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Abstract: The aim of this article is to provide a critical theoretical discussion of the knowledge basis 
 for the concept of the circular economy (CE), drawing on examples from emerging practices and 
 existing knowledge and discussions. The analysis includes examples from three fields of application: 


(1) the macro level, where the CE concept is used as a basis for the formulation of general policies,
 with examples from the EU; (2) the meso level, where the concept is applied to inform businesses
 and policymakers on how to design industrial systems in order to create closed-loop production and
 consumption systems, with examples from interactions between the agriculture and the energy sec-
 tors in Denmark, using a biogas case, and; (3) the micro level, where the CE concept is deployed
 to assist individual companies in the design of products and manufacturing processes. Based upon
 a detailed discussion of decades of research and the practical experiences with three other fields of
 environmental research, the novelty of the CE concept is critically evaluated against three main aca-
 demic schools of thought, as outlined in the: (1) cleaner production literature, (2) industrial ecology
 literature and (3) cradle-to-cradle literature. The paper concludes that the CE concept revitalizes
 existing concepts rather than bringing essentially new tools, strategies and knowledge to the table.


Finally, the paper elaborates on the knowledge gaps and future use of the CE concept, with special
 attention to stakeholder involvement, co-innovation and transdisciplinary research.


Keywords: circular economy, closed-loop, cleaner production, industrial ecology, cradle-to-
 cradle



1. Introduction


As the global population continues to grow and
 is expected to reach 9 billion by 2050, humanity
 needs to balance the ever-increasing demand for
 food, fibre, energy and natural resources (Riding et
 al. 2015). This is regarded as a primary driver for
 the development of new business models, including
 in the design and organizational principles applied


to industrial systems, in order to create sustainable 
production and consumption systems. Increasing re-
source consumption, as stated by the United Nations 
Environment Programme (UNEP 2011), the fear of 
supply disruption and increasing raw material prices 
(McKinsey 2011, EC 2014b) and growing aware-
ness of the negative environmental impacts from 



(2)the current production and consumption system 
 (UNEP 2011) have led researchers, policymakers 
 and companies to search for new ways of organizing 
 industrial systems. 


Over the last 30 years, a large number of concepts 
 and strategies have been developed and implemented 
 aimed at creating zero-emission and closed-loop 
 production and consumption systems; for example, 
 Cleaner Production (UNEP 1998), Industrial Ecol-
 ogy (Ayres and Ayres 2002) and Cradle-to-Cradle 
 (McDonough and Braungart 2002). Such concepts 
 emphasize various aspects of the development of 
 resource-efficient and circular economies (Lieder and 
 Rashid 2016) and are holistic and multi-disciplinary 
 by nature (Sauvé et al. 2016). 


The Circular Economy (CE) concept replicates 
 many of the ideas in these concepts and strategies 
 but also reformulates them, adds new insights and 
 conveys the ideas into the decision-making arenas of 
 businesses and political institutions. In China, the 
 CE has been used as a development model for a wide 
 range of policies since the adoption of the “Circular 
 Economy Promotion Law of the Republic of China” 


in 2008 (Su et al 2013, Geng and Doberstein 2008). 


The EU used the concept as a basis for the formu-
 lation of a circular economy action plan and as an 
 important source of inspiration for the revision of a 
 collection of waste-oriented directives (EC 2014a) 
 and has allocated funds through its Horizon 2020 
 research programme since 2014 to support research 
 and innovation into the circular economy. Global 
 multinational companies, like IKEA, Hennes & 


Mauritz (H&M), Cisco and Renault, have applied 
 the CE concept as a basis for the formulation of 
 integrated product design and waste management 
 strategies. Further, many research articles (Stahel 
 2016, Suavé et al. 2016), review articles (Tukker 
 2015, Lieder and Rashid 2016, Ghisellini et al. 


2016) and consultant reports (EMF  2013a1, World 
 Economic Forum 2014) have been published in 
 order to define the concept. 


The aim of the present article is to expand the exist-
 ing knowledge base by providing a critical theoretical 
 analysis of the novelty of the CE concept. Simi-
 larities and differences between the CE and existing 


1  Ellen MacArthur Foundation


concepts and strategies are clarified and the praxis 
 discussed. The article discusses the novelty of the 
 CE concept by comparing it to the existing body of 
 knowledge in the field, thereby identifying elements 
 that have been abandoned, maintained or added.



2. The Circular Economy Framework


The “circular economy” is a term used to characterize
 an industrial system in which production processes
 and products are designed to allow the flows of
 materials (biological as well as technical) to recycle
 without creating waste of any kind (Hollander et al.


2017). The idea has attracted increasing attention
 in recent years (Ghisellini et al. 2016), but in itself
 it is not new (Murray et al. 2017). Several schools
 of thought have been analyzing, developing and
 describing industrial systems with such features for
 many years, from Boulding’s spaceship economy in
 the 1960s (e.g. Boulding 1966), to the discussions
 following the Club of Rome’s report on limits to
 growth (Meadows et al. 1972), Robert Ayres’ in-
 dustrial metabolism (Ayres 1989) in the 1980s and
 to discussions on industrial ecology in the 1990s
 (Erkman 1997). Several reviews (Lieder and Rashid
 2016, Ghisellini et al. 2016) have concluded that
 the use of the CE term for such industrial systems
 is a phenomenon that has primarily been used since
 around 2010.


The CE can be characterized as an “umbrella con-
 cept” (Blomsma and Brennan 2017) and is used 
 variously as a broad term to describe macro policies, 
 to describe industrial systems on a meso level and 
 as a framework for environmental strategies within 
 private companies on the micro level. Kirchherr et al. 


(2017) found more than 114 different definitions of 
 the CE concept. Furthermore, based on their review, 
 Kirchherr et al. (2017) defined 10 strategies to in-
 crease circularity, where extended product durability 
 counted for five of those strategies. A central point 
 here is that strategies oriented towards extending the 
 lifespan of products and their parts are given high 
 priority, featuring in 5 out of the 10 strategies. Due 
 to the many different definitions, it is difficult to 
 point to an authoritative definition of the concept. 


However, frequently cited reports published by the 
EMF (2013a, 2013b, 2014) and the CE report 
published by the European Commission (2004a) 
represent two attempts to present a definition. The 
European Commission report (EC 2014a) defines 



(3)CE systems in this way:


“Circular economy systems keep the added value in 
 products for as long as possible and eliminate waste. 


They keep resources within the economy when a 
 product has reached the end of its life, so that they 
 can be productively used again and again and hence 
 create further value.”


In Europe, the Ellen MacArthur Foundation has 
 been a pioneer in popularizing the concept of the 
 CE, in close collaboration with the consultancy 
 firm McKinsey & Company. A series of joint re-
 ports (EMF 2013a, 2013b, 2014), in which they 
 unfold the CE concept as they see it, has been used 
 to popularize the thinking behind this concept. 


They characterize conventional industrial systems 
 as linear, where resources and energy are consumed 
 during production and consumption. Ultimately, 
 the resources consumed are transformed into waste 
 without considering potential recycling options 
 cascading for new products and services. Conversely, 
 CE systems are industrial systems intentionally de-
 signed to recover all materials, for the production 
 of, for example, new products (the technosphere) 
 and/or services, such as alternative and renewable 
 nutrients for agroecosystems (the biosphere). The 
 EMF (2013a) defines the CE as: 


“…an industrial system that is restorative or re-
 generative by intention and design. It replaces the 


‘end-of-life’ concept with restoration, shifts towards 
 the use of renewable energy, eliminates the use of 
 toxic chemicals, which impair reuse, and aims for 
 the elimination of waste through the superior design 
 of materials, products, systems, and, within this, 
 business models.” 


The EMF has very successfully conveyed its knowl-
 edge of closed-loop industrial systems into the 
 political decision-making process, as well as into 
 businesses. For example, through its creation of 
 the CE100 network, a large group of multinational 
 enterprises that now exchange knowledge and ex-
 perience of CE activities and strategies.


As there is no authoritative definition of the CE 
 concept, it is fruitful to explore how the concept is 
 deployed in praxis to arrive at a definition. The fol-
 lowing three sections look at three selected areas of 
 application. The first is at the macro level of analysis, 


where the CE concept is used as a foundation for 
 the design of macro policies. The second is at the 
 meso level, where the CE concept is used for the 
 creation of closed-loop production and consump-
 tion systems and at a regional level, and the third 
 is at the micro level, where the CE concept is used 
 at a company level as a basis for the formulation of 
 corporate product design and recycling strategies. 


2.1 The Macro Level


The CE concept has been used as a basis for the 
 formulation of general policies in a number of 
 countries, such as China (Su et al. 2013, Geng and 
 Doberstein 2008) and in the EU (EU 2014a, Mc-
 Dowall et al. 2017). Other countries, such as Japan, 
 Germany, the USA, Korea and Vietnam, have also 
 implemented some elements of CE thinking into 
 sectoral policies and strategies, mainly targeting the 
 waste sector (Ghisellini et al. 2016). 


Whereas most countries have used the CE concept 
 as a framework for the formulation of waste-oriented 
 sectoral policies aimed at the incremental reductions 
 of waste volumes, China has used the CE framework 
 as a broad, macro-level model for sustainable and 
 economic development (McDowall et al. 2017, 
 Su et al. 2013). The Chinese CE model, originally 
 adopted in 2002, was based on a national top-down 
 approach relying mainly on command-and-control 
 regulation that, according to Ghisellini et al. (2016), 
 differentiates the Chinese approach from the rest of 
 the world’s bottom-up approach that emphasizes 
 stakeholder involvement, including from NGOs, 
 industry, civil society and the research community. 


In Europe, developing the CE and resource ef-
 ficiency are a top priority in the European Union 
 (McDowall et al. 2017). In July 2014, the European 
 Commission published the report “Towards a circu-
 lar economy: A zero waste programme for Europe” 


(EC 2014a) in order to establish a policy framework 
for a resource-efficient CE. The report addresses 
three main aspects: first of all, the aim to “design out 
waste”, supported by work undertaken as part of the 
EU Research and Innovation Programme, Horizon 
2020; partnerships; the eco-design directive (EC 
2014a) and strategies for biomass cascading. Second, 
the aim to stimulate investment by means of green 
public procurement and by encouraging Member 
States to integrate CE priorities into the funding 
activities under the European Structural and Invest-



(4)ment Funds. Third, by redefining waste policy and 
 targets. By July 2014, the European Commission 
 had adopted a legislative proposal for revised waste 
 policies that aimed to increase the CE. 


The so-called CE Package included proposals for 
 2025 and 2030 targets for a range of waste streams 
 under the EU Waste Framework Directive 2008/98/


EC, the Landfill Directive 1999/31/EC and the 
 Packaging and Packaging Waste Directive 94/62/


EC. The CE Package was pulled back in Decem-
 ber 2014 from the co-decision procedure and re-
 launched in a revised version in December 2015, 
 with a stronger focus on the full economic circle, 
 before being finally adopted in 2018. The revised 
 package includes an action plan for the CE (EC 
 2015) that addresses the full cycle, from product 
 design to production processes, consumption, waste 
 management and recycling. It is framed as a holistic 
 macro-level strategy for economic growth and job 
 creation, climate and energy, industrial innovation 
 and sustainable development (EC 2015). It, to some 
 extent, builds on ideas that can be traced back to the 
 cleaner production concept (when, for example, it 
 addresses environmental management and resource 
 efficiency) and industrial ecology (for example, when 
 addressing industrial symbiosis) but also with direct 
 references to the work carried out by the EMF on the 
 CE (mainly when addressing the general framework 
 for the action plan). 


However, despite clear references to cleaner produc-
 tion, industrial ecology and the circular economy, 
 the foundation of the package remains a waste-
 focused strategy and the core political aims remain 
 as recycling targets for selected waste streams. As 
 such, it still appears mainly as a sectoral strategy for 
 waste and resources covering the four central EU 
 directives on waste, regardless of the intention of 
 building a holistic action plan that covers the full 
 economic cycle.


2.2 The Meso Level 


The cycling of matter is fundamental in all ecosys-
 tems, but in the modern urbanized society, such 
 cycles are often broken, and carbon and valuable 
 nutrients are often not returned to the soil, from 
 where the original biomass was exported. Closing 
 the cycles again is especially important since society 
 has to adapt to increasing limitations in fossil fuel 
 supply and increasing issues with climate change. 


A shift towards a more optimized use of biomass 
 for food, fibre and energy purposes in the coming 
 decades is required. To illustrate the possibilities of 
 implementing changes at the meso level in practi-
 cal use, the following case study of a biogas plant 
 is provided.


Solrød Biogas Case Study 


The municipality of Solrød is located 20 km south 
 of central Copenhagen, Denmark. The plant was 
 constructed in summer 2015 and has a raw mate-
 rial capacity of 200,000 tonnes per year, producing 
 4.0–6.3 million m3 of biogas. This is supplied to a 
 gas engine to produce electricity, which is supplied to 
 the grid and consumed within the extensive district 
 heating system in greater Copenhagen (Fredenslund 
 et al. 2014). The by-product of the fermentation 
 process is used as agricultural fertilizer, creating a 
 closed-loop system in which all the nutrients con-
 tained in the raw material are returned to the soil 
 (Fredenslund et al. 2014). 


The feedstock is generated from three main sources: 


industrial waste from two large food ingredients 
 producers; livestock manure, mainly from pig pro-
 duction; and seaweed. The municipality had for 
 many years been suffering from malodour caused 
 by seaweed washing up on the shores of its bay. The 
 municipality was therefore searching for a solution, 
 just like in many other coastal areas where decom-
 posing seaweed was harming the recreational value 
 of the otherwise attractive coastline. Now, 4,000 
 tons of seaweed is removed annually from the 3.7 
 km of coastline in Solrød municipality and used in 
 the biogas plant.


The Solrød case demonstrates multiple benefits: 


• reduction of GHG by substituting fossil fuel
 with renewable energy;


• production of renewable energy sources, which
 thus increases energy security;


• production of renewable fertilizers with im-
 proved use efficiency, and the possible redistribu-
 tion of valuable nutrients from animal farms to
 other farm types without livestock production;


• reduction of unpleasant odours in the coastal
 area;


• contribution to solving marine pollution by
removing nutrients from the aquatic environ-
ment in Køge Bay (which was suffering from



(5)eutrophication problems caused by a surplus of 
 nutrients in the aquatic environment, originat-
 ing primarily from agriculture); improved use of 
 industrial biomass waste, and;


• benefits to companies in the food industries
 and to VEKS (a district heating company) that
 can benefit from the increased use of renewable
 energy sources.


The biogas plant is illustrative as a case study on 
 the CE as it brings together traditionally separate 
 stakeholders from industry, agriculture and public 
 authorities, and is closing a loop in the material flow 
 of biological material, from agricultural soil → food 
 industry → biogas → back to the agriculture as fer-
 tilizer for new generations of agricultural products. 


Modern agricultural systems are often disconnected 
 and linear, in the sense that nutrients embedded in 
 the products provided to urban societies are often 
 flushed away through the sewerage systems and the 
 solid fractions mixed (and often contaminated) 
 with other waste fractions in the waste-handling 
 systems. This prevents the pure biological material 
 lines from flowing back to the agricultural soils and 
 thereby creating a CE. The linear production and 
 consumption system thus leaves agriculture with a 
 deficit of nutrients. 


This is especially crucial for those nutrients produced 
 from essentially non-renewable resources, such as 
 phosphorous (P), for which, the global commer-
 cially available stocks will become scarce in the 
 next 50–100 years and are possibly depleted already 
 (Cordell and Drangert 2009). Depletion is also likely 
 to increase phosphate production costs by a factor 3 
 to 5 in this century (van Vuuren et al. 2010). These 
 challenges may be beyond comparison because, un-
 like for fossil fuel energy, there is no biological or 
 technological substitute for P (Childers and Corman 
 2011). Since only about one-quarter of the P ap-
 plied to agricultural fields is actually recycled today 
 (Childers and Corman 2011), innovative recycling 
 and re-use concepts need to be urgently developed 
 (Dawson and Hilton 2011). 


The biogas system can be seen as a fully functional 
 CE system that enables the flows of biological ma-
 terials to return to the agricultural soils in a closed 
 loop.  


2.3 The Micro Level


At the micro level, the CE deals with strategies for 
 the design of products and manufacturing processes 
 for individual companies, organizations and their 
 suppliers (Witjes and Lozano 2016). A number 
 of larger companies, including IKEA, Hennes & 


Mauritz (H&M), Cisco and Renault, have applied 
 the CE concept as a basis for the formulation of 
 integrated product design and waste management 
 strategies. In a study among S&P 500 companies, 
 Bocken et al. (2017) found evidence for widespread 
 circular economy practices linked to issues such as 
 recycling. The EMF created a platform for large-scale 
 companies involved with CE called “The Circular 
 Economy 100”. The platform brings together 100 
 companies with an aim to accelerate transition to 
 a CE by the means of best-practice sharing, work-
 shops, educational programmes and annual summits 
 (EMF, undated). 


Small and medium-sized companies, such as the 
 Dutch cell phone producer Fairphone (Page 2015), 
 Danish textile company Vigga and the Norwegian 
 reseller of household equipment Norsk Ombruk, 
 are further examples of companies that are basing 
 their business models on CE thinking (Kiørboe et al. 


2015). The key areas of attention for business models 
 within the CE framework are the prevention of waste 
 and/or the circulation of by-products and waste 
 streams into production and consumption systems, 
 thereby closing the material loops and contributing 
 to the creation of circular economies (Kiørboe et al. 


2015). Bocken et al. (2016) distinguish between 
 three strategies for business models to support CE: 


(1) slowing the resource loop by increasing product
 durability; (2) closing the resource loop through
 recycling-oriented activities, and; (3) reducing the
 resources needed to produce a given product. The
 three strategies, leaning on ideas from industrial
 ecology and cleaner production, aim at closing the
 loops in production and consumption systems and
 are often applied to existing companies operating
 with traditional business models.


Another approach to the CE is being made by com-
panies with business models based on the so-called 
product service system (PSS) (Tukker and Tischner 
2006, Planning 2015). The PSS framework aims 
to reduce environmental harm through transform-
ing product ownership relations that incentivize 
extended product durability, enhanced recycling, 



(6)reuse and a range of other potential benefits to both 
 consumers and producers (Mont 2002).


One company that has been using the CE strategy 
 is the major global household equipment company 
 IKEA. IKEA strategically addresses resource ef-
 ficiency and energy independence in its product 
 development and waste strategies (IKEA 2015). The 
 IKEA group has defined 2020 targets for resource 
 consumption, energy efficiency, renewable energy 
 consumption and the sustainable raw material sourc-
 ing of wood, cotton, palm oil and seafood (IKEA 
 2015). IKEA aims to produce as much renewable 
 energy as it consumes at a group level (mainly by 
 the ownership of wind turbine farms) by 2020, to 
 increase its energy efficiency by 30% by 2020, rela-
 tive to 2010, and to source 100% of its wood from 
 sustainable sources (FSC certified) by 2020 (IKEA 
 2015). Downstream in the supply chain, IKEA aims 
 to produce more efficient and sustainable products 
 that consume less energy and water in use. In terms 
 of product development, IKEA has introduced a 
 product sustainability scorecard framework as a 
 tool to integrate sustainability considerations into 
 product design. 


Specifically addressing the CE agenda, IKEA has 
 launched mattress take-back systems in 20 countries 
 and other related systems in targeted countries, 
 such as Norway and Australia. Looking at the full 
 portfolio of initiatives launched by the IKEA group, 
 one could argue that its central business model of 
 producing low-cost household equipment for mass 
 market consumption still contributes to increased 
 resource use and environmental strain; however, 
 the rather impressive number of ambitious targets 
 it has set for the group as a whole, and its suppliers, 
 indicate its strong willingness to act, albeit within 
 the boundaries of its existing (linear) business model. 


IKEA has been working for years with traditional 
 environmental management, eco-design and supply 
 chain management, but has lately added aspects fo-
 cusing on by-products and take-back systems, all of 
 which contribute to reducing resource consumption 
 and creating closed-loop consumption and produc-
 tion systems in line with the philosophy within the 
 CE framework. 



3. Analysis of the Cultural Economy and Its Knowledge Base


This vision of the CE aims at transforming linear
 industrial systems (take, make, dispose systems) into
 closed-loop systems that hold resources (biological
 as well as technical) within the production and
 consumption system for as long as possible, without
 creating waste (Stahel 2016). Creating such systems
 requires changes to technology, product design and
 production processes in individual companies, often
 drawing on knowledge from lifecycle analysis, an
 eco-design philosophy that is traditionally a part of
 the cleaner production concept (van Berkel 2007,
 Baas 2007). It also implies changes to business
 models and value chains (EC 2014a), which can
 be traced back to the literature on product service
 systems (Tukker and Tischner 2006).


Further, the CE concept is based on a system per-
 spective that is aimed at creating changes not only 
 to individual companies but to industrial systems. 


It therefore implies systemic innovation to the ways 
 that companies interact between and within value 
 chains while exchanging intermediate products, 
 resources, by-products and waste, but also the ways 
 in which value is created and distributed across 
 agents in the industrial systems. Such a strategy to 
 industrial transformation draws heavily on knowl-
 edge and experience that can be traced back to the 
 industrial ecology (Ehrenfield 2004, Chertow 2007) 
 and cradle-to-cradle literature (McDonough and 
 Braungart 2002). The relationship to the industrial 
 ecology literature is furthermore underpinned by 
 the extensive use of analogies between industrial 
 systems and natural systems. The link between the 
 CE and the cradle-to-cradle literature can be found, 
 for example, in the conceptual division between 
 durable and consumable components of industrial 
 systems (EMF 2013a). 


3.1 The Company Approach – Cleaner 
 Production


Manufacturing companies are the key stakeholders 
in the design of products and services and are conse-
quently key stakeholders when aiming to transform 
linear production and consumption systems into 
circular production and consumption systems. A 
common denominator in the CE literature is a fo-
cus on innovation in private enterprises, and more 
specifically, how environmental constraints can be 
turned into opportunities for innovative businesses 



(7)(Stahel 2016). Using examples and case studies, the 
 CE literature focuses on how companies can profit 
 from the reinvention of business models, increased 
 efficiency in their use of resources and improved 
 environmental innovation (Stahel 2016, Webster 
 et al. 2013). This strategy is not new. Stahel (1982) 
 had argued in the early 1980s that private companies 
 could find business opportunities in product inno-
 vation (especially product-life extensions). Also, the 
 cleaner production literature has for three decades 
 discussed the same issues, focusing on the develop-
 ment of tools and management systems to eliminate 
 waste through integrated preventative strategies for 
 manufacturing companies. The business community 
 has even implemented the strategy in practice, and 
 the political systems in Europe, the USA and else-
 where have supported that implementation through 
 policies and legislation; for example, the IPPC direc-
 tive in the EU adopted in 1996 (EC 1996). 


The cleaner production strategy was developed dur-
 ing the late 1980s and 1990s, when huge effort was 
 made to develop tools, strategies, systems and con-
 cepts that could reduce the environmental impact of 
 manufacturing processes (Baas 2007). These efforts 
 were labelled “waste minimization” (US EPA 1988), 


“pollution prevention” (US EPA 1992) and “cleaner 
 production” (UNEP 1998). Cleaner production is 
 defined by UNEP (1998) as the 


“continuous application of an integrated, preventive 
 strategy applied to processes, products and services 
 in pursuit of economic, social, health, safety and 
 environmental benefits”. 


The focus was on manufacturing activities in broad 
 terms and the aim was to develop pro-active, in-
 tegrated and preventative strategies to eliminate 
 environmental impacts at the source (UNEP 1998). 


The tools for cleaner production were developed in 
 institutions such as the Organization for Economic 
 Cooperation and Development (OECD), the Unit-
 ed Nations Industrial Development Organization 
 (UNIDO), and by a group of national governments 
 (Baas 2005). The initial work was followed by fur-
 ther elaboration by the International Standardiza-
 tion Organization (ISO), which led to the launch 
 of the ISO environmental management series (ISO 
 14001), the World Business Council for Sustainable 
 Development (WBCSD) that developed the so-


called eco-efficiency concept (WBCSD 2000), and 
 the development of the Eco-Management and Audit 
 Scheme (EMAS) by the European Commission. 


The common denominator for these systems was a 
 focus on the reduction of environmental impacts at 
 the source, rather than clean-up and post-treatment 
 (Thrane and Remmen 2007). 


An institutional framework for the diffusion of 
 cleaner production practices was also established 
 under UNIDO and UNEP (Luken et al. 2015, van 
 Berkel 2010). The first years of cleaner production 
 practice largely focused on the implementation of 
 systems and procedures at single sites and within 
 single companies; while the involvement of other 
 actors in the value chain, such as suppliers, was 
 emphasized in later revisions of the standards. The 
 concept of cleaner production systems has proved 
 rather successful, if measured by the number of com-
 panies using the concepts. Indeed, by May 2016, 
 more than 9,200 sites and 4,000 organizations had 
 been certified under the EMAS system (EC 2016), 
 and in 2014, more than 320,000 organizations were 
 certified under ISO 14001 (ISO 2014).


The measures to be implemented as a result of 
such systems typically include: improving energy 
efficiency, de-materialization, waste minimization, 
raw material substitution and changing organi-
zational structures and procedures (UNEP 2000, 
Christensen and Kjær 2012). Cleaner production 
is a preventative strategy to environmental manage-
ment. The central idea in the cleaner production 
philosophy is to analyze root causes to identify the 
sources of the environmental impacts, and then to 
eliminate the problem through changes to prod-
ucts, production processes, working procedures or 
by recycling (internal or external). It is therefore a 
zero-waste strategy, like CE, but most often limited 
to the boundaries of a manufacturing site or within 
an individual company (although the involvement 
of suppliers was integrated into later revisions of 
ISO14001 and EMAS). Compared to the CE lit-
erature, the work on cleaner production is rich in 
details of its implementation, with several practical 
guidelines developed for specific industries (UNEP 
2000). There is additionally a clear line between 
eco-design initiatives that can be found in cleaner 
production (Brezet and Hemel 1997) and the “de-
sign out waste” philosophy that can be found in the 
CE literature (EMF 2014, Hollander et al. 2017, 



(8)Mendoza et al. 2017). 


3.2 The System Approach - Industrial Ecology
 The CE concept is a systemic approach to industrial 
 transformation. The systemic approach can be found 
 in most definitions used by both researchers (Webster 
 et al. 2013) and policymakers (EC 2014a). Industrial 
 ecology is a branch of environmental research that 
 deals with the design of circular industrial systems 
 (Erkman 1997). This field of research was formed 
 in the early 1990s, based on the work of Frosch and 
 Gallopoulos (1989) and Robert Ayres (Ayres 1989), 
 and has gained increasing attention since then (e.g. 


Deutz et al. 2015, Clift and Druckman 2016). The 
 literature in the field has emphasized the creation 
 of industrial systems where by-products from one 
 company are used as an input by another company 
 (Chertow 2007), often using the Kalundborg Indus-
 trial Symbiosis system as a model (Jacobsen 2006). 


A large number of research articles have reported 
 how such systems can contribute to substantial re-
 ductions in raw material and energy consumption 
 by redesigning linear production and consumption 
 as circular, closed-loop systems, where waste, by-
 products and end-of-life products are re-recycled, 
 thereby substituting for virgin raw materials (Ehren-
 field 2004, Jacobsen 2006, Altham and van Berkel 
 2004, Chertow 2007). The literature on industrial 
 ecology is often based on case studies that illustrate 
 the wide applicability of the concept and the vast 
 potential associated with the optimized use of 
 waste and by-products across multiple companies 
 (Kohornen 2001, van Berkel 2007, Mirata and 
 Emtairah 2007, Yang and Feng 2008, Sokka et al. 


2011, Martin and Eklund 2011). 


The primary focus in the industrial ecology literature 
 is on the recirculation of industrial waste and by-
 products and, when compared to cleaner production, 
 less on pollution prevention and source reduction 
 (Baas 2008). The industrial ecology literature has a 
 broader scope than cleaner production, analyzing 
 industrial systems with multiple production sites 
 rather than single companies in isolated studies. 


Compared to the CE literature, industrial ecology 
 studies tend to focus on industrial systems, giving 
 less attention to the use phase and less emphasis to 
 new business models, even though business model 
 strategies in recent years have been given increased 
 attention. For example, a special issue of the Journal 


of Industrial Ecology in 2014 focused on industrial 
 ecology as a source of competitive advantage (Hoff-
 man et al. 2014). 


Many of the ideas in the CE concept can also be 
 found in the industrial ecology literature. The 
 distinction between linear and circular industrial 
 systems was discussed by Lifset and Graedel (2002), 
 who define a typology of ecosystems with three 
 systems: linear material flows, quasi-cyclic material 
 flows and cyclic material flows. Such cyclic material 
 flow systems resemble a CE and are characterized 
 by industrial systems in which all the resources are 
 recycled and zero waste is created. 


3.3 Cradle-to-Cradle


Core elements of the CE concept can be traced 
 directly back to the cradle-to-cradle concept coined 
 in the 1990s by William McDonough and Michael 
 Braungart, with the central idea of developing tools 
 and strategies for a radical redesign of products. The 
 cradle-to-cradle metaphor paraphrased the lifecycle 
 assessment “cradle-to-grave” catchphrase that was 
 developed during the same period by organizations 
 such as the Society of Environmental Toxicology 
 and Chemistry (SETAC), UNEP (UNEP-SETAC 
 2005) and ISO. The cradle-to-cradle concept was 
 developed to motivate designers to redesign products 
 in order to eliminate waste (McDonough and Braun-
 gart 2002). Cradle-to-cradle design intentionally 
 focuses on recycling so that end-of-life products can 
 be returned as nutrients (technically or biologically) 
 for new generations of products (McDonough and 
 Braungart 2002). In order to accommodate such 
 product features, a distinction between technical 
 nutrients (covering metals, plastics and other pro-
 cessed materials) and biological nutrients (covering 
 organic materials) was suggested (McDonough and 
 Braungart 2002). This distinction was later adopted 
 and integrated as an essential element in the CE 
 concept (EMF 2013a). 


The cradle-to-cradle literature included a new de-
sign framework aimed at eco-effectiveness, where 
products were to be radically redesigned to incor-
porate environmental, social and economic benefits 
(McDonough and Braungart 2002). This design 
framework distinguishes cradle-to-cradle from 
cleaner production, and especially from the so-called 
eco-efficiency framework developed by WBCSD, 
where the philosophy was to produce more value 



(9)with fewer inputs. Braungart et al. (2007) argued 
 that this strategy is linear, reactionary and ultimately 
 insufficient, as it only reduces environmental im-
 pacts but fails to support the design of products 
 that ultimately eliminate environmental impacts 
 and waste.


The cradle-to-cradle concept was registered as a 
 trademark of the McDonough Braungart Design 
 Chemistry consultancy, which offered cradle-to-
 cradle certification to products. This concept was 
 deployed by many major companies, such as the 
 Ford Motor Company, Herman Miller, Nike and 
 SC Johnson among others (McDonough and Braun-
 gart 2002). The certification was turned over to 
 the non-profit institute, Cradle to Cradle Products 
 Innovation in 2012.


Both the cradle-to-cradle and CE concepts apply a 
 proactive and solution-oriented strategy that em-
 phasizes possibilities and options for companies. The 
 data and documentation on which the concepts are 
 based on are often (hypothetical) case studies (Mc-
 Donough and Braungart 2002, EMF 2013a) and the 
 style they use to describe the concepts is often popu-
 lar rather than scientific, as opposed, for example, to 
 the lifecycle assessment concept, which emphasizes 
 scientific rigour in methods and procedures (Chris-
 tensen et al. 2014). Both concepts emphasize the 
 distinction between technical and biological materi-
 als, although the cradle-to-cradle term is “nutrients” 


(McDonough and Braungart 2002) and the CE 
 term is “material” (EMF 2013a). Furthermore, they 
 highlight the need for both closed-loop production 
 and the radical redesign of existing products. The 
 general design philosophy is based upon the concept 
 of eco-effectiveness, which seeks to design out waste 
 through radical design changes, instead of making 
 incremental modifications and improvements to 
 existing designs (Braungart et al. 2007).



4. Discussion


As a theoretical and practical approach to reducing
 or eliminating man-made pressure on ecosystems,
 the CE concept can be placed within a broader field
 that covers a range of overlapping strategies, such as
 cleaner production, cradle-to-cradle and industrial
 ecology. A common denominator in these strategies
 is that they are solution-oriented, emphasizing the
 development of practical tools, strategies, design


principles, business models, etc., to create sustain-
 able production and consumption systems. Another 
 common aspect is that companies are viewed as the 
 central agents, who by their use of innovation and 
 technology can contribute to a sustainable develop-
 ment without damage to their own material and 
 economic foundation; this view is supported in the 
 literature (e.g. EMF 2013a, EMF 2015). 


Cradle-to-cradle and the CE both have their point of 
 departure in a simple model over industrial systems 
 that distinguishes between biological components 
 and technical components (EMF 2013a, McDon-
 ough and Braungart 2002). Both also emphasize 
 design changes to products and production systems 
 as the preferred strategy to eliminating waste and 
 emissions. 


The industrial ecology and cleaner production 
 strategies have many similarities, with (i) industrial 
 ecology focusing on the linkages between multiple 
 industries, often with an emphasis on waste and by-
 product utilization (Chertow 2007, Ayres and Ayres 
 2002, Ehrenfield 2004), and (ii) cleaner production 
 focusing on activities and procedures within indi-
 vidual companies (Baas 2008). Industrial ecology 
 tends to focus on the relations between manufac-
 turing companies (Jackson 2002). Both industrial 
 ecology and cleaner production tend to focus more 
 on incremental improvements (eco-efficiency and a 
 continuous improvement philosophy) with regard 
 to product and process improvements, rather than 
 the radical redesign of production and consump-
 tion systems (eco-effectiveness), and can thereby be 
 differentiated from the CE and the cradle-to-cradle 
 strategies. Braungart et al. (2007) and the EMF 
 (2013a) argue that the eco-effectiveness approach is 
 known from the cradle-to-cradle and CE literature 
 and represents an approach to managing environ-
 mental problems that is fundamentally different to 
 the eco-efficiency strategy. 


However, despite conceptual differences between the 
 eco-effectiveness and the eco-efficiency strategies, 
 some researchers point at common grounds as well. 


In a study of beverage packaging systems, Niero et 
al. (2017), for example, suggested a framework that 
integrated the eco-efficiency and eco-effectiveness 
strategies and combined advantages of the two strate-
gies. Environmental management systems based on 
cleaner production, such as EMAS and ISO14001, 



(10)both explicitly encourage and motivate companies 
 to incrementally reduce their environmental im-
 pacts. The practices that have been developed by 
 the many thousands of companies that have been 
 certified to ISO14001 and EMAS standards have 
 therefore primarily resulted in incremental, step-
 by-step reductions of their environmental impacts 
 (Ganzleben et al. 2009). 


In order to realize concepts including zero-emission 
 objectives and closed-loop production and con-
 sumption visions, co-innovation through the in-
 volvement of multiple actors is important. Mendoza 
 et al. (2017) found that the implementation of CE 
 necessitates systemic innovation of both a technical 
 and non-technical nature across value chains. Actor 
 networks to foster such systemic changes may in-
 clude companies, users, policymakers, scientists and 
 other relevant bodies, depending on the specific case. 


Facilitation through regular interactions between 
 the actors is needed to ensure early confrontation 
 with, and integration of, a diversity of perspectives, 
 insights, experiences and ideas. Such integration of 
 the knowledge of academic and non-academic ac-
 tors (technical as well as non-technical), through a 
 facilitated transdisciplinary research process (Regeer 
 et al. 2009a), can lead to socially robust knowledge 
 that is both scientifically credible and socially valu-
 able (Gibbons et al. 1994, Regeer et al. 2009b). 


Another core element is the alignment of the pro-


posed innovation with prevailing systems (e.g. legal, 
 technical or financial) and institutions (e.g. the 
 market place, knowledge infrastructure, modes of 
 governance) as well as with a growing group of rel-
 evant actors (e.g. consumers, retailers, inhabitants). 


The goal is a process of broad and reflexive learning 
 focusing on the technical as well as the social aspects 
 of CE solutions. Acknowledging that different actors 
 may have different ideas and expectations, making 
 explicit the differences without forcing consensus, 
 and using the differences constructively, are essential 
 elements of the facilitation. Trade-offs can be identi-
 fied and utilized between (for example) generating 
 jobs, economic performance and environmental 
 impacts in the short and longer term. The latter 
 also points to a general weakness in the literature 
 on the CE and related concepts concerning the lack 
 of attention to the institutional, organizational and 
 cultural bases for change. The majority of the CE lit-
 erature is based on techno-environmental knowledge 
 concerned with, for example, resource flows, produc-
 tion and consumption systems, business models and 
 company strategies and policy, whereas less attention 
 is paid to study how institutional arrangements and 
 culturally based values and practices may hinder or 
 stimulate the transition to a circular economy



5. Conclusion


It can be concluded that the CE concept as a plat-
 form for the transition to sustainable production and


Cleaner production Industrial ecology Cradle-to-cradle Circular economy
 Scope Industrial production sites Industrial systems (often 


manufacturing systems) Production and  


consumption systems Production and  
 consumption systems
 Actors Environmental managers; 


plant managers, institutio-
 nal support, policymakers


Companies, suppliers, con-
 sumers, symbiosis centres, 
 public–private partnership 
 consortia


Consultants, manufactu-


ring companies Consultants, companies, 
 suppliers, consumers, wa-
 ste treatment companies, 
 policymakers


Focus Pollution prevention, sour-
 ce reduction, integrated 
 measures, production 
 processes, eco-efficiency


By-product exchange and 
 waste utilization, industry 
 focus


Technical and biological 
 nutrients, “waste equals 
 food” philosophy, eco-
 effectiveness, product 
 certification


Durable and consumable 
 components, closed-loop 
 systems, eco-effectiveness


Innovation 


perspective Continuous improve-
 ments, organizational 
 learning, product and 
 process modifications, Best 
 Available Technology


Closed-loop systems, waste 
 and by-product utilization, 
 exploitation of multiple 
 benefits


Design out waste, rede-
 signed products, new 
 business models


Redesigned products, 
 closed-loop systems, new 
 business models


Table 1. Actors, focus and innovation in four different strategies for sustainable  
production and consumption systems (inspired by Baas 2008). 



(11)consumption systems revitalizes existing concepts 
 rather than bringing fundamentally new tools, strat-
 egies and knowledge to the table. The CE concept 
 and its current application in policies and business 
 strategies builds on years of accumulated knowl-
 edge from various research fields, such as cleaner 
 production, industrial ecology and cradle-to-cradle. 


From these research fields, the CE concept defines 
 solution-oriented strategies, with companies as the 
 central change agents, focusing on both technical 
 material flows and biological material flows (the 
 material aspect of the circular economy) and with 
 the economy that is associated with these flows (the 
 economic aspect of the circular economy). The effort 
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