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Abstract:



Recently the circular economy has increasingly received attention worldwide due to the recognition that the security of the supply of resources and environmental sustainability are crucial for the prosperity of all the countries and businesses. G20 countries are stimulating the development of frameworks that enhance the circular economy and generally more sustainable production and consumption modes. In this context, this paper aims to suggest an index to assess the sustainability and the circularity of manufacturing companies. With this tenet, a Sustainable Circular Index (SCI) is proposed based on a five-phase framework. This index could support managers in assessing their level of sustainability and circularity and in implementing some practices that could improve the performances of their companies regarding these two topics. This index represents an important benchmarking tool for manufacturing companies to assess their sustainable and circular behavior and represents a guideline for managers.
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1. Introduction


The current model of economic development known as ‘take, make and dispose’ [1] is based on the exploitation of virgin raw materials and energy, which are fundamental for the development of world economies. However, this linear approach to production and consumption, where natural resources give rise to manufactured goods, is reaching its limits. In this model of unidirectional development, all attention is focused on the economic value of the products, while factors such as the scarcity of natural resources and excess waste and environmental pollution are neglected. The increasing pace of climate change, caused mainly by rising greenhouse gas emissions, has also contributed to the complex relationship between economic growth and environmental degradation [2].



A set of factors is forcing companies to develop strategies that integrate economic growth and sustainability by promoting new practices and awareness at both individual and institutional levels to ensure that societies and nations commitment to a more sustainable world. These factors are: addressing the increasing challenges of climate change, population growth, resource scarcity, dependence on fossil fuels, insecurity in government regulations, high competitiveness, and global markets expansion.



In this context, a sustainable development approach has been growing in recent years, mainly due to the positive experience of countries such as Germany [3], Japan, and China [4]. The Circular Economy (EC) focuses on value maximization through the reduction or even mitigation of waste and on operating in cycles instead of chains. This development model enables the reintegration of materials into production processes through their reuse, recycling, and recovery. The growth of the CE is a consequence of the actual policy of economic development, where only a small percentage of the products’ value is used. Thus, accelerating the transition to a CE, where products, materials, and resources are kept in the economy for as long as possible, contributes to minimizing the generation of waste and represents an opportunity to transform the economy by creating new and more sustainable competitive advantages for companies [5]. There are many signs that this is the beginning of a new era in which scraps and wastes are considered opportunities for the start of new business models and for the greater sustainability of the planet and the well being of its population.



Several initiatives have been proposed to measure sustainability such as: (i) the Indicators of Sustainable Development of the Commission on Sustainable Development (CSD), which was developed by the United Nations in 1995 with the main objective of making indicators of sustainable development accessible to decision-makers at the national level; (ii) the Dashboard of Sustainability, developed by the Consultative Group for Sustainable Development Indicators, is an index of sustainability that uses a ‘car dashboard’ as a graphic interface to inform on a country’s performance towards sustainable development [6,7]; (iii) the Barometer of Sustainability developed by The World Conservation Institute (IUCN), which measures sustainability at local, regional, or national levels via a performance scale of human and environmental well being [8]; (iv) the Global Reporting Initiative (GRI) for reporting the economic, environmental, and social performance [9] of organizations launched by the Coalition for Environmentally Responsible Economies (CERES) and the United Nation Environment Program (UNEP); (v) the Sustainability Metrics of the Institution of Chemical Engineers (IChemE), which represents a set of proposed indicators to measure the sustainability of the process industries covering environmental responsibility, economic return (wealth creation), and social development [10]; and (vi) the Dow Jones Sustainability Index (DJSI), which intends to track the performance of the top 10 percent of companies in the Dow Jones Global Index that represent a reference in terms of corporate sustainability [11,12]. Attending to the importance of assessing the sustainability and circularity of companies, the following research question is proposed in this study: How to assess the level of sustainability and circularity of companies?



Recently, composite indicators (CIs) have been widely advocated and increasingly accepted as a useful tool for performance comparisons, publication communication, public communication, and decision support in a wide spectrum of fields, e.g., the economy, environment, and knowledge/information/innovation [13,14]. According to OECD (Organisation for Economic Co-operation and Development), Glossary of Statistical Terms, a CI is formed when individual indicators are compiled into a single index by an underlying model of the multi-dimensional concept that is being measured. Examples of well-known CIs include the Technology Achievement Index and the Human Development Index initiated by the United Nations [15], and the Environmental Sustainability Index jointly developed by Yale, Columbia, the World Economic Forum, and the Joint Research Center of the European Commission [16].



Approaches such as corporate environmental management, corporate social responsibility (CSR), and sustainability reporting have all been developed to help corporations manage various aspects of sustainability. Other examples are the integration of sustainability issues into cost accounting [17], the discussion of change management processes for corporate sustainability [18], integrated management systems to support corporate sustainability [19], differences in institutional settings that influence corporate sustainability practices [20], or frameworks based on the EFQM (European Foundation for Quality Management) model [21]. However, the impacts of these approaches seem to be rather limited [22,23,24] because of the lack of strategic orientation with respect to the introduction and implementation of sustainability-related practices and goals [25].



Despite the several sustainability measurement initiatives, only a few have an integrative focus, measuring at the same time the environmental, economic, and social dimensions [26,27,28]. One reference study focusing on the three dimensions of sustainability in the same work is [29]. In that work, a framework to determine a sustainability index under the triple bottom line approach is proposed. This work represents an important milestone to the sustainability field since it not only proposes a set of steps to construct a sustainability index but also suggests a set of social, economic, and environmental indicators that could be aggregated into a sustainability index to assess the sustainability of individual companies.



Moreover, an issue challenging sustainability measurement is the lack of consensus on sustainability indicators [30,31] which represents a significant barrier for the implementation of sustainability strategies [28].



Considering that, there are still gaps in the frameworks for the assessment of sustainability from the perspective of the Circular Economy. This research intends to fill this gap by proposing an index aiming to assess corporate sustainability under a circular economy context as an important contribution to evaluate the companies’ state of the art innovation in these two important areas of sustainable development.




2. Sustainability


Sustainability and sustainable development are terms widely employed but seldom defined unequivocally. Although there has been a debate about the definition of sustainability [32], the most used definition of it belongs to the Brundtland Commission: ‘development that meets the needs of the present without compromising the ability of future generations to meet their needs’ [33]. According to [34], sustainability is the balance between financial growth, ecological improvement, and ethical equity. More, Dyllick and Hockerts [35] draw on the Brundtland Commission to consider that corporate sustainability consists of meeting the needs of a corporation’s stakeholders without compromising its ability to meet the needs of future stakeholders. In this line, Schaltegger, Burritt, and Petersen [36] define it as a business approach that influences the environmental, social, and economic effects of a company in its sustainable development and toward the sustainable development of the economy and society.



As can be seen by the definitions above, the concept of sustainability is aligned with the idea of the TBL (Triple Bottom Line), developed by Elkington [37]. The TBL considers sustainable development as a three-dimensional concept involving economic growth and social well-being in harmony with the environment.



From the corporate point of view, the synergies resulting from the focus on these three dimensions are the starting point for the implementation of sustainability initiatives. In this sense, companies have faced enormous challenges in trying to operationalize the concept of sustainable development so that it can be used as a tool in the evolution from a purely economic business perspective to a more sustainable one. From this new point of view, the inclusion of environmental and social concerns enables companies and their supply chains to continue developing in the long term [38], while still preserving the environment and its communities.



Elkington argues in [39] that the real challenge of sustainable development is to find new strategies for companies to collaborate with suppliers, customers, and other stakeholders to comply not only with their economic, social and environmental responsibilities but also to benefit from competitive advantages.



This evidence has alerted industry leaders and policy makers to the need for implementing measures that can promote new patterns of consumption and production to drive sustainable development. As an example, the EU 2020 growth strategy aims to make the EU countries and their member states a smarter, more sustainable, and inclusive economy [40]. The Europe 2020 Strategy sets out some environmental objectives designed to ensure, within this period, a change to the current models of the impact on natural capital. The objectives of the 2020 Strategy are to reduce greenhouse gas emissions, increase renewable energy, and increase energy efficiency [41]. It is estimated that improving resource efficiency along value chains could reduce material input requirements by 17% to 24% by 2030 [42], and a better use of resources could represent a potential global savings of 630 billion per year for European industry [43].



Initiatives like these help to ensure the necessary change processes in the implementation of more sustainable practices. However, improving efficiency will only delay the time when resources will run out. To meet the challenges of climate change, increasing energy demand, scarcity of natural resources, and the volatility of government regulations, the need for a new development paradigm is evident.




3. Circular Economy


The evolution of world economies was marked by a high level of productivity due to a production method based on the intensive consumption of natural resources and energy. However, the severe environmental impacts, disregard for the limited nature of these resources, rapid world population growth, and climate change are threatening not only the stability of these economies but also the integrity of their ecosystems. With the explosion of these elements, industrial nations began to pay attention to environmental issues and to reflect on the sustainability of this growth model. Thus, since the publication of the 1972 Growth Limits [44], the international community has sought an alternative development model containing a sustainable development pathway for global economic development, social progress, and environmental protection [45].



The increasing use of the concept of a circular economy, which has been popularized in recent years by the Cradle-to-Cradle movement, is a direct response to growing concerns about the scarcity of resources and the awareness that business is unsustainable. The world’s population is expected to reach 8.5 billion by 2030, leading to an increase of about 70% in waste production. In this scenario, it is impossible to continue to extract resources and throw them somewhere without thinking of their cumulative effects [46].



The Circular Economy (CE) aims to keep products, components, and materials at their highest utility and value throughout their entire lifecycle, seeking to decouple the creation of value from the consumption of finite resources. The CE represents a model of sustainable development, based on ‘closing loops’, enabling the reintegration of materials into the productive processes through different types and levels of recovery [47,48,49], where the economic growth is decoupled from resource consumption and pollutant emissions as end-of-life materials and products are conceived as resources rather than waste. This means closing the loops of materials, reducing the need for raw materials and waste disposal.



As well as the implications of the fact that most materials extracted from the earth and utilized for economic purposes are not literally ‘consumed’ but become waste residuals that do not disappear and may cause environmental damage and result in unpaid social costs [50], experts have calculated that, without a rethink of how materials are used in the current linear ‘take-make-dispose’ economy, the virgin stocks of several key materials appear insufficient to sustain the modern ‘developed world’ quality of life for the global population under contemporary technology [51].



In linear economy, an industrial process is characterized by a unidirectional material flow, with raw materials that are transformed into a final product and finally disposable waste. In the new concept of CE, the recovery and valorization of waste allows the reuse of materials and the reintegration back into the supply chain, decoupling economic growth from environmental losses [52]. It is therefore necessary to move towards an industrial model that decouples economic growth from material input by using waste and bio-feedstock as inputs for industry: the circular economy. Circular Economy models maintain added value in products for as long as possible and minimize waste. They keep resources within the economy when products no longer serve their functions so that materials can be used again and therefore generate more value [53].



Hence, accelerating the transition to a CE has become an imperative. Through the transformation of waste into resources, this new model can bring benefits not only economically, with the creation of new jobs and the greater well-being of families, but also at the environmental and business levels, improving sustainability in the medium and long term. This reflects the holistic approach associated with the well-being economy, which takes account of the external impacts (both positive and negative) of economic activity. It also values ‘goods’ (such as those related to the biosphere), which, while not owned by anyone in particular, make a significant contribution to human and environmental well-being [54]. In this line and according to [55], a sustainable well-being society is built on infrastructures and operating models that stimulate sustainable well-being by promoting the empowerment of individuals and communities, moving to a regenerative and collaborative economy, building competencies for a complex world, and in developing inclusive and adaptive governance.



Also, Smol et al. [56] consider that the most important benefit in moving to a more CE-based approach is the possibility of retaining the added value in products for as long as possible, extracting their maximum value and eliminating waste. CE-based systems keep resources within the economy [57], and, when a product has reached the end of its life, products can be efficiently reused again and again and create further value [58,59].



The Ellen Macarthur Foundation highlights four ways of accelerating into the CE: (i) the recovery of products and materials through product design; (ii) add value to the products through their return to the productive cycle; (iii) new business models producing services rather than goods; (iv) every process of change goes through education, the transition to the CE requires a greater awareness of individuals [60].



In this regard, governments play an important role in creating regulations and policies for supporting CE objectives. Examples of sustainable solutions that stimulate the ‘closed loop’ of product’s lifecycles are: tax incentives for companies that have low use of natural resources and develop products with longer duration and easy recycling, as well as the creation of collaborative platforms between value chains and industrial symbiosis. Moreover, some examples of the implementation of a CE approach at a legislative level already exist (China, Japan, Germany, the UK, and the EU), but there are still some tensions and limitations inherent in its adoption and application at different levels. These tensions are associated with an increase in a global-scale environmental risks such as ozone depletion, climate change, biodiversity loss, and the alteration of the nitrogen cycle and include, for example, the limited store of resources, its uneven geographical distribution and appropriation [61], and the implications of the assimilative capacities of ecosystems over economic growth [62].



The existing CE approaches are valuable, tend to develop further, and are strongly focused on resource efficient production. This can be proved by the three principles of the concept presented in the report ‘Towards a Circular Economy: Business Rationale for an Accelerated Transition’ [63]: (i) preserve and enhance natural capital by controlling finite stocks and balancing renewable resource flows; (ii) optimize resource yields by circulating products, components, and materials at the highest utility at all times in both technical and biological cycles; and (iii) foster system effectiveness by revealing and designing out negative externalities.



However, in some cases, the verification of the environmental benefits of CE business models is not straightforward since moving to a circular economy involves barriers such as (1) resources not being correctly priced (i.e., the price does not account for both the price of the resource itself and cost recovery), hence these do not induce resource efficiency and pollution reduction, and (2) there are not enough incentives to internalize the externalities inherent to the policy-making process and to creating effective measures [64].



The analysis of the Circular Economy has another side as well. It is important to analyze the real costs associated with some options since, in some cases, they are superior to the benefits. One example is the recycling process. A series of studies have considered that recycling costs are higher than landfilling costs [65]. According to [66] recycling collection costs are twice as much as the disposal costs. Also, the efficiency of the processes associated with the circular economy under the 3R principles (Reduce, Reuse, Recycling) should be a concern. It is known that waste prevention and recycling play a primordial role in the European strategy towards a more resource efficient future [67,68,69]. Several laws and directives such as the European Waste Electrical and Electronic Equipment (WEEE) Directive regulate the End of Life (EoL) treatment of products and set minimum targets for collection and recycling. Recycling has the potential to reduce the Environmental Impact (EI) of mining and primary material production. However some problems of efficiency can arise. However, it is important to note that energy savings strongly depend on the material, the end of life source utilized, and the applied recycling processes [70,71,72].



Summing up, the CE emerges as a solution to the depletion of global resources and the accumulation of waste, which will help boost competitiveness through new business opportunities and innovative and more efficient forms of production and consumption [73]. The CE will also allow the development of countries and organizations to be improved through the creation of jobs at all levels of skill, controlling the externalities and the negative impacts on the environment. From this perspective, the CE becomes an attractive and viable alternative towards sustainable development.




4. Sustainability and Circularity Assessment


The level of sustainability can be assessed using an index or a set of indicators. In the literature, several tools and indices are suggested for sustainability measurement. The most commonly used, either in corporate reports or in scientific works, are the following: (i) the Global Reporting Initiative (GRI); (ii) the Corporate Social Responsibility Indicators published by the Instituto Ethos and designated by ETHOS indicators; (iii) Dow Jones Sustainability Index; (iv) Ecoinvent 2000; (v) Triple Bottom Line (TBL); (vi) the Environmental Management System (EMS) standard ISO 14031 indicators; and (vii) Indicators of the Commission on Sustainable Development. This last was based on Brundtland’s concept of sustainable development and focuses on four dimensions of sustainability: social, environmental, economic, and institutional [74].



Nevertheless, the initial development of sustainability indicators remained predominantly expert-driven and focused largely on the technical design of indicators [30,75,76,77]. Thus they were quite difficult to implement for practitioners.



Indicators should be applied attending to the purpose of the approach rather than making a generic set of indicators fit for all applications [78]. Indicators can be quantitative or qualitative and can fall within the categories of descriptive, performance, or efficiency indicators [79]. According to a UN report [80] indicators should be simple and informative, and approaches should be uncomplicated and without an unnecessarily large number of sub sets. They should be clear, unambiguous, and provide a basis for comparison.



Recent strategies in the European Union (EU) are the ‘Zero waste programme for Europe’ [81] and the ‘Closing the loop action plan for the Circular Economy’ [82]. In line with such strategies, the question is: how can corporate actions be managed and evaluated using measures relevant to Circular Economy principles of reduce, reuse, and recycle?



A methodology and its respective tools to assess how well a product or a company performs in the context of the CE are proposed in the Circularity Indicators Project (CIP). The methodology adopted in this project allows companies to estimate how advanced they are on their journey from a linear to a circular model [60]. In CIP, the following indicators are proposed: a main indicator, the material circularity indicator (MCI), measuring how restorative the material flows of a product or company are, and complementary indicators that allow additional impacts and risks to be considered [83]. The main indicator is represented by the company-level MCI, which is based on the hypothesis that the material circularity of a company can be built up from the MCI for all product types of that company, which are then aggregated by a suitable weighting. The restorative part of the material flow of a product is the proportion that comes from reused or recycled sources and is restored through reuse or recycling. Complementary indicators of the company’s level can either be built up in a similar way from product-level complementary indicators or from those already established at the company level, for example, using indicators from the GRI guidelines.



Considering the large number of natural resources with different characteristics, it is extremely complex to develop indicators that properly reflect resource use and its impacts on the environment, economy, and society [84]. The authors of [85] distinguish between four key categories of resource use: (i) material use; (ii) energy use and climate change; (iii) water use; and (iv) land use. For each one, they present indicators related to the scale of consumption (resource use) and to the impact of consumption on the environment. They also distinguish between indicators that reflect domestic consumption and impacts and those that relate to global demand and impacts.



A four-levels framework has also been introduced in [86] to support the measurement of CE adoption; the four outlined levels are the processes to monitor, the actions involved, the requirements to be measured, and, finally, the implementation levels of the CE [86]. These authors have performed a critical analysis of the methodologies found in the literature and their potential contribution to effectively measure the CE adoption for proposing a taxonomy of index-based methodologies. This taxonomy classifies these methodologies based on two factors: index-based method typology and the parameter(s) to be measured.



Usually, corporate sustainability is assessed by using economic, environmental, and social indicators [87]. However, some authors [88] argue that the aggregation of further indicators is needed to better assess the microeconomic contributions. This aggregation has been performed using assessment techniques that integrate environmental, economic, and social indicators by looking at the harm they create [89]. However, if current practices focus on the reduction of negative burdens and not on the comprehensive vision of material and product, then they are perhaps inadequate for guiding decisions that are at the very heart of CE. Several authors shed a light on this gap, pointing out the importance of well-designed and effective indicators in the transition from a linear to a circular economy [88,90,91,92,93,94,95].



Moriguchi [88] argues that any measure to evaluate corporate actions with respect to CE should be based on material and/or product longevity. Such a measure is important to allow practical application at a corporate, as opposed to an industry, level, so as to enable managers to visualize their contribution to a Circular Economy. In this paper, an index to assess the sustainability and circularity in manufacturing companies is proposed to close this gap. In the literature, there are several methods, techniques, and indices to assess CE strategies, considering different levels of analysis (Table 1).



Table 1. Method, techniques, indices to access the Circular Economy (CE).







	
Level of Analysis

	
Reference

	
Description






	
National Level

	
[88]

	
Analyzed the adoption of Material flow accounting and analysis (MFA) models for measuring circular material flows.




	
[106]

	
Proposed a quantitative analysis based on the Economy-Wide MFA (EW-MFA) model to assess the circularity level of the European Union referred to in 2005.




	
[107]

	
Discussed benefits and challenges due to the adoption of the so-called ‘Chinese national CE indicator system’, developed by the National Development and Reform Commission (NDRC).




	
[108]

	
Consider four categories of indicators, as proposed by the Chinese Ministry of Environmental Protection: material reducing and recycling, economic development, pollution control and administration, and management perspectives.




	
[60]

	
Pointed out four main ‘circularity areas’ to be measured at the national level: resource productivity, circular activities, waste generation and energy, and greenhouse gas GHG emissions.




	
[107]

	
Discussed benefits and challenges due to the adoption of the so-called ‘Chinese national CE indicator system’, developed by the National Development and Reform Commission (NDRC).




	
[93,109]

	
Proposed an index method for assessing the adoption of CE at the regional level.




	
[110]

	
Discussed a similar method applied in a Chinese province by adding other categories of indicators, focusing on economic development, environment protection, and pollution reduction.




	
[111]

	
Adopted the so-called ‘circular city metabolism’ measured trough a ‘zero-waste index’, based on the circularity of the waste management process in a city to compare the performance of three cities worldwide.




	
Regional Level

	
[112]

	
Proposed a five category index method of economic development, resource exploitation, pollution reduction, ecological efficiency, and developmental potential to assess the circularity level of Chinese chemical enterprises.




	
[113]

	
Proposed a Resource Productivity (RP) indicator for assessing the CE paradigm level of adoption characterizing the Chinese printed circuit boards industry.




	
[92]

	
Proposed a hybrid life cycle assessment (LCA) model combining traditional LCA with an environmental input-output analysis to compare the performances of circular production systems in two process industries (food and chemical).




	
[114]

	
Applied the LCA Eco-cost and Value Ratio (EVR) model as a single indicator, integrating effectively the costs, eco-costs, and market value to assess the level of CE adoption in a regional water recreation park.




	
Company Level

	
[60]

	
Proposed an index, called Material Circularity Indicator (MCI), to measure how restorative flows are maximized and linear flows are minimized, considering also the length and intensity of the product’s use.




	
[90]

	
Proposed the Circular Economy Index (CEI), which is defined as the ratio between the material value obtained from recycled products and the one entering the recycling facility.




	
[115]

	
Proposed the Reuse Potential Indicator (RPI), which indicates how much a material is ‘resource-like’ rather than ‘waste-like’, attending to the current available technologies.










Industrial ecology and related fields recognized that unused material flows can be highly wasteful and inefficient, causing both resource scarcity problems and waste problems, in comparison with a system based on closing loops along the model of food webs in nature [96,97,98]. The long history of debate around waste definition has been well documented in the case of the European Commission Waste Framework Directive [99,100], as well as in the case of the Resource Conservation and Recovery Act (RCRA) of the United States [101]. Based on the recognition that waste is a physical metabolite of production and consumption, some studies used thermodynamic indicators such as exergy to measure the potential of waste to cause environmental harm [102,103] or how much loss in material quality is accompanied by consumption [104]. However, while thermodynamic indicators provide some insights concerning the physical characteristics of waste, they cannot define a general statement about the quality of waste [100], owing both to the theoretical and practical limitations of the measurement [105].



According to the ‘resource-based paradigm’, waste is a potential resource until shown otherwise.




5. Proposal of a Sustainable Circular Index


The Sustainable Circular Index suggested in this work is inspired by the framework proposed in [29], with quite a few differences: (1) the index proposed in this work is for an individual company and not for a supply chain; (2) a set of new indicators associated with the circularity dimension is proposed; and (3) the weighing method suggested is also different. Instead of the AHP (Analytic Hierarchy Process), the Delphi method is used in this work.



The construction of the suggested Sustainable Circular Index is formed by four dimensions (economic, social, environmental, and circularity), and each of them is oriented by the following objectives: (1) within the economic dimension the economic value generated and distributed, the expenditures on research and development and the employment have to be maximized; (2) within the social dimension, the work accidents, the precarious work, the absenteeism, worker rotation, and loss of productivity have to be minimized; (3) within the environmental dimension, the hazardous wastes, the consumed water, and the used energy should be minimized; and (4) considering the circularity dimension, the inputs that come from virgin material and recycled and reused materials, the lifetime and intensity of the used products, and the efficiency of the recycling process have to be maximized.



The next five phases are followed to reach the proposed Sustainable Circular Index:

	
Phase 1—Selection of sustainability and circularity indicators



	
Phase 2—Weighting of indicators



	
Phase 3—Normalization



	
Phase 4—Aggregation method for Index construction



	
Phase 5—Index construction.








5.1. Phase 1—Selection of Sustainability and Circularity Indicators


In the literature, there is concern about the type of sustainability measures usually used in scientific approaches since they are considered neither adjusted to the reality of companies nor easy to implement [116,117,118]. With this concern, the sustainability indicators suggested in this work are based on recognized and accepted methodologies/criteria used by companies in their daily routines and sustainability reports such as: (1) the TBL, which is intended to advance the goal of sustainability in business practices beyond profits to include also social and environmental concerns to measure the total cost of doing business; (2) the version G4 of the GRI, which represents the first global standards for sustainability reporting, which are also considered the global best practice for reporting on a range of economic, environmental, and social impacts; (3) ISO 14031, which gives guidance on the design and use of environmental performance evaluation within an organization. Attending to these criteria, the following sustainability indicators of sustainability dimension are suggested (Table 2).



Table 2. Suggested sustainability indicators.







	
Dimension of Sustainability

	
Sustainability Indicators

	
Source

	
Unit of Measure






	
Social G4—LA2

	
Number of accidents per year by organization

	
G4—LA6 Accident rate (TA)

	
Quantity




	
Loss of productivity by organization i

	
G4—LA7

	
%




	
Percentage of contracted women by the organization i

	
G4—LA12 Composition of governance bodies and breakdown of employees per employee category according to gender, age, and other indicators of diversity

	
%




	
Percentage of temporary workers by organization i

	
G4—LA4

	
%




	
Absenteeism rate by organization i

	
G4—LA6 Type of injury and injury rates, diseases, lost days, absenteeism, and work-related deaths

	
%




	
Rotation of workers by organization i

	
G4—LA1 Total number and rate of new employee hires and employee turnover

	
Quantity




	
Percentage of people with special needs by organization i

	
G4—LA12

	
%




	
Economic

	
Direct economic value generated and distributed

	
G4—EC1 (operating costs + salaries and employee benefits + payment to suppliers of capital)

	
€




	
Research and development expenditures

	
[123,124,125]

	
€




	
Number of persons employed

	
[126]

	
Quantity




	
Environmental

	
Rate of non-hazardous waste

	
ISO 14031

	
%




	
Rate of hazardous waste

	
ISO 14031

	
%




	
Amount of water consumed per year in industrial processes

	
ISO 14031

	
m3




	
Amount of energy used per year

	
G4—EN3 Power consumption within the organization ISO 14031

	
kW/h










To assess CE concerns, the Material Circularity Indicator (MCI) of the CIP (Circularity Indicators Project) is considered [60]. The circularity indicators suggested in this work are represented in Table 3.



Table 3. Circularity Indicators.







	
Indicator

	
Characterization

	
Calculation

	
Unit of Measure






	
Input in the production process

	
Quantity of the inputs that are coming from virgin and recycled materials and reused components.

	
The amount of virgin material (VM) for each sub-assembly, part, and/or material:

V(x) = M(x)(1 − FR(x) − FU(x)), where M(x)—Mass of a product x

FR(x)—Fraction of mass of a product’s feedstock x from recycled sources;

FU(x)—Fraction of mass of a product’s feedstock x from reused sources

The total amount of virgin material:


[image: ]








The amount of waste generated at the time of collection for each sub-assembly, part, and/or material:

Wo(x) = M(x)(1 − CR(x) − CU(x)), where:

CR(x)—Fraction of mass of a product x being collected to go into a recycling process and CU(x)—Fraction of mass of a product x going into component reuse

	
Quantity




	
Utility during use phase

	
Lifetime and intensity of the product used compared to an industry average product of similar type. This considers the increased durability of products and also repair/maintenance and shared consumption business models.

	


[image: ]








L/Lav—accounts for any reduction (or increase) in the waste stream in a given amount of time for products that have a longer (or shorter) lifetime L than the industry average

Lav.—This is based on the premise that, if the lifetime of a product is doubled, the waste created and the virgin materials used per year by the linear portion of a product’s flow are halved.

U/Uav—Reflects the extent to which a product is used to its full capacity.

U—Number of functional units achieved during the use of a product.

Uav The number of functional units achieved during the use of an industry-average product of similar type.

It is expected that, in most cases, either lifetimes or functional units, but not both, will be used to calculate UtilusePhase. If lifetimes are used exclusively, this means assuming that LU/ULav = 1. If functional units are used exclusively, this means assuming U/Uav = 1.

	
Quantity




	
Efficiency of recycling

	
Quantifies how efficient are the recycling processes used to produce recycled input and to recycle material after use.

	
The values of efficiency of the recycling process for a specific material and recycling process will depend on a wide range of factors such as: material(s)—some materials are easier to recycle and will often have higher recycling efficiency; the quantity of material(s) involved; the recycling preparation process—higher efficiency can be expected when product disassembly takes place prior to material recovery;

Values for recycling efficiency can be derived from various sources, for example: Reference Documents on Best Available Techniques from the European IPPC Bureau; U. Arena, “LCA of a Plastic Packaging Recycling System”, the International Journal of Life Cycle Assessment, March 2003, Volume 8, Issue 2, pages 92 to 98; P. Shonfield, “LCA of Management Options for Mixed Waste Plastics”, WRAP, 2008.

	
Percentage










There are other indicators that could be a part of this work. However, as they are not part of the used methodologies/criteria, they are not considered. This is the case for ‘the expenditures for material and product recovery’ which do not form part of the suggested CE’ indicators, but are present indirectly in the economic sustainability indicator ‘Direct economic value generated’ and in the rubric operating costs. The expenditures for material and product recovery can also be reflected in the CE indicator ‘Efficiency of recycling’. The rationale is as follows: the less efficient recovery process of the materials and product, the more expensive it becomes.



From the suggested indicators and depending on the sector or companies that formed the research sample, a statistical approach is suggested to decide if the indicators should be considered in the construction of the Sustainable Circular index. The exclusion criteria should be supported on the correlation coefficients between potential indicators [119]. Attending to this criterion, the indicators with the highest correlation should be excluded from the index construction process in order to minimize their redundancy [120]. To test indicators for a statistical correlation, the Pearson correlation coefficient can be used [121]. Therefore, there was almost always some positive correlation between different measures of the same aggregate. Thus, a rule of the thumb to define a threshold beyond which the correlation is a symptom of double counting is 0.70 [122]. The correlation indicates that the variation in the two indicators is similar.




5.2. Phase 2—Weighting of Indicators


For weighting both sustainability and circularity indicators, the Delphi technique is suggested. The Delphi technique is a highly formalized method of communication that is designed to extract the maximum amount of unbiased information from a panel of experts [127]. It also makes it possible to assess uncertainty in a quantitative manner. Therefore, it is appropriate to adopt the Delphi technique to obtain a series of weighted indicators to assess the level of sustainability and circularity of manufacturing companies.



The key steps in preparing a Delphi study are presented in [128]: (i) the definition of experts and their selection; (ii) the number of rounds; and (iii) the questionnaire structure in each study round. Generally, the number of rounds ranges from two to seven, and the number of participants varies between three and 15 [129].



The success of the Delphi method depends mainly on the careful selection of the panel members [127]. As the information solicited requires in-depth knowledge and sound experience about sustainability and circularity, a purposive approach is suggested to select this group of experts [127].



Interviews should be performed with academics/experts in research topics to verify the validity of the considered sustainability and circularity indicators and to rank them according to their importance to the sustainability and circularity of companies.



Each indicator rating should be measured using a score between 1 and 5, with 1 representing ‘nothing important’ and 5 representing ‘extremely important’, for companies to be considered sustainable or circular, depending on the indicators.



The weighting for each set of indicators, that is, sustainability and circularity, is computed using Equation (1) [130]:


[image: ]



(1)




where:

	
wz represents the weighting of a particular variable z



	
Mz represents the mean rating of a particular variable z



	
[image: ] represents the summation of the mean rating of each set of variables








In order to obtain a measure of the consistency of the responses from the panel, the Kendall’s Coefficient (W) of concordance should be applied to each round. This coefficient is used to study the degree of association among rankings of several objects by several judges [131]. This coefficient varies between ‘0’, indicating no agreement between judges, and ‘+1’, indicating complete agreement among the judges on the ranking of various attributes. The Kendall’s Coefficient of concordance could be computing using the MegaStat application for Excel.




5.3. Phase 3—Normalization


Normalization is necessary to integrate the selected indicators into a composite Sustainable Circularity index, since they are expressed in different units. It should be taken into account that sometimes there is no need to normalize the indicators; for example, if the indicators are already expressed in the same unit.



To normalize the sustainability indicators, several methods could be used: normalization based on interval scales, standardization or z-scores, the distance to a reference, and the Minimum-Maximum method [132,133]. In this work, the Minimum-Maximum method is suggested [134]. According to this method, each indicator with a positive impact on sustainability (I + i,j) is normalized using Equation (2):


[image: ]



(2)




where [image: ] is the normalized indicator i from the dimension of sustainability j with positive impact on sustainability. The values of the normalized indicator will range between 0 and 1. [image: ] represents the indicator i from the dimension of sustainability j with positive impact on sustainability; [image: ] represents the lowest value of indicator i from the dimension of sustainability j with positive impact on sustainability. This is [image: ] = [image: ]. [image: ] represents the highest value of indicator i from the dimension of sustainability j with positive impact on sustainability; this is [image: ] = [image: ]



The normalization of indicators with a negative impact on sustainability is computed using Equation (3):
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(3)




where [image: ] is the normalized indicator i from the dimension of sustainability j with negative impact on sustainability. The values of the normalized indicator will range between 0 and 1. [image: ] is the indicator i from the dimension of sustainability j with negative impact on sustainability; [image: ] represents the lowest value of indicator i from the dimension of sustainability j with negative impact on sustainability, identified from all the companies that make part of the sample and at a specific moment; and [image: ] represents the highest value of indicator i from the dimension of sustainability j with negative impact on sustainability, identified from all the companies that make part of the sample and at a specific moment.



As regards the circularity indicators, which are expressed in quantity and percentages (Table 3), the same Minimum-Maximum method is suggested.




5.4. Phase 4—Aggregation Method for Index Construction


Attending to Arrow’s impossibility theorem [135], no perfect aggregation convention can exist. Additionally, there are various linear methods for aggregation; the most common are additive, multiplicative, and additive weighting [134,136,137,138]. Their application depends on a set of assumptions. For example, to admit a linear method, it is necessary to observe independence between variables [138,139], that is, the absence of synergy or conflict effects among the indicators, and all indicators should have the same measurement unit [137]. Multiplicative aggregation is appropriate when strictly positive indicators are expressed in different ratio-scales, and it entails partial compensability, i.e., compensability is lower when the composite indicator contains indicators with low values [137].



The right selection of the components of composite indices and their weights is also critical for the aggregation process. Despite these concerns, Singh et al. [27] suggests that composite indices should remain relatively simple in terms of their construction and interpretation. The simple additive weighting method has been widely used in practice due to its transparency and ease of understanding for non-experts [134].



Considering all the previous arguments, in this work, the Simple Additive Weighting method (SAW) is suggested as the aggregation method. Since this is a linear model, it is applicable only if there is independence between variables. Therefore, it is necessary to verify if this model is applicable in real case situations, where this assumption may not be verified. Farmer in [139] considers that, even if the assumption of independence between variables does not hold, the simple additive weighting method (SAW) would also yield extremely close approximation to the ideal value function.




5.5. Phase 5—Index Construction


Following the methodology suggested in the previous section, in a first step it is necessary to identify the set of sustainability and circularity indicators for the manufacturing companies. Using the literature review, a set of indicators was selected to assess the sustainability and circularity behaviour of companies (Table 4).



Table 4. Index dimensions and corresponding indicators to assess the Sustainable Circular behavior of companies.







	
Index Dimensions (Iis)

	
Indicators






	
Ii1 = Social Sustainability

	
I11—number of accidents per year by company




	
I21—loss of productivity by company j




	
I31—percentage of contracted women employed by company j




	
I41—percentage of temporary workers employed by company j




	
I51—absenteeism rate by company j




	
I61—rotation of workers by company j




	
I71—percentage of people with special needs employed by company j




	
Ii2 = Economic sustainability

	
I12—direct economic value generated and distributed




	
I22—research and development expenditures




	
I32—number of persons employed




	
Ii3= Environmental sustainability

	
I13—rate of non-hazardous waste




	
I23—rate of hazardous waste




	
I33—amount of water consumed per year in industrial processes




	
I43—amount of energy used per year




	
Ii4 = Circularity

	
I14—input in the production process




	
I24—utility during use phase




	
I34—efficiency of recycling










The suggested Sustainable Circularity index can be used by managers considering the following: (i) the set of sustainability and circularity indicators should be appropriated to the type of manufacturing company; (ii) the weights of the sustainability dimensions and circularity and the respective indicators should be accessed by a panel of experts through the Delphi technique; (iii) the aggregation method suggested is the Simple Additive Weighting method (SAW).




5.6. The Sustainable Circular Index


The Sustainable Circular Index for a company is formed by a set of indicators associated with social sustainability, economic sustainability, environmental sustainability, circularity, and corresponding weights (Equation (4)).
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(4)




where (Isust_circis)j represents the Sustainable Circular Index for company j. This index has its values varying between 0 < (Isust_circis)j < 1. If (Isust_circis)j = 0, this means that the company j is neither sustainable nor adopts circularity principles. If (Isust_circis)j = 1, this means that company j is extremely sustainable and the circular economy concerns are highly present. Ws represents the weight associated with dimension s (s = 1—social sustainability; s = 2—economic sustainability; s = 3—environmental sustainability; s = 4—circularity). ∑Ws = 1. Wis represents the weight of indicator i for dimension s (s = 1—social sustainability; s = 2—economic sustainability; s = 3—environmental sustainability; s = 4—circularity). Also, ∑Wis = 1. (NIis)j is the normalized indicator i associated with dimension s for company j.




5.7. Discussion on the Selected Methods and Approaches Followed in this Work


Building a composite index is a delicate task and is not that easy: obstacles range from data availability and the choice of individual indicators to their treatment in order to compare (normalization) and aggregate them (weighting and aggregation).



In this work, the indicators for the construction of a Sustainable Circular Index were selected from recognized and accepted methodologies/criteria used by companies in their daily routines and sustainability reports such as: TBL; GRI; ISO 14031; and Material Circularity Indicator [29,140,141]. However, other selection criteria can be found in the literature. For example, in [142], the indicators were identified by a systematic literature review and the Delphi method, where the indicators were subjected to 184 researchers from different departments from Feevale University and UNIVATES University Centre prior to being selected. Beyond these sources, these authors used also indicators from the mining industry and GRI that present guidelines and metrics applicable to all organizations, regardless of their size. In [143], indicators were identified based on a literature review and collected using the databases Energex, IAC Database, and Wastex NIOSH. An extensive discussion with experts from a number of industrial organizations were used in [144] to identify the most adequate indicators in suggesting a Product Sustainability Index. Also, others were obtained from the following contributions: in [145], a table of indicators and a measurement method for mining industry was formulated; in [146], an orientation guide to measure the sustainability of an operational unit was developed; and, in [147], a GRI that presents guidelines and metrics applicable to all organizations was used, regardless of their size.



As the indicators are expressed in different measurement units, their normalization is mandatory. In this work, the Minimum-Maximum method is suggested. This method normalizes indicators to have an identical range between 0 and 1 by subtracting the minimum value and dividing by the range of the indicator values. However, extreme values or outliers could distort the transformed indicator [148]. If using this method, it is important to note that this normalization is not stable when data for a new time point become available. This implies an adjustment of the analysis for that period, which may, in turn, affect the minimum and the maximum for some individual indicators and hence the normalized values. To maintain comparability between the existing and the new data, the composite indicator for the existing data must be re-calculated in such cases [132]. This same method of normalization was used in other works [149].



There are other methods of normalization such as z-scores, which convert indicators to a common scale with a mean of zero and a standard deviation of one [150]. The standardization of indicators was carried out using the distance from the group leader approach. However, using this method, the indicators with extreme values could have a greater effect on the composite indicator. This effect can be corrected in the aggregation methodology by excluding the best and worst individual indicator scores from inclusion in the index. Another method of weighting can be found in [151], where the individual metrics are normalized to a single scale from 0 to 10, where 0 represents the worst case and 10 represents the best case. Generally, a score of 2 would indicate a ‘poor’ status, ‘average’ with a score of 4, ‘good’ with a score of 6, and ‘excellent’ with a score of 8.



As for the weighting, the method suggested in this work gives different weights to the four dimensions considered in the Sustainable Circular Index (social, economic, environmental, and circularity), and the respective indicator is the Delphi method. Other techniques can be found in the literature. The pairwise comparison technique or AHP, was used in [143] to determine the relative weight of each subgroup (energy efficiency, waste management, workers’ safety, and health environment) that forms part of their sustainability manufacturing index. In the AHP context, weights represent the trade-off across indicators. They measure willingness to forego a given variable in exchange for another. Hence, they are not considered importance coefficients. It could cause misunderstandings if AHP weights were to be interpreted as importance coefficients [152]. In that work, the sustainability manufacturing index is simply the weighted average of three indicators. A different approach to weighting can be found also in [142], where the weighting method used comprises the equal weighting approach, that is, all indicators have the same importance. The equal weighting approach is usually chosen due to its simplicity [153]. In addition, as suggested by the literature review, especially in [27], 40% of sub-indices and sustainability indices use this method as a weighting factor.



The need for a composite index is common amongst most researchers since it minimizes possible biases of same-set indicator indices, despite serving only as a benchmarking tool and not as a policy initiator [132].



In the present study, the aggregation of dimensions and indicators was performed by using the Simple Additive Weighting method (SAW). The additive aggregation method entails the calculation of the ranking of each company according to each individual indicator and the summation of the resulting rankings. With simple and independent of outliers, however, the absolute value of information is lost [150], and it suffers from full compensability such that poor performance in some indicators can be compensated for by sufficiently higher values in other indicators [132]. Compensability refers to the existence of trade-offs, that is, the possibility of offsetting a disadvantage in some indicator by a sufficiently large advantage in another indicator. However, the use of weights with intensity of preference originates in compensatory multi-criteria methods and gives the meaning of trade-offs to the weights [154].



This same method of aggregation used in this work, Simple Additive Weighting (SAW), was used in [149] to construct a Sustainability index for measuring the sustainability of manufacturing companies.



Other methods of aggregation have been used to construct a composite index such as the Geometric Mean [155]. The Geometric Mean represents a balanced solution, and its multi-criteria analysis eases, although it does not eliminate, the compensation of the indicator results [156].



When using an additive or a multiplicative aggregation method, and when individual indicators are expressed as intensities and not as qualities nor in rankings, the substitution rates equal the weights of the variables up to a multiplicative coefficient [157]. In this context, weights in additive aggregations unavoidably take the meaning of substitution rates and do not indicate the importance of the associated indicator. This implies a compensatory logic. For the weights to be interpreted as importance coefficients, non-compensatory aggregation procedures must be used to construct composite indicators. This can be done using a non-compensatory multi-criteria approach (MCA) [158].





6. Managerial Contribution of the Proposed Sustainable Circular Index


The proposed Sustainable Circular Index represents an important contribution for both academics and practitioners. This work gives academics insight into state-of the-art focused topics and a description of a framework that could be used to implement the proposed index.



Also, the concepts of sustainability and circularity are clarified, and the arguments for joining them are also provided and enhanced. The circular economy is presented as supporting evolution towards sustainable prosperity, becoming, in this way, an integrative endeavor at the crossroads of economic, social, and environmental dimensions. Also, a set of indicators related to the three dimensions of sustainability and the circularity are suggested from the literature review.



This makes easier a practical implementation of the suggested Sustainable Circular Index by practitioners, as well testing it in a case study by academics. It intends also to contribute to a better understanding of ‘sustainable circular economy’ configurations and to develop a scientific approach.



The proposed index also makes it possible to assess the level of sustainability and circularity of manufacturing companies with a didactic concern since it could be considered a guideline for managers to reach a defined level of sustainability or circularity.



Moreover, it makes possible a wider analyses of these two concerns (sustainability and circularity), aggregated individually or at indicator level. Hierarchically the suggested Sustainable Circular Index could be illustrated in the following way (Table 5).



Table 5. Hierarchical relations of the Sustainable Circular Index.







	
Index

	
Sustainable Circular Index (Isust_circis)j






	
Sub-Index by Dimension

	
Sustainability (Isustis)j

	
Circularity (ICircis)j




	
Sub-indices

	
Social sustainability

(Isoc_sustis)j

	
Economic sustainability

(Iecon_sustis)j

	
Environmental sustainability

(Ienv_sustis)j

	




	
Indicators

	
I11—number of accidents per year by company.

I21—loss of productivity by company j.

I31—percentage of contracted women employed by company j.

I41—percentage of temporary workers employed by company j.

I51—absenteeism rate by company j.

I61—rotation of workers by company j.

I71—percentage of people with special needs employed by company j.

	
I12—direct economic value generated and distributed.

I22—research and development expenditures.

I32—number of persons employed.

	
I13—rate of non-hazardous waste.

I23—rate of hazardous waste.

I33—amount of water consumed per year in industrial processes.

I43—amount of energy used per year.

	
I14—input in the production process.

I24—utility during use phase.

I34—efficiency of recycling











7. Conclusions


Corporate sustainability has been assessed by aggregating economic, environmental, and social indicators. However this aggregation has been performed using assessment techniques that integrate environmental, economic, and social indicators by looking at the harm they create and not on the comprehensive vision of material and product. Thus they are perhaps inadequate for guiding decisions that are at the very heart of Circular Economy.



Bearing in mind this concern, in this work, a Sustainable Circular Index is suggested to assess the sustainability and circularity of manufacturing companies by using a proposed framework. This allows us to answer the research question suggested in the introduction section: How to assess the level of sustainability and circularity of companies? This Index gives companies insights into not only their sustainable behavior but also whether they are respecting Circular Economy concerns regarding the use of recycled and reused materials, the lifetime and intensity of the products, and the efficiency of recycling processes. The suggested index could be also a helpful framework in setting policy priorities and in benchmarking or monitoring the sustainability and circularity performance of companies.



This Sustainable Circular Index is very versatile and simple since it makes it possible to assess the sustainability and the circularity behavior of manufacturing companies. This is in line with the recommendations of the UN report, which defends that indicators should be simple and informative and that approaches should be uncomplicated. The weighting of each index dimension and the corresponding indicators could be adapted to each company, attending to the perspective of the members of the Delphi panel used. This index also allows a benchmarking analysis between companies from the same or different industries to be performed.



This work provides a base for the assessment of the sustainability and circularity of companies, giving timely insights on their progress towards environmental, economical, and social sustainability and towards circularity behavior. In general, this study focused on:

	
Establishing a list of sustainability indicators sorted by TBL dimensions and circularity indicators.



	
Generating a weight distribution for the quantitative assessment of dimensions and indicators’ importance, using diverse expert judgment by the Delphi method. This supports the decision-making process relating to sustainability improvement efforts.



	
Presenting a guideline for the construction of a Sustainable Circular Index through the description of the framework and the corresponding steps.








In addition to the importance and usefulness of the suggested approach, it presents some limitations. A practical application of the suggested index could be performed to illustrate how it works and the kind of information managers can collect to support their decisions on sustainability and circularity issues. Also, for a larger scale application of our Sustainable Circular Index, experts’ selection process can be reviewed such as the number of experts and their background requirements. Moreover, several judgments should be made when constructing an aggregated index, e.g., selection of indicators, data normalization, weights, and aggregation methods; the robustness of the proposed Sustainable Circular Index should be assessed by performing a sensitivity analysis in a case study. The sensitive analysis can help gauge the robustness of the aggregated index and improve transparency.



The creation of a qualitative structure for composite indicators is not an easy goal to achieve. In reality, a composite indicator’s general value hinges on numerous characteristics, associated with both the reliability of the procedures utilized in its creation and the quality of the basic data utilized to form the indicator. Even if data are accurate, they cannot be considered to be of good quality if they are produced too late to be useful, cannot be easily accessed, or appear to be in conflict with other data.



As regards future research, and according to the limitations previously identified, it will be interesting to test the proposed Sustainable Circular Index in several case studies from different manufacturing industries to test its robustness.
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