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This study explores the circularity impact of repurposing end-of-life steel wire rope into steel 

fibre reinforcement, as well as the applicability of circular economy indicators in industrial 

contexts. The study includes a literature review on circular economy definition, circularity 

and climate impact assessment, and steel fibre reinforcement. Climate impact calculations 

were performed to assess the life cycle climate impact of both recycling and repurposing 

options. Also, the circular economy indicators were calculated for recycling and repurposing 

scenarios. Results indicate that repurposing EoL steel wire is from climate perspective and 

circularly more sustainable choice due to its higher circularity and lower climate impact. 

However, the economic viability of repurposing requires further analysis. The study also 

shows that circularity indicators can provide valuable insights into the circularity impact of 

industrial processes and products, but their applicability depends on various factors. 

Standardized circularity assessment methodologies are under development to improve the 

recognition, credibility, and reliability of circularity assessments. This study contributes to 

understanding repurposing of end-of-life steel wire rope, and circularity assessment, as well 

as highlights the importance of combining circularity indicators with other sustainability 

indicators for a comprehensive sustainability assessment.  
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Tämä tutkimus käsittelee käytetyn teräsköyden uusiokäytön kiertotalousvaikutusta, kun 

käytetystä teräsköydestä valmistetaan teräskuitua betonivahvikkeeksi, sekä 

kiertotalousindikaattoreiden soveltuvuutta teollisuusympäristössä. Tutkimus sisältää 

kirjallisuuskatsauksen kiertotalouteen, kiertotalouden ja ilmastovaikutusten arviointiin ja 

teräskuituvahvikkeiden käyttötarkoituksiin. Tutkimuksessa suoritetaan 

ilmastovaikutuslaskelmat teräsköyden elinkaaren ympäristövaikutusten arvioimiseksi sekä 

kierrätys- että uusiokäyttövaihtoehdolle. Lisäksi kiertotalousindikaattorit lasketaan 

kierrätys- ja uusiokäyttöskenaarioille. Tutkimuksen tulokset osoittavat, että käytetyn 

teräsköyden uusiokäyttö on kiertotaloudellisesti and ilmastovaikutuksellisesti kestävämpi 

valinta sen korkeamman kiertotaloudellisuuden ja alhaisemman ilmastovaikutuksen vuoksi. 

Tosin, teräsköyden valmistaminen teräskuiduksi taloudellinen kannattavuus vaatii 

lisätutkimusta. Tutkimus osoittaa, että kiertotalousindikaattorit voivat tarjota arvokasta 

tietoa teollisten prosessien ja tuotteiden kiertotaloudellisuudesta, mutta niiden soveltuvuus 

riippuu useasta tekijästä. Standardisoituja kiertotalouden arviointimenetelmiä kehitellään, 

jotta kiertotalouden arvioinnin vakiintuneisuus, uskottavuus ja luotettavuus paranisivat. 

Tämä tutkimus lisää ymmärrystä käytetyn teräsköyden uusiokäytöstä ja kiertotalouden 

arvioinnista. Tutkimus myös korostaa tärkeyden yhdistää kiertotalousindikaattorit muiden 

kestävyysindikaattorien kanssa kokonaisvaltaisemman kestävyysarvioinnin toteuttamiseksi.  
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1  INTRODUCTION 

In recent years, there has been a growing recognition of the environmental challenges 

associated with our linear economy, which follows a "take-make-dispose" model of resource 

use. In response, the concept of circular economy (CE) has gained increasing attention to 

address these challenges by promoting the circular economy strategies that aim to conserve 

and recover resources in production and consumption. Through preserving the value of 

products, materials, and resources for maximum duration of time, the circular economy seeks 

to replace waste disposal with more sustainable practices. (Kirchherr et al. 2017; Moraga et 

al. 2021.) Circular economy strategies in an industrial context, focus on optimizing the entire 

product lifecycle, including design, production, use, and end-of-life (EoL) treatment. 

Effective end-of-life treatment is crucial to achieve circularity goals in an industrial context. 

Circular economy strategies promote the recovery and reuse of materials and components 

from products that have reached the end of their useful life, through activities such as 

recycling, refurbishing, repurposing, and remanufacturing etc. Circular economy strategies 

and end-of-life treatment methods can help to reduce waste and emissions, conserve 

resources, and create economic value. Moreover, implementing circular economy strategies 

that focus on end-of-life treatment is essential for promoting sustainable industrial practices 

and contributing to the transition towards a circular economy. 

 

However, understanding and quantifying the effects of circular economy strategies is 

challenging, as there is a lack of standardized method of assessing circular economy. 

Currently, the main method used to assess circular economy, and circularity of products, is 

life cycle assessment (LCA). While LCA was originally designed for assessing the 

environmental performance of materials, products, services, or systems, it has limitations in 

evaluating circularity in complex systems. (Corona et al. 2019; Sassanelli et al. 2019.) To 

overcome these limitations, researchers have developed various circular economy 

assessment methods and indicators to monitor the transition towards a circular economy.  
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Testing and validating circular economy indicators is an essential step in their development. 

However, the testing has been limited mainly to academic settings, and there is lack of 

industrial examples. This is due to the complexity of industrial processes and lack of open 

industry specific data. Additionally, circular economy indicators tend to be tailored to the 

specific context and type of product which may complicate their development and 

application. For instance, the Product Circularity Indicator (PCI) was developed through 

testing it for a washing machine (Bracquene et al. 2020). Despite the challenges, there is 

growing interest in applying circular economy indicators in industrial contexts to assess 

products and organizational circularity. Implementing circular economy indicators in 

industrial contexts can help evaluate the effectiveness of circular economy strategies and 

identify opportunities for further improvement. (Mestdagh 2021.) 

 

This study aims to map out and test circular economy indicators in an industrial context. The 

objective is to identify a set of indicators that can be used to assess the circularity of an 

industrial system. This study will answer the questions of, is repurposing of EoL steel wire 

rope environmentally, economically, and circularly viable option, as end-of-life treatment 

for steel wire rope and are circular economy indicators applicable in industrial context. The 

methodology for this study involved a literature review to identify circular economy 

indicators that could be used to assess the circularity of an industrial system. These indicators 

were then tested in a case study, which focused on the repurposing of end-of-life steel wire 

rope into steel fibre reinforcement. Through literature review, the economic value of 

industrial and recycled steel fibre was examined, with the aim to evaluate the economic 

viability of repurposing EoL steel wire rope. Additionally, climate impact calculations were 

carried out to quantify the environmental performance of repurposing end-of-life steel wire 

rope into steel fibre. With these methods the environmental, circular, and economic viability 

of repurposing end-of-life steel wire rope can be evaluated. Thus, gaining a better 

understanding of the benefits and drawbacks of repurposing steel wire rope, as well as in 

doing so, this study aims to contribute to the development of circular economy in industrial 

context and promote sustainable industrial practices. The case study was conducted in 

collaboration with a case organization, which recognized the importance of circular 

economy principles and is committed to reduce waste and promote sustainable practices in 

their operations.  
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Steel wire rope is a critical component in various load-bearing applications due to its high 

tensile strength and durability. However, over time, steel wire rope can become worn, 

damaged, or weakened by environmental factors such as corrosion, abrasion, or fatigue. As 

a result, a considerable amount of steel wire rope is discarded annually, posing a threat to 

ecosystems if not properly treated. While the primary treatment method for EoL steel wire 

rope is recycling, with the rise of the circular economy, alternative methods for treatment 

options have been theorised. One such method is repurposing the steel wire rope into steel 

fibre, which can serve as reinforcement in concrete. The repurposing process includes 

cleaning, drying, and cutting of the EoL steel wire rope. It is assumed that a pre-screening 

for EoL steel wire rope is performed to eliminate unusable rope pieces. These process steps 

were identified with the results from the research by Yaghmaei Poudeh et al. (2021) and 

with case organization's internal expertise.  
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2  THE CONCEPT OF CIRCULAR ECONOMY 

Transitioning from the current linear economic to a circular economy (CE) is a topic of 

conversation in the academic, public governance, corporate and industry fields (Lindgreen 

et al. 2020).  High interest in circular economy from various stakeholders have blurred the 

circular economy concept since they generally operate in meaningfully dissimilar worlds of 

thought, as discussed by Kircherr et al. 2017 and Gladek 2019. The “blurriness” can be 

noticed in the early phase research studies on circular economy concepts since they were 

superficial and disorderly. These research studies established a plethora of concepts trying 

to define such a complex idea. (Korhonen et al. 2018.) Kircherr et al. in their paper (2017) 

identify 114 different definitions for circular economy. From these numerous definitions 

Kircherr et al. (2017) have created a more transparent and coherent definition for circular 

economy. Kircherr’s et al. definition goes as follows: “Circular economy is an economic 

system that replaces the ‘end-of-life’ concept with reducing, alternatively reusing, recycling, 

and recovering materials in production/distribution and consumption processes. It operates 

at the micro level (products, companies, consumers), meso level (eco-industrial parks) and 

macro level (city, region, nation and beyond), with the aim to accomplish sustainable 

development, thus simultaneously creating environmental quality, economic prosperity, and 

social equity, to the benefit of current and future generations. It is enabled by novel business 

models and responsible consumers”. (Kircherr et al. 2017.) This study employs the 

Kircherr’s et al. (2017) definition, as the definition is concise and easy to understand, making 

it accessible to a wide range of audiences, as well as the definition has been widely endorsed 

by a range of researchers. 

 

2.1  Circular economy strategies (9R-framework) 

The current linear economy is still heavily oriented towards the principle “take-make-waste” 

(van Buren et al. 2016). We take resources, make products from them, and then consume or 

use the products until they are waste. Certainly, representing a linear way of operating. 

Unlike the linear economy, circular economy focuses more on the waste or “end-of-life” 
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phase of a product system, as the Kircherr’s et al. definition (2017) implies. This means far 

beyond than the reduction of waste through recycling. In the literature on circular economy, 

a distinction is made between various approaches, or strategies for circularity. These 

approaches, also known as R-strategies, have been developed to achieve less resource and 

material consumption in product chains, and make the current economy more circular 

(Potting et al. 2017). Researchers have developed multiple R-strategies, varying from 3R-

strategy to 9R-strategy frameworks. Due to the nature of this study, it is vital to define the 

embodied strategies.  Thus, in this study Potting’s et al. (2017) 9R-strategy is adapted to 

represent circular economy strategies. Potting’s et al. (2017) 9Rs are listed in the Figure 1.  

 

 

Figure 1. The 9R framework. (Kircherr et al. 2017; Potting et al. 2017.) 

 

Figure 1 presents the range of Potting’s et al. (2017) framework’s strategies ordered from 

high circularity to low circularity. The R0 to R2 strategies aim to avoid or reduce the raw 

material input in production. In Potting’s et al. (2017) framework strategies R3 to R7 aim to 

keep materials in use within the economic system. Through reusing, repairing, refurbishing, 

remanufacturing, or repurposing products or product parts, the materials of product systems 
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can be kept in the circulation. This way, the need for raw materials in the economy can be 

reduced. If strategies R0 to R7 cannot be applied, it is possible to secure the materials of 

products systems that are no longer functional through the strategies R8 and R9. In these 

strategies, the products or components are extinguished. By recovering recycled materials, 

the need for primary materials can be reduced. In other words, fewer raw materials need to 

be extracted from the environment. The R-strategies are explained more thoroughly in the 

sections below.  

 

2.1.1  R0 Refuse 

R0 Refuse represents making a product obsolete by discarding its function or contribution 

to same function with totally different solution. Refuse can also be continued to the use of 

certain materials or production processes to make the existing linear economy more circular. 

(Morseletto 2020.) This R0 Refuse strategy can be both employed by consumer and producer 

(Reike et al. 2018). A basic example of refuse scenario is to withhold the use of a bicycle to 

be used for a short journey, since the distance can be covered also on foot. 

 

2.1.2  R1 Rethink 

According to Potting et al. (2017) and Morseletto (2020), R1 Rethink refers to making 

products more use intensive. This would be done through sharing goods or by producing 

multipurpose goods on the market (Morseletto 2020). Furthermore, Morseletto (2020) 

explains how R1 Rethink has a wider meaning, since it embraces the reconceptualization of 

ideas, processes, concepts, uses and products’ end-of-life. Morseletto (2020) summarises it 

well, when he wrote that rethink might always have characterised circular economy, since 

to make something more circular, it needs to be rethought, to at least some extent.    
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2.1.3  R2 Reduce 

Potting’s et al. (2017) R2 Reduce strategy implies the lesser use of resources, and thereby 

having fewer inputs of raw materials and lesser amount of waste (Morseletto 2020). 

According to Morseletto’s (2020) work, R2 Reduce definition can be extended to the 

reduction of the number of products. Meaning that by reducing the number of e.g., owned 

cars, you could incentivise reuse (R3). In these terms Morseletto (2020) state that R2 Reduce 

can be linked to R3 Reuse.  

 

2.1.4  R3 Reuse 

Morseletto (2020) and Reike et al. (2018) define R3 Reuse as the second or even further use 

of a product that still is good enough condition to fulfil its original function. R3 Reuse 

category also can be applied in various contexts, such as earlier mentioned consumer, 

collectors, retailers, and producers. From consumer perspective, this suggests acquiring 

second hand, or finding a consumer for a product that was not or barely in use, maybe after 

cleaning and minor adjustments for quality restoration. (Reike et al. 2018.) 

 

2.1.5  R4 Repair 

From the literature on the repair -strategy, numerous complementary definitions can be 

found. This helps to mitigate the chance of misinterpretation. King et al. (2006) describes 

that repair’s purpose it to extend the lifetime of a product (Reike et al. 2018). Repair is 

defined by Potting et al. (2017) as repair or maintenance of a flawed product to allow it to 

be used for its intended function. Repair includes also fixing, or replacing failed parts on, a 

broken product (Morseletto 2020). Noteworthy information on repairing is that repairing can 

be done by different parties with or without the ownership on the repaired product (Reike et 

al. 2018).   



14 

 

2.1.6  R5 Refurbish 

Morseletto (2020) defines refurbishing as the action of restoring an obsolete product and 

bringing it up to date. Refurbishing refers to upgrading and modernising the functions of 

products. Generally, refurbishing doesn’t involve disassembly of the products, but rather the 

replacement of parts is part of refurbishing. (Morseletto 2020.) The part replacements are 

reason why refurbishing can be called “light remanufacturing” (Ferguson et al. 2010; 

Morseletto 2020). Altogether, refurbished products are upgraded and brought back to known 

quality standards or acceptable working conditions (Morseletto 2020).  

 

2.1.7  R6 Remanufacture 

Remanufacturing applies where the parts of discarded or unused products are used in a new 

product with the same function. Remanufacturing can be also called second-life production 

as it creates a new life cycle for the remanufactured product. (Morseletto 2020.) A 

remanufactured product should fulfil the same quality and performance as a brand-new 

product even when product’s components were retrieved from other products (Reike et al. 

2018; Morseletto 2020).  

 

2.1.8  R7 Repurpose 

According to Reike et al. (2018) the concept of repurposing is used less than the other R-

strategies. Repurposing is the use if discarded materials, parts, or products in the production 

of a new product, which has a different function. Repurposing also implies the reuse of a 

product in an alternative application. (Morseletto 2020.) Through reusing discarded goods 

fitted for another use application, or function, the material gains a new life cycle (Reike et 

al. 2018). Thereby, the materials are longer in circulation and lesser amounts of raw material 

input is needed into the economy. 
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2.1.9  R8 Recycle 

Recycling is a well-known process, which definition is the processing of materials to obtain 

the same, or lower, or even higher, quality of recycled materials (Morseletto 2020). 

Recycling retrieves materials, also known as secondary materials, from discarded materials, 

parts, or products (Worrel & Reuter 2014; Morseletto 2020). Secondary materials can be 

subjected to upcycling or downcycling. Upcycling is use of discarded materials, parts, and 

components which results in an increase in value (Bridgens et al. 2018). Downcycling on 

the other hand means the use of discarded materials, parts, and components which results in 

a decrease in value from its original quality (Helbig et al. 2022). Ideally, upcycling is 

preferred option, however usually the downcycling processes are more common since 

upcycling possibilities are scarce (Morseletto 2020).  

 

2.1.10 R9 Recover 

The circular economy hierarchy prioritizes material recovery over energy recovery, with 

recovery being placed at the bottom of Potting’s et al. (2017) R-strategy figure (Figure 1). 

Recovery involves the incineration of discarded materials to extract the energy content 

within them (Potting et al. 2017; Morseletto 2020). This type of recovery applies to waste or 

material that cannot be recycled. There are various conversion technologies that can be used 

to extract energy from discarded materials, especially those containing organic materials 

(Morseletto 2020).  
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3  LIFE CYCLE ASSESSMENT 

Life Cycle Assessment (LCA) is a systematic approach for evaluating the environmental 

performance of a product or service throughout its entire life cycle, from the extraction of 

raw materials to the final disposal of waste (European Commission 2023). The goal of LCA 

is to provide a comprehensive and transparent picture of the environmental impact of a 

product and to inform decision-making to promote sustainability (ISO 14044:2006).  

 

The ISO 14040 and ISO 14044 standards provide the guidelines for conducting LCAs and 

reporting the results, ensuring that results are consistent, comparable, and transparent (ISO 

14040:2006, ISO 14044:2006). These standards provide a common framework for 

conducting LCAs, making it possible to compare the environmental impact of different 

products and services. The main phases of a LCA study are described in the ISO 14040 and 

ISO 14044 standards and are as follows: 

1. Goal and scope definition: This phase involves defining the goal and scope of the 

LCA study, including the product or service being evaluated, the life cycle stage to 

be included, the impact categories to be considered, and the functional unit. (ISO 

14040:2006.) 

2. Life cycle inventory (LCI): In this phase, data is collected and an inventory of the 

inputs and outputs of the studied product, service, or system throughout its life cycle 

is created. (ISO 14044:2006.)  

3. Life cycle impact assessment (LCIA): In this phase, the significance of potential 

environmental impacts is assessed by utilizing created inventory data. The results are 

then characterized in various the impact categories. Life cycle impact assessment is 

aimed to understand and evaluate the weight and impact of the environmental 

impacts for the studied system throughout the life cycle. (ISO 14040:2006.) 
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4. Interpretation: In this phase, the results of the LCA are interpreted and presented, 

including a discussion of the uncertainties and limitations of the study. The results 

can be used to identify opportunities for improvement and to make informed 

decisions about the environmental performance of the product or service. (ISO 

14040:2006.) 

 

The ISO 14040 and ISO 14044 standards provide guidelines for each of these phases and 

ensure that the results of an LCA study are consistent, comparable, and transparent. 

Following these standards, decision-makers can have confidence in the results of an LCA 

study and can make informed decisions about the environmental impact of products and 

services. In addition to ISO 14040 and ISO 14044, there are several other ISO standards 

related to LCA. These include ISO standards, such as ISO 14025 and ISO 14067. These ISO 

standards provide guidelines and requirements for specific aspects of LCA, such as the 

calculation of carbon footprint and the communication of LCA results. They complement 

and expand upon the guidelines provided by ISO 14040 and ISO 14044. 

 

Life cycle assessment is a commonly used method for assessing the environmental impact 

of products and services, and is employed by a range of stakeholders, including 

governments, corporations, and consumers (He & Yu 2020). It is a valuable tool for 

assessing sustainability and for making informed decisions about the environmental 

performance of products and services (ISO 14044:2006). However, LCA has limitations and 

weaknesses. One issue is that inventory data may be difficult to obtain, and estimates may 

need to be used in LCA studies. Additionally, collecting data and calculating LCA results 

can be time-consuming and resource intensive. (Chai 2014.) 
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4  ASSESSMENT OF CIRCULARITY  

Circular economy strategies are increasingly being implemented by a range of companies, 

from multinational corporations to modest start-ups. In addition, these strategies are being 

integrated into government policies as well, as reported by Circle Economy and PACE in 

2020. To ensure progress towards a more circular economy, it is crucial to have 

comprehensive methods for assessment and monitoring. However, there is not yet a 

standardized method for assessing the progress of circular economy initiatives (Baratsas et 

al. 2022). While life cycle assessment (LCA) has been the most used methodology for 

assessing progress in circular economy, it was designed for examining the environmental 

impact of products, services, systems and flows of materials (Corona et al. 2019 & Sassanelli 

et al. 2019). The main drawback of LCA is that it is time consuming and resource intensive. 

As a result, researchers have proposed various circularity assessment methods, which fall 

into two main categories: circularity measurement indices and circularity assessment tools 

(Corona et al. 2019).   

 

Circularity measurement indices are designed to provide a value representing how circular 

a system is. A system can be a material, product, organization, region, or even a country. 

The outcome from these indices usually results in a quantitative value, which ranges from 0 

to 1, and it represents the circularity degree.  On another hand, the circularity assessment 

aim to analyse the contribution of circularity strategies (R-strategies). This group of metrics 

is focused on the environmental or economic impacts in society of the circular strategy, 

rather than on just the overall circularity. These metrics can be further detailed into circular 

economy assessment indicators and circular economy assessment frameworks, where the 

indicators use single score values, and the frameworks use assessment tools by providing 

multiple different assessment indicators that can be embodied to various specific case 

studies. For instance, life cycle assessment (LCA) is considered as a circularity assessment 

tool. In both, the aim is to provide a measurement on how well the circular economy 

initiatives are being followed. (Corona et al. 2019.)  
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Literature review reveals a plethora of circular economy indices, indicators, and tools, which 

have been developed and proposed by researchers to quantitatively measure progress 

towards a circular economy at various levels, such as product, company, municipality, 

region, or country (Baratsas et al. 2022).  However, the vast number of indicators and metrics 

at various levels has created confusion and obscurity, especially for companies and 

organizations trying to implement these metrics (Baratsas et al. 2022). This has become a 

barrier to the widespread adoption of circular economy practices, as noted by Baratsas et al. 

(2022). Nevertheless, various circular economy assessment methods and indicators for 

various levels are necessary, as emphasized by numerous researchers (Baratsas et al. 2022; 

Geng et al. 2012; Su et al. 2013; Ghisellini et al. 2016).  

 

Most circular economy measurement indices, tools, and indicators only measure progress in 

a limited number of circularity goals, as well as fail to meet the requirements for measuring 

climate impact, employment, and socio-economic improvements (Corona et al. 2019).  This 

restricted focus of circularity metrics is a drawback, as metrics that solely measure progress 

in a few circularity goals could result in burden shifting. For example, a circular strategy that 

increases resource recirculation may cause additional environmental burden in other areas. 

While circular economy assessment tools, such as LCA, are more capable of covering 

multiple circular economy goals and preventing burden shifting, they are more intricate to 

implement and interpret. (Corona et al. 2019.) The main advantage of circular economy 

indicators is that they are easier to calculate and communicate than e.g., life cycle assessment 

study (Jerome et al. 2022). Thus, it is important to note that no single metric or methodology 

can fully capture the complex and multi-dimensional nature of the circular economy. 

Therefore, assessments should be seen as snapshots in time, providing a relative measure of 

circularity, rather than absolute and definitive conclusions. Despite their limitations, circular 

economy indices and tools are valuable for guiding progress towards circularity and should 

be utilized in conjunction with other approaches to create a more comprehensive assessment 

framework. 
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As of now (February 2023), standardisation work on a circular economy assessing and 

measuring is on-going.  The standard being developed is ISO 59020 on “Circular Economy 

– Measuring and assessing circularity”.  ISO 59020 standard aims to develop a framework 

for companies and organisations to measure and assess circularity. The aim of the framework 

is to enable organisations contribute to sustainable development. Furthermore, the 

framework aims to be applicable to multiple levels of an economic system, varying from 

product level, organisational, inter-organisational, to the regional level. Additionally, the 

framework would provide guidance on assessing, measuring circularity objectively, by using 

circularity indicators and complementary methods. Overall, the purpose of the ISO 59020 

standard is to support organizations in the collection of data and knowhow, to enable circular 

economic actions that aim to minimize the resource use and thereby enable a circular flow 

of resources and thereby contribute to sustainable development. (ISO 2023.) 
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5  STEEL FIBRES AS REINFORCEMENT IN CONCRETE 

Steel fibres have become a vital component in concrete industry, providing enhanced 

reinforcement and improving the properties of the final product. According to Jamal (2017), 

steel fibres were first introduced to European markets commercially in the 1980s. Today, 

steel fibres are commonly used in the construction industry to produce steel fibre reinforced 

concrete (SFRC), as noted by Liew and Akbar (2020). Several types of steel fibres can be 

utilized in concrete reinforcement, with round fibres being commonly the most used. 

Additionally, deformed fibres that come in bundles are another common type of fibre used, 

providing uniform distribution of reinforcement (ForceTech, 2023.) SFRC is increasingly 

popular due to its high compression strength, flexural strength, and splitting tensile strength, 

making it an ideal choice for a variety of applications such as industrial flooring, tunnel 

linings, prefabricated elements, and hydraulic structures (Fortune Business Insight, 2023; 

Frazao et al., 2022). The random orientation of steel fibres in concrete contributes to the 

enhanced properties of SFRC, as observed by Binglin (2021). 

 

The manufacturing process for steel fibres varies depending on the type of fibre being 

produced, with the cut wire/cold drawn process being the most used globally. This process 

involves drawing the material at room temperature, resulting in a polished finish, and 

improved mechanical properties. Compared to the extrusion process, the cold drawn process 

is more accurate and provides a better surface finish. Hooked steel fibres are typically 

produced using the cold drawn manufacturing process. (MarketsAndMarkets Research 

2023. 
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5.1  Recycled steel fibres in concrete 

Concerns about the depletion of natural resources and negative environmental impact during 

the production of industrial steel fibre, have sparked significant research efforts to explore 

sustainable, resource conservative and recycled alternatives to replace these high-cost 

commercially available industrial steel fibres with recycled steel fibres (RSFs). (Liew & 

Akbar 2020.) Literature review identifies several studies that have investigated the potential 

of producing RSF from end-of-life tyres, which are a significant waste stream, and the most 

common source of RSF. It is estimated that about one billion end-of-life tyres are generated 

annually, and this number is expected to rise in the coming years (Frazao et al. 2022). About 

15-25% of a tyre's weight is composed of metal, which can be used in the production of 

recycled steel fibres. End-of-life tyre RSF are produced using mechanical and thermal 

degradation processes such as tyre shredding, cryogenic reduction, and pyrolysis. These 

processes involve breaking down the tyres into smaller pieces, separating the steel from other 

materials, and then processing the steel into fibres of the desired length and diameter. (Frazao 

et al. 2022.) 

 

The performance of steel fibre reinforced concrete (SFRC) depends on two key factors: fibre 

contents and aspect ratio. The aspect ratio refers to the ratio between length and equivalent 

diameter. The aspect ratio generally ranges from 50 to 100 for ISF, and around 100 for RSF. 

Higher aspect ratios can make concrete compaction more difficult. (Danso et al. 2015; Qin 

& Kaewunruen 2022.) Lower aspect ratios result in higher compressive strength, energy 

absorption, flexural strength, toughness indices, and impact strength (Qin & Kaewunruen 

2022). When compared with ISF, the RSF reinforced concrete indicates better performance 

in compressive strength, however it has a weaker performance in splitting strength and 

flexural strength. According to Qin and Kaewuruen (2022), it can be said that the RSF 

produced from end-of-life tyres can replace ISF in concrete.  
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Other source for RSF that can be found from literature is discarded steel wire rope. 

According to Yaghmaei Poudeh et al. (2021), end-of-life steel wire ropes from elevators can 

be repurposed into steel fibres and used as reinforcement in concrete. While research on this 

topic is scarce, Yaghmaei Poudeh et al. (2021) conducted tests to examine how the 

mechanical properties of concrete would change when elevator steel wire rope fibres are 

added. The steel wire rope needs to be cleaned, dried, and cut before inserted in the concrete 

mix. The results showed that the tensile strength of elevator steel wire rope reinforced 

concrete was lower than that of industrial steel fibres (ISF). However, using steel fibres from 

elevator wire ropes improved the tensile strength and flexural toughness of reinforced 

concrete. Additionally, this offers a possibility to prevent waste generation from industrial 

activities.  

 

5.2  Sustainability of ISF and RSF  

End-of-life tyres and steel wire ropes are two significant material streams that can pose an 

environmental risk if not treated properly (Qin & Kaewuruen 2022). Producing steel fibre 

from end-of-life tyres and steel wire rope offer a more sustainable way to treat these waste 

streams. Furthermore, the literature supports the fact that RSF can be utilized as an 

alternative reinforcement in concrete to ISF. This substitution can result in a reduction in 

carbon emissions, since the production of ISF consumes natural resources and causes 

adverse climate impact, as highlighted by Soltanzadeh et al. (2022). What’s more, utilizing 

tyre and steel wire rope waste enables more efficient material usage, and encourages circular 

economy. Table 1 outlines the global warming potentials (GWP) of both ISF and RSF, as 

reported in literature. Due to the limited information about GWP of RSF, Table 1 only 

consists of data on RSF produced from end-of-life tyres.  
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Table 1. Global Warming Potential (GWP) of ISF and RSF from literature. 

Industrial steel fibre [kgCO2eq. / kg] Recycled steel fibre [kgCO2eq. / kg] 

Mastali et al. 2018 2,15 Mastali et al. 2018 0,5 

Isa et al. 2020 2,68 Isa et al. 2020 0,083 

Soltanzadeh et al. 2022 0,771 Soltanzadeh et al. 2022 0,070 

Average value 1,87 Average value 0,22 

 

Table 1 data is taken from three different studies conducted by Mastali et al. (2018), Isa et 

al. (2020), and Soltanzadeh et al. (2022). The average values of GWP for ISF and RSF are 

1.87 and 0.22 kgCO2eq per one kilogram of steel fibre, respectively. The table shows that 

RSF has significantly lower GWP values than ISF, indicating that the production of RSF is 

less environmentally damaging from climate perspective than the production of ISF.  

 

5.1  Economic value of ISF and RSF 

Additionally, to the environmental impact, it is also important to consider the economic 

benefits. In several studies the prices of ISF and RSF have been compared, and the findings 

are summarized in Table 2. The literature shows that RSF is generally less expensive than 

ISF. However, it should be noted that the prices of both types of fibres may vary depending 

on location. The RSF prices reported in Table 2 are specific to steel fibre produced from 

end-of-life tyres. 

 

Table 2. Economic value of ISF and RSF from literature. 

Industrial steel fibre [€ / kg] Recycled steel fibre [€ / kg] 

Samarakoon et al. 2019 1,5 Samarakoon et al. 2019 0,15 

Mastali et al. 2018 0,8 Mastali et al. 2018 0,5 

Neocleous et al. 2011 0,7 Neocleous et al. 2011 0,05–0,2 

Soltanzadeh et al. 2022 0,7  Soltanzadeh et al. 2022 0,2  

Mean value 0,93 Mean value 0,24 
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The values for ISF range from €0.7 to €1.5 per one kilogram of steel fibre, while the values 

for RSF range from €0.05 to €0.5 per one kilogram of steel fibre. The average value for ISF 

is €0.93 per kg and for RSF it is €0.24 per kg. It is important to note that the economic value 

of RSF is lower than that of ISF, which makes it a more cost-effective alternative for concrete 

reinforcement. When coupled with the fact that RSF is a viable concrete reinforcement 

material in terms of both mechanical performance and environmental impact, it becomes a 

highly appealing substitute for ISF. Considering these findings, RSF can be regarded as a 

promising alternative for ISF in concrete reinforcement applications.  
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6  CLIMATE IMPACT OF STEEL WIRE ROPE 

Steel wire rope is a vital component in various load-bearing applications, due to its high 

tensile strength and durability. Despite its properties, steel wire rope can become worn, 

damaged, or weakened over time due to environmental factors such as corrosion, abrasion, 

or fatigue. As a result, a significant amount of steel wire rope is discarded annually. The 

amount of discarded steel wire rope varies depending on the industry and application, but it 

is a usual form of waste from hoisting application, and it can pose a hazard to ecosystems if 

not properly treated. Currently, the main treatment method for EoL steel wire rope is 

recycling. After use, the steel wire rope is typically shredded and processed with other scrap 

metal. Scrap metal itself is processed through an electric arc furnace to be then used to 

produce new steel products (Björkman & Samuelsson 2014). With the surge of circular 

economy in mind, there have been theorised for alternative ways to handle EoL steel wire 

rope. One such method is to repurpose the steel wire rope into steel fibre, which can serve 

as reinforcement in concrete. The process of repurposing steel wire rope involves three steps: 

cleaning, drying, and cutting. The condition of EoL steel wire rope varies, but typically the 

rope is greasy and some of the rope’s wire are damaged. It is assumed that the EoL steel wire 

rope goes through a pre-screening to eliminate unusable rope pieces. Repurposing process 

steps were identified based on research by Yaghmaei Poudeh et al. (2021) and with case 

organization's internal expertise.  

 

6.1  Goal and scope 

Climate impact calculation can provide information on the environmental impacts associated 

with production and end-of-life treatment of steel wire rope. In this study, climate impact 

calculation was conducted following the LCA standards ISO 14040 and ISO 14044 to assess 

the climate impact of two end-of-life treatments for steel wire rope and the carbon footprint 

of steel fibre produced from end-of-life steel wire rope. The end-of-life treatment methods 

being conventional recycling and repurposing end-of-life steel wire rope into steel fibre. This 

approach was chosen as, the calculation results might be used and developed further to 
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include other impact categories, within the case organization.  The aim is to determine the 

amount of life cycle climate impact associated with both treatment methods and evaluate 

their environmental performance. As well, the climate impact calculation is an attempt to 

assess a novel way to limit virgin material extraction and embodying circularity principles 

by reducing the amount of waste and maximizing the time that material is in use. By 

following a standardized methodology, the results of different end-of-life treatment options 

can be compared. 

 

System boundary (Figure 2) included function, such as raw material extraction, steel wire 

rope production, transportation, and treatment of end-of-life steel wire rope. Transportation 

of EoL steel wire rope to treatment facility is excluded, as it is assumed to have an 

insignificant impact. Cut-off approach is applied, meaning that no burden nor credit is 

assigned to recycled material, to highlight the difference between recycling and repurposing. 

The climate impacts from steel wire rope’s use phase are excluded, as no activities, such as 

maintenance, can be done to the steel wire rope. The functional unit is considered as 1 kg of 

steel wire rope, which is the basis for comparison of repurposing and recycling.  
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Figure 2. System boundary of climate impact calculation. 

 

The studied steel wire rope is produced from galvanized steel wire rod. The wire rod used in 

the production of steel wire rope is produced from a combination of virgin and recycled 

material. The galvanization process involves coating the steel wire rod with a layer of zinc, 

which provides protection against corrosion and rust. This makes steel wire rope ideal for 

use in harsh environments. The manufacturing process of steel wire rope involves twisting 

several strands of steel wire together to form a sturdy and flexible rope. The number of 

strands used in the rope can vary, depending on the intended use and the desired strength of 

the rope. 
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6.2  Life cycle inventory 

Thorough inventory of data was done to be able to calculate the climate impact of the studied 

system. In this phase of the calculations, the inputs and outputs are compiled and quantified 

for the steel wire rope production system. Data was sourced from multiple channels, 

including internal databases, expert knowledge, literature, and environmental product 

declarations (EPDs) that are publicly available. In this study, the calculation is carried out in 

Sulca software using ecoinvent 3.8 LCI data with cut-off approach. The impacts were 

quantified with the CML 2001 impact assessment methodology. For climate impacts CML 

2001 was chosen owed to its scientific basis, as well as its relatively wide range of emission- 

and resource-related impact categories available. Additionally, previous climate impact 

studies and calculations have used the same impact assessment methodology.  

 

6.3  Impact assessment 

In the impact assessment phase, effects of emissions identified and quantified in the 

inventory phase for production and treatment of one kilogram of steel wire rope is evaluated, 

in global warming potential (GWP 100 years). Global warming potential represents climate 

impact in units of kgCO2eq. Figure 3 shows the quantitative results of the climate impact per 

1 kg of steel wire production and end-of-life treatment. 



30 

 

 

Figure 3. Climate impact per 1 kg of steel wire rope production and EoL treatment.  

 

The results of the study indicate that majority of the climate impact comes from steel wire 

production, climate impact being 3,22 kgCO2eq per one kg of steel wire rope. The climate 

impact from the conventional recycling process being 0.348 kgCO2eq per one kg of steel 

wire rope, while from the repurposing process being slightly lower at 0.299 kgCO2eq per 

one kg of steel wire rope.  
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6.4  Interpretation 

The impact assessment results give an insight on the climate impact of steel wire rope and 

its end-of-life treatment methods. The climate impact calculation results showed that most 

of the climate impact is from the production of steel wire rope, with climate impact of 3.22 

kgCO2eq per one kg of steel wire rope. Moreover, the calculations also show that there is 

only a minor difference in the climate impact between the two end-of-life treatment methods 

for steel wire rope, with a CFP of 0.348 kgCO2eq for conventional recycling and slightly 

lower at 0.299 kgCO2eq for repurposing. While this difference may seem small, it should be 

considered when evaluating the most sustainable end-of-life treatment option for steel wire 

rope. The lower climate impact for repurposing end-of-life steel wire can be attributed to the 

repurposing process requiring less energy and resources to transform the EoL steel wire rope 

into a new product when compared to the recycling process. Furthermore, utilizing different 

datasets for this study may lead to varying results. This is because different data sources may 

have different assumptions, methodological choices, or boundaries that affect the outcome. 

 

In addition, to calculating the climate impact of recycling and repurposing EoL steel wire 

rope, the carbon footprints for both industrial steel fibre (ISF) and steel fibre produced from 

end-of-life steel wire rope were calculated. Data for ISF was obtained from an environmental 

product declaration (EPD) and it includes raw materials, transport, and production within 

the system boundary shown in Figure 2. The results are presented in Figure 4 include both 

allocated and unallocated CFP values for ISF. It is important to note that the allocation of 

climate impacts can significantly impact the results. In this case, climate impacts from steel 

wire rope production were allocated for the steel fibre produced from EoL steel wire rope. 

Allocation was done with two different economical values, which were compared to steel 

wire rope’s economical value. The first being economic value of 0.2 €/kg for recycled steel 

fibre, as stated in section 5.3, while the second being the economic value of 0.06 €/kg for 

waste steel (Scrap Metal Buyers 2023). These values were compared to the economic value 

of steel wire rope, which in this case was 0.93 €/kg.  
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Figure 4. Cradle-to-gate carbon footprint of 1 kg of steel fibre through repurposing and conventional way.  

 

The carbon footprint of ISF is 0.881 kgCO2eq per kilogram of steel fibre, whereas the carbon 

footprint without allocation for steel fibre from repurposed end-of-life steel wire rope is 

0.299 kgCO2eq.  Without allocating any burden from the steel wire rope production, the 

CFP contains only emissions from the repurposing process. Allocating by using the 

economic value of recycled steel fibre results in a CFP of 0.869 kgCO2eq, whereas 

allocating with the economic value of waste steel a CFP of 0.493 kgCO2eq is achieved. 

Cradle-to-gate carbon footprint approach was chosen, as climate impact of recycling is 

insignificant, as proven in Figure 3.  
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The literature suggests that repurposed steel fibres can serve as a viable substitute for 

industrial steel fibres in concrete reinforcement from an environmental perspective. The 

results presented in Figure 4 provide further evidence supporting this claim from an 

environmental perspective. The calculated CFP for ISF is relatively low compared to other 

ISF products found in literature and listed in section 5.2. This can be attributed to the fact 

that the ISF producer utilizes recycled steel in its production process (Dramix 2021). 

However, it is crucial to note that the CFP values for steel fibre from repurposed steel wire 

rope vary depending on the applied allocation method, ranging from 0.299 kgCO2eq. to 

0.869 kgCO2eq. It is important to carefully consider the most appropriate allocation method 

when assessing the climate impacts of these materials.   

 

6.5  System expansion 

When evaluating the different EoL treatment options for steel wire rope, it is important to 

consider other environmental impacts and benefits with each option. Repurposing has the 

advantage of extending the lifetime of steel by up to 50 years, thus conserving resources and 

reducing waste amounts. However, this also can be a drawback of repurposing, as less steel 

wire rope is recycled, resulting in lesser amounts of recycled steel material, which in return 

can increase the demand of virgin steel. A system expansion was carried out to examine, and 

to compare the difference in the overall climate impacts when producing one kilogram of 

steel fibre from virgin steel and producing one kilogram of recycled steel wire rod from EoL 

steel wire rope, versus producing one kilogram of steel fibre from EoL rope and one kilogram 

of virgin steel wire rod. In both systems, one kilogram of steel fibre and one kilogram of 

steel material is produced. Input data for virgin steel wire rod was retrieved from case 

organizational internal databases, and for steel fibre produced from virgin steel, Isa et al. 

(2020) climate impact value of 2,68 kgCO2eq was used. It is assumed that the conventional 

recycling process assessed in this study produces recycled steel wire rod. Results are 

presented in Figure 5. 
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Figure 5. Climate impacts of different steel wire rod and steel fibre production systems.  

 

The climate impact of producing one kilogram of steel fibre from virgin steel is 2,68 

kgCO2eq, while producing one kilogram of steel wire rod from recycled steel wire rope 

results in 0.348 kgCO2eq, totalling 3,028 kgCO2eq. While producing one kilogram of steel 

fibre from repurposed EoL steel wire rope has a climate impact of 0,299 kgCO2eq, and one 

kilogram of virgin steel wire rod has a climate impact of 2,023 kgCO2eq, resulting in a total 

of 2,322 kgCO2eq. Results showcase a difference of 0,706 kgCO2eq between these systems. 

The results indicate that producing virgin steel wire rod and steel fibre from repurposed EoL 

steel wire rope is more environmentally sustainable production system from a climate impact 

perspective, as it results in lower overall carbon emissions.   

0.348

2.023

2.680

0.299

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

Steel fibre from virgin steel + Recycle steel

wire rod

Steel fibre from repurposed steel wire rope

+ Virgin steel wire rod

System expansion [kgCO2eq.]

Climate impact per 1 kg of steel wire rod Climate impact per 1 kg of steel fibre



35 

 

7  CIRCULARITY OF STEEL WIRE ROPE  

Climate impact calculations provides the insight into the environmental performance of steel 

wire rope throughout its entire life cycle, including the repurposing process. However, it 

fails to address the overall circularity of steel wire rope. As mentioned earlier, in this study, 

novelty methods of assessing circularity are tested. In this section, the suitable circular 

economy indicators, or also known as circularity indicators, are presented, as well as the 

results of the circularity calculations. The primary objective was to identify the circularity 

impact of repurposing the steel wire rope on its overall circularity. 

 

7.1  Circular economy indicators for steel wire rope case 

This section describes the methodology used to identify and select circular economy 

indicators and metrics for the evaluation of product-related circularity. The methodology 

involved a literature review to identify existing circular economy indicators and metrics in 

the scientific literature. The identified indicators were then filtered based on the scope of the 

study and set criteria for circularity metrics and indicators. These criteria included 

transparency of the methodology and ease of computation of the metrics. The EU funded 

ORIENTING-project’s report on the evaluation of material criticality and product-related 

circularity approaches provided valuable insight into the circularity metrics (Bachmann et 

al. 2022). Table 3 presents the selected circularity indicators chosen for testing. The chosen 

indicators were selected based on their relevance to the studied case and their ability to 

provide a comprehensive evaluation of product-related circularity. 

 

 

 

 



36 

 

Table 3. Circularity indicators tested in steel wire rope case.  

Circularity indicator Strategies covered Unit Source 

Longevity 
reuse, refurbish, and 

recycle 

Duration of 

material’s use 

Franklin-Johnson 

et al. 2016 

Product-Level Circularity 

Metric (PLCM)  

reuse, 

remanufacture, and 

recycle 

Economic value 

recirculation 

Linder et al. 

2017 

Material Circularity 

Indicator (MCI)  

reuse, recycling, 

landfilling/energy 

recovery 

Material 

recirculation (0-1 

index) 

Ellen MacArthur 

Foundation 2015 

Product Circularity 

Indicator (PCI)  

recycle, reuse, and 

energy recovery 

Material 

recirculation (0-1 

index) 

Bracquene et al. 

2020 

In-use occupation ratio & 

Final retention in society 

indicator (UOR & FRS)  

recycle, reuse, and 

disposal 

(incineration 

without recover)  

Proportion of a 

material that is 

actively in use (%) 

Moraga et al. 

2021 

 

It is important to note that the lack of consensus on the representation of circular economy 

strategies makes it difficult to select suitable indicators for repurposing strategy. Circular 

economy strategies can be represented by the three key concept groups related to material 

efficiency - reduction, reuse, and recycling/recovery. Additionally, it can be further detailed 

in more strategic groups – refuse, rethink, reduce, reuse, repair, refurbish, remanufacture, 

repurpose, recycle, and recover (9R framework). Researchers have used both representation 

of circular economy strategies, as well as other ones, in the development of circularity 

indicators. (Bachmann et al. 2022.) Thus, the difficulty to identify suitable indicators for 

repurposing. Nonetheless, the selected circular economy metrics and indicators for steel wire 

rope case are described in sections below.  
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7.1.1  Longevity 

Published by Franklin-Johnson et al (2016) the Longevity is a circular economy indicator 

that measures the duration of a resource's use before it is no longer functional or usable. The 

Longevity is the sum of three variables: initial lifetime, earned refurbished lifetime, and 

earned recycled lifetime. The initial lifetime refers to the total time the material is in use, 

while the earned refurbished lifetime considers the additional time that the refurbished or 

reused material adds to the product's lifespan. The gained recycled lifetime is the time that 

recycling adds to the lifespan of a material when used in a new product. This indicator is 

designed to evaluate products, including their components and materials, and provides a 

measure of the product's circularity. (Bachmann et al. 2022.) According to Franklin-Johnson 

et al. (2016), the Longevity can be used as a managerial indicator to assess the performance 

of a circular economy system. The authors argue that by measuring the Longevity of a 

resource, businesses can recognise opportunities for improving the efficiency of their 

resource use and reducing waste. As well, measuring Longevity can help businesses to 

identify areas where they can improve their resource management strategies and increase the 

overall performance of their circular economy systems. (Franklin-Johnson et al. 2016.) 

 

7.1.2  Product-Level Circularity Metric (PLCM) 

The Product-Level Circularity Metric (PLCM) indicator is developed by Linder et al. (2017). 

The PLCM is calculated with the economic value of a product’s recirculated parts, which is 

divided by the economic value of the whole product (Linder et al. 2020). According to Linder 

et al. (2020), PLCM covers all the circular economy strategies, including reuse, repurpose, 

refurbishment, remanufacturing, and recycling.  The PLCM calculations results in value 

between 0 to 1, with a value of 0 representing that the product is composed entirely of 

primary material, and a value of 1 signifying that the product is composed entirely of 

repurposed, reused, recycled, or remanufactured material. (Linder et al. 2020.)  
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7.1.3  Material Circularity Indicator (MCI) 

The Material Circularity Indicator (MCI) is a metric developed by the Ellen MacArthur 

Foundation to measure the circularity of materials within a product or system. MCI is defined 

as the proportion of material in a product or system that is circulated back into the economy 

in the form of technical or biological nutrients. The MCI is intended to provide a simple and 

transparent way for organizations to measure their progress towards a circular economy. The 

calculation of the MCI considers factors, such as mass flows throughout the product's life 

cycle, duration of usage, including durability, repair, and shared consumption models, and 

intensity of usage. It also considers end-of-life rates and flows, such as landfill, energy 

recovery, recycling, and reuse. Additionally, the rates and flows of recyclable materials, 

composting, and energy recovery from biological materials are included. (Bachmann et al. 

2022.) MCI calculations result in a value between 0 and 1, which indicate the degree of 

circularity. A value of 1 indicates that the product or system is fully circular, while a value 

of 0,1 indicates that the product or system is fully linear. Values lower than 0,1 means that 

the product or system is worse than linear. (Ellen MacArthur Foundation 2015.) 

 

7.1.4  Product Circularity Indicator (PCI) 

The Product Circularity Indicator (PCI) is developed by Bracquene, Dewulf, and Duflou in 

2020 (Bachmann et al. 2022; Bracquene et al. 2020).  The PCI is essentially a further 

developed version of the Material Circularity Indicator (MCI). The PCI is designed to 

measure the circularity of a more complex product system throughout its entire lifecycle, 

considering factors such as material efficiency, product design, and end-of-life management. 

PCI calculation relies on the same factors as MCI does, but additionally considers the 

material losses during feedstock and component production. Feedstock refers to raw 

materials or substances that are used as a source to produce a product. PCI results in a value 

between 0 and 1, a value of 1 indicating fully circular product or system. (Bachmann et al. 

2022.)  
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7.1.5  In-use occupation ratio & Final retention in society indicator (UOR & FRS) 

The In-use Occupation Ratio (UOR) and Final Retention in Society (FRS) are indicators 

used to measure the circularity of a material or product. UOR measures the proportion of a 

material that is actively in use, while FRS measures the proportion of a material that is 

retained in society after its end-of-life. UOR and FRS indicators were developed by Moraga 

et al (2021). Moraga et al. (2021) describe how these indicators can be used to assess the 

performance of a material or product in a circular economy and identify opportunities for 

improvement. The UOR and FRS can be used to compare materials and products and provide 

insight into the circularity potential of a material or product. (Moraga et al. 2021.) 

 

7.2  Circularity assessment 

Circularity indicators were calculated for two scenarios: baseline scenario, which represents 

the current way of operating where the steel wire rope is recycled after use, and repurposing 

scenario, where the steel wire rope after its use is processed into steel fibre, which then use 

used in concrete application. Figures 5 and 6 represent the steel wire rope’s life cycle phases 

and material flow in both scenarios respectively.  
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Figure 6. Material flow in baseline scenario. 

 

The life cycle of steel wire ropes begins with the extraction of raw materials. Steel wire ropes 

are manufactured using both virgin and recycled materials. Once production is complete, the 

steel wire ropes are used for hoisting, with an expected lifetime of around 10 years. While 

in use, a small amount of the rope may become worn down, resulting in unrecovered 

material. Once the rope is no longer suitable for hoisting, it is replaced with a new rope, and 

the end-of-life rope is recycled along with other metals in the baseline scenario.  
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Figure 7. Material flow in repurposing scenario. 

 

The repurposing scenario (Figure 6) would follow the same life cycle phases as the baseline 

scenario, but instead of recycling the end-of-life rope, it is repurposed into steel fibre, which 

then is used as reinforcement in concrete. As mentioned earlier, repurposing steel wire rope 

involves three steps: cleaning, drying, and cutting. It is assumed that the EoL steel wire rope 

goes through a pre-screening to eliminate unusable rope pieces. Repurposing the steel wire 

rope would enable a second lifecycle, for the steel, as well as add 50 years to lifetime, thus 

the total lifetime would be 60 years for the steel in repurposing scenario. It is assumed that 

after the second use phase, the steel fibre reinforced concrete is recycled, and the steel is 

recovered back into circulation.  

 

To perform the circularity indicator calculations for steel wire rope, data was collected from 

a variety of sources, including literature, open data sources, as well as case organization’s 

internal expertise. The required information encompassed various aspects such as the 

production of steel wire rope, material losses in each life cycle phase, and recycling of metal 

and its efficiency.  
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According to Potting et al. (2017) circular economy strategy hierarchy (Figure 1), it is 

assumable that repurposing is more circular than recycling. The results of the circularity 

indicator calculations support this pre-assumption that repurposing end-of-life steel wire 

rope is a more circular practice. All indicators show an increase in circularity value when 

the steel wire rope is repurposed, excluding the FRS, which was expected to decrease as it 

represents the amount of material left in society unused at the end of its life. Moreover, the 

results demonstrate the sensitivity of both the MCI and PCI to the functional unit used, which 

in these calculations were number of lifecycles, and lifetime in years. Changes in functional 

unit have a significant impact on the results, highlighting the importance of carefully 

selecting an appropriate functional unit for circularity assessments. Circularity indicators 

were calculated with both functional units for the two scenarios and the results are listed in 

Table 4.  

 

Table 4. Circularity indicator calculation results for steel wire rope.  

 No. of lifecycles Lifetime 

Indicator Baseline [%] Repurposing [%] Baseline [%] Repurposing [%] 

MCI 60,0 81,1 60,0 93,7 

PCI 35,1 68,0 35,1 89,3 

UOR   9,0 46,8 9,0 46,8 

FRS   89,1 75,8 89,1 75,8 

 

The baseline MCI value of 60.0% suggests that the life cycle of steel wire rope is already 

relatively circular product. This circularity value is achieved because steel wire rope 

production utilizes recycled materials in its production. However, the other circularity 

indicators, such as PCI, UOR, and FRS, indicate a relatively low level of circularity in the 

baseline scenario. PCI being at 35,1 %, UOR 9,0%, and FRS 89,1%.  The low UOR and 

high FRS values in the baseline scenario can be explained by the fact that a significant 

amount of material is not being used actively in recycling, as recycling is not considered as 

active use of a material. In other words, recycled steel wire rope is not utilized to its full 

potential before it reaches the end of its life cycle. However, repurposing EoL steel wire rope 

into steel fibre for use in concrete applications can prolong its active use time and thus 

improving the UOR value, and lowering FRS value, and thereby indicating higher over 

circularity for steel wire rope. 
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As mentioned, all indicators showcased improved circularity, with both functional units as 

well, the overall circularity of steel wire rope improving over 20% through repurposing. It 

is important to note that the aim of this study was not to produce exact numerical values for 

the level of circularity of steel wire rope, rather to highlight the circularity impact, which the 

repurposing has on the overall circularity of the steel wire rope based on selected indicators. 

This way the potential to enhance circularity in a product can be identified. 

 

Additionally, the product-level circularity metric (PLCM) was calculated for the steel fibre 

produced from repurposed steel wire rope to evaluate its level of circularity. The results 

showed a high PLCM value of 90.9%, indicating a high degree of circularity for the product. 

This is because the steel wire rope has already undergone a previous use, making its 

circularity score high. Furthermore, by repurposing it into steel fibre reinforcement, the 

material is given a new life cycle, which extends its useful life. However, it is important to 

note that the calculated PLCM value is based on certain assumptions that affect the result. A 

more thorough examination of the repurposing process and its cost is needed for a more 

accurate result. The PLCM considers several factors such as the economic value, cost, and 

circularity of product parts. Similar studies on PLCM calculations for repurposing cases have 

been conducted. For example, Linder et al. (2020) calculated a PLCM value of 87% for 

repurposed construction and drainage board. 

 

Calculating the Longevity indicator for the steel wire rope was found to be infeasible due to 

the varying lifetime of the steel wire rope. Attempting to calculate circularity indicator, 

which is based on the lifetime for a product, which varies widely across different applications 

can lead to a misleading presentation of overall circularity. Therefore, the Longevity 

indicator is excluded from the circularity assessment in this case. However, it is noted that 

repurposing EoL steel wire rope has an impact on the rope's steel lifetime, extending it by 

50 years.  
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8  DISCUSSION 

In this section, the viability of repurposing end-of-life steel wire rope from environmental, 

circularity and economical perspective is discussed further. In addition, the use of circularity 

indicators to assess the performance of repurposing in an industrial context is analysed 

thoroughly. Altogether, this section provides a more detailed analysis of the challenges and 

opportunities associated with repurposing EoL steel wire rope and highlights the importance 

of considering a range of factors when evaluating the viability of circular solutions. 

 

8.1  Viability of repurposing end-of-life steel wire rope 

The objective of this study was to map and test circularity indicators in an industrial context 

and quantify the circularity impact of two different end-of-life treatment options. This was 

done through a case study on repurposing end-of-life steel wire rope into steel fibre 

reinforcement. The different end-of-life treatment methods were assessed using climate 

impact calculation and circularity indicator methodologies. Through combining these two 

methods, a more comprehensive insight into the impact of repurposing EoL steel wire rope 

and its viability from a circularity perspective can be achieved.  

 

Calculations resulted that the climate impact of repurposing end-of-life steel wire rope into 

steel fibre reinforcement is slightly lower than that of recycling, but the overall circularity 

for the steel wire rope increased significantly, as shown in Figure 7. The increase is achieved 

by utilizing end-of-life material in the production of a new product, consequently giving the 

end-of-life material a new life cycle.  
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Figure 8. Comparison of climate impact and circularity indicator values between EoL treatments for steel wire 

rope.  

 

It is important to note that there are limitations to this study that need to be considered when 

interpreting the results. First, the case study was limited to one type of end-of-life material 

and one repurposing process. Different end-of-life materials and repurposing processes may 

have different environmental impacts and circularity outcomes. Additionally, the study did 

not consider the potential impacts of transporting the end-of-life steel wire rope to the 

repurposing facility, which could have significant environmental and economic effects.  

 

As recycling of steel and other metals, is well established business, as stated by Björkman 

and Samuelsson (2014), it might affect the viability and feasibility of repurposing EoL steel 

wire rope from an economic perspective. Recycling of steel has been an established practice 

for many years and has infrastructure built around it, making it more efficient and cost-

effective option. To increase the feasibility and viability of repurposing, it may be necessary 

to develop and invest in infrastructure for repurposing processes, such as the collection and 

sorting. To examine the economic viability of repurposing better, a comprehensive economic 

analysis should be conducted. This analysis should consider all relevant costs and benefits 

associated with the circular solution, such as the costs of raw materials, production, 

transportation, and storing, as well as the potential revenue generated from the sale of the 

steel fibre. 
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This study has provided a glance on the environmental and circular performance of 

repurposing EoL steel wire rope. The overall viability of repurposing is influenced by a range 

of factors, including economic and environmental factors, as well as the properties of the 

repurposed material. While this study found that repurposing EoL steel wire rope into steel 

fibre reinforcement has a positive circularity impact and is environmentally viable option 

compared to recycling, the overall viability also depends on the potential applications of the 

repurposed steel fibre. Specifically, the mechanical characteristics of the EoL steel wire rope 

steel fibre reinforced concrete needs to be evaluated to ensure that it is suitable for use in 

different concrete applications and settings. Therefore, further research is needed to examine 

the mechanical properties of EoL steel wire rope when used as reinforcement in concrete. 

This would provide a more comprehensive understanding of the technical and overall 

viability of repurposing and help identify potential areas for improvement. 

 

8.2  Circularity indicators applicability in an industrial context 

Circularity indicators can be useful in an industrial context as they can provide valuable 

insights into the circularity potential of different processes and products, as proven by 

circularity assessment results. Circularity indicators can help industries to optimize their 

operations. However, the applicability of these indicators depends on various factors such as 

the complexity of the product, the availability of data, and the accuracy of the assumptions 

made during the calculation. In some cases, the calculation of circularity indicators can be 

relatively straightforward, especially if the necessary data is available, and the indicators are 

well-defined. In other cases, the calculation can be more challenging, requiring more 

complicated models and assumptions. Furthermore, if one desires to carry out the 

calculations, no knowledge in sustainability, although a basic understanding of the indicators 

is essential to ensure accurate calculations. 

 

 

 



47 

 

The lack of established methodology also makes the comparison of circularity across 

different materials, products, industries, etc. difficult. Additionally, the lack of a 

standardized method can lead to inconsistency in the circularity assessment results. This can 

make it difficult to understand the underlying reasons for the differences in results between 

different products or scenarios. Inconsistencies can also lead to confusion or uncertainty 

regarding the usefulness of the circularity indicator.  Without an established and standardized 

methodology, it can be challenging to ensure the credibility and reliability of the circularity 

assessment results. This can lead to questions about the accuracy and validity of the results 

and their usefulness for decision making. Hence, in this study the focus was not on the 

numerical values of circularity. Regardless of these challenges, efforts are underway to 

develop standardized circularity assessment methodologies. For instance, ISO standards for 

circular economy assessment is currently under development (ISO 2023). Once established, 

these standards can help improve the reliability and recognisability of circularity assessments 

and possibly enable comparison between products and systems.  

 

It is important to note that circularity indicators should be combined with other established 

environmental impact indicators or tools, such as carbon footprint or LCA, to avoid burden 

shifting as mentioned by Corona et al. (2019). Circularity indicators give a limited view on 

the overall sustainability of the studied material, product etc. and cannot fully capture the 

complex and multi-dimensional nature of sustainability alone. Thus, combining them with 

established environmental impact indicators, can eliminate the possibility of burden shift and 

enable a more comprehensive picture of the overall sustainability.    
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9  CONCLUSIONS  

This study aimed to map out and test circularity indicators in industrial contexts through a 

case study on the repurposing of end-of-life steel wire rope into steel fibre reinforcement. 

Moreover, this study addressed the question of whether repurposing end-of-life steel wire 

rope into steel fibre reinforcement, is viable option from an environmental, circular, and 

economic perspective, as well as whether circularity indicators are applicable in an industrial 

context. To achieve this goal, extensive literature review was conducted on circular 

economy, circularity assessment, and steel fibre reinforcement. The study also included 

climate impact calculations on the life cycle of steel wire rope, including life cycle phases, 

such as production and end-of-life treatment, as well as calculations on the carbon footprint 

of steel fibre produced from end-of-life steel wire rope.   

 

The findings of this study indicate that repurposing end-of-life steel wire rope into steel fibre 

reinforcement is a promising and viable option from both an environmental and circular 

perspective. Comparing the climate impact, and circularity of repurposing, to the baseline 

option of recycling, it was found that repurposing is environmentally more sustainable 

choice, as the climate impact of repurposing is slightly lower than that of recycling, but the 

overall circularity is significantly higher, as indicated by the circularity indicators. The 

economic viability of repurposing end-of-life steel wire rope was explored through literature 

review. Literature indicates that there is a growing trend in the use of recycled steel fibre, as 

it provides almost the same properties as conventional industrial steel fibre, while being a 

less expensive option. However, as this study fails to fully understand the economic viability 

of repurposing, a comprehensive quantitative economic analysis should be conducted, which 

would provide a more accurate picture of the costs associated with repurposing. 

Furthermore, the importance of the mechanical characteristics of the EoL steel wire rope 

steel fibre reinforced concrete is noted in this study, and it is mentioned that further research 

would be needed to examine the mechanical properties of EoL steel wire rope reinforced 

concrete, to ensure its technical viability. 
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Despite this limitation, the findings suggest that repurposing steel wire rope into steel fibre 

reinforcement is a promising option from environmental, and circular perspectives, and may 

offer a more sustainable way to produce a vital component for the construction industry. 

This would have significant effects for the transition towards a circular economy, where the 

repurposing of waste materials could contribute to reducing the environmental impact of 

industrial processes and create economic value.  

 

This study has shown that circularity indicators can provide valuable insights into the 

circularity impact of industrial processes and products. However, their applicability depends 

on various factors such as the complexity of the product and availability of data. It is 

recommended that industries consider using circularity indicators to only assess the 

circularity impact of case specific processes and products. It is not recommended to utilize 

the circularity indicator results in comparison between organizations or competitor’s 

products, as the comparison of circularity is challenging, and getting reliable and 

comparative results without a standardized method is nearly impossible. Efforts to develop 

standardized circularity assessment methodologies are under development. Once 

established, these standards can help improve the credibility and reliability of circularity 

assessments. Furthermore, it is important to keep in mind that circularity indicators are just 

one tool for assessing circularity. The study highlights the importance of combining 

circularity indicators with other sustainability indicators, such as environmental and 

economical, to eliminate possible burden shift and ensure a comprehensive assessment of 

sustainability performance. 
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In addition to the aforementioned contributions, this study also provides clear and coherent 

definitions for circular economy strategies. The circular economy concept has gained 

significant attention in recent years, and various strategies have been proposed to facilitate 

its implementation. However, the lack of consistent definitions and confusion around the 

terminology has hindered its practical application and monitoring. Therefore, this study 

provides a comprehensive overview and definition of circular economy strategies, including 

refuse, rethink, reduce, reuse, repair, refurbish, remanufacture, repurpose, recycling and 

recover. Through providing clarity on the definitions, this study helps to enable the practical 

application of circular economy strategies in an industrial context. All things considered, 

this study can be seen to have provided answers to the research questions set for this study, 

as well as to provided valuable insight on repurposing of EoL steel wire rope and circularity 

assessment.   
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