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Abstract Circularity has emerged as a pivotal concept in

the realm of sustainable resource management and busi-

ness operations. Resource exhaustion and environmental

degradation propelled by globalization and the culture of

consumerism have intensified the focus on the concept of

the circular economy around the world. Nevertheless, the

evaluation and quantification of circularity achievements

remain uncommon in corporate practices. This article

employs a systematic literature review to delve into cir-

cularity measurements in the managerial life cycle. Key

approaches emerging from the academic literature are

examined, including life cycle costing, life cycle assess-

ment, life cycle cost–benefit, life cycle benefit analysis, and

life cycle sustainability assessment. The review seeks to

offer a comprehensive overview of the methodologies

employed to assess circularity in corporate processes,

highlighting current challenges and opportunities for

effective implementation. We adopt a conceptual model of

sustainable and circular life cycle management based on

specific performance indicators that allow the environ-

mental, social, and economic impact of processes to be

assessed throughout the life cycle of products or services.

The implementation of Sustainable and Circular Life Cycle

Management from a managerial perspective could support

firms to eradicate and quantify waste, preserve the inherent

value of products and materials, encourage the adoption of

renewable energies, and eliminate harmful chemicals.
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Introduction

As the world grapples with the urgent need to measure

sustainability, flexible systems are emerging as promising

approaches to resource optimisation and circularity (Sushil

& Dinesh, 2022). In particular, the flexibility issue has

become central to the flexible management system

(D’Adamo et al., 2024), mainly in the last 2 years in the

manufacturing industry (Tootell et al., 2023) and in sus-

tainable business development (Litvinova et al., 2023). By

embracing adaptability and responsiveness, these systems

could effectively manage the flow of materials, energy, and

information throughout their lifespan, minimizing waste

and maximizing resource utilization (Singh et al., 2023).

Harnessing the power of flexibility in Life Cycle Man-

agement (LCM) offers a transformative path towards a

more sustainable future (Sushil, 2015). LCM encompasses

the entire life cycle of a product, from its design and

production to its use, maintenance, end-of-life treatment,

and recycling. By integrating flexibility into each stage of

LCM, businesses and organizations can unlock a wealth of

opportunities to reduce their environmental footprint and

promote sustainable practices. Considering this transfor-

mative scenario, the primary goal of the European Green

Deal is to achieve climate neutrality by 2050. This plan

focuses on identifying leading companies in the field of
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green technologies and products while simultaneously

stimulating the development of new markets for products

that promote recycling and have a climate-neutral impact.

The central objective is to develop an economy based on

circularity, with a particular focus on biodiversity conser-

vation and the creation of an equitable and socially just

transition process. Europe has positioned itself as a leader

in both the industrial and political spheres to drive global

change. Moreover, according to Saidani et al. (2022), ele-

vating the degree of circularity within the economy

enhances the chances of attaining the Sustainable Devel-

opment Goals (SDGs) outlined by the United Nations (UN,

2015), especially in terms of responsible production and

consumption (SDG 12). The need to promote such change

arises from the evidence in the Global Resources Outlook

2019 (Oberle et al., 2019) that global annual resource

extraction tripled from 1970 to 2017 and continues to rise.

Resource extraction and transformation account for more

than 90% of both biodiversity loss and water imbalances

(UNEP IRP, 2019), and despite the circular economy (CE)

action plan initiated by the European Commission in 2015,

a mere 12% of the materials utilised by industries within

the European Union are sourced from recycling. Full

implementation of circular processes has only been applied

to nine per cent of the global economy, leaving ample room

for improvement. Over the last decade, the notion of a CE

has garnered increased interest from governments, busi-

nesses, researchers, and politicians and has been perceived

as a fundamental step towards achieving sustainable

development (Corona et al., 2019). Globally, the circular

economy is recognized for its ability to promote resource

efficiency (Ellen MacArthur Foundation, 2015). Through

practices such as reuse, recycling, and regeneration, it

maximizes the value of products and materials, reducing

waste and contributing to mitigating climate change

(European Environment Agency, 2020). In the European

context, the circular economy is gaining prominence as a

key strategy for achieving sustainability goals. The Euro-

pean Union has developed ambitious plans, such as the

Circular Economy Action Plan, to transition towards a

more circular economy (European Commission, 2020).

This includes measures to promote eco-design, resource

efficiency, and waste reduction across member states. Italy,

with its rich cultural and industrial heritage, is well-posi-

tioned to embrace the principles of the circular economy.

Key sectors such as fashion, automotive, and furniture can

benefit from adopting circular practices, improving

resource efficiency, and reducing production costs (Pozzo,

2021). The Italian government has also recognized the

importance of the circular economy through policies such

as the National Strategy for the Circular Economy, pro-

viding a strategic framework for transitioning towards a

more sustainable and resource-efficient economy (Italian

Ministry of Economic Development, 2017). For Italian

businesses, embracing the circular economy offers tangible

benefits. Besides the economic savings resulting from

resource efficiency and waste reduction, there are also

opportunities for market differentiation and brand reputa-

tion enhancement (Carlisle & Faulkner, 2005). Further-

more, innovation in product design and sustainable

business models (Basile et al., 2021a, 2021b) can create

new business opportunities (Boston Consulting Group,

2019). The circular economy represents a significant

opportunity to promote sustainability and economic pros-

perity, both globally, within Europe, and in the Italian

context. Businesses that adopt circular economy principles

can benefit from cost savings, market differentiation

opportunities, and regulatory compliance, positioning

themselves for long-term success in an increasingly cir-

cular economy (PricewaterhouseCoopers, 2021). While

there are numerous accredited definitions of the CE, and

despite the introduction of the concept many decades ago, a

specific definition and conceptual framework remain sub-

jects of ongoing debate and uncertainty, as highlighted by

Reike et al. (2018). In a recent literature review (Kirchherr

et al., 2017), 114 interpretations of the CE were identified

from various sources, including peer-reviewed articles,

policy papers, and consulting reports. As the World Eco-

nomic Forum argues, ‘‘The circular economy is a model of

economic development that aims to rethink how we create

economic value. Instead of a ‘‘take, make, dispose’’ phi-

losophy, it promotes a ‘‘take, make, reuse, repair, recycle’’

perspective’’ (World Economic Forum, 2014). In addition,

the European Commission explains that ‘‘The circular

economy focuses on waste reduction, material reuse, and

recycling, as well as the regeneration of natural systems.

This results in economic and environmental benefits, such

as increased competitiveness and supply chain security,

greater economic resilience to shocks, and a reduction in

greenhouse gas emissions and pollution’’ (European

Commission, 2015).

The most widely recognized definition of the CE was

formulated by the Ellen MacArthur Foundation (2013): ‘‘A

circular economy is a regenerative system in which mate-

rials and resources retain their value and utility for as long

as possible, and waste and resource usage is minimized. It

involves the extraction of materials, production, use, and

regeneration, aiming to keep products, components, and

materials at their highest value and utility at every stage of

their lifecycle’’. The measurement of circularity is impor-

tant in managerial disciplines because it is connected to

several fundamental dimensions of the success of organi-

zations and businesses. Circularity involves the adoption of

practices and business models focused on diminishing

environmental impact, promoting resource efficiency, pre-

venting waste, and emphasizing the value of reuse and
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recycling. In other words, circular management aims to

create a more sustainable and long-term economy. The

measuring of circularity helps companies identify and

monitor their environmental impact. With a better under-

standing of how resources are used and managed, organi-

zations can reduce pollution, waste production, and natural

resource depletion. The adoption of circular practices can

lead to a more efficient use of resources, thereby reducing

operational costs. For example, reusing and recycling can

decrease the need to purchase new raw materials, thereby

contributing to cost savings. Companies distinguished by

their circular management can gain a competitive advan-

tage, as consumers and business partners are increasingly

attentive to sustainability and prefer to do business with

environmentally responsible organizations. Companies

adopting circular business models tend to be more resilient

to fluctuations in raw material prices and environmental

shocks, as they have a greater capacity to adapt to resource-

related challenges. This work aims to examine, through a

systematic literature review, the various approaches pro-

posed so far to investigate the measurement of circularity

in the managerial life cycle. Furthermore, it aims to pro-

vide guidelines for defining the dimensions and variables to

consider in the development of a comprehensive method-

ology to measure and evaluate the degree of circularity of a

system throughout its life cycle. The article is structured as

follows: Sect. ‘‘Method and research model’’ describes the

research methodology and criteria employed to analyse

documents related to performance assessment in the con-

text of the CE. Section ‘‘Measuring circularity in life cycle

management’’ presents the results of the review, high-

lighting the approaches that have been presented thus far as

well as the differences and similarities in these specific

fields. Section ‘‘Results’’ first discusses the limitations of

the various approaches and highlights the theoretical

implications for performance evaluation in the CE. Finally,

Sect. ‘‘Theoretical implications’’ concludes the contribu-

tion, presenting the main observations and outlining future

research suggestions.

Circularity and Life Cycle Management for Flexible

Firms

Measuring circularity in LCM is crucial to fostering flex-

ibility and enhancing an organisation’s ability to adapt to

changing market demands and environmental conditions

(Saidani et al., 2017). By tracking key circularity metrics

(CMs), such as material reuse rates, the proportion of waste

diversion, and energy efficiency, organizations can gain

valuable insights into their resource consumption patterns

and identify areas for improvement (Corona et al., 2019).

This information empowers decision-makers to make

informed choices about product design, manufacturing

processes, and waste management strategies, enabling

them to transition towards more circular business models.

Specifically, circularity measurement helps organisations:

Reduce Material Dependency (Gebhardt et al., 2022).

By quantifying the materials that are used and reused,

organizations can identify specific areas where they can

decrease their dependence on virgin resources, thus mini-

mizing their environmental footprint. This flexibility

allows them to adapt to fluctuations in resource availability

and cost, ensuring a secure and sustainable supply chain.

Improve Waste Management Efficiency (Kurdve et al.,

2015). Tracking waste generation and diversion rates pro-

vides organizations with actionable data to optimize their

waste management practices, enabling them to pinpoint the

most effective waste reduction and recycling strategies,

thereby diminishing the volume of waste directed to

landfills and redirecting resources back into the production

cycle. This flexibility enhances their ability to comply with

environmental regulations and demonstrate their commit-

ment to sustainable practices.

Enhance Energy Efficiency (Halkos & Petrou, 2019).

Evaluating energy consumption and efficiency metrics

allows organisations to identify opportunities to reduce

their energy footprint and lower operating costs. This

adaptability allows them to shift towards renewable energy

sources, diminishing their dependence on fossil fuels and

contributing to a more sustainable and cleaner

environment.

Promote Innovation and Collaboration (Köhler et al.,

2022). Measuring circularity sparks innovation and col-

laboration within organizations. By understanding their

resource flows and inefficiencies, they can develop new

products, processes, and partnerships to improve

circularity.

Flexible firms foster a culture of continuous improve-

ment and drive the development of cutting-edge circular

solutions (Srivastava & Bag, 2023; Volberda, 1999). To

conclude, assessing circularity in LCM serves as a potent

tool for fostering flexibility and empowering organizations

to flourish in a dynamic and resource-constrained envi-

ronment. By tracking key metrics, organizations gain the

insights they need to optimize resource use, reduce waste,

enhance energy efficiency, and promote innovation. This

flexibility empowers them to adapt to evolving market

trends, environmental challenges, and regulatory changes,

ensuring their long-term sustainability and success.

Method and Research Model

To analyse the most important ways to measure circularity

in Life Cycle Assessment (LCA) and summarize the find-

ings to date (Hellweg et al., 2014), a systematic literature
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review was performed on scientific articles related to the

measurement of circularity in LCM. The review was car-

ried out with scientific articles collected from the academic

search engine Scopus based on a selection of keywords.

The choice of keywords was based on our aim to examine

tools developed and used mainly in the European context;

consequently, we searched for various methods based on

the life cycle thinking approach to which these tools

belong. The keywords were created by combining the word

‘‘measurement’’ without the final ‘‘t’’ and, instead, using an

asterisk ‘‘measurement*’’ with the keyword circularity,

followed by five of the most well-known types of LCA:

• LCC = Life cycle costing

• LCA = Life cycle assessment

• LCCB = Life cycle cost–benefit

• LCBA = Life cycle benefit analysis

• LCSA = Life cycle sustainability assessment

The results from the five combinations were collected

without considering limitations related to the document

type, time, and field content. To maintain an inclusive

approach and leverage the diversity of the knowledge base,

we initially guided the relevant criteria based on the for-

mulation of the research question by specifically consid-

ering the study context. The review resulted in the selection

of 164 articles for a total of five keywords. To provide an

accurate analysis, for each list of articles, we selected those

articles that were much more meaningful for the scope of

the study. Table 1 shows the number of scientific articles

collected and selected for analysis.

The relevant column indicates the number of papers

subsequently selected for this literature analysis. The

selection process began with choices based on titles,

abstracts, and keywords, followed by a second screening of

entire manuscripts. One hundred sixty-four articles were

selected, and by the second screening, they were divided

based on the five keywords, as illustrated in Table 1.

Measuring Circularity in Life Cycle Management

Numerous strategies have been suggested for the shift from

a linear to a circular economy, with the primary imple-

mentation carried out by industrial actors. These strategies

are based on concepts such as sustainability and ecological

design to optimize the use of energy and materials as well

as the adoption of approaches defined within the hierarchy

of the ‘‘three Rs’’ (reduce, reuse, recycle, and sometimes

eleven additional related strategies). Other initiatives

include business model innovation and the promotion of

industrial symbiosis. Typically, the impacts or benefits

resulting from these circular strategies are assessed using

circularity indicators (Corona et al., 2019; Reich et al.,

2023). Circularity metrics (CMs) are intended to offer

insight into the degree to which the CE principle is

implemented in a product or service. Nevertheless, many of

the circularity measurements that have been made available

to the public have faced criticism. They are seen as inad-

equate in capturing the holistic and interdisciplinary

essence of the CE, as highlighted by Saidani et al. (2017)

and tend to focus solely on gauging the closure of material

cycles. Consequently, these methodologies frequently

neglect the various characteristics of circular processes,

such as their length, and they fail to address the compre-

hensive sustainability performance encompassing envi-

ronmental, economic, and social aspects (Corona et al.,

2019).

There is a heated debate on the best methodologies for

assessing the level of the CE. Nevertheless, a complete

shared framework about the right assessment methodology

remains wanting. There are several methods for measuring

circularity in managerial disciplines. Often, metrics and

indicators show discrepancies in both their form and

meaning (Corona et al., 2019). Moreover, due to the

complexity of the CE concept, its evaluation gives rise to

various interpretations (Saidani et al., 2019). Consequently,

different classifications have been proposed for circularity

indicators (Corona et al., 2019; Elia et al., 2017; Sassanelli

et al., 2019). For an overview of the most frequently used

methods to measure the level of circularity, we chose to

report the results of a literature review by Corona et al.

(2019), which revealed a recent increase in the number of

publications related to measuring the level of circularity.

Most of these articles (48 of 72) were related to the eval-

uation of products and services, and half of them were

related to the analysis and assessment of existing

methodologies, such as LCA or material flow analysis.

These metrics aim to assess an organization’s performance

Table 1 Relevant articles with keywords Source: author’s elaboration

N. Source Scopus Relevant

1 LCC = Life Cycle Costing 10 5

2 LCA = Life Cycle Assessment 86 14

3 LCCB = Life Cycle Cost – Benefit 6 1

4 LCBA = Life Cycle Benefit Analysis 15 3

5 LCSA = Life Cycle Sustainability Assessment 48 7
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in adopting circular practices and its contribution to the

CE. Corona et al. (2019) provide an analysis of the most

known and utilized methods, as illustrated in Fig. 1.

Circularity assessments can be performed at the micro,

meso, and macro levels. Circularity indicators serve as

tools to gauge the capacity of a product or system to pre-

serve both the quantity and quality of materials (Bracquené

et al., 2020). These tools can also be employed to assess

how efficiently a company transitions from a linear to a

circular model. At the product level, indicators prove

valuable for designing new products, internal documenta-

tion, and establishing sourcing targets. At the company

level, indicators can be used internally to compare different

product lines or monitor progress. Furthermore, they can be

used externally to evaluate the degree of circularity

between companies (Rigamonti & Mancini, 2021). Within

this myriad of measures, LCA plays a pivotal role. A

thorough evaluation of the environmental sustainability of

a production system requires the integration of indicators

that address complementary aspects, including the material

circularity and performance derived from eco-efficiency.

For instance, indicators found in LCA can contribute to this

comprehensive assessment. As expressed by Weidema

et al. (2008), using indicators based on LCA is essential in

sectors correlated with a carbon footprint, integrating

indicators related to material efficiency, or the end-of-life

management of products. In the following literature

review, we clarify the well-known methods in the literature

to measure circularity in LCM (Guillaume et al., 2023).

The criteria for inclusion in the research mainly concerned

the analysis of existing parameters used to measure circu-

larity. The review therefore focused on the criteria used to

qualitatively measure CE strategies in products and ser-

vices. Also included are parameters for monitoring

frameworks and those applied in regional, national, or

global contexts. The inclusion of the methods studied

depended on the fact that more than 70% of scientific

publications dealt with them in the last 5 years (Corona

et al., 2019). The parameters considered primarily fulfilled

the requirements of validity, indicating the extent to which

a metric measured its intended purpose; reliability, signi-

fying the metric’s capability for consistency; and utility,

addressing the metric’s practicality. Therefore, to be able to

maintain inclusivity in the selection of articles, the con-

tributions selected for the systemic review provided theo-

retical as well as contextual views on aspects of circularity

(Corona et al., 2019). All articles that dealt with the topic in

a generic form were excluded from the research; therefore,

other measurement criteria in these articles were not con-

sidered, as they were outdated and rarely used in the

European context in recent years. Further, other criteria

used once by small- and medium-sized companies in

Europe were not considered (Corona et al., 2019; Krav-

chenko et al., 2020).

Fig. 1 Classification of circularity metrics Source: Corona et al. (2019)
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Life Cycle Assessment

Sassanelli et al., (2019) identified the Life Cycle Assess-

ment (LCA) standardized by ISO 14040/44:2006 as the

most commonly used tool for assessing the environmental

consequences of EC. However, even though today the

focus is on environmental and economic aspects, the social

dimension as the third pillar of sustainability cannot be

overlooked in the context of a holistic sustainability

assessment (Arodudu et al., 2017; Rodriguez, et al., 2020).

LCA is a thorough, internationally standardized (ISO

14040-14044, 2006) method. It assesses the environmental

impact of a product or service across its life cycle and

encompasses stages from raw material extraction to dis-

posal or recycling. LCA can help identify opportunities for

circular improvements in product design and material

selection. The concept of LCA was proposed for the first

time in the 1960s and has proven highly valuable for

comparing alternative approaches and understanding trade-

offs between the advantages and consequences of various

systems, thus enabling the formulation of well-informed

choices (Li et al., 2023; Saidani et al., 2019). Life Cycle

Assessment (LCA) is a crucial scientific methodological

tool used to assess the environmental impacts of materials.

However, its effectiveness in evaluating material circular-

ity is hindered by several challenges, such as the lack of

practical application in the design and development phase,

challenges with system boundaries and impact allocation,

the inability to assess the social implications of materials,

and biases and inconsistencies in the results (Antwi-Afari

et al., 2023). The literature review on the LCA method was

carried out using the keywords ‘‘measure* AND Circu-

larity AND Life Cycle Assessment’’ in the academic search

engine Scopus. The search resulted in 86 scientific articles

on this topic from 2018 to date. However, based on the

scope of this work, 14 scientific articles were selected from

the total. Table 2 reports on the authors, title, year of

publication, and publisher of each of the selected items.

Figure 2 in appendix shows the number of papers and

their territories of origin. One can observe that 16 of the 86

articles originated from Germany. This was followed by

Italy (13 articles), then Spain (8 publications). Importantly,

no filter was entered regarding the year of publication, and

the search engine naturally returned articles from 2018. It

can be noted that the number of publications on this topic

has been on the rise from 2018 to date. Figure 2 shows that

a majority of the published works were related to envi-

ronmental sustainability and that all three aspects of sus-

tainable development were featured, though not in a

detailed manner. This potentially indicates that a majority

of the methods employed for assessing circularity lacked

multifunctionality and did not integrate economic and

social aspects, in addition to environmental considerations.

As stated in a document on the life cycle initiative (Peña

et al., 2021), the LCA methodology is valuable in identi-

fying strategies that can improve production and con-

sumption patterns from a CE perspective, thus enhancing

sustainability. According to Rigamonti and Mancini

(2021), there are various circularity indicators, each

designed to evaluate circularity at the micro-, meso-, or

macro-level. This includes evaluations at the individual

product level, material quality, a company’s circularity, or

comparisons among multiple companies. LCA can be

employed to provide a systemic perspective on decision-

making processes (Peña et al., 2021) or in the construction

of a CE strategy from scratch. However, the latter argued

that LCA alone cannot comprehensively measure circu-

larity because its considerations are rooted in a linear

economy, initially designed to assess products within a

birth-to-death cycle. Only later were principles developed

to evaluate reuse or refurbishment. Nevertheless, as we will

explore further, LCA remains one of the most widely used

methods for selecting the best CE strategy, especially due

to its primary objective of avoiding burden shifting (Cor-

ona et al., 2019; Sassanelli et al., 2019). It is essential to

note that some studies examining the relationship between

circularity indicators and LCA (Bracquené et al., 2020;

Pauer et al., 2019) have argued that the best choice of

circularity may not always be environmentally preferable;

therefore, separate evaluations have been used to avoid

conflicting results. In other cases, such as Niero and Kalbar

(2019), attempts have been made to reconcile potential

discrepancies between certain circularity indicators and

LCA results by considering them in an integrated manner.

Niero and Kalbar (2019) underscored the pivotal role of the

LCA tool as a metric for assessing the CE at the product

level. Through a case study on beer packaging, they

illustrated that when comparing contrasting situations, a

successful approach can involve combining different types

of indicators using multi-criteria analysis. In this scenario,

they integrated material circularity indicators with LCA

indicators through the application of multi-criteria analysis.

Corona et al. (2019) conducted a review aimed at

describing developments related to the methodologies used

for circularity metrics for products or services. The review

sought to evaluate the most commonly used metrics,

starting from the concept of the CE and closely linked to

that of sustainable development. Based on the selected

criteria, none of the circularity parameters addressed all of

them, but LCA and its indicators proved to be the most

suitable because they have a high potential for meeting all

the selected CE requirements in their classical application,

that is, at the product or service level. Nevertheless, there is

still ongoing work to extend the application of these

assessments from the product or service level to the macro

level. According to Sassanelli et al. (2019), LCA is among
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the most commonly used methodologies for measuring

levels of circularity, both about materials and resources and

energy and pollution. LCA tends to consider all the vari-

ables involved throughout the life cycle, from development

to disposal. The 45 selected scientific articles in the liter-

ature review indicate a growing interest in CE topics,

especially from 2015 onwards. However, a lack of

methodologies was identified regarding a comprehensive

evaluation of the potential benefits of adopting CE prac-

tices. There is also a challenge in navigating different,

sometimes conflicting methodologies that may influence

various levels of analysis, ranging from environmental,

which is more prevalent, to social and economic consid-

erations. Vimal et al. (2021) also conducted a literature

review focused on the available toolkits for circularity

assessment. They argued that there is a minimal presence

of industrial-level circularity assessment studies and that

there is currently no straightforward method in the existing

literature that comprehensively and systematically assesses

circularity. This model has a three-level structure. The

initial level encompasses five circularity enablers, followed

by the second level with 16 circularity criteria. The third

level is made up of 44 circularity attributes. The model has

successfully been applied to a case study. Hatzfeld et al.

(2022) acknowledged that accurately measuring circularity

is a complex challenge and that there are limitations in the

currently available metrics. Consequently, they proposed a

new conceptual perspective to address this difficulty, sug-

gesting that circularity ought to be interpreted in terms of

how long a product or service maintains its functionality

throughout its use time. In other words, rather than

exclusively focusing on the material life cycle, the authors

Table 2 The pertinent literature on LCA Source: author’s elaboration

Authors Title Year Publisher

Corona B.; Shen L.; Reike D.; Rosales

Carreón J.; Worrell E

Towards sustainable development through the circular economy—

A review and critical assessment of current circularity metrics

2019 Elsevier B.V

Sassanelli C.; Rosa P.; Rocca R.; Terzi

S

Circular economy performance assessment methods: A systematic

literature review

2019 Elsevier Ltd

Niero M.; Kalbar P.P Coupling material circularity indicators and lifecycle-based

indicators: A proposal to advance the assessment of circular

economy strategies at the product level

2019 Elsevier B.V

Kravchenko M.; McAloone T.C.;

Pigosso D.C.A

To what extent do circular economy indicators capture

sustainability?

2020 Elsevier B.V

Bracquené E.; Dewulf W.; Duflou J.R Measuring the performance of more circular complex product

supply chains

2020 Elsevier B.V

Roos Lindgreen E.; Mondello G.;

Salomone R.; Lanuzza F.; Saija G

Exploring the effectiveness of grey literature indicators and life

cycle assessment in assessing circular economy at the micro

level: a comparative analysis

2021 Springer Science and

Business Media

Deutschland GmbH

Rigamonti L.; Mancini E Life cycle assessment and circularity indicators 2021 Springer Science and

Business Media

Deutschland GmbH

Vimal K.E.K.; Kandasamy J.; Gite V A framework to assess circularity across product-life cycle stages-

A case study

2021 Elsevier B.V

Harris S.; Martin M.; Diener D Circularity for circularity’s sake? Scoping review of assessment

methods for environmental performance in the circular economy

2021 Elsevier B.V

Hatzfeld T.; Backes J.G.; Guenther E.;

Traverso M

Modeling circularity as Functionality Over Use-Time to reflect on

circularity indicator challenges and identify new indicators for

the circular economy

2022 Elsevier Ltd

Matos J.; Martins C.; Simões C.L.;

Simoes R

Comparative analysis of micro-level indicators for evaluating the

progress towards a circular economy

2023 Elsevier B.V

Gallo F.; Manzardo A.; Camana D.;

Fedele A.; Scipioni A

Integration of a circular economy metric with life cycle

assessment: methodological proposal of compared agri-food

products

2023 Springer Science and

Business Media

Deutschland GmbH

Lizundia E.; Iturrondobeitia M.; Akizu-

Gardoki O.; Saez-de-Camara E.;

Minguez R

Product Design Evolves to Implement Circular Economy

Principles

2023 Elsevier Ltd

de Oliveira C.T.; Oliveira G.G.A What Circular economy indicators measure? An overview of

circular economy principles and sustainable development goals

2023 Elsevier B.V
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proposed evaluating how long a product or service can

remain effectively functional before becoming obsolete or

requiring replacement. This approach allows for the

examination of new circularity indicators that go beyond

simple material recycling measurements. For example,

factors such as product lifespan, ease of repair, upgrade-

ability, and component reuse could be considered. This

way, a more comprehensive view of circularity can be

captured by focusing on the extended longevity and posi-

tive contribution of products to the CE. In summary, the

authors introduced a new concept that views circularity as

the ability of a product or service to maintain its func-

tionality over time, prompting a reflection on new circu-

larity indicators that surpass the limitations of traditional

metrics based solely on material LCA. Kravchenko et al.

(2020) examined the relationship between CE indicators

and sustainability, focusing in particular on the use of LCA

as the main tool for assessing circularity. They evaluated

how well these indicators truly reflect overall sustainability

and highlighted that the implementation of practices related

to the CE often aims to reduce environmental impacts but

may not fully consider all aspects of sustainability, such as

those of a social and economic nature. Additionally, we

noted that some circularity metrics may focus primarily on

the amount of material recycled or the closure of material

loops, overlooking broader aspects of sustainability.

Overall, Kravchenko et al. (2020) questioned the degree to

which CE indicators comprehensively and accurately

reflect sustainability in all of its dimensions. We suggest

that a more comprehensive assessment may require the

integration of additional indicators or approaches to cap-

ture a more complete and global view of sustainability in

the CE context. For example, Harris et al. (2021) con-

ducted a scoping review of the methodologies used to

evaluate environmental performance in the CE. They

explored how the environmental performance of CE prac-

tices was measured and evaluated and focused on the fact

that adopting circular strategies, such as recycling and

reusing materials, should lead to effective and sustainable

environmental improvements. Their findings suggest that

there is limited research comparing circularity indicators

with environmental performance or studies establishing

connections between circularity indicators at different

societal levels, such as the micro- and macro-levels. LCA

is generally considered the most reliable method for

assessing the environmental impacts of product designs

based on circular principles or system changes. Studies

based on LCA have explored an extensive array of prod-

ucts encompassing diverse practices associated with the

CE. These practices include recycling, product life exten-

sion, reuse, regeneration, and ‘‘product-as-a-service’’ sys-

tems. At the micro-level, LCA is the primary method of

environmental assessment used to examine the specific

environmental impacts of various circular approaches.

However, it is important to note that few studies have

analysed the correlation between circularity indicators or

tools and environmental implications through the use of

LCA. This literature review has underscored a scarcity of

studies in the CE field that have compared circularity

indicators with environmental implications or those estab-

lishing connections across different system levels. At the

micro-level, LCA has a long history of environmental

assessment across a wide range of products, but further

research is needed to compare linear products with their

circular counterparts to fully understand the environmental

impact of such approaches. Matos et al. (2023) conducted a

comparative analysis of micro-level indicators for evalu-

ating progress towards the CE. They evaluated the per-

formance of companies or organizations relating to the

adoption of CE practices at the micro-level. This work,

starting from the categorization provided by Kristensen and

Mosgaard (2020), sought to determine which indicators are

most effective in analysing and measuring progress

towards the CE at the company level. The results showed

an imbalance between indicators focusing on environ-

mental or economic (rather than social) dimensions. In

particular, the indicators included more than one dimension

exclusively for end-of-life management or remanufactur-

ing. Moreover, a major portion of the micro-indicators

outlined in the literature for evaluating product circularity

concentrated primarily on the recycling, refurbishment, and

end-of-life management categories, with a notable empha-

sis on recycling. The indicators in the recycling category

were predominantly (though not exclusively) quantitative,

most of which focused on a single dimension, especially

the environmental dimension. Roos Lindgreen et al. (2021)

investigated the efficacy of ‘‘grey literature indicators’’ and

LCA in evaluating the CE at the micro-level and sought to

understand which method offered a more complete and

accurate evaluation. The overall results indicate that grey

literature provides various approaches for companies to

assess their progress toward the CE. However, specific CE

indicators may not always be suitable, especially when the

analysis focuses on specific sectors, particularly those

involving biological cycles. Nevertheless, the LCA method

is capable of covering the key features of a corporate-level

CE metric and is suitable for assessing a wide range of

environmental impacts, including product circularity.

However, it is important to consider that LCA is more

complex, requires more detailed data, and is more time-

consuming than CE indicators, which may pose challenges

when applied at the corporate level. Gallo et al. (2023)

focused on the integration of various approaches: a metric

for the CE and LCA. They proposed an interaction that

correlated circularity and environmental impacts. To

achieve this, they conducted a comparison of various case
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studies to assess and evaluate the applicability of these

approaches as effective tools for environmental–circular

product assessments. The aim was to determine whether

the application of circular principles could lead to

improvements or exacerbations in the environmental

impacts of products. This methodology established the

phases and procedures for assessing the circularity of agri-

food products by employing circular indicators and inte-

grating the results into an LCA. The article showed that the

enhanced benefit of utilizing a material circularity indicator

and LCA in the integrated methodology outlined in the

study lay in its capacity to facilitate a thorough and all-

encompassing evaluation. This approach introduced an

inventive circular assessment that encompassed both bio-

logical and technical cycles, along with an environmental

assessment panel for products, which encompassed asso-

ciated scenarios, all within the same product category.

Therefore, the integration of CE metrics with LCA can

offer a more complete view of the environmental perfor-

mance of agri-food products. This can help drive more

sustainable decisions and choices in the food supply chain.

Life Cycle Sustainability Assessment

The Life Cycle Sustainability Assessment (LCSA) is a

method designed to holistically evaluate the environmen-

tal, economic, and social aspects of a specific product,

process, or system throughout its life cycle. Unlike tradi-

tional assessments, such as LCA, which focus mainly on

environmental impacts or economic aspects, the LCSA also

seeks to incorporate social dimensions and analyse how

these three spheres interact with each other (Finkbeiner

et al., 2010). The motivation behind the development of the

LCSA lies in the awareness of the limitations of traditional

assessments, which often do not adequately take social and

economic aspects into account. Therefore, the objective of

the LCSA is to offer a more complete and integrated vision

of sustainability by considering the interrelationships

between the environment, economy, and society (Peña

et al., 2021). The LCSA is composed as fol-

lows: LCSA = LCA ? LCC ? S - LCA, where LCC

plus S-LCA refer, respectively, to life cycle costing plus

social life cycle assessment (Luthin et al., 2023). The lit-

erature review related to the LCSA was carried out using

the keywords ‘‘measure* AND Circularity AND Life Cycle

Sustainability Assessment’’ in the academic search engine

Scopus. The search revealed 48 relevant scientific articles

from 2018 to date. From the 48 scientific articles, 14 were

selected based on the scope of this work, seven of which

were considered in the previous section. Table 3 reports on

the authors, title, year of publication, and publisher of each

of the selected items.

Figure 3 in appendix shows the number of papers and

their territories of origin. It shows that Italy had the most

publications (11 articles), followed by Germany with six

publications. No filter was entered regarding the year of

publication, and the search engine naturally returned arti-

cles from 2018. It can also be noted that the number of

publications on this topic has been on the rise from 2018 to

date. Figure 3 also shows that most of the published works

were related to environmental sustainability. All three

aspects related to sustainable development were addressed,

albeit not explicitly. Researchers have recently shown

increased interest in methodological issues, specifically

focused on identifying opportunities to integrate LCA with

circularity assessment methodologies. This approach seeks

to harness the potential of both methods to drive ecological

transition (Peña et al., 2021). Pagotto et al. (2021) analysed

the sustainability of production in a feedlot (fattening shed)

in Australia using the LCSA framework. The main objec-

tive of the article was to provide a holistic assessment of

feedlot sustainability in Australia, thus enabling stake-

holders, such as meat producers and government authori-

ties, to make more informed decisions about managing and

improving the feedlot production practice. Stillitano et al.

(2022) attempted to overcome the complexity surrounding

circularity with an approach that includes social and

environmental aspects in the LCA. This model was

implemented in the olive oil sector to address the chal-

lenges associated with managing numerous by-products.

The study introduced a multi-cycle approach for the com-

prehensive evaluation of a product’s environmental, eco-

nomic, and social aspects. It considered the environmental

LCA in terms of costs (external and internal) and the social

LCA in terms of validating the impact on the agro-indus-

trial system relating to the management of by-products.

Abadi and Sammuneh (2020) developed a conceptual

framework and indicators aimed at analysing ‘‘circularity’’

within the life cycle of an object or process. This concept is

closely linked to the CE, which promotes waste reduction

and the efficient reuse of resources. The scope of the article

was to combine two research ambitions—CE and con-

structability—through the creation of an evaluation tool

designed to measure the degree of circularity associated

with construction projects and processes. Within the con-

text of LCA, the authors engaged in the development of

new indicators and measurement methods that allowed

them to assess the extent to which a project or construction

process was aligned with the principles and fundamentals

of the CE. This involved looking into aspects such as

recycling of materials, extending the useful life of prod-

ucts, reusing components, and other practices that promote

circularity within the life cycle of construction projects.
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Life Cycle Costing

LCC is an analytical method utilized to assess the complete

range of costs linked to a particular product or system

throughout its life cycle. This life cycle begins with its

design and production, continues through daily usage and

maintenance, and concludes with its disposal or the end of

its utility. The principal objective of LCC is to offer a

comprehensive view of costs, enabling more informed and

sustainability-oriented decision-making (Hunkeler et al.,

2008). The literature review on LCC was carried out using

the keywords ‘‘measure* AND Circularity AND Life Cycle

Costing’’ in the academic search engine Scopus. The search

revealed 10 scientific articles on this topic from 2018 to

date. From these 10 scientific articles, six were selected

based on the scope of this work, seven of which were

addressed and collected in the Table 4.

Figure 4 in appendix shows the number of papers and

their territories of origin. It shows that Italy was the pri-

mary publication country (with 3 articles), followed by

Belgium with 1 publication. No filter was entered regarding

the year of publication, and the search engine naturally

returned articles from 2018. Figure 4 also shows that, in

this case, most of the published works were related to

environmental sustainability. All three aspects related to

sustainable development were present, albeit not in a

detailed manner. Kambanou and Sakao (2020) provided a

guideline based on LCC to guide companies on the best

choice to implement a CE and evaluate profitability. This

guideline was formulated using design research method-

ology, as outlined by Blessing and Chakrabarti (2009). The

Table 3 The pertinent literature on LCSA Source: author’s elaboration

Authors Title Year Publisher

Matos J.; Martins C.; Simões C.L.;

Simoes R

Comparative analysis of micro-level indicators for evaluating the

progress towards a circular economy

2023 Elsevier B.V

de Oliveira C.T.; Oliveira G.G.A What do Circular economy indicators measure? An overview of

circular economy principles and sustainable development goals

2023 Elsevier B.V

Rigamonti L.; Mancini E Life cycle assessment and circularity indicators 2021 Springer Science and

Business Media

Deutschland GmbH

Kravchenko M.; McAloone T.C.;

Pigosso D.C.A

To what extent do circular economy indicators capture

sustainability?

2020 Elsevier B.V

Hatzfeld T.; Backes J.G.; Guenther E.;

Traverso M

Modelling circularity as Functionality Over Use-Time to reflect on

circularity indicator challenges and identify new indicators for

the circular economy

2022 Elsevier Ltd

Gallo F.; Manzardo A.; Camana D.;

Fedele A.; Scipioni A

Integration of a circular economy metric with life cycle

assessment: methodological proposal of compared agri-food

products

2023 Springer Science and

Business Media

Deutschland GmbH

Pagotto M.; Halog A.; Costa D.F.A.; Lu

T

Evaluating the Sustainability of Feedlot Production in Australia

Using a Life Cycle Sustainability Assessment Framework

2021 Springer

Roos Lindgreen E.; Mondello G.;

Salomone R.; Lanuzza F.; Saija G

Exploring the effectiveness of grey literature indicators and life

cycle assessment in assessing circular economy at the micro

level: a comparative analysis

2021 Springer Science and

Business Media

Deutschland GmbH

Falcone G.; Stillitano T.; Iofrida N.;

Spada E.; Bernardi B.; Gulisano G.;

De Luca A.I

Life cycle and circularity metrics to measure the sustainability of

closed-loop agri-food pathways

2022 Frontiers Media S.A

Corona B.; Shen L.; Reike D.; Rosales

Carreón J.; Worrell E

Towards sustainable development through the circular economy –

A review and critical assessment of current circularity metrics

2019 Elsevier B.V

Abadi M.; Moore D.R.; Sammuneh M.A A framework of indicators to measure project circularity in

construction circular economy

2021 ICE Publishing

Harris S.; Martin M.; Diener D Circularity for circularity’s sake? A scoping review of assessment

methods for environmental performance in the circular economy

2021 Elsevier B.V

Abadi M.; Sammuneh M.A Integrating circular economy and constructability research: An

initial development of a lifecycle ‘‘circularity’’ assessment

framework and indicators

2020 Association of Researchers

in Construction

Management

Stillitano T.; Falcone G.; Iofrida N.;

Spada E.; Gulisano G.; De Luca A.I

A customized multi-cycle model for measuring the sustainability

of circular pathways in agri-food supply chains

2022 Elsevier B.V
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LCC method was chosen because of its simplicity,

including for Small and Medium Enterprises (SMEs), and

it is inexpensive. This paper drew from various case

studies, all advocating that LCC is pertinent for decision-

making about circularity. It highlighted two primary areas

where LCC could offer crucial information: financial and

environmental perspectives. Mehta et al. (2023) provided

an Internet-based sustainability assessment model known

as BEVSIM, which was developed to assess the ecological,

circular, and economic performance of various elements of

electric vehicles batteries and internal combustion vehicles,

including materials, subsystems, parts, and individual

components. The tool enables the measurement and com-

parison of impacts related to different recycling technolo-

gies, end-of-life scenarios, and future scenarios resulting

from changes in the composition of the energy network.

BEVSIM could include different LCA models, and the

level of analysis is customizable. The tool was designed to

assess different design alternatives in the R&D phase to

evaluate the complete LCA, LCC, and the level of circu-

larity of a product. LCC analysis can be viewed from two

angles: the first concerns the consumer’s point of view and

involves the costs related to the purchase of the vehicle, its

use, and maintenance, together with the associated costs at

the end of life. The second perspective is that of the

manufacturer and includes costs related to design and

production (including materials, processes, and assembly),

distribution costs, and costs arising during the use of the

vehicle, such as recall costs. Braakman et al. (2021) sought

to increase circularity in the building sector and correlated

the level of circularity (LoC) of a single house with its

LCC. They demonstrated that it is possible to double the

LoC in this sector without increasing the LCC or

modifying the design project. The data highlighted a rela-

tively modest increase in initial costs for some circular

building projects compared to the reference context. Fur-

thermore, the results illustrated a significant 11% reduction

in operating costs for circular building designs compared to

traditional building designs. Falcone et al. (2022) consid-

ered LCC in its environmental meaning, called environ-

mental LCC (ELCC). They proposed a methodology based

on different LC methods and circularity indicators to

consider the environmental and economic impacts of agri-

food production systems, in particular, to evaluate sus-

tainability in the olive oil sector. They compared linear and

circular production types and found that the environmental

impact of the circular production type was very low com-

pared with the linear type. At the economic level, the cir-

cular pathway demonstrated lower production costs, thanks

to the reuse of various under-products.

Life Cycle Cost–Benefit (LCCB) and Life Cycle

Benefit Analysis (LCBA)

The Life Cycle Cost–Benefit Analysis (LC-CBA) is an

analytical approach that focuses on evaluating the costs and

benefits associated with a project, product, or system

throughout its life cycle. In practical terms, it represents an

evolution of the LCC concept, as it also integrates an

analysis of the benefits deriving from an action or invest-

ment (Boardman, 2008). The Life Cycle Benefit Analysis

(LCBA) is an evaluation methodology that aims to measure

and quantify the benefits obtained from a product, service,

or project during the life cycle, from the production phase

to the use and end of use. This approach, in line with LCC

analysis, considers a wide range of factors but places

Table 4 The pertinent literature on LCC Source: author’s elaboration

Authors Title Year Publisher

Kambanou M.L.; Sakao T Using life cycle costing (LCC) to select circular measures: A discussion

and practical approach

2020 Elsevier B.V

Braakman L.; Bhochhibhoya S.; de Graaf R Exploring the relationship between the level of circularity and the life

cycle costs of a one-family house

2021 Elsevier B.V

Lu et al. (2021) Integration of life cycle assessment and life cycle cost using building

information modeling: A critical review

2021 Elsevier B.V

Stillitano T.; Spada E.; Iofrida N.; Falcone G.; De

Luca A.I

Sustainable agri-food processes and circular economy pathways in a

life cycle perspective: State of the art of applicative research

2021 MDPI AG

Falcone G.; Stillitano T.; Iofrida N.; Spada E.;

Bernardi B.; Gulisano G.; De Luca A.I

Life cycle and circularity metrics to measure the sustainability of

closed-loop agri-food pathways

2022 Frontiers

Media S.A

Stillitano T.; Falcone G.; Iofrida N.; Spada E.;

Gulisano G.; De Luca A.I

A customized multi-cycle model for measuring the sustainability of

circular pathways in agri-food supply chains

2022 Elsevier B.V

Mehta R.; Golkaram M.; Vogels J.T.W.E.;

Ligthart T.; Someren E.; Ferjan S.; Lennartz J

BEVSIM: Battery electric vehicle sustainability impact assessment

model

2023 John Wiley

and Sons

Inc
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greater emphasis on benefits rather than costs. In the LCBA

context, benefits can take many forms, such as economic,

environmental, social, and health-related. For example,

when evaluating an electric car, benefits could include fuel

cost savings, a reduction in greenhouse gas emissions,

improved air quality, and reduced noise pollution (Cabeza

& Castell, 2019). The literature review related to the LCCB

analysis was carried out using the keywords ‘‘measure*

AND Circularity AND Life Cycle Cost–Benefit’’ and Cir-

cularity AND Life Cycle Benefit analysis’’ in the academic

search engine Scopus. The search revealed 21 scientific

articles on this topic from 2018 to date. Eight of these

articles were selected based on the scope of this work,

seven of which were examined and collected in

the Table 5.

Figures 5 and 6 in appendix report on the number of

papers and their territories of origin. They show that Spain

and Germany were the primary publication countries (5

articles in total). Furthermore, no filter was entered

regarding the year of publication, and the search engine

naturally returned articles from 2019. Figures 5 and 6 also

show that most of the published works were related to

environmental sustainability except for the LCCB indica-

tor. All three aspects related to sustainable development

were present, though not in a detailed manner. Sommer

et al. (2022) conducted a study on plastic and glass man-

agement and devised a decision support tool using math-

ematical optimization to systematically analyse the

influence of political regulations on the design of essential

treatment infrastructures. Because regular evaluations were

not adapted to these types of analyses, the authors con-

ducted a study using LCCB analysis to consider the rela-

tion between the costs and benefits of these types of

infrastructures. González et al. (2021) introduced a

pioneering methodology for assessing the LoC in building

construction and renovation, recognized as one of the most

costly and impactful economic activities. The methodology

was developed with an approach that considers the entire

life cycle, incorporating all material flows into the analysis

and considering the social, environmental, and economic

impacts from the beginning to the end of the cycle, that is,

from the acquisition of resources to the treatment processes

or disposal at the end of their useful life. Jones et al. (2022)

developed automated software to assess the unsustainabil-

ity of the LCA for buildings. Through case studies, they

sought to demonstrate how sustainability education can be

improved through LCBA. The analysis focused on quan-

tifying developmental gains within the safe operating space

of planetary boundaries. The advantage of LCBA lies in its

systematic quantification of positive development, enabling

Table 5 The pertinent literature on LCCB and LCBA Source: author’s elaborations

Authors Title Year Publisher

Wuni I.Y.; Wu Z.; Shen G.Q.; Bugri J.T.;

Frimpong-Asante J

Benefit Evaluation of Design for Excellence in

Industrialized Construction Projects

2021 American Society of Civil

Engineers (ASCE)

Jones D.; Vlieg M.; Ashar S.; Friend L.;

Gomez C.C

Learning to Quantify Positive Futures 2022 International Information

and Engineering

Technology Association

Kambanou M.L.; Sakao T Using life cycle costing (LCC) to select circular measures:

A discussion and practical approach

2020 Elsevier B.V

Corona B.; Shen L.; Reike D.; Rosales

Carreón J.; Worrell E

Towards sustainable development through the circular

economy—A review and critical assessment of current

circularity metrics

2019 Elsevier B.V

Supekar S.D.; Graziano D.J.; Riddle M.E.;

Nimbalkar S.U.; Das S.; Shehabi A.;

Cresko J

A framework for quantifying energy and productivity

benefits of smart manufacturing technologies

2019 Elsevier B.V

González A.; Sendra C.; Herena A.;

Rosquillas M.; Vaz D

Methodology to assess the circularity in building

construction and refurbishment activities

2021 Elsevier Inc

Sommer V.; Becker T.; Walther G Steering Sustainable End-of-Life Treatment of Glass and

Carbon Fiber Reinforced Plastics Waste from Rotor

Blades of Wind Power Plants

2022 Elsevier B.V

Muñoz-Liesa J.; Toboso-Chavero S.;

Mendoza Beltran A.; Cuerva E.; Gallo E.;

Gassó-Domingo S.; Josa A

Building-integrated agriculture: Are we shifting

environmental impacts? An environmental assessment

and structural improvement of urban greenhouses

2021 Elsevier B.V

Stillitano T.; Spada E.; Iofrida N.; Falcone G.;

De Luca A.I

Sustainable agri-food processes and circular economy

pathways in a life cycle perspective: State of the art of

applicative research

2021 MDPI AG
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the comprehensive reporting of essential gains and losses

in sustainable market investments.

Results

The ultimate aim of measuring company processes in terms

of sustainability is to offer a holistic tool for measuring

corporate sustainability and circularity, that is, the con-

ceptual model of sustainable and circular life cycle man-

agement (SC-LCM) in Fig. 7, constructed based on the

adoption of specific performance indicators. The environ-

mental, social, and economic impacts of processes were

assessed throughout the life cycle of products or services,

as described by Basile et al., (2021a, 2021b).

Below are some key aspects of measuring business

processes using SC-LCM:

Environmental Impact Indicators: In assessing the

environmental impact of business processes, indicators

such as greenhouse gas emissions, energy consumption,

water resource utilization, waste generation, and air pol-

lution are employed. These indicators offer a quantitative

measure of the environmental impacts of business pro-

cesses, enabling the identification of areas that necessitate

improvements.

Social Impact Indicators: Sustainability concerns not

only pertain to the environment but also to social aspects.

Therefore, when measuring company processes in terms of

sustainability, social impact indicators are also considered.

These may include workplace safety, human resource

management, protection of workers’ rights, impact on the

local community, and commitment to corporate social

responsibility.

Economic Impact Indicators: Sustainability cannot be

separated from economics. The measurement of business

processes in terms of sustainability through SC-LCM also

includes the analysis of economic impacts. Economic

indicators can include responsible financial management,

shared value creation, sustainable innovation, and financial

resource efficiency.

Life Cycle Assessment: A fundamental aspect of mea-

suring company processes through SC-LCM is the appli-

cation of LCA, which enables the evaluation of

environmental impacts associated with all phases of the life

cycle of products or services. LCA provides a holistic

perspective to identify environmental impact hotspots

across the life cycle and drive business process optimiza-

tion. Measuring business processes in terms of sustain-

ability using SC-LCM requires the use of specific

indicators, accurate and reliable data, and a long-term

commitment to continuous improvement. Measurement

results can be used to inform business decisions, monitor

progress towards sustainability goals, and communicate

transparently to internal and external stakeholders. An SC-

LCM framework is built on the following pillars:

a. Data, information and models

b. Tools and techniques

c. LCCB analysis and asset integrity management

d. System and procedures

e. Life cycle thinking, the business case for sustainability

f. Corporate environmental and social responsibility

g. Sustainable and circular business model

Theoretical Implications

Transitioning to a CE holds immense importance in the

contemporary world for a variety of compelling reasons

and offers a multitude of advantages to enterprises. As the

global population expands and the demand for resources

escalates, conventional linear economies (extract, produce,

discard) exhaust finite resources at an unsustainable pace.

The CE seeks to curtail resource consumption and reduce

waste generation, advocating for more sustainable resource

utilization. Linear economies generate vast quantities of

waste and pollutants, contributing to environmental chal-

lenges, such as climate change and loss of biodiversity

(Lizundia et al., 2022). In contrast, the CE emphasizes

diminishing environmental repercussions through practices

such as recycling, reusing, and regenerating materials and

products. Shifting towards a CE can yield significant con-

tributions in curtailing greenhouse gas emissions.

Employing resources with greater efficiency and harness-

ing renewable energy sources can play a crucial role in the

battle against climate change. CEs have the potential to

bolster economic resilience by diminishing reliance on

volatile raw materials and fortifying supply chains via local

sourcing and recycling initiatives (Vegter et al., 2023). This

work aimed to examine, through a systematic literature

review, the various approaches proposed so far to investi-

gate the measurements of circularity in the managerial life

cycle. Overall, it recognizes the potential of LCA as a

decision-support tool for assessing the effects of CE

strategies on the environment but highlights that this

potential has not yet been fully exploited. Another crucial

point to consider is the need to combine measurements to

obtain a complete assessment of circularity. As indicated

by Rigamonti and Mancini (2021), relying solely on cir-

cularity indicators may not be sufficient for a comprehen-

sive assessment of the environmental performance of

circular strategies. Therefore, a study utilizing circularity

indicators should be complemented by an LCA to ascertain

whether the adoption of a circular system can result in an

improvement in environmental performance. Similarly,

LCA studies focusing on products or services that
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incorporate CE elements (e.g. increased recycled content,

enhanced recyclability, improved recycling efficiency,

extended life cycle, or greater opportunities to reuse the

product or its components) can benefit from evaluations of

the circularity of the system. Thus, there is a need to

establish a shared approach within the scientific commu-

nity to integrate sustainability aspects into CE initiatives,

providing guidelines for the implementation and interpre-

tation of results from collaborative studies based on LCA

and circularity.

Managerial Implications

Measuring circularity in LCM could bring several man-

agerial implications, impacting different aspects of a

business innovation. Measuring circularity in LCM could

have several managerial implications, impacting different

aspects of a business innovation. In strategic decision-

making, by improving resource efficiency (Namany et al.,

2019), circularity metrics (CMs) can be looped back into

the system, reducing dependence on virgin materials and

minimizing waste. This latter impacts strategies for product

design, sourcing, and manufacturing processes (Lin &

Zhou, 2011). Moreover, data on circularity help track

progress towards sustainability goals and identify areas for

improvement. This can allow managers to demonstrate

environmental responsibility and potentially unlock access

to sustainable markets (Heikkurinen & Bonnedahl, 2013).

In product development and design, measuring circularity

encourages designing products for easier disassembly and

material recovery at the end-of-life stage. Besides, product

lifespan, CMs can reveal opportunities to extend product

lifespan through repairs, upgrades, or remanufacturing

(Linder et al., 2017). This can improve customer satisfac-

tion and brand image. Regarding supply chain manage-

ment, in supplier selection, CMs can be used to evaluate

suppliers based on their circular practices, promoting

responsible sourcing and potentially reducing supply chain

risks (Govindan & Hasanagic, 2018). Thus, measurement

encourages collaboration between different departments

(design, procurement, operations) to optimize the product

life cycle for circularity. Concerning marketing and sales,

by improving transparency and credibility, data on circu-

larity allow companies to communicate their commitment

to resource efficiency and sustainability to customers,

potentially enhancing brand image. Lastly in product dif-

ferentiation, items with high CMs can be marketed as

environmentally responsible choices, attracting eco-con-

scious consumers (Gao & Souza, 2022). Currently, there is

no universally accepted (standardization) method for

measuring circularity. This can make comparisons between

firms difficult. Implementing circularity measurement

requires collecting data across the entire life cycle, which

can be complex and resource-intensive. Transitioning to

circular practices might require upfront investments.

Measuring circularity could help managers assess the long-

term cost benefits of resource efficiency (Konash & Nasr,

2022). Overall, measuring circularity in life cycle man-

agement provides valuable insights that can inform strate-

gic decision-making across different functions within a

company. Fostering a more sustainable approach to busi-

ness can lead to competitive advantages in the long run.

Policymakers Implications

LCM can impact policymakers by developing effective,

evidence-based policies (De Marchi et al., 2016). Circu-

larity metrics provide data to assess the effectiveness of

existing policies aimed at reducing waste and promoting

resource conservation. This allows policymakers to make

data-driven adjustments and target specific areas in the life

cycle (Plevin et al., 2014). Data on circularity can inform

the design of new policies that incentivize or mandate

circular practices. This could include Extended Producer

Responsibility (EPR) schemes that hold manufacturers

accountable for the end-of-life management of their prod-

ucts (Park et al., 2018). Moreover, governments could

introduce tax breaks or subsidies for businesses adopting

circular design principles and take-back programs. The

final aim should be to promote investment in recycling

infrastructure and research into new circular technologies.

Furthermore, policymakers can encourage or even mandate

standardized methods for measuring circularity (Tecchio

et al., 2017). This allows for better comparisons between

companies and industries, facilitating progress tracking. By

requiring firms to report on CMs, policymakers can pro-

mote transparency and hold businesses accountable for

their environmental impact (Dagiliene et al., 2020). This

empowers consumers to make informed choices. Lastly,

policymakers need to ensure access to reliable and com-

parable circularity data from businesses. This might

involve establishing reporting requirements or collaborat-

ing with industry bodies. Ideally, circularity measurement

should be standardized on a global scale to facilitate

international comparisons and collaboration. Ren and

Albrecht (2023) stated that introducing mandatory circu-

larity measurement could impose an administrative burden

on businesses, particularly small and medium enterprises

(SMEs). Policymakers need to consider this and potentially

offer support or simplified reporting structures. Therefore,

measuring circularity in life cycle management equips

policymakers with valuable data to design and monitor
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effective policies that promote a more circular economy.

According to Lim et al. (2018), this approach can con-

tribute to achieving broader sustainability goals like

resource conservation and waste reduction.

Limitations and Future Research Directions

First and foremost, we report the limitations related to the

methodological approach adopted for this literature review.

First, for some of the proposed indicators, the number of

articles was limited or irrelevant. Furthermore, the analysis

was conducted using only the Scopus search engine;

therefore, further analysis could include searches of other

well-known databases. Moreover, the choice of indicators

influenced our analysis and narrowed the number of

available publications. Finally, all keywords were used

with only one combination of words, which likely limited

the search results. Moreover, as contended by Saidani et al.

(2022), performing an LCA is frequently a complex and

expert-level undertaking. Communicating the results also

demands a certain level of expertise or support from

environmental experts. Data collection and compilation

(life cycle inventory) can be time-consuming and costly.

Additionally, LCA does not facilitate the swift identifica-

tion of critical points or improvement scenarios and does

not enable straightforward decision-making in environ-

mental trade-offs. As indicated by Corona et al. (2019),

LCA is frequently utilized as an assessment tool at the

product level. However, it can be extended to a macro-level

approach when employed to inform decisions regarding

national policies or sectoral strategies related to technolo-

gies, services, or groups of products. Nevertheless, it is

important to emphasize that LCA is not a suitable tool for

evaluating the overall performance of the economy. In this

review, it emerged that most parameters were still far from

representing the benefits of various circularity measure-

ment options. There will be a challenge in measuring CE

goals across all dimensions of sustainability to fill in the

coming years. Even for established tools such as the LCA,

there is no universal agreement on how to address the

complexity of certain measurements. As proposed by Niero

and Kalbar (2019) and Corona et al. (2022), a metric for

assessing the degree of circularity to gauge the contribution

of circular strategies to sustainability should be compre-

hensive. It should avoid merely shifting issues from

reduced material consumption to increased environmental,

economic, or social impacts. The next metrics should

indicate how recycling benefits are distributed among

recyclers and users of recycled materials and should mea-

sure the increase in value through enhanced product utility

and the assessment of added economic value. Therefore,

the future of measuring circularity in LCM is expected to

be more sophisticated, data-driven, and holistic, consider-

ing these advancements: Standardized Frameworks and

Metrics (Kühnen & Hahn, 2017); Integration with LCA

(Life Cycle Assessment) (França et al., 2021); Digitaliza-

tion and Big Data (Li et al., 2015; Xin & Ojanen, 2017);

Focus on Cascading and Design for Longevity (Ortiz-de-

Montellano et al., 2023); Blockchain for Transparency and

Traceability (Leng et al., 2020); Consumer-centric Mea-

surement; Policy and Regulation (Farooque et al., 2020;

Watts et al., 2022).

Conclusions

Circularity indicators, taken individually, are not sufficient

for carrying out an overall evaluation of circular strategies.

Therefore, for a study to be able to verify whether circu-

larity leads to an improvement in environmental perfor-

mance, it must be supported by an LCA. However, a

complete analysis is quite complex, as it requires specific

skills and the use of important tools. At the same time, the

interpretation and subsequent communication of the results

could also be difficult. It is clear that the strong environ-

mental pressures and effects on the ecosystem represent an

urgency and push professionals to continuously improve

production and consumption systems (Rigamonti & Man-

cini, 2021). The scientific community must, therefore,

develop a model that is shared by all, one that is capable of

integrating aspects of sustainability into all CE initiatives

and establishing guidelines for the implementation and

interpretation of the results of scientific studies (Rigamonti

& Mancini, 2021). Furthermore, the adoption of a circu-

larity tool in life cycle measurement could be useful for

flexible management by improving the dynamic resource

management system (D’Adamo et al., 2023).

Appendix

See Figs. 2, 3, 4, 5, 6, and 7.
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Fig. 2 Document by territory; by year and by subject area for LCA Source: Scopus research elaboration
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Fig. 3 Document by territory; by year and by subject area for Life Cost Sustainability Assessment (LCSA) Source: Scopus research elaboration
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Fig. 4 Document by territory; by year and by subject area for Life Cost Cycle (LCC) Source: Scopus research elaboration
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Fig. 5 Document by territory; by year and by subject area for Life Cycle Cost–Benefit (LCCB) Source: Scopus research elaboration
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Fig. 6 Document by territory; by year and by subject area for Life Cycle Benefit Analysis (LCBA) Source: Scopus research elaboration

Global Journal of Flexible Systems Management

123



Funding Open access funding provided by Università degli Studi di
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Hellweg, S., & Milà I Canals, L. (2014). Emerging approaches,

challenges and opportunities in life cycle assessment. Science,
344(6188), 1109–1113. https://doi.org/10.1126/science.1248361

Hunkeler, D., Lichtenvort, K., & Rebitzer, G. (2008). Environmental

life cycle costing. Crc press

Italian Ministry of Economic Development. (2017). Towards a Model
of Circular Economy for Italy Overview and Strategic Frame-
work. Publication Date November, 2017. https://circularecon

omy.europa.eu/platform/sites/default/files/strategy_-_towards_

a_model_eng_completo_0.pdf.

Jones, D., Vlieg, M., Ashar, S., Friend, L., & Gomez, C. C. (2022).

Learning to quantify positive futures. International Journal of
Environmental Impacts, 5(2), 128–145. https://doi.org/10.2495/
EI-V5-N2-128-145

Kambanou, M. L., & Sakao, T. (2020). Using life cycle costing (LCC)

to select circular measures: A discussion and practical approach.

Resources, Conservation and Recycling, 155, 104650. https://
doi.org/10.1016/j.resconrec.2019.104650

Kirchherr, J., Reike, D., & Hekkert, M. (2017). Conceptualizing the

circular economy: An analysis of 114 definitions. Resources,
Conservation, and Recycling, 127, 221–232. https://doi.org/10.
1016/j.resconrec.2017.09.005
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Gallo, E., Gassó-Domingo, S., & Josa, A. (2021). Building-

integrated agriculture: Are we shifting environmental impacts?

Global Journal of Flexible Systems Management

123

https://doi.org/10.1080/00207543.2017.1402141
https://doi.org/10.1080/00207543.2017.1402141
https://doi.org/10.1016/j.jenvman.2023.117894
https://doi.org/10.1016/j.jenvman.2023.117894
https://doi.org/10.3390/en12193718
https://doi.org/10.3390/en12193718
https://doi.org/10.1016/j.spc.2020.09.018
https://doi.org/10.1016/j.spc.2020.09.018
https://doi.org/10.1016/j.jclepro.2022.134797
https://doi.org/10.1016/j.jclepro.2012.12.021
https://doi.org/10.1016/j.jclepro.2012.12.021
https://doi.org/10.1126/science.1248361
https://circulareconomy.europa.eu/platform/sites/default/files/strategy_-_towards_a_model_eng_completo_0.pdf
https://circulareconomy.europa.eu/platform/sites/default/files/strategy_-_towards_a_model_eng_completo_0.pdf
https://circulareconomy.europa.eu/platform/sites/default/files/strategy_-_towards_a_model_eng_completo_0.pdf
https://doi.org/10.2495/EI-V5-N2-128-145
https://doi.org/10.2495/EI-V5-N2-128-145
https://doi.org/10.1016/j.resconrec.2019.104650
https://doi.org/10.1016/j.resconrec.2019.104650
https://doi.org/10.1016/j.resconrec.2017.09.005
https://doi.org/10.1016/j.resconrec.2017.09.005
https://doi.org/10.1002/bse.3000
https://doi.org/10.1002/bse.3000
https://doi.org/10.1016/j.jclepro.2019.118531
https://doi.org/10.1111/jiec.12663
https://doi.org/10.1016/j.jclepro.2014.06.076
https://doi.org/10.1016/j.jclepro.2014.06.076
https://doi.org/10.1016/j.rser.2020.110112
https://doi.org/10.1007/s00170-015-7151-x
https://doi.org/10.1007/s00170-015-7151-x
https://doi.org/10.1016/j.jenvman.2023.118848
https://doi.org/10.1016/j.jenvman.2023.118848
https://doi.org/10.5751/ES-10182-230322
https://doi.org/10.1108/09600031111118549
https://doi.org/10.1111/jiec.12552
https://doi.org/10.1007/s40171-023-00355-y
https://doi.org/10.1007/s40171-023-00355-y
https://doi.org/10.1016/j.jclepro.2020.125438
https://doi.org/10.1016/j.jclepro.2020.125438
https://doi.org/10.1016/j.jclepro.2022.135725
https://doi.org/10.1016/j.jclepro.2022.135725
https://doi.org/10.1016/j.spc.2023.06.002
https://doi.org/10.1016/j.spc.2023.06.002
https://doi.org/10.1111/jiec.13415


An environmental assessment and structural improvement of

urban greenhouses. Resources, Conservation and Recycling,
169, 105526. https://doi.org/10.1016/j.resconrec.2021.105526

Namany, S., Al-Ansari, T., & Govindan, R. (2019). Sustainable

energy, water and food nexus systems: A focused review of

decision-making tools for efficient resource management and

governance. Journal of Cleaner Production, 225, 610–626.

https://doi.org/10.1016/j.jclepro.2019.03.304

Niero, M., & Kalbar, P. P. (2019). Coupling material circularity

indicators and life cycle based indicators: A proposal to advance

the assessment of circular economy strategies at the product

level. Resources, Conservation and Recycling, 140, 305–312.
https://doi.org/10.1016/j.resconrec.2018.10.002

Oberle, B., Bringezu, S., Hatfield-Dodds, S., Hellweg, S., Schandl, H.,

& Clement, J. (2019). Global resources outlook: 2019. Interna-
tional Resource Panel, United Nations Envio, Paris, France.

Ortiz-de-Montellano, C. G. S., Samani, P., & van der Meer, Y.

(2023). How can the circular economy support the advancement

of the Sustainable Development Goals (SDGs)? A comprehen-

sive analysis. Sustainable Production and Consumption, 40,
352–362. https://doi.org/10.1016/j.spc.2023.07.003

Pagotto, M., Halog, A., Costa, D.F.A., & Lu, T. (2021). Evaluating

the sustainability of feedlot production in australia using a life

cycle sustainability assessment framework. In: Muthu, S.S. (eds)

Life Cycle Sustainability Assessment (LCSA). Environmental

Footprints and Eco-design of Products and Processes. Springer,

Singapore. https://doi.org/10.1007/978-981-16-4562-4_7

Park, J., Dı́az-Posada, N., & Mejı́a-Dugand, S. (2018). Challenges in

implementing the extended producer responsibility in an

emerging economy: The end-of-life tire management in Colom-

bia. Journal of Cleaner Production, 189, 754–762. https://doi.
org/10.1016/j.jclepro.2018.04.058

Pauer, E., Wohner, B., Heinrich, V., & Tacker, M. (2019). Assessing

the environmental sustainability of food packaging: An extended

life cycle assessment including packaging-related food losses

and waste and circularity assessment. Sustainability, 11(3), 925.
https://doi.org/10.3390/su11030925

Peña, C., Civit, B., Gallego-Schmid, A., Druckman, A., Pires, A. C.,

Weidema, B., & Motta, W. (2021). Using life cycle assessment

to achieve a circular economy. The International Journal of Life
Cycle Assessment, 26, 215–220. https://doi.org/10.1007/s11367-
020-01856-z

Plevin, R. J., Delucchi, M. A., & Creutzig, F. (2014). Using

attributional life cycle assessment to estimate climate-change

mitigation benefits misleads policy makers. Journal of Industrial
Ecology, 18(1), 73–83. https://doi.org/10.1111/jiec.12074

Pozzo, B. (2021). The Italian Path to Climate Change: Nothing New

Under the Sun. Comparative Climate Change Litigation: Beyond
the Usual Suspects, 471–484.

PriceWaterhouseCoopers. (2021). The rise of circularity How the
GCC is transforming from the inside for the outside Power and
Utilities. 2021 PwC. All rights reserved. https://www.pwc.com/

m1/en/publications/the-rise-of-circularity/documents/the-rise-of-

circularity-power-utilities.pdf.

Reich, R. H., Vermeyen, V., Alaerts, L., & Van Acker, K. (2023).

How to measure a circular economy: A holistic method

compiling policy monitors. Resources, Conservation and Recy-
cling, 188, 106707. https://doi.org/10.1016/j.resconrec.2022.

106707

Reike, D., Vermeulen, W. J., & Witjes, S. (2018). The circular

economy: New or refurbished as CE 3.0?—exploring contro-

versies in the conceptualization of the circular economy through

a focus on history and resource value retention options.

Resources, Conservation and Recycling, 135, 246–264. https://
doi.org/10.1016/j.resconrec.2017.08.027

Ren, Q., & Albrecht, J. (2023). Toward circular economy: The impact

of policy instruments on circular economy innovation for

European small medium enterprises. Ecological Economics,
207, 107761. https://doi.org/10.1016/j.ecolecon.2023.107761

Rigamonti, L., & Mancini, E. (2021). Life cycle assessment and

circularity indicators. The International Journal of Life Cycle
Assessment, 26, 1937–1942. https://doi.org/10.1007/s11367-021-
01966-2

Rodriguez, L. J., Peças, P., Carvalho, H., & Orrego, C. E. (2020). A

literature review on life cycle tools fostering holistic sustain-

ability assessment: An application in biocomposite materials.

Journal of Environmental Management, 262, 110308. https://doi.
org/10.1016/j.jenvman.2020.110308

Roos Lindgreen, E., Mondello, G., Salomone, R., Lanuzza, F., &

Saija, G. (2021). Exploring the effectiveness of grey literature

indicators and life cycle assessment in assessing circular

economy at the micro level: A comparative analysis. The
International Journal of Life Cycle Assessment, 26, 2171–2191.
https://doi.org/10.1007/s11367-021-01972-4

Saidani, M., Kreuder, A., Babilonia, G., Benavides, P. T., Blume, N.,

Jackson, S., Wallace, M., et al. (2022). Clarify the nexus

between life cycle assessment and circularity indicators: A

SETAC/ACLCA interest group. The International Journal of
Life Cycle Assessment, 27(7), 916–925. https://doi.org/10.1007/
s11367-022-02061-w

Saidani, M., Yannou, B., Leroy, Y., & Cluzel, F. (2017). How to

assess product performance in the circular economy? Proposed

requirements for the design of a circularity measurement

framework. Recycling, 2(1), 6. https://doi.org/10.3390/recy

cling2010006

Saidani, M., Yannou, B., Leroy, Y., Cluzel, F., & Kendall, A. (2019).

A taxonomy of circular economy indicators. Journal of Cleaner
Production, 207, 542–559. https://doi.org/10.1016/j.jclepro.

2018.10.014

Sassanelli, C., Rosa, P., Rocca, R., & Terzi, S. (2019). Circular

economy performance assessment methods: A systematic liter-

ature review. Journal of Cleaner Production, 229, 440–453.

https://doi.org/10.1016/j.jclepro.2019.05.019

Singh, A., Sushil, & Sharma, H. K. (2023). Total Interpretive

Structural Modeling-Polarity (TISM-P) to analyze the impact of

energy on the sustainability performance of hotels: a case study.

Environment, Development and Sustainability, 1–23. https://doi.
org/10.1007/s10668-023-03485-6.

Sommer, V., Becker, T., & Walther, G. (2022). Steering sustainable

end-of-life treatment of glass and carbon fiber reinforced plastics

waste from rotor blades of wind power plants. Resources,
Conservation and Recycling, 181, 106077. https://doi.org/10.

1016/j.resconrec.2021.106077

Srivastava, S. K., & Bag, S. (2023). Recent developments on flexible

manufacturing in the digital era: A review and future research

directions. Global Journal of Flexible Systems Management,
24(4), 483–516

Stillitano, T., Falcone, G., Iofrida, N., Spada, E., Gulisano, G., & De

Luca, A. I. (2022). A customized multi-cycle model for

measuring the sustainability of circular pathways in agri-food

supply chains. Science of the Total Environment, 844, 157229.
https://doi.org/10.1016/j.scitotenv.2022.157229

Supekar, S. D., Graziano, D. J., Riddle, M. E., Nimbalkar, S. U., Das,

S., Shehabi, A., & Cresko, J. (2019). A framework for

quantifying energy and productivity benefits of smart manufac-

turing technologies. Procedia Cirp, 80, 699–704.
Sushil. (2015). Valuation of flexibility. Global Journal of Flexible

Systems Management, 16(3), 219–220. https://doi.org/10.1007/
s40171-015-0100-6.

Sushil, & Dinesh, K. K. (2022). Structured literature review with

TISM leading to an argumentation based conceptual model.

Global Journal of Flexible Systems Management

123

https://doi.org/10.1016/j.resconrec.2021.105526
https://doi.org/10.1016/j.jclepro.2019.03.304
https://doi.org/10.1016/j.resconrec.2018.10.002
https://doi.org/10.1016/j.spc.2023.07.003
https://doi.org/10.1007/978-981-16-4562-4_7
https://doi.org/10.1016/j.jclepro.2018.04.058
https://doi.org/10.1016/j.jclepro.2018.04.058
https://doi.org/10.3390/su11030925
https://doi.org/10.1007/s11367-020-01856-z
https://doi.org/10.1007/s11367-020-01856-z
https://doi.org/10.1111/jiec.12074
https://www.pwc.com/m1/en/publications/the-rise-of-circularity/documents/the-rise-of-circularity-power-utilities.pdf
https://www.pwc.com/m1/en/publications/the-rise-of-circularity/documents/the-rise-of-circularity-power-utilities.pdf
https://www.pwc.com/m1/en/publications/the-rise-of-circularity/documents/the-rise-of-circularity-power-utilities.pdf
https://doi.org/10.1016/j.resconrec.2022.106707
https://doi.org/10.1016/j.resconrec.2022.106707
https://doi.org/10.1016/j.resconrec.2017.08.027
https://doi.org/10.1016/j.resconrec.2017.08.027
https://doi.org/10.1016/j.ecolecon.2023.107761
https://doi.org/10.1007/s11367-021-01966-2
https://doi.org/10.1007/s11367-021-01966-2
https://doi.org/10.1016/j.jenvman.2020.110308
https://doi.org/10.1016/j.jenvman.2020.110308
https://doi.org/10.1007/s11367-021-01972-4
https://doi.org/10.1007/s11367-022-02061-w
https://doi.org/10.1007/s11367-022-02061-w
https://doi.org/10.3390/recycling2010006
https://doi.org/10.3390/recycling2010006
https://doi.org/10.1016/j.jclepro.2018.10.014
https://doi.org/10.1016/j.jclepro.2018.10.014
https://doi.org/10.1016/j.jclepro.2019.05.019
https://doi.org/10.1007/s10668-023-03485-6
https://doi.org/10.1007/s10668-023-03485-6
https://doi.org/10.1016/j.resconrec.2021.106077
https://doi.org/10.1016/j.resconrec.2021.106077
https://doi.org/10.1016/j.scitotenv.2022.157229
https://doi.org/10.1007/s40171-015-0100-6
https://doi.org/10.1007/s40171-015-0100-6


Global Journal of Flexible Systems Management, 23(3),
387–407. https://doi.org/10.1007/s40171-022-00309-w.

Tecchio, P., McAlister, C., Mathieux, F., & Ardente, F. (2017). In

search of standards to support circularity in product policies: A

systematic approach. Journal of Cleaner Production, 168,
1533–1546. https://doi.org/10.1016/j.jclepro.2017.05.198

Tootell, A., Treadwell, L., Schulz, R., Margetts, B., Grozdanov, J., &

Spinks, G. (2023). Developing Flexible Risk Management

Systems for Resilience in a Post-pandemic World: Can Lessons

from a Makerspace Case Study Support Pacific Island Commu-

nities?. Global Journal of Flexible Systems Management,
24(Suppl 1), 101-118. https://doi.org/10.1007/s40171-023-

00371-y.

Vegter, D., van Hillegersberg, J., & Olthaar, M. (2023). Performance

measurement system for circular supply chain management.

Sustainable Production and Consumption, 36, 171–183. https://
doi.org/10.1016/j.spc.2023.01.003

Vimal, K. E. K., Kandasamy, J., & Gite, V. (2021). A framework to

assess circularity across product-life cycle stages–A case study.

Procedia CIRP, 98, 442–447.
Volberda, H. W. (1999). Building the flexible firm: How to remain

competitive. Oxford: Oxford University Press.

Watts, C., McCarthy, C., & Levite, B. (2022). The need for consumer-

centric reliability metrics. IEEE Power and Energy Magazine,
20(2), 117–124. https://doi.org/10.1109/MPE.2022.3153778

Weidema, B. P., Thrane, M., Christensen, P., Schmidt, J., & Løkke, S.

(2008). Carbon footprint: A catalyst for life cycle assessment?

Journal of Industrial Ecology, 12(1), 3–6.
World Economic Forum. (2014). Towards the Circular Economy:

Accelerating the scale-up across global supply chains. Disponi-
bile in: https://www3.weforum.org/docs/WEF_ENV_CircularEc

onomy_MainStream_ProjectOutline_2014.pdf, ult. cons. 22/06/

2023.

Wuni, I. Y., Wu, Z., Shen, G. Q., Bugri, J. T., & Frimpong-Asante, J.

(2021). Benefit evaluation of design for excellence in industri-

alized construction projects. Journal of Architectural Engineer-
ing, 27(4), 05021015. https://doi.org/10.1061/(ASCE)AE.1943-
5568.0000505

Xin, Y., & Ojanen, V. (2017, December). The impact of digitalization

on product lifecycle management: How to deal with it?. In 2017
IEEE International Conference on Industrial Engineering and
Engineering Management (IEEM) (pp. 1098–1102). IEEE.

https://doi.org/10.1109/IEEM.2017.8290062.

Key Questions

1. What are the advancements in academic literature in

circularity measurements in the managerial life cycle? More

specifically in terms of life cycle costing, life cycle

assessment, life cycle cost–benefit, life cycle-benefit analysis,

and life cycle sustainability assessment.

2. What are the emerging methodologies useful to assess

circularity in corporate processes, highlighting current

challenges and opportunities for effective implementation?

3. Could be adopted a holistic tool of sustainable and circular

life cycle management based on performance indicators that

allow the environmental, social, and economic impact of

processes to be assessed throughout the life cycle of products

or services?

4. Could implement sustainable and Circular Life Cycle

Management (SC-LCM) from a managerial perspective

support firms in eradicating and quantifying waste, preserving

the inherent value of products and materials, encouraging the

adoption of renewable energies, and eliminating harmful

chemicals?
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