challenges from a microscopic level, by considering company’s boundaries. For example, de Lange and Rodić (2006) explored implications of a transition towards CE for solid waste management companies, by defining five new waste management roles. Franco (2017) identified a set of factors along a textile value chain considered crucial in expediting or delaying the development of circular products. Guldmann and Jensen (2015) analysed challenges and overcoming strategies for companies interested in CE. Rizos et al. (2015) and Rizos et al. (2016) tried to understand barriers and enablers for SMEs in implementing CBMs.
Other authors focus on the role of ICT in enabling CE. For example, Howell et al. (2017) examined the role of ICT advancements in frugal innovation and in influencing new BMs. Pagoropoulos et al. (2017) identified how digital technologies can support the transition towards CE. Planing (2017) assessed the existing relation among digital transformation of product-services, BMs and CE. 
Finally, other authors consider the relation of lean thinking with CE. For example, Kurilova-Palisaitiene et al. (2018) studied how lean production could be used to tackle remanufacturing process challenges and contribute to shorter lead times. Again, Romero and Rossi (2017) demonstrated the compatibility of CE and lean principles in the context of PSSs, by reducing resources consumption and enhancing value-added for end users.
Table 4. CBM challenges classification
	Author
	CBM challenges classification

	
	Sustainability-based
	Supply chain-based
	Company-based
	ICT-based
	Lean-based

	(Chertow and Ehrenfeld, 2012)
	
	x
	
	
	

	(de Lange and Rodić 2006)
	
	
	x
	
	

	(Franco 2017)
	
	
	x
	
	

	(Guldmann and Jensen 2015)
	
	
	x
	
	

	(Howell et al. 2017)
	
	
	
	x
	

	(Kurilova-Palisaitiene et al. 2018)
	
	
	
	x
	

	(Lüdeke-Freund and Dembek 2017)
	x
	
	
	
	

	(Morlat and Pinto-Silva 2014)
	x
	
	
	
	

	(Pagoropoulos et al. 2017)
	
	
	
	x
	

	(Planing 2017)
	
	
	
	x
	

	(Rizos et al. 2015) 
	
	
	x
	
	

	(Rizos et al. 2016)
	
	
	x
	
	

	(Romero and Rossi 2017)
	
	
	
	
	x

	(Roos 2014)
	x
	
	
	
	

	(Sannö et al. 2014)
	x
	
	
	
	

	(Smith-Gillespie 2017)
	x
	
	
	
	

	Total
	5
	1
	5
	4
	1



Concerning challenges faced by companies willing to implement CBMs, contributions deal with five main categories: Sustainability-, supply chain-, Company-, ICT- and Lean-based ones (Table 4). Among them, supply chain and lean dimensions appear to be still neglected, while the majority of the experts dedicated their attention to challenges that companies have to face at micro-level while approaching circularity, either adopting the general lens of sustainability or focusing on the ICT dimension, considered as an enabler of CE. 
4.4 CBM decision-support tools
The fourth research area about CBMs focuses on decision-support tools. Their classification can be logically deducted from the final intent of the tool. This way, four types of decision-support tools can be described in literature. 
Some authors propose decision-support tools for checking the sustainability level of companies and make the transition towards CE easier. For example, Bocken et al. (2013) developed a value mapping tool for helping firms in creating value propositions better suited for sustainability. Broman and Robèrt (2017) followed a similar logic, but giving a more comprehensive and cohesive description. Cong et al. (2017) presented an approach for finding a profitable dismantling sequence for components/parts. Dolinsky and Maier (2015) exploited a game theory tool for supporting the development of CBMs focused on society and social issues. Inigo et al. (2017) examined organisational and managerial capabilities for a sustainable BM innovation and transformation. Xu et al. (2009) developed a system dynamics and multi-objective programming model for planning regional CE strategies through a sensitivity analysis. Zhao et al. (2017) proposed a hybrid framework for evaluating the comprehensive benefit of eco-industrial parks. 
Other authors develop decision-support tools able to solve a dedicated issue related with CE. For example, Leising et al. (2018) developed a collaboration tool for managing circular buildings and related supply chain collaborations. Lieder et al. (2017b) provided reliable decision support at the intersection of multiple lifecycle design and BMs for identifying effects on cost and CO2 emissions. Panarotto et al. (2017) presented a simulation framework for circular design of PSSs, by comparing functional and non-functional performances and their life cycle contributions. 
Other authors focus on scenario analysis. For example, Gharfalkar et al. (2016) tried to understand inconsistencies and/or lack of clarity existing in definitions or descriptions of reuse options, by proposing different reuse-based BMs. Marconi et al. (2017) proposed a web-based platform for implementing reuse scenarios for electronic components.
Finally, other authors compare CE-related behaviours/tools and linear ones. For example, Reigado et al. (2017) analysed existing CE toolkits and PSSs, trying to characterize existing relations. van Loon et al. (2017) explored the role of the second-hand markets, by comparing the total cost of ownership for consumers and profitability for manufacturers in circular and linear business cases. Subsequently, van Loon and Van Wassenhove (2017) developed a simple tool for comparing remanufacturing and production in terms of economic and environmental attractiveness.
Table 5. CBM decision-support tools classification
	Author
	CBM decision-support tools classification

	
	Sustainability check
	Problem-solving
	Scenario analysis
	Linear/circular comparison

	(Bocken et al. 2013)
	x
	
	
	

	(Broman and Robèrt 2017)
	x
	
	
	

	(Cong et al. 2017)
	x
	
	
	

	(Dolinsky and Maier 2015)
	x
	
	
	

	(Gharfalkar et al. 2016)
	
	
	x
	

	(Inigo et al. 2017)
	x
	
	
	

	(Leising et al. 2018)
	
	x
	
	

	(Lieder et al. 2017b)
	
	x
	
	

	(Marconi et al. 2017)
	
	
	x
	

	(Panarotto et al. 2017)
	
	x
	
	

	(Reigado et al. 2017)
	
	
	
	x

	(van Loon et al. 2017)
	
	
	
	x

	(van Loon and Van Wassenhove 2017)
	
	
	
	x

	(Xu et al. 2009)
	x
	
	
	

	(Zhao et al. 2017)
	x
	
	
	

	Total
	7
	3
	2
	3



Thanks to this analysis, four main types of CBM decision-support tools have been detected:  Sustainability check, Problem-solving, scenario analysis, linear/circular comparison (Table 5). The most used tool supporting decision-making processes under a circularity perspective is the sustainability check. It seems to be a simple mean for companies to verify that circularity is applied in a correct way, by focusing on different aspects. Instead, problem solving, comparison between linear and circular configurations and scenario analysis are still not very popular. It could be ascribed to the bigger effort required by these tools to be adopted into practice.
4.5 Other CBM research areas 
Other research areas related with CBMs that can be found in literature are those focused on CBM lifecycle assessment, CBM performance comparison and CBM rapid experimentation. Unfortunately, all these topics are considered by very few authors. This way, it is impossible to have a general picture of these research areas. 
In the first case, CBM lifecycle assessment is proposed by just three authors and in three completely different ways. For example, Bocken et al. (2016b) proposed a list of guiding principles for assessing the impact of new CBMs, organised according to different high-level strategies. Pal and Gander (2018) examined and categorized different sustainability activities of firms in the fashion industry in terms of emerging ways of producing and distributing fashion garments. Finally, Popa and Popa (2017) developed a new conceptual framework for business process modelling and analysis using CE innovative theory as a source for business knowledge management. 
The comparison of CBM performances follows a similar logic. Morioka et al. (2016) discussed the sustainability performance of CBMs from a value-based perspective, needed to implement it at organisational level. Piscicelli et al. (2018) examined the peer-to-peer (P2P) sharing of underutilised assets facilitated by digital platforms. Finally, Vogtlander et al. (2017) proposed an eco-efficient value creation method for analysing innovative product-service design together with circular business strategies.
In the third case, CBM rapid experimentation is described uniformly by all the authors. For example, Antikainen et al. (2017) tried to understand how to design CBMs experimentation by taking into account both the companies’ and the research organizations’ needs. Finally, Bocken et al. (2018) presented an in-depth case study of a large international clothing retailer willing to experiment CE.
Table 6. Other CBM research areas
	Author
	Other CBM research areas

	
	Lifecycle assessment
	Performance comparison
	Rapid experimentation

	Antikainen et al. (2017)
	
	
	x

	Bocken et al. (2016b)
	x
	
	

	Bocken et al. (2018)
	
	
	x

	Morioka et al. (2016)
	
	x
	

	Pal and Gander (2018)
	x
	
	

	Piscicelli et al. (2018)
	
	x
	

	Popa and Popa (2017)
	x
	
	

	Vogtlander et al. (2017)
	
	x
	

	Total
	3
	3
	2



Finally, the other CBM research areas can be differentiated in lifecycle assessment, performance comparison and rapid experimentation (Table 6). They confirm that a lifecycle perspective is fundamental for evaluating CBMs, but also that digital technologies are effective for supporting circular performance assessments.
[bookmark: _Toc511844993]4.6 CBM archetypes
[bookmark: _GoBack]The assessment of the available literature on CBMs and CE produced the results depicted from Table 7 to Table 11. Contributions have been classified basing on both a macroscopic and microscopic logic. The reference macro classification is the ReSOLVE framework (The Ellen MacArthur Foundation, 2015) described  in Section 4.2, composed by six classes. Instead, the reference micro classification has been adapted from the OECD report on CBMs (OECD, 2017), composed by fourteen classes. 
Looking at the results reported in the following tables – and grouped together in Table 12 (see the “Supporting material”) – some considerations about the current focus of the CBM literature and the related existing gaps can be done. Just by numbering the articles basing on the reference CBM class, it is possible to see that some types of CBMs are more frequent than others and which actions are preferred to others, also within a specified CBM macro category. Starting with actions belonging to the “Regenerate” macro category (Table 7), aimed at maintaining and enhancing the earth’s bio-capacity, the use of bio-/secondary materials has been more assessed than renewable energies.
Table 7. Circular business models: regenerate actions (adapted from (OECD, 2017; The Ellen MacArthur Foundation, 2015))

	Author
	Regenerate actions

	
	Renewable energies
	Bio- / Secondary materials

	(Bradley et al., 2016)
(Braungart et al., 2007)
(de Lange and Rodić, 2013)
(Favi et al., 2017)
(Hu et al., 2011)
(Jagger, 2016)
(Jawahir and Bradley, 2016)
(Li et al., 2010)
(Liguori and Faraco, 2016)
(Malinauskaite et al., 2017)
(Molina-Moreno et al., 2016)
(Mosquera-Losada et al., 2017)
(Pan et al., 2015)
(Rattalino, 2017)
(Sahu et al., 2016)
(Scheel, 2016)
(Sheldon, 2016)
(Smol et al., 2015)
(Virtanen et al., 2017)
(Yazan et al., 2015) 
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x

x
x

x



x
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x
x
x
x
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x
x

x
x
x
x
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	Total
	7
	17



Considering the “Share” macro category (Table 8), aimed at sharing the full use of goods and eliminate waste and duplication, use-oriented PSSs are the most common CBM, followed by reuse. Instead, the simple co-ownership and co-access deserved less attention among researchers, probably since these actions were considered as two sub-options of the use-oriented PSSs, constituting a more generic and structured concept. Also repair, aimed at slowing down the speed of products’ lifecycles, were not analysed exhaustively in literature.
Table 8. Circular business models: share actions (adapted from (OECD, 2017; The Ellen MacArthur Foundation, 2015))

	Author
	Share actions

	
	Co-ownership
	Co-access
	Use-oriented PSSs
	Reuse
	Repair

	(Adam et al., 2017)
(Bocken et al., 2017)
(Bressanelli et al., 2017)
(Dalhammar and Milios, 2016)
(De los Rios and Charnley, 2017)
(Dewberry et al., 2016)
(Dolinsky and Maier, 2015)
(Frenken, 2017)
(Gharfalkar et al., 2016)
(Ghisellini et al., 2016)
(Gnoni et al., 2017)
(Goyal et al., 2016)
(Guldmann, 2016)
(Landaburu-Aguirre et al., 2016)
(Leslie et al., 2016)
(Lieder et al., 2017a)
(Lieder et al., 2017b)
(Linder and Williander, 2017)
(Lindström, 2016)
(Marconi et al., 2017)
(Maxwell et al., 2006)
(Mendoza et al., 2017)
(Milios, 2017)
(Nystrom et al., 2017)
(Pagoropoulos et al., 2017)
(Panarotto et al., 2017)
(Piciu, 2016)
(Piscicelli et al., 2018)
(Prendeville et al., 2018)
(Prendeville et al., 2017)
(Prendeville and Bocken, 2016)
(Reigado Rodrigues et al., 2017)
(Romero and Rossi, 2017)
(Sousa-Zomer et al., 2018)
(Sousa-Zomer et al., 2017)
(Spring and Araujo, 2017)
(Stål and Corvellec, 2018)
(Svatikova et al., 2015)
(Tyl et al., 2006)
(van Loon et al., 2017)
(Venselaar and van de Kelft, 2014)
(Vogtländer et al., 2017)
(Whalen et al., 2017)
(Zuidema, 2015) 
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	Total
	5
	5
	23
	17
	4



Actions referring to the “Optimize” macro category (Table 9) received a quite relevant attention among researchers. The addition of basic services to traditional products (product-oriented PSSs) and the creation of different organization networks fostering eco-innovation (industrial symbiosis) have been considered quite often as means for better addressing the removal of waste, energy and materials in manufacturing and using goods.
Table 9. Circular business models: optimize actions (adapted from (OECD, 2017; The Ellen MacArthur Foundation, 2015))

	Author
	Optimize actions

	
	Industrial Symbiosis
	Product-oriented PSSs

	(Braungart et al., 2007)
(Chertow and Ehrenfeld, 2012)
(De los Rios and Charnley, 2017)
(Frone and Frone, 2017a)
(Frone and Frone, 2017b)
(Jagger, 2016)
(Li et al., 2010)
(Linder and Williander, 2017)
(Lindström, 2016)
(Mathews and Tan, 2011)
(Maxwell et al., 2006)
(Mendoza et al., 2017)
(Nystrom et al., 2017)
(Pagoropoulos et al., 2017)
(Pan et al., 2015)
(Panarotto et al., 2017)
(Prendeville and Bocken, 2016)
(Reigado Rodrigues et al., 2017)
(Ribeiro de Oliveira et al., 2018)
(Romero and Molina, 2012)
(Romero and Rossi, 2017)
(Roos, 2014)
(Spring and Araujo, 2017)
(Vogtländer et al., 2017)
(Wen and Meng, 2015)
(Yazan et al., 2015)
(Zeng et al., 2017)
(Zhao et al., 2017) 
	x
x

x
x
x
x


x




x



x
x

x


x
x
x
x
	

x




x
x

x
x
x
x

x
x
x


x

x
x

	Total
	15
	13



Recycling practices belong to the “Loop” macro category (Table 10). They attempt to reuse inorganic/technical materials processed and put them back into the economy. Recycling actions result to be the most suitable solution to pursue CE, considering the literature. However, also refurbishing and remanufacturing were indicated in several articles as a right move to pursue CE.
Table 10. Circular business models: loop actions (adapted from (OECD, 2017; The Ellen MacArthur Foundation, 2015))

	Author
	Loop actions

	
	Refurbish / Remanufacture
	Recycling

	(Beulque and Aggeri, 2016)
(Bradley et al., 2016)
(Braungart et al., 2007)
(Broadbent, 2016)
(Buil et al., 2017)
(Cong et al., 2017)
(Dalhammar and Milios, 2016)
(de Lange and Rodić, 2013)
(Di Maio and Rem, 2015)
(Dolinsky and Maier, 2015)
(Favi et al., 2017)
(Geng and Doberstein, 2008)
(Ghisellini et al., 2016)
(Giurco et al., 2014)
(Goyal et al., 2016)
(Guldmann, 2016)
(Hagelüken et al., 2016)
(Hartwell and Marco, 2016)
(Jawahir and Bradley, 2016)
(Kurilova-Palisaitiene et al., 2018)
(Landaburu-Aguirre et al., 2016)
(Leslie et al., 2016)
(Lieder et al., 2017b)
(Linder and Williander, 2017)
(Lofthouse et al., 2017)
(Milios, 2017)
(Morioka et al., 2016)
(Mugge et al., 2017)
(O’Connor et al., 2016)
(Rashid et al., 2013)
(Regenfelder et al., 2016)
(Ripanti et al., 2016)
(Sarkis et al., 2010)
(Schroeder et al., 2018)
(Testa et al., 2017)
(Tolio et al., 2017)
(van Loon and Van Wassenhove, 2017)
(Virtanen et al., 2017)
(Zvarych, 2017)
	
x
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x

x
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x
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	Total
	15
	29



The fifth macro category, named “Virtualize” (Table 11), involves all those solutions directly or indirectly dematerializing a system or delivering it virtually. Result-oriented PSSs are strongly dominant in this area, while de-materialize actions are rarely reported in literature as effective solution fostering CE (Copani and Rosa, 2014).
Table 11. Circular business models: virtualize actions (adapted from (OECD, 2017; The Ellen MacArthur Foundation, 2015))

	Author
	Virtualize actions

	
	Result-oriented PSSs
	De-materialize

	(Copani and Rosa, 2014)
(De los Rios and Charnley, 2017)
(Heyes et al., 2018)
(Linder and Williander, 2017)
(Lindström, 2016)
(Maxwell et al., 2006)
(Mendoza et al., 2017)
(Nystrom et al., 2017)
(Pagoropoulos et al., 2017)
(Panarotto et al., 2017)
(Prendeville and Bocken, 2016)
(Reigado Rodrigues et al., 2017)
(Romero and Rossi, 2017)
(Sarasini et al., 2016)
(Scheepens et al., 2016)
(Spring and Araujo, 2017)
(Vogtländer et al., 2017)
	
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
	x

	Total
	16
	1



Finally, the “Exchange” macro category, using new technologies to upgrade or replace old ways of doing things, deserved so far very low attention in literature. Only Giurco et al. (2014) discuss about responsible minerals supply chains and additive manufacturing as enabling elements for CE. This could be likely explained by the fact that both Circular Economy and Industry 4.0 research streams are quite recent.
5. Discussion
Wrapping up the results of this research, authors divided CBM research topics in seven dimensions. The starting point of this analysis deals with methods used to classify CBMs, mainly referring to the ReSOLVE framework, the BMC or a mix of them. Other six dimensions offer to both academics and practitioners’ suggestions about: i) best practices and tools supporting the adoption of CBMs, ii) challenges to be faced to enact them and iii) innovative lifecycle assessment and circularity performance measurements. This way, aspects claiming further investigation in terms of a more effective transition from linear to CBMs have been defined, in particular: 
i) Best practices have been provided for guiding companies from specific industries and for helping manufacturers in successfully address CE. However, guidelines practically driving them towards a real adoption of CE in either products or services is still not fully provided; 
ii) Challenges hindering circularity adoption represent another strategic topic, often analysed through a wider perspective of sustainability, not forgetting the role of ICT for triggering and enabling the adoption of innovative CBMs. Here, supply chain and lean concepts are still under-investigated; 
iii) Innovative lifecycle and circularity performance assessment tools supporting decision-making processes are either too simple or completely missing (Sassanelli et al., 2019) and digital technologies are not yet exploited in the correct way.
Within this complex scenario, the most common BMs described in literature when speaking about CE are represented by recycling practices and use-oriented PSSs. However, there are other BMs widely considered like a real application of CE. They are focused on bio-based/secondary materials exploitation, reuse and refurbishing/remanufacturing practices, result-oriented and product-oriented PSSs and industrial symbiosis. Finally, there are other CBMs not so commonly described in literature. These are focused on renewable energies, co-ownership and co-access, repair practices, product dematerialization and new technologies. What is evident from the presented literature is that there is a big research gap in terms of new ideas on how to practically transform a linear BM into a circular one. Just in very few cases experts presented innovative ideas and implemented them into practice. From one side, theoretical concepts are given usually like a suggestion to companies and politicians, without explaining the logical procedure to follow for their implementation. From another side, best practices are described like a complex mix of mechanisms not always comprehensible and adoptable by SMEs. Again, the involvement of common people in current industrial CBMs is almost absent from the reference literature. It has also to be highlighted the attention deserved to PSSs. Indeed, 25 authors out of 65 reported PSSs as suggested practices to move towards CE. More in detail, 12 papers proposed only one type of PSS. Probably, this trend can be explained since PSSs can be related with eight different archetypes (Tukker, 2004) and several types of product-related services (Gaiardelli et al., 2014). However, only in 3 cases out of 25 authors considered together actions as co-access, co-ownership, repair and refurbish/remanufacture. The final inference is that the idea of PSS among researchers is quite clear and widespread. Hence, it can be considered as a new, more structured, way for referring to different business practices coming from the past in a blurry and fuzzy mode. Moreover, PSSs are considered a key solution for involving users in CE (Romero and Rossi, 2017) through the direct utilization of new enabling technologies belonging to the Industry 4.0 domain, like IoT (Hatzivasilis et al., 2018; Nasiri et al., 2017) and additive manufacturing (Clemon and Zohdi, 2018; Sauerwein and Doubrovski, 2018; Unruh, 2018), so contributing in pursuing the unexplored exchange dimension and reducing the customer involvement issue in moving towards CE. To this aim, Tukker (2015) analysed to what extent sustainable PSS can contribute in terms of resource efficiency and CE. Results demonstrated as product-oriented PSSs do not mutate the will to maximize product sales. Furthermore, use-oriented PSSs potentially enhance and improve the use of material products, by cutting down the need for materials. However, a less careful use could lead to a quicker need to product substitution. Finally, result-oriented PSSs seem to have the greatest potential, since they boost the reduction of material costs, but asking for the most drastic changes in terms of BMs. This hampers in the industrial context both their widespread implementation and the provision of their benefits to resource efficiency and circularity. A further research, actively involving industrials, should be done for verifying and better understanding which kind of PSSs, or CBM archetypes, could better contribute in adopting and achieving CE and which benefits could be gathered by companies.
6. Conclusions
The present paper conducted a systematic literature review to both explore the CBM research context, define the most common types of CBMs and their classification methods. The analysis states that most common CBMs are recycling practices and use-oriented PSSs, but also product- and result- oriented PSSs unveil strategic potentialities towards CE. What is evident from the literature is the big research gap in terms of how to practically transform a linear BM into a circular one, with very few cases implementing CE into practice. Indeed, a clear line of action to practically support a BM change from linear to circular is still missing. From one side, theoretical concepts are given only as suggestions to companies and politicians. From another side, best practices are too complex to be adoptable by SMEs. Moreover, the involvement of common people in current industrial CBMs is almost absent from the reference literature. Considering all these issues, this research tried in proposing a practical way to overcome some of these limits, by providing a set of innovative CBMs. Indeed, the analysis conducted contributes to the research domain, by providing a declination of possible strategies for approaching CE, also ranked according to their frequency of adoption in the extant literature. From an industrial perspective, this categorization could represent a starting point to better understand which is the preferable CBM to be adopted – depending on internal strategies to be pursued – by uncovering challenges and opportunities. From a governmental perspective, detected CBM archetypes could guide politicians in drawing up circular-based plans and subsidies. From an academic perspective, they open new research opportunities. Firstly, they could be useful for understanding which CBM archetypes can be considered the most suitable to practically enable CE in specific sectors. To this aim, the involvement of both academic and industrial experts could enable both the detection of specific CBMs and related benefits in specific domains (Rosa et al., 2019). Secondly, a theoretical taxonomy for CBMs could be proposed, in order to provide managerial practices for design and implementation of CBMs focusing on value proposition, customer involvement and supply chain management. Thirdly, in order to better pursue the “Exchange” archetype, the chance to integrate CE and Industry 4.0 must be assessed. Finally, a methodology for conducting a CE performance assessment of CBMs needs to be developed (Sassanelli et al., 2019), in order to provide practitioners with an assessment tool quantifying benefits deriving from CE.
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