

  sustainability-14-03726




sustainability-14-03726







Sustainability 2022, 14(7), 3726; doi:10.3390/su14073726




Article



Transforming Linear Production Chains into Circular Value Extended Systems



Carlos Scheel * and Bernardo Bello[image: Orcid]





EGADE Business School, Tecnologico de Monterrey, San Pedro Garza García 66269, Mexico









*



Correspondence: cscheel@tec.mx







Academic Editor: Ana Ramos



Received: 23 February 2022 / Accepted: 15 March 2022 / Published: 22 March 2022



Abstract

:

Different schools of thought, theories, and concepts have been developed to diminish the social and environmental impact that the take–make–dispose linear economic model has produced. Such is the case of industrial ecology (IE) and circular economy (CE). However, the principles and guidelines in IE literature are focused more on resource efficiency without considering the social externalities. In the same sense, CE literature has not brought clear guidance about how to circularize linear businesses and is mainly focused on recycling strategies, which could be the least profitable and attractive option among the circular business models (CBM). Based on the sustainable wealth creation through disruptive innovation and enabling technologies (SWIT) framework and the business model framework, we have developed a roadmap to transform linear value chains into an industrial ecology cluster of zero-waste chains and enabling institutions called a circular value extended system (CVES), which is able to exploit non-usual business opportunities of waste and residue revaluation. This systemic approach opens the possibilities of creating a socially inclusive, environmentally resilient, and economically viable system of capital. A case study is presented to clarify the design process and application of the framework. Our contribution entails guidelines to transform linear value chains into a cluster of circular economy systems capable of producing sustainable increasing returns to benefit multiple regional stakeholders.
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1. Introduction




“Sustainability is a “vision”, something most of us share, but does not give advice on how to act.”



-Schnitzer and Ulgiati, 2007







Resources for industrial production are becoming scarcer and more expensive to extract, mainly for developing countries. The Global Footprint Network [1] has reported that humans use as many ecological resources as if we lived on 1.75 Earths. In response, some industries and nations have begun transforming their linear production chains into industrial ecosystems capable of reducing the consumption of virgin materials and creating symbiotic linkages of waste and residue sharing [2,3].



These industrial ecosystems are often called eco-industrial parks (EIP) [3]. Examples of EIP entail the cases of Kalundborg, Denmark [4], Guigang, China [5], Kawasaki, Japan [6], Jyvaskyla, Finland [7], Las Gaviotas, Colombia [8], among others. The research on EIP has focused on optimizing energy and materials within the EIP to reduce the environmental impact compared to multiple stand-alone linear production chains.



Nevertheless, the design and efficiency of EIPs still have some gaps in developing a holistic zero-waste (zero-emissions) economy. The optimization of energy and materials exchange within EIPs does not assess the real impact of upstream and downstream supply chains outside the industrial network [9,10]. Therefore, there is a need to expand the scope of industrial ecology (IE) principles so that business leaders can analyze the impact that the linear value chains have on the environment and on the community where they are embedded.



In this sense, circular economy (CE) scales up the concepts of industrial metabolism and optimization to an economy-wide system to establish a new model of economic development, production, distribution, and recovery of products [11]. However, the implementation of CE is mainly focused on recycling and product-as-a-service systems (PSS) and not on how to transform linear business models into a cluster of multiple business models in practice [12,13]. Moreover, CE literature is mostly centered on environmental aspects and marginally addresses the social and institutional implications [14].



Consequently, this paper aims to bring guidelines on implementing CE building blocks to create self-sustained wealth that produces value-added to society, the environment, and the firm by transforming linear value chains into a cluster of non-usual businesses. We seek to facilitate the design of a mechanism capable of transforming linear production chains into a viable ecological cluster of firms, institutions, and supporting stakeholders to deliver sustainable increasing returns (SIR) for all the participants through the leverage of business opportunities found on waste, obsolete products, new capabilities and residue revalorization [13].



The development of the model is based on sustainable wealth creation through disruptive innovation and enabling technologies (SWIT) framework [13], which entails concepts from blue economy [15], industrial ecology [16], principles from the circular economy approach [17], as well as systems dynamic modeling of complex phenomena [18,19]. The value added from the SWIT framework to the CE discussion is its systemic approach, which points out the need for a holistic innovation considering all key stakeholders instead of product innovation or the participation of just isolated stakeholders in the transformation of sustainable production processes. The model we propose has been called a circular value extended system (CVES), and its aim is the generation of a balanced value proposition [20] among the economic, social, and environmental spheres. For this, we have extended the contribution from Osterwalder et al. [21] to a triple value proposition to facilitate practitioners to distinguish non-usual business models that may be part of industrial ecology business clusters, able to create sustainable value for all stakeholders. To widen the understanding of our proposal, we share the methodology applied in an action research case to show the advantages and differentials of the approach.



This article is organized as follows: Section 2 reviews the basis of industrial ecology, circular economy, and sustainable wealth generation through disruptive innovation and enabling technologies (SWIT) framework, as well as the business model literature. Section 3 describes the action research methodology undertaken to apply the framework in our business case. Section 4 describes the economic, social, and environmental context in Bartica, Guyana, where the framework has been proposed for implementation. Section 5 illustrates the roadmap for transforming a linear chain into a CVES with a stepwise exemplification for our business case in the gold mining industry in Bartica. Section 6 entails the discussion of the management implications and the advantages of the CVES for the creation and assembly of CBMs. Finally, Section 7 involves the relevant conclusions from this work, including limitations and further research.




2. Literature Review


2.1. Industrial Ecology and Performance of Eco-Industrial Parks


The IE literature was born as a response to the conflict between industrial activities and ecological systems [22] when traditional and reactive approaches such as “end-of-pipe” pollution control methods were ineffective to treat industrial waste [16]. The concept of industrial symbiosis [3], built on the notion of symbiotic biological relationships in nature, plays a central role in implementing IE practices. Each of the firms involved in industrial symbiosis systems seek to deliver extended value for their customers but coexist in harmony with natural ecosystems [23].



The IE literature research of industrial parks as ecosystems further evolved into the concept of eco-industrial parks (EIPs) [24,25]. EIPs are arrangements of firms that comply with the concept of industrial symbiosis through the exchange of resources, such as raw materials, waste, water, energy, and information [2,3]. The industrial symbiosis concept has been widely implemented to design and manage EIP by researchers, specialized consultants, and personnel from economic and environmental development agencies in industrialized and developing countries [23]. Based on results of previous research that considered warming potential (GWP), water acidification, biodiversity degradation, CO2 emissions, among other measurements [4,5,6], EIP performance has shown that EIPs have effectively reduced the environmental impact from the industry.



Nevertheless, the design and the measures of EIP usually overlook the consideration of downstream and upstream chains and their environmental impact, as well as other externalities and relationships that may have relevant implications on the original design of EIPs [9,10]. Sokka, Pakarinen, and Melanen [26] highlighted the importance of these considerations in a case study of the EIP based on a pulp and paper plant in Kymi, Finland, where they find that 70% of direct emissions from the EIP activity comes from the raw material production, which is not an activity considered within the EIP. Though industrial symbiosis in EIP can provide environmental benefits compared to value chains in isolation, the evaluation focused just on the EIP network can yield a different picture from the environmental impact when upstream processes are included in the study as well [26]. Therefore, radical innovations and a broader holistic vision are needed to approach a truly sustainable business model for wealth creation [13,27].




2.2. Circular Economy and Circular Business Models


Similar to the IE stream, CE was born as an alternative to the take-make-dispose economic model [17,28], and it can be traced back to the environmental economy [29] and the ecological economy literature [30]. These pillars of CE pointed out that the environment has different roles: it provides resources, a life support system, and a sink for emissions and waste. However, there is no price or market of these environmental goods (environmental services) even though they have a clear value for humanity, provoking that deterioration of the environment due to industrial activity can increase without limits if no regulations and specific actions are enacted [29,30]. Scaling up the concepts of industrial symbiosis and optimization from IE, the circular economy literature seeks to establish a new model of development, production, distribution, and recovery of products to revalorize the emissions and waste to decouple economic growth and resource use [11,13,31].



Circular business models (CBM) are a new kind of business model (BM) where the value creation is grounded on keeping the economic value embedded into products after their use and exploiting it for new types of market offerings [12]. Though the 3R’s principles (reduction, reduce and recycle) [11] or the ReSOLVE (regenerate, share, optimize, loop, virtualize, exchange) framework from the Ellen MacArthur Foundation [17] are the base for CBMs, most of them are focused on recycling and product-as-a-service-system (PSS) [11,12]. This focus on recycling could be an obstacle for further implementing CE initiatives because it could be the least sustainable solution based on resource efficiency and profitability [1]. Additionally, these business model frameworks are just business-oriented, while circular economy needs a holistic vision and planning, which considers all stakeholders’ involvement within the community as discussed in the SWIT framework [13,32].



Moreover, another gap in the CE literature is the lack of research regarding how to practically transform linear BM into a circular one [12]. Sometimes, CE theoretical concepts are given as a suggestion to firms and politicians, without any explanation or guideline on implementing such practices [12]. Just evoking a concept such as CE in management systems is unlikely to lead to the radical innovations needed for sustainable business models [27]. Therefore, the CE research must move forward the development of CBM to more inclusive, collaborative, and non-usual initiatives [33] that can deliver value not just for firms but also for citizens, institutions, and the environment.



Additionally, the discussion about CBM centers involves cleaner production processes but omits the rebound effects that material and energy efficiency might generate [34]. The rebound effects literature acknowledges that energy and material efficiency can reduce the environmental impact, but if the consumption of the goods rises beyond a certain amount, this benefit can be surpassed by the net impact [35,36]. CBM is not the exception to this phenomenon [37], and thus, we discussed the implications of rebound effects in our model.




2.3. Sustainable Wealth Creation through Disruptive Innovation and Technologies (SWIT) Framework


The sustainable wealth creation through disruptive innovation and enabling technologies (SWIT) framework [13] is a systemic approach for regional sustainable economic growth based primarily on circular economy (CE) and industrial ecology (IE) perspectives [3] using a system thinking approach [18,19] as an integral and collaborative concept. This approach focuses on how the unit of analysis interacts with its other constituent parts. Thus, instead of fragmenting the system configuration into different elements and analyzing them individually, it accounts for the more significant number of interactions and its feedback effects and synergies among external stakeholders [13,32].



The SWIT systemic framework provides the conditions for the interaction of procedures at three levels of complexity: product-residues chain level, stakeholders’ synergy cluster level, and a regional level that accounts for external institutions [13,32]. The product-residue level entails the circularization of linear production chains by revaluating and transforming residues and waste into closed-loop chains of multiple processes, called zero-value residue industrial ecology systems (ZRIES). The cluster-level or circular value extended system (CVES) articulates the synergies of multiple ZRIES business units within a region, with a common goal for its inhabitants. Finally, the sharing value system (SVS) at the regional level provides the necessary conditions (resources, technologies, policies, infrastructure, institutions), resource allocation management, and inclusive governance to achieve an effective generation of sustainable wealth for all stakeholders [13].



The SWIT framework attempts to overcome the lack of design in the academic literature of economic growth with a systemic vision [13]. The objective of this paper is to extend the implementation of this framework addressing the lack of guidelines for the circularization of linear BM [12]. Based on the SWIT framework, this paper contributes with guidelines based on the CVES concept to transform linear value chains into valuable circular value systems. In contrast to EIPs, we seek to address the downstream and upstream chains and their environmental impact and the relevant externalities and relationships for the design of EIPs [9,10,26].



The purpose of the CVES cluster is to achieve effective and efficient clean production and waste revaluation that creates economic rents, social inclusiveness, and quality of life growth for the population by creating sustainable increasing returns while increasing natural resilience [13,32]. To achieve this, the proposed design of the CVES includes all stakeholders involved in the development of the value proposition and not just the business-oriented participants.




2.4. Triple Value Proposition Design


Our proposal extends the conventional business model framework from Osterwalder and Pigneur [20] to the inclusion of diverse stakeholders. Osterwalder and Pigneur [20] defined a BM as the description of the rationale of how an organization creates, delivers, and captures value. Conventional business models conceptualize value generation from a “one-shot” approach; instead, we proposed a model that is focused on creating value by the iteration of several cycles in the circular system through time, where various stakeholders participate, creating multiple value benefits for all.



Osterwalder et al. [21] have broken down the value proposition and the customer segment from the business model canvas for further analysis. The value proposition map (Figure 1) breaks the value proposition down into products and services, pain relievers, and gain creators for the customer [21]. The customer segment profile (Figure 1) breaks the customer segment down into its jobs, pains, and gains [21]. Although these guidelines are helpful for conventional BMs, we extend the value proposition map and the customer segment profile [21] for the development of the CVES extended value proposition.



Mainly, we consider that the CVES serves three “customers” based on the triple-bottom-line of sustainability: the society, the environment, and the industrial firms. Thus, the circular approach requires the engagement of three customers, forming a triple value proposition (TVP). In Section 5, we present the designing steps for the CVES, which entails developing the TVP.





3. Methodology: Validating the CVES with Action Research


The CVES has been designed to articulate the synergies of the cluster of multiple ZRIES chains [13]. The present work aims to describe how to implement the CVES model to transform linear value chains into a cluster of multiple initiatives. The CVES model has been validated by previous research [13,31,32], which include cases such as the transformation of residues from the food industry [38], the exploitation of the residues from the palm oil production [13], and the transformation of a complete community into a cluster of businesses [32].



The method we have employed is a participatory action research approach in which diagnosing and planning are performed in collaboration between researchers and key stakeholders from the community [39]. The action research methodology is ideal for validating the framework because it is collaborative, generates theory grounded in action by evaluating the applicability of existing theories, and the relationships amongst stakeholders are relevant. These elements are essential for the case study we address, in which we depend on the balance of the three main stakeholders (environment, society, and industry) and supporting institutions (ABIIGS: academy, banks, infrastructure, industry leaders, government, and citizens of the local society).



Motivated by Guyana’s Department of Environment of British Guyana and the UNEP, the town of Bartica was selected to develop the CVES mechanism to balance economic development, social welfare, and environmental resilience. In the following section, we present the action research case of Bartica, providing an overview of the social, economic, and environmental state of the town.




4. Case Study: Bartica, British Guyana


This case study was performed between 2017–2018, motivated by the Green State Development Strategy (GSDS): Vision 2040 from Guyana’s policy development led by Guyana’s Department of Environment. The United Nations Environmental Program (UNEP) Regional Director of Latin America and the Caribbean, and the GSDS Coordination Desk, look for the engagement of the private sector in the second session of “Green Conversation” under the theme From Green Towns to Green Cities.



We considered implementing the SWIT framework [13] as a development plan for Bartica since the mining industry is the main economic driver in Guyana, but the benefits for its population are not being reflected in the economic development of the country. Additionally, the mining industry has had extraordinary impacts on the environment, such as deforestation, topsoil removal, and contamination of watercourses. Thus, developing a CVES focused on “circularizing” the gold mining industry in this region might be an enabler for economic growth, environmental impact reduction, and improvement of the population’s life quality.



Guyana is well endowed with natural resources, where gold and bauxite have played an essential role in the local economy. Artisan, small and medium-scale mines (ASMS) have dominated Guyana’s mining industry. Under the Mining Act 1989, the Guyana Geology and Mine Commission (GGMC) receives over 50 percent of its income through royalties and fees. Furthermore, the GGMC serves as a regulatory entity that also provides training to miners on environmentally friendly practices.



Nevertheless, growth in Guyana’s gross domestic product (GDP) has been highly volatile over the past decades due to geopolitical events, natural disasters, and global community price fluctuations. In 2015 and 2018, very significant oil reserves were discovered, putting Guyana at a critical point in its history, providing its citizens with an opportunity to change its development path. The GSDS: Vision 2040 plan seeks to develop sustained economic growth that is low-carbon, climate-resilient, and promotes social cohesion, good governance, and careful management of finite resources.



After several unstructured interviews with local authorities and the people from Bartica, observation, and document review, we identified the key activities and relevant residues and wastes from the gold mining industry in Bartica. The following section describes the roadmap and the steps undertaken to design a CVES based on the gold mining industry.




5. Research Results: Roadmap for the Development of the CVES


This section describes stepwise the design and development of a CVES. The steps (Figure 2) are based on previous case studies the authors have developed [13,32,38], experts think tanks, document review from Guyana, and unstructured interviews with local leaders from Bartica. Additionally, we framed this roadmap with the literature from IE, CE, SWIT, and business models (BM) frameworks. The exemplification of the steps is performed with the actions undertaken in the action research case developed in Bartica, British Guyana.



5.1. Identification and Deployment of the Key Linear Value Chains


The original concept of the value chain has evolved with the idea of shared value [40], highlighting that the core of economic value creation must simultaneously fulfill the society’s aspirations to achieve durable economic success. One way to create shared value is to develop local support groups for the firm assembled as a cluster 40]. The first step we proposed for creating a circular cluster is to trace the extended value map [13]. This structure allows identifying valuable activities of an industry chain, the processes involved, the raw material required, the machinery, and identifying the residues generated that could be used as inputs by decomposer firms [13].



Data gathering at this phase is performed through primary and secondary sources (documents, interviews, observation), used in eco-industrial parks (EIP) designing processes to optimize the exchange of raw materials, water, waste, and energy [2,3]. The identification of residues, waste, and obsolete products (RWO) can be carried out by experts on the supply chain or other different practices. As performed in IE literature, the waste from the value chain stages can be studied by material flow analysis (MFA) [41], substance flow analysis (SFA) [42], physical input–output accounting, and life cycle assessment (LCA) [43,44].



At this stage, the objective is to develop the most detailed value chain where all the production processes, residues, and wastes are depicted. All stages of the value chain should be identified to propose systemic and holistic solutions [45]. In Figure 3, we have represented the extended value map for the gold production in Guyana based on the available documentation of the mining industry [46,47]. The RWO we have identified in Guyana’s mining industry is the tailings generated from excavation, the vegetal material that was in the original landscape, the toxic slurry from the purification treatment of gold, the molds that are used to cast the metal, the metal scrap and the tires from obsolete machinery that are left on the open field and on the city.




5.2. Deployment of the Multiple RWO Chains Forming Multiple ZRIES


The SWIT framework proposes that the RWO should be transformed through technological procedures into sequences of processes capable of decomposing and producing valuable products that generate new residue-nutrient chains for other processes [31]. The revalorization of RWO can start with scavengers and decomposers firms in the industrial system. Scavenger firms can collect materials, dismantle and make them accessible for other companies, and decomposer firms enable recycling by breaking down complex molecules into simpler nutrients for other processes [38,48]. Moreover, dematerialization or virtualization [17,49,50] is also essential for the ZRIES (zero residues/waste) chains design and the creation of sustainable wealth. Information systems facilitate the connection between RWO generators and transformation processes by exchanging information to coordinate different actors [50].



It is important to recognize that added processes and products generate more residues or other types of waste than the original linear value chain. Therefore, this is an iterative process between identifying processes and residues until the chains have zero-residues or harmless residues [13]. The objective of each new process is to reduce the RWO and create additional value for the stakeholders. In Figure 4, we have listed and deployed different processes that can be generated by decomposer and scavenger firms to transform the RWO from the extended value chain from the gold mining industry into valuable products.



These ZRIES chains have the potential not only to restore the environment but to generate value through different products, which at a regular linear value chain are part of the waste and never recover. In Table 1, we can observe the waste generated by the linear model of the gold mining activity. Furthermore, Table 1 describes the potential new products that can be generated by the gold mining industry by rethinking the system with ZRIES chains.




5.3. Identifying the Multiple “Customers” with Their Characteristics, Pains and Gains


The value creation of our model is not centered on just one customer segment; we propose that the value creation is delivered to three “customers” based on the spheres of the triple-bottom-line (TBL): the society, the environment, and the industrial firms. Thus, this step involves an in-depth analysis of the value that the three “customers” receive from the gold extended linear value chain (Table 2).



Osterwalder et al. [21] customer segment profile involves three parts: (1) customer jobs, the description of what the (2) the gain creators, which is how the product or service creates customer benefits; and (3) the pain relievers, which refers to how the product or service alleviate “pains” or discomforts to the client. Based on this model, we propose three questions that should be addressed, taking into account the three customers:




	
What does this client need?



	
How this product or service is beneficial to the client?



	
How does this product or service negatively affect the client?








The customers and these questions can be arranged as shown in Table 2 and Figure 5. All intersections must be filled to expand the scope of benefits and pains delivered by the product or service. This process should be validated through surveys and interviews performed with the local community. This stage highlights the problems that the environment, society, and firms can face due to the activity of the linear value chain.




5.4. Triple Value Proposition


The development of the triple customer segment profile and the ZRIES description points out the problems that the customers face and multiple business opportunities that can be addressed [38]. These opportunities can form a cascade of initiatives that create an increasing value for the three types of “customers”.



Based on the BM framework [21], the triple impact value map also entails three parts: (1) products and services delivered by the CVES, (2) the benefits to the three “customers” that the CVES delivers, and (3) the pains that the CVES relieves (Figure 5).



The TVP is a tool that helps to set the goals that need to be achieved for the value creation for the three customers. Consequently, the extended value chain and the initiatives that identify a business opportunity from the RWO must comply with the TVP. In other words, value creation for one customer does not compromise the prosperity of other customers. Thus, the creation of value must come from the synergy and balance between more than one customer.




5.5. Identifying the Multiple Values and Benefits for the Different Stakeholders


Following the SWIT principles [13], the processes and technologies capable of creating maximum value from the transformation of residues or waste must have been identified at this point (Section 5.2). However, it is still needed to connect the different ZRIES chains by identifying synergies among them and involving the stakeholders in the community that have a close interaction with the linear value chain and can also be interested in the business opportunities that have been identified. Chertow [3] described this as stakeholder processes, which entail the construction of committees. These committees consist of covenants and codes to rule the interaction among the stakeholders [59].



With the stakeholders identified and involved in the creation of the CVES, we finish with the TVP emerging statements, which have a similar purpose as mission statements [60,61]; they give clarity about the synergistic participation of the three customers; they highlight the importance and the purpose of each element of the cluster, and they guide the strategic plan for the stakeholders involved. Due to the systemic nature and dynamics of the CVES and the participants involved, different TVP emerging statements are used to describe the initiatives that were designed to be simultaneously working (Table 3).




5.6. Mapping the Synergies, Flows, and Clusterization of All Stakeholders, to Assemble the CVES Cluster


Finally, to better picture the CVES model we are creating, we developed a system dynamic model representing the TVP emerging statements. This model and the TVP emerging statements are made simultaneously to clarify and balance the relationship of each element in the cluster. The system dynamic model represents the linear value chain, the new business opportunities, and its relationship among the three customers. This model facilitates the monitoring of the CVES as a whole and for each of its elements. Based on the systemic approach [18,19], this model can have balance and reinforcement loops. The former tries to bring things to the desired state, and the latter produces both growth and decay; that is, the compound change in one direction with even more change (Figure 6).



In summary, the CVES map shows the dynamics among “flows, feedbacks, synergies and stakeholders”; creating reinforced (R) loops or balanced (B) loops, where the whole cluster has a general purpose: create sustainable wealth. For instance, the economic “customer” has new economic flows and fewer remediation costs to address; the environmental “customer” receives additional value with less pollution and more resilience; the social “customer” has an increased economic benefit through new jobs, improved public health, and social equality. The main balance loop in the model is due to rebound effects. We further discuss rebound effects in our model in the following section.



Based on the goals and outputs of the initial report “Providing cross-sectorial solutions to support Bartica Green Town” provided by UNEP and the information gathering provided by the local team (local officials, civil society representatives from commerce chambers, businessmen, policymakers, NGOs, community leaders, among others), we have proposed to develop “Bartica’s sustainable ecosystem”, which is the implementation of the CVES cluster and all required capabilities and conditions “to decouple the economic growth of the environmental damage and of the social inequality” of the region, creating sustainable wealth for all citizens, its industries and its natural resources (Figure 7).





6. Discussion


Linear BMs have diminished the availability of natural resources and the planet’s resilience. Although “greener” practices have attempted to alleviate the social and environmental impact of conventional BMs through more efficient processes, we have not diminished the real problems, and it is expected that they even could increase. Increasing the efficiency of linear BMs is ineffective because they do not focus on extending the life of products, the take-back of obsolete products, and holistic management of used materials to transform once again into nutrients for a new cycle of production [62].



However, going from the theory to the implementation of CE principles is not an easy task and involves a deep knowledge of external conditions that affect all regional stakeholders. Guidelines about CE business creation are scarce and focused on a few business models such as PSS, C2C loops, inverse logistics, and recycling activities [12]. With the development of the CVES, we attempt to move research towards this goal. The CVES is a “systemic and holistic approach” [13] that can guide designers and business strategists on how to implement sustainability practices to create self-sustained wealth that creates extended value to the society, the environment, and the firm by transforming linear value chains into a cluster of non-usual business, helping on the transition towards a circular economy.



We have found three main differential characteristics of the CVES in contrast to the conventional value chain. First, it is a dynamic process and not a static chain; the unit processes are not planned to be performed one after another; the cycles of energy, material, and information are performed simultaneously. Secondly, the CVES is not just driven by the activity economic actors; it needs the collaboration of multiple actors to address the shared value delivered to the social, environmental, and economic spheres. Finally, the sum of all initiatives and their synergies in the CVES can produce what we call “sustainable increasing returns” (SIR) [63]. In other words, it fosters self-managed economic growth, environmental recovery, and equal social development, all together under a holistic incremental value creation.



In the case of the gold mining industry in Bartica, the design and implementation of the CVES imply opening multiple alternatives for the local inhabitants. Bartica, as in several small towns from developing countries, usually depends on the strength of one industry that is mainly based on natural resource extraction, with the impossibility of generating other sources of income. This multiple business approach may bring to the town a green and sustainable alternative. Furthermore, geopolitical opportunities may support this new green deal for the country. When we visited the country, Guyana was in the process of receiving a large amount of funding from royalties from the oil found offshore their territorial limits. This situation may empower this type of initiative to have a more sustainable and resilient town and country.



Rebound Effects Considerations


As we mentioned before, the balance loops in the CVES model are caused by the consequences of rebound effects [37]. In this section, we will discuss how these rebound effects can be anticipated or managed.



First, one assumption is that the circular products could have less quality than linear products and therefore be offered at the lowest prices to compete in the market. However, this first assumption is easy to demonstrate that it should not necessarily be true for all circular products. For instance, some products such as bioplastics or electric vehicles are more expensive than their linear counterparts. Our model attempts to make circular products more competitive by creating a cascade of businesses, while the linear counterparts are produced in isolated linear production chains.



Secondly, to be economically attractive, some products of the CVES should be cheaper to produce than their counterparts. This might generate the rise in consumption of the product, and its net environmental impact mathematically might be higher [37]. At this point, it is important to mention that the businesses involved in the CVES are interdependent, and this limits the production of some goods. For instance, in our Bartica model, scrap metal does not exist without using mining machinery. In consequence, the availability of circular products can not follow the pace of the product demand, which might raise the prices and balance the product demand once again.



Finally, if some of the circular products can follow their demand in the market, we propose that the business that participates in a CVES should create multiple CBMs logic and not just a circular production value chain. In other words, it is not only to concentrate on how the products are produced but on how they are delivered to consumers and how far the businesses extend their responsibility in materials.





7. Conclusions


Due to the ongoing evolution of the CE literature, there is an increasing interest in the topic but also different approaches to CE implementation. In practice, some business seeks to innovate using the CE principles just aiming at reducing the environmental impact and promoting the more efficient use of natural resources (e.g., electric cars, digital platforms, green solutions) [14]. However, reformulating the value proposition of products and services and considering the social implications is marginally addressed [14]. In contrast, our model attempts to balance the economic, environmental, and social spheres. Moreover, the focus is not generating value through more efficient use of resources but the creation of a cascade of multiple businesses, forming a symbiosis that exploits different ways of value generation and becomes “eco-effective” instead (e.g., sharing economy, dematerialization, upcycling) [28].



Our model does not seek to avoid linear value chains but instead is a “systems” oriented approach that focuses on the multiple business opportunities that the linear value chains generate, as nature can create value from waste [64]. Therefore, business designers and strategists who want to apply our model should concentrate on developing a system with different stakeholders, leaving product innovation in second place. Our approach could be helpful for the implementation of “extended producer responsibility (EPR)”, where the recovering and remediation costs of transforming waste produced by the linear supply chains can be reduced by reevaluating the residues using the CVES model, and at the end, to produce effective SIRs, for all the three main stakeholders of the natural ecosystem. The reason to consider the CVES as a sustainable increasing returns mechanism is that the success of the feedback loop may attract more participants [63] and, in consequence, increase the value delivered to the three stakeholders (society, environment, industry).



This research, however, has its limitations. First, due to the fragmented and increasing literature of CE, there might be other approaches focused on a different level of analysis or evaluating business models just by their resource efficiency. Secondly, from the action research experience on the field, one limitation identified is that it requires a group of leaders who can manage the tradeoffs between local stakeholders. Additionally, they should have enough technical knowledge to discover non-usual transformation processes (with local resources, machinery, labor capacities) and business opportunities for the cluster of CVES. Thirdly, the business solutions for a specific region might not be replicable to a different geographical context due to the availability of resources, capacities, conditions, characteristics of stakeholders, and mainly to the availability of the proper assembly of ABIIGS institutions (Academy, Banking, Industry, Infrastructure, Government and Society) from a specific region.



However, the steps we have described here can be replicated according to the specific customer segment profile (Table 2) and the local conditions for each new case. Finally, the governance context can foster or hinder the solutions; for instance, the regulations for water quality, food waste collection, or plastic regulations, can change depending on the local context. Nevertheless, this kind of problem can also be solved with the government’s involvement as a critical institution in developing the CVES cluster.



The CVES can be improved with further research; multiple new business opportunities can be added accordingly to the expansion of the leading linear production chains. Each step can be further developed or substituted by new methods. Further research can also focus on the personal profiles and capabilities of business and social leaders who have managed to create clusters in CE projects in specific social and political circumstances.
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Figure 1. Value Proposition Map and the Customer Segment Profile adapted from Osterwalder et al. [21]. 
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Figure 2. Roadmap for the CVES cluster design. 
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Figure 3. Extended value map for the natural resource extraction for gold production. 
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Figure 4. Processes and valuable products forming multiple ZRIES for the gold mining industry in Bartica, Guyana. 
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Figure 5. Triple Value Proposition. (Adapted from Osterwalder et al. [21]). Based on some of the main “products” result of the gold mining industry. 
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Figure 6. System Dynamics interaction of the CVES (multiple ZRIES–zero emission–chains) and the three key stakeholders. 
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Figure 7. Bartica’s sustainable ecosystem (CVES) integrates all linear chains created from the core industry of the town, the gold industry. This map shows the interaction of the system dynamics approach applied to the multiple stakeholders and businesses. 
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Table 1. Linear gold mining scenario vs. ZRIES system potential products.
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	The End-of-Life Scenario of Linear Gold Mining Industry Model
	The Potential of Multiple ZRIES Chains.





	Abandoned scrap metal from drilling machinery, bulldozers and transportation vehicles.
	Each ton of recycling steel recovered for steel production uses approximately 32% less energy and generates 20% CO2 emissions [51].



	Abandoned tires from machinery and transportation vehicles with components such as metals, stabilizers, plasticizers and colorants that leach into the soil causing death to local species and bacteria in the soil [52].
	There are different processes to produce new products or energy with less environmental impact such as pyrolysis, devulcanization and grinding [53,54].



	Accumulation of tailings with different risks to the surrounding population’s health due to volatile particles and, in the presence of sulfides, the heavy metals can be leached and contaminate soil and bodies of water nearby [55].
	Remediation of soil by extracting or reducing the concentration of heavy metals makes the soil available for plant growth. There are also different processes but the most promising one is bioremediation [55].



	The bodies of water are subject to mercury contamination and the leach of heavy metals from the mining activity [56,57].
	Remediation costs can be reduced with phytoremediation and bioremediation techniques. Furthermore, some valuable products such as metals sulfides can be obtained [56,57].



	The vegetation (plants, foliage) that is not any kind of timber plant is taken apart from the mining zone and treated as waste.
	In combination with other wastes, the vegetation can be converted into biogas through anaerobic digestion [58].
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Table 2. Triple Customer Segment Profile for the gold mining industry in Bartica, Guyana.
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“Customers”




	
Environment

	
Society (Local)

	
Firms






	
(1) What does this client need?

	
Complete its natural cycles.

Natural degradation.

Remediation.

Conservation of regional natural resources

	
Good public health.

Useful land for housing, economic activities, or amusement.

Good revenues and prosperity

Clean and drinking water.

	
Profit rising.

Return of investment.

Avoid fines.

Good reputation




	
(2) How this product or service is beneficial to the client?

	
It does not generate any benefit for the local environment

	
Is benefited from the taxes paid by international extracting firms.

It is a source of jobs.

	
It is a product with high demand and impacts several industries.




	
(3) How does this product or service negatively affect the client?

	
The pollution intoxicates and degrades the ecosystem.

Impacts the landscape.

	
Pollution of water by residues.

Diseases due to waste.

Unsuitable land for living and recreational activities.

	
Bad reputation among consumers and society due to pollution.

Negative international standards of competitiveness.
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Table 3. TVP emerging statements describing the value creation for the three customers.






Table 3. TVP emerging statements describing the value creation for the three customers.





	TVP Statements





	The activity of the new business opportunities generated from RWO (e.g., tailings, toxic slurry, tires, scrap metals) as raw materials originate new jobs (e.g., welders, handymen). The new jobs reduce the income inequality in the region and increase the social welfare of Bartica’s inhabitants. This can raise the participation of the population with the cluster.



	The identification of new business opportunities transforms RWO into beneficial raw materials (e.g., recycled metals and recycled rubber). This facilitates the production of valuable products in the market, generating new economic flows. For the firms, it represents more revenues or utilities. Therefore, the firms participating in the cluster can increase their activity within the cluster or attract more participants.



	The material reprocessing due to the cluster activity can diminish the extraction of virgin materials (e.g., more raw material for tires or extraction of virgin metals). The reduction of extraction activities avoids the pollution of resources such as water, air and soil. Meanwhile, the environment’s resilience increases, finally raising the availability of resources for a new cycle of the CVES cluster.



	The material reprocessing generates improved public health for the local inhabitants (e.g., respiratory diseases), increasing their social welfare. This can raise the participation of the local population with the cluster.



	The material reprocessing generates the reduction of remediation costs (e.g., water purification) and, in consequence, the increase of economic utilities. Finally, the rise of utilities can foster the engagement of the firm with the cluster.
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