

[image: image1]
Challenges on the way to a circular economy from the perspective of the Austrian manufacturing industry









 


	
	
TYPE Original Research
PUBLISHED 02 October 2023
DOI 10.3389/frsus.2023.1243374






Challenges on the way to a circular economy from the perspective of the Austrian manufacturing industry

Fabian Holly1,2*, Guenther Kolar3, Manuel Berger1,3, Stefan Fink3, Philip Ogonowski3 and Sebastian Schlund1,2


1Institute of Management Science, Technical University of Vienna, Vienna, Austria

2Fraunhofer Austria Research GmbH, Vienna, Austria

3EFS Unternehmensberatung GesmbH, Vienna, Austria

[image: image2]

OPEN ACCESS

EDITED BY
 Konstantinos P. Tsagarakis, Technical University of Crete, Greece

REVIEWED BY
 Ana Ramos, University of Porto, Portugal
 Marek Potkány, Technical University of Zvolen, Slovakia
 Surajit Bag, Leonardo da Vinci Engineering School, France

*CORRESPONDENCE
 Fabian Holly, fabian.holly@tuwien.ac.at 

RECEIVED 20 June 2023
 ACCEPTED 11 September 2023
 PUBLISHED 02 October 2023

CITATION
 Holly F, Kolar G, Berger M, Fink S, Ogonowski P and Schlund S (2023) Challenges on the way to a circular economy from the perspective of the Austrian manufacturing industry. Front. Sustain. 4:1243374. doi: 10.3389/frsus.2023.1243374

COPYRIGHT
 © 2023 Holly, Kolar, Berger, Fink, Ogonowski and Schlund. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
 

Circular economy has become a prominent topic in scientific discourse and has gained significant presence as a strategic factor for business and industry. Both, as crucial enabler of a sustainable economy, and as lever for overcoming resource dependencies. Previous studies have identified multiple benefits of implementing circular principles, as well as enablers for a transformation to circular economy. However, studies with a focus on a specific industry and regional context that offer practical guidance for the transformation to a circular economy are still somewhat underrepresented. This paper addresses this gap by analyzing major obstacles to a transformation to circular economy, in the context of the Austrian manufacturing industry. It is based on a literature review, in which 369 articles were reviewed, complemented by a structured online survey in which 229 managers from 192 companies in the manufacturing industry participated. In the survey, the obstacles were ranked according to their relevance on two levels: assessing 10 clusters of obstacles on a higher level, followed by a deep-dive evaluation of specific obstacles within the clusters. Based on the research findings, it is evident that the circular economy plays a significant role in long-term corporate success and most surveyed companies recognize its strategic importance. The results also reveal that market and customer demand are the biggest drivers of a transformation to circular economy, followed by general concerns about the environment and regulatory pressure. The biggest barriers on the way toward circular economy are the need for more financial government support, challenges with setting up an effective circular supply chain, economic challenges resulting from customer behavior and barriers in the redesign of products. The interdisciplinarity of the challenges leads to a high complexity in the transformation process. This means that most of the major barriers are external, and therefore companies cannot tackle these barriers by themselves. Governments should consider developing more incentive systems to support companies in their transition to the circular economy. To effectively navigate the transition, companies should adopt integrated strategies that encompass supply chain optimization, in-depth analysis of customer buying behaviors, and investment in sustainable and recyclable product design.
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1. Introduction

The simultaneously increasing world population and demand for natural resources are having devastating effects on the environment (Haunss and Sommer, 2020). Politicians come together to define targets like the Paris Agreement or the Sustainable Development Goals to counteract negative environmental development (Hák et al., 2016; Moser et al., 2021; United Nations, 2021). In this situation, the industry plays an important role and is advised to produce and consume in a more responsible way (Hák et al., 2016). As a result, the current linear economic system is under scrutiny, posing the question of how primary resources can be replaced by recycled materials or reusable components (Korhonen et al., 2018). The common linear economic system (take-make-waste) is generally defined by raw material extraction from the environment and subsequent processing, use and disposal (Otekenari, 2020). Numerous drawbacks result from this linear approach like losing valuable resources or reducing biodiversity (Walcher and Leube, 2017).

The origin of the circular economy which dates back as far as 1966 is one solution to this problem (Lotz et al., 2021). Materials and end-of-life products that are already available in the economic system are used as resources for new production processes (Fellner et al., 2017). This decouples the consumption of finite resources from economic activities and enables, that products and materials can circulate to minimize emerging waste (Scheel et al., 2020; Pieroni et al., 2021). An endless and efficient flow of materials is created in which waste is seen as a valuable resource (Ghisellini et al., 2016; Röhr, 2021).

The circular economy is also gaining increasing academic and political attention, and new processes are defined and broken down (Walcher and Leube, 2017). The core activities of the circular economy to reorientate the economic system are described as the 10 R strategies of circular economy (D’Amato, 2021). The R strategies “Refuse,” “Rethink” and “Reduce” focus on smarter product use and manufacturing (Hermann and Vetter, 2021). “Reuse,” “Repair,” “Refurbish,” “Remanufacture,” and “Repurpose” explore options to extend the lifespan of a product and its parts (Venturini, 2021). Finally, “Recover” and “Recycle” aim at the reclamation of raw materials or energy from end-of-life products (Vermeulen et al., 2019).

In special consideration of the politics in Austria, an Austrian Circular Economy Strategy was defined, to support companies from different branches in the transformation process (Jacobi et al., 2018; Hauer et al., 2020; Lotz et al., 2021). The Environment Agency Austria outlined 600 concrete measures which contribute to the development of the Austrian Circular Economy Strategy 2050 (Schally, 2018; Angelini et al., 2021; Schöggl et al., 2022). The Austrian strategy goes along with the initiative of the European Union to achieve carbon net neutrality in 2050 (Madeddu et al., 2020; Tillner and Peverini, 2021). There are different measures that the European Union focuses on to reach this target, besides changing the habits and lifestyle of the end-users, technological change, CO2 capturing and storage plus the transformation to the circular economy are important topics (Rodrigues et al., 2022). The circular economy approach should predominantly support the industrial sector, which accounts for 11.4% of the greenhouse gas emissions in Austria in 2020 (Zechmeister et al., 2022), to reduce their CO2 emissions and resource consumption and become more independent, resilient, and economically successful in the long term (Hysa et al., 2020).

The potential of the circular economy is increasingly recognized by society and companies, as more than 80% of the participants of an Austrian survey think that the circular economy will have an impact on their organization in the coming years (Huber-Heim and Kronenberg, 2019). Nonetheless, companies face different obstacles in the process of closing the loops and as a result, the level of implementation is low (Sharma et al., 2021; Kara et al., 2022). There is still a lack of knowledge about circular economy in Austria. In an Austrian survey more than 60% of the participants from politics, education and economy indicate that they would need more information about the circular economy (Huber-Heim and Kronenberg, 2019). Furthermore, a missing separation between the circular economy and waste management is highlighted (Huber-Heim and Kronenberg, 2019; Schöggl et al., 2022). Achieving circular products requires systems thinking on a larger scale beyond waste management. Aspects include eco-design, efficient production, intensive use of products (Bengtsson et al., 2018), extension of the life cycle of products and a purposeful recovery of materials (Walsh, 2010). The companies cannot meet these requirements due to processes being fixated on consumption and not on the strive for maximum economic benefits (Sousa-Zomer et al., 2018; Dieckmann et al., 2020).

In Austria just only about 10% of the economy is structured according to the principles of the circular economy. The circular material use rate, which quantifies the percentage of material recovered and redirected into the economy system, in 2017 in Austria was at 11.6% (European Commission, 2018), thus just over the EU27 average of 11.5% (while the Netherlands scored highest with 29.7%) (European Commission, 2018). Raw material consumption per capita in Austria in 2017 was 33 tons while the EU-28 average was 23 tons (Eisenmenger et al., 2020). In general, the Environment Agency Austria considers that the Austrian economic system has a good recycling performance (Frischenschlager et al., 2010; Salmenperä, 2021). However, the areas of repair, reuse, refurbish are underdeveloped resulting in a drastic overall need to reduce consumption of primary raw materials (Perstel and Hölzl, 2014; Wieser and Tröger, 2018; Moser et al., 2021).

The question arises why the Austrian industry cannot take on a leading role in terms of the circular economy. Given the worldwide gap between the potential of the circular economy and its level of implementation, which can also be observed in Austria, practical and theoretical approaches to implementing circular principles deserve great attention. However, there are numerous gaps in the existing research regarding practical barriers to the implementation of a circular economy (Kirchherr et al., 2017). The existing literature offers a solid theoretical framework for implementing a circular economy, but repeatedly fails to:

• sufficiently consider or describe barriers to implementation (Rieg et al., 2019),

• present important practical details for individual companies or in specific economic sectors with their particular challenges (Hina et al., 2022),

• focus on and differentiate between specific geographical areas, meaning that scientific findings cannot necessarily be applied to a European or Austrian context (Agrawal et al., 2021).

This paper addresses these research gaps by analyzing and prioritizing the main challenges on the path from a linear economy to a circular economy for the Austrian manufacturing industry. This is of particular interest when looking at the structure of manufacturing companies in Austria, where it is shown that the industry is responsible for 45% of the revenue of manufacturing companies (Statistik Austria, 2020). Therefore, in the following paper the research questions are answered:

• What are the biggest challenges on the way from a linear economy to a circular economy for the Austrian manufacturing industry?

• What are the reasons for the strategic importance and the change from a linear to a circular economy?

Therefore, in this paper, the main barriers from a literature review are outlined and clustered. Furthermore, a survey (the survey can be viewed in Supplementary material) for Austrian companies was conducted to rank the defined barrier clusters and barriers. The methodology and procedure, the results and the discussion of the survey are described in the following chapters to prioritize the barriers on the way to the circular economy.



2. Literature review

A systematic literature review and qualitative content analysis are conducted to provide an overview of the current situation in the transition from linear economy to circular economy. Known challenges and barriers on the way to a circular economy are identified and listed (Gläser-Zirkuda, 2011; Bayer et al., 2021).


2.1. Methodology of the literature review

The methodology of the systematic literature review is separated into the steps of the definition and linkage of search terms, the research on databases and the selection and classification of the found papers (Barbosa-Póvoa et al., 2018). Since the focus of the research is on the state of the art of the barriers to the circular economy in the manufacturing industry, the keywords were defined and linked with Boolean operators to restrict the findings to the research question (Bayer et al., 2021). ScienceDirect, Scopus and Google Scholar were used as databases and the search terms are adapted to the restrictions of the respective input masks. As an example, the inputs in the database ScienceDirect are shown: (“circular economy” OR “CE”) AND (implementation OR realization OR application) AND (“manufacturing industry” OR manufacturing) AND (challenges OR barriers). The search terms were found in the title, abstract or the keywords of the article. As you can see in Figure 1, overall, 369 articles from the three databases were considered. In the first round of screening the titles and abstracts were read. After this step and the elimination of double entries, 73 articles remained. In the second round of screening, the whole papers were read and 43 articles with different barriers were found. These papers were the basis for the final third screening round, during which articles were classified by their relevance (Mark et al., 2021). The criteria of the evaluation are listed here and only papers with high relevance are considered afterwards for the qualitative literature analysis.

i. Low relevance: 9 articles only deal with superficial or isolated barriers and are therefore rejected.

ii. Medium relevance: 12 papers cover some barriers, but these challenges can also be found in the high relevance papers.

iii. High relevance: 22 papers show barriers and challenges on the way to the circular economy on different levels.
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FIGURE 1
 Identification of relevant reports.


Hence, 22 articles and their corresponding barriers, are the basis for the qualitative literature analysis, in which, at first, the level of analysis for the barrier examination was determined (Gläser-Zirkuda, 2011). The challenges were divided into specific barriers and barrier categories. Thereby the focus is on the specific barriers, whereas the categories are just used for a back-check of the own clustering afterwards. The challenges are unified by using macro operators like generalization, bundling or skipping (Gläser-Zirkuda, 2011). As a result, 485 barriers from the 22 papers were elaborated by paraphrasing. In a second reduction step, these barriers are examined for their relevance, and similar descriptions of specific obstacles were bundled into new statements (Gläser-Zirkuda, 2011). The new statements were clustered in terms of content. These generated categories were then cross-checked with the categories from the literature (Mayring and Gläser-Zikuda, 2008). Figure 2 shows the detailed methodology of the literature review.

[image: Figure 2]

FIGURE 2
 Methodology of the literature review.




2.2. Findings of the literature review

A total of 485 challenges were identified in the examined papers, which were then standardized so that 57 key challenges on the path to a circular economy were defined and queried through a subsequent survey. The barriers were furthermore clustered into 10 barrier categories. The 22 papers examined show above all that the authors describe the challenges at different levels.

Hina et al. focus on the definition of barrier categories. In this paper 11 categories are established and divided into internal and external barriers. In a continuous text these categories are defined and examples of in-depth challenges are given (Hina et al., 2022). Salmenperä et al. made a stronger differentiation between the level of detail of the analysis of the challenges. In this paper the challenges are separated in categories (e.g., “Technological and information-related barriers”), sub-categories (e.g., “Information exchange”) and specific barriers (e.g., “Business secrecy poses a challenge for exchange of data”) (Salmenperä et al., 2021). Other than Salmenperä et al. who chose three levels of distinction, Sousa-Zomer et al. or Kumar et al. only separate between categories and specific challenges (Sousa-Zomer et al., 2018; Kumar et al., 2019). Agyemang et al. take an even more general categorization of the challenges. The specific barriers, which are mentioned in the paper are only divided into internal and external barriers (Agyemang et al., 2019). Agrawal et al., Jaeger and Upadhyay or Werning and Spinler are limited to the listing and analysis of specific barriers and do not consider any categories or clustering (Jaeger and Upadhyay, 2020; Werning and Spinler, 2020; Agrawal et al., 2021).

In this research paper, the 57 key challenges are grouped into 10 challenge categories. Six of these categories concern challenges that occur within the company, the so-called internal challenges (barriers of corporate strategy and policy, financial barriers, technological barriers, barriers in product material and design, barriers in the transformation process, barriers with internal stakeholders and resources). Four categories include challenges that are faced outside the company, the so-called external challenges (barriers regarding cooperation, barriers in the supply chain, barriers due to regulatory environment, social and consumer barriers).

In the following section, first, the six categories with internal challenges and then the four categories with external challenges are briefly described.


2.2.1. Barriers of corporate strategy and policy

Corporate strategies and policies are important cornerstones for the successful implementation of the circular economy and a corresponding business model (Lieder and Rashid, 2016). The absence of a corporate strategy aiming at circular economy limits organizations in effective implementation (Bhandari et al., 2019).



2.2.2. Financial barriers

A company’s transition to a circular economy requires massive investments in for example technological projects, adaptation of the company structure, production, and distribution of circular products (Kumar et al., 2019). Consequently, companies are reluctant to invest in circular projects. Furthermore, sustainable profitable business models in the circular economy are neither routinely tested nor widespread (Garcés-Ayerbe et al., 2019).



2.2.3. Technological barriers

Technology is a core element of the circular economy and an essential prerequisite for its implementation. The lack of technological capacity of organizations and the lack of external availability to access such resources have proven to be barriers to circular economy implementation (Agyemang et al., 2019; Bhandari et al., 2019).



2.2.4. Barriers in product material and design

Product material and design are important factors in meeting the challenges of the circular economy. The characteristics of certain materials do not allow for substitution without compromising product quality. In addition, circular products pose special design challenges, such as avoiding the use of adhesives or the reusability of product elements (Lieder and Rashid, 2016; Braun et al., 2021).



2.2.5. Barriers in the transformation process

The key to a successful implementation of the circular economy is that it takes a prominent role in an organization’s agenda. Lack of organizational prominence can be a significant barrier to the transformation, given the complexity of and expertise needed in implementing the circular economy (Agyemang et al., 2019; Agrawal et al., 2021).



2.2.6. Barriers with internal stakeholders and resources

Various internal stakeholders such as shareholders, employees, works councils, etc. have an influence on the transformation to a circular economy (Lieder and Rashid, 2016). Closely linked to the stakeholders are the internal resources that can be contributed to the implementation of the circular economy. Lack of commitment from internal stakeholders to implement a circular economy, even with sufficient resources, can hinder the successful implementation of circular economy (Rizos et al., 2016).



2.2.7. Barriers regarding cooperation

Cooperations facilitate the implementation of technologically demanding and capital-intensive changes. Key challenges with regard to the circular economy include setting cooperative incentives and creating win-win scenarios for the partners involved, whether between partner companies or when communicating the promised offer to consumers (Sousa-Zomer et al., 2018). A lack of equal willingness to cooperate is therefore an obstacle (Agyemang et al., 2019).



2.2.8. Barriers in the supply chain

Successful implementation of a circular economy requires a high level of partnership integration along the supply chain (Kumar et al., 2019). Diverse factors in supply chain management act as barriers: complicated business patterns, lack of transparency, low trust, incompatibility of partners, implementation of reverse logistics, uncertainty of material flow, etc. (Rizos et al., 2016; Prajapati et al., 2019).



2.2.9. Barriers due to the regulatory environment

The regulatory environment is oriented toward a linear economic system and does not serve the requirements of a circular economic model. The lack of uniform legislative regulations and government incentives currently impede implementation of efforts toward a circular economic system (Kumar et al., 2019; Salmenperä et al., 2021).



2.2.10. Social and consumer barriers

A circular economy expects consumers to dynamically participate in the reuse of products, change their throwaway culture, and thus form an awareness of sustainability (Prajapati et al., 2019). Consumers may perceive circular products to be of lower quality. In addition, there is a preference for traditional purchasing among some customer groups and an aversion to simply using products (product-as-a-service model) (Werning and Spinler, 2020).

Table 1 lists the 57 different barriers on the path to the circular economy, with reference to the source. The described categories were defined by the clustering of the challenges and the backtesting with the categories from the literature review. These barriers form the basis for the rest of the study.



TABLE 1 Barriers clusters and key barriers.
[image: Table1]





3. Methodology

As the listing and clustering do not yet provide any information about the significance of the challenges for the Austrian manufacturing industry, a survey is conducted to prioritize the challenges. The target group of the study is exclusively employees from companies in the Austrian manufacturing industry, to ensure the industry focus and the regional focus in the prioritization.


3.1. Structure of the survey

This study is based on a survey of Austrian companies from the manufacturing industry, conducted with the online software Limesurvey. The predominant aim of this study is to prioritize the barrier clusters and barriers within these clusters that have been identified from the literature. Additionally, the study assesses to what extent circular principles are already integrated into operational processes. These findings will then be compared to the companies’ own assessment of how important circular principles will be to its own long-term success.

The structure, is aligned with survey design theory of Groves, progresses from general to more specific queries (Groves, 2009). This gradual approach enhances participant comfort and engagement, thereby increasing the validity of responses (Groves, 2009). The first section collects basic data while also assessing the strategic relevance and degree of implementation of the circular economy in the companies. The second and third sections contain the main part of the survey which is built on a 5-part Likert scale (Joshi et al., 2015). In these sections, the barriers on the way to circular economy are ranked by the survey participants. While in the second section the individual barrier cluster are classified according to their relevance, in the third section an in-depth look at the challenges within these categories is provided. In the fourth section, survey participants are asked what motivates companies to incorporate circular economy into their operational processes.

The survey was designed using a mixed-methods approach according to Creswell and Plano Clark (2018). Sections two and three utilize quantitative methods using a Likert scale. This provides measurable, numerical data that can be statistically analyzed. In contrast, section four uses qualitative methods, asking open-ended questions. This approach was chosen to offset the limitations of each individual method, facilitating a broader, more nuanced understanding of the challenges faced by Austrian manufacturing companies. Not only does this mixed-methods approach enhance the depth and breadth of findings, it also offers flexibility, allowing for varied interpretations from the same dataset (Creswell and Plano Clark, 2018).



3.2. Methodical approach to the prioritization of barriers

The barriers are classified by the participants according to the Likert scale where numerical values of a metric scale are assigned to the individual answer options, which are equated to a point system for ranking purposes (Baggaley and Hull, 1983; Maurer and Pierce, 1998). The answer options are “no relevance (0),” “low relevance (Haunss and Sommer, 2020),” “relevant (Hák et al., 2016),” “very relevant (Moser et al., 2021),” and “highly relevant (United Nations, 2021).” Based on this value assignment, the collected data is evaluated, weighted averages are calculated, and the barriers are ranked (Maurer and Pierce, 1998).



3.3. Participants of the survey

The survey is aimed exclusively at companies from the Austrian manufacturing industry, which encompasses a total of 2,574 firms, and only data from these relevant sector companies are included in the evaluation (Statistik Austria, 2021). Within the scope of this study, 1,002 companies were engaged during the data acquisition process. From the 1,002 companies contacted in the study, a sum of 229 individuals, representing 192 distinct companies, responded, and actively participated in the survey. The Dillman formula was used to assess representativity of the Austrian population of manufacturing firms (Dillman, 2007). This allows for generalization of the results at a 95% confidence level, with a margin of error of ±6.8%, affirming satisfactory generalizability for this study. The respondents’ affiliations were confirmed, either by directly inquiring about the company’s name at the conclusion of the survey or in cases of early termination. This was further substantiated by verifying additional company details such as business sector, headquarters location, and company size. These respondents completed, at the very least, the initial set of questions. This represents a response rate of 19.12%. The acquisition phase was structured, spanning 2 months, and ensuring a representative and robust data set for analysis. The individuals are classified according to the degree of completion of the survey, with only fully completed sections being considered. A total of 188 participants assessed 10 barrier clusters and 152 of them also rated the individual challenges while 142 persons of the respondent pool disclosed their drivers for transformation.

In the first section of the survey, the demographic information of the participants was elicited. It was specified which business sector the company (that the survey participants are employed in) is active in, what size the company is in terms of the number of employees, and where the company is located. Furthermore, the field of activity and the position of the participants in the company was asked. Table 2 displays the evaluation of this section, whereas only Austrian companies are considered.



TABLE 2 Demographic information.
[image: Table2]

As shown in Table 2, in addition to classic manufacturing industry sectors, such as mechanical engineering and the automotive industry, the steel industry, electrical engineering & electronics, plastics technology, and the metalworking industry are also strongly represented. Almost 2/3 of the participating companies are considered as large companies with over 250 employees. The participants are mostly from the management sector of the companies and over 2/3 have a leading position in the company.




4. Survey results

The survey aims to look at the circular economy in the Austrian manufacturing industry from different perspectives. The paper briefly examines which level of importance Austrian companies attribute to circular economy and whether they already initiate concrete steps in the transformation process. Additionally, the main part of the survey aims at identifying the major barriers that hinder Austrian manufacturing companies along their transformation to a circular economy.

Due to the different nature and type of these two research questions, different evaluation methods and diagrams were chosen for the presentation of the results.


4.1. Strategic relevance vs. progress

In the first part of the survey with 229 replies, the strategic relevance attributed to the circular economy for the long-term success of the company and the progress in implementing the circular economy in the respective company is assessed. The results are shown in one diagram, which links both questions.

In the bubble chart in Figure 3 the horizontal axis shows the distribution of the answers to the question about strategic relevance whereas the vertical axis sums up the results from the question about the progress in the implementation of circular economy. The size of the bubbles represents how many participants chose a distinctive answer combination.

[image: Figure 3]

FIGURE 3
 Comparison of the progress and the relevance of circular economy in Austrian manufacturing industry.


The study shows that around 87% of the participants attribute relevance to high relevance to the long-term success of the company to the circular economy. Nevertheless, more than 1/4 of these companies (27.5% of the total responses) have not yet taken any planning steps or concrete activities in the direction of circular economy. Another 1/6 of these companies (16.6% of all participants) attribute strategic relevance to high relevance to circular economy and are already in the planning process but have not yet taken the step into implementation. Around 13% of the participants attribute little to no strategic relevance to the circular economy for the company’s success.



4.2. Reasons for the strategic relevance of the circular economy

When asked about the motivation for implementing a circular economy, participants had the option to select up to 3 answer options. In total 400 replies from 142 participants for this section of the survey were collected. The drivers of circular economy in Figure 4 are ranked by the percentage of collected answers for each response option.

[image: Figure 4]

FIGURE 4
 Drivers of circular economy in Austrian manufacturing industry.


“Customer request for a circular economy” is at the top of the list. The second most frequently stated reason is “concerns about the environment” from the perspective of the companies as market players, followed up by “regulatory pressure.” “Pressure from the supply chain” ranks last.



4.3. Major challenges in the transformation to a circular economy—ranking of the barrier cluster

The main part of the survey deals with the barriers on the way to a circular economy. The barriers are specified on 2 different levels of detail (Sousa-Zomer et al., 2018; Kumar et al., 2019). This section ranks the 10 pre-defined barrier clusters and their relevance for Austrian manufacturing companies. For ranking the barrier clusters, each of the five response options was attributed a number value, from 0 for “no relevance” up to 4 for “highly relevant.” The clusters were then ranked by the average value that each of them reached, based on the 188 survey responses. The result is shown in Figure 5.

[image: Figure 5]

FIGURE 5
 Ranking of the barrier clusters in Austrian manufacturing industry.


In addition to the ranking by average value, the diagram also displays the percentage distribution for each of the 10 barrier clusters.

The ranking shows, that the barrier cluster with the highest mean value is “Barriers in product material and design” which also has the highest ratio of answers for the response opportunity “highly relevant.” The subsequent three barrier clusters “Technological barriers,” “Barriers in the supply chain” and “Financial barriers” also achieve high average values and their relevance can be seen as above average. The overall allocated average value of all replies in this survey section is 2.02. While the mean values of the barrier clusters “Barriers in the transformation process” and “Barriers due to regulatory environment conditions” are in this range, the values of the categories “Hurdles with internal stakeholders and resources,” “Social and consumer barriers,” “Barriers relating to corporate strategy and policy” and “Barriers regarding cooperations” have lower average ratings.



4.4. Prioritization of the barriers within the categories

After the assessment on cluster levels, 152 participants ranked the 57 individual challenges within the 10 categories. Figure 6 shows the survey participants’ assessment in terms of importance assigned to the individual barriers. The individual barriers are ranked by their mean value according to the value allocation of the answer opportunities.

[image: Figure 6]

FIGURE 6
 Ranking and answer distribution of the barriers in Austrian manufacturing industry.


The challenge “Insufficient political support in the form of incentives and subsidies” with an average value of 2.69 clearly stands out from the following hurdles “Limited availability of suppliers” and “Replacing problematic materials with sustainable materials” with average values of 2.52 and 2.50, respectively. The high average value can be explained by the fact that over 60% of the survey participants rated this hurdle as “very relevant” or “highly relevant” and not even 14% allocated “low relevance” or “no relevance” to this barrier.

In the case of the challenge “Replacing problematic materials with sustainable materials,” the comparatively high proportion of replies for the response options “low relevance” and “no relevance” is striking at first glance for the good ranking. However, the high mean value of this challenge results from the fact that this hurdle was most often considered “highly relevant” with 29.8% of the responses.

The top five challenges include three challenges from the category “Barriers in the supply chain,” namely “Limited availability of suppliers,” “Complexity of coordination along the supply chain” and “Inadequate infrastructure for a functioning traceability system.” Additionally, participating companies also struggle with “Quantity uncertainties in return rates of end-of-life products.” In addition to the already mentioned top-ranked challenges of the category “Barriers in the supply chain,” the challenges regarding the cluster “Barriers in product material and design” are particularly noteworthy, as four hurdles from this cluster can be found in the top 15 ranked barriers.

The barriers at the end of the ranking have completely different reply distributions except for the high shares of the response option “relevant.” From the last 15 barriers, none of the challenges reaches the 10% mark for the response option “highly relevant.” In particular, the last-ranked hurdle “Internal reservations about cross-company collaborations” is rated as “highly relevant” by only 2% of the survey participants. With a mean value of 1.42, this hurdle is in last place behind the challenges “Integration of the Internet of Things (IoT) and Big Data” and “Current company structure and organizational setup” with values of 1.48 and 1.51.




5. Analysis and discussion of the survey results

In the initial stages of transformation, many companies prioritize the enhancement of intra-corporate processes that are not reliant on external stakeholders, as this represents the first step toward integrating the principles of the circular economy. Changes in the business models are rarely implemented up to now, because the prerequisites are not given (Chiarot et al., 2022). Austrian manufacturing companies try to eliminate inefficiencies in use of material and energy in production lines, and also close internal circular loops to avoid or reuse production waste (Schöggl et al., 2022). As the next strategic milestone, manufacturing companies should attempt to increase their know-how regarding circular economy as well as on the potential benefits that this concept brings for their individual products (Valusyte, 2021). Improving sustainability and profitability requires systems thinking at large combined with individually tailored solutions.

The strategic relevance of the circular economy and the will to implement these changes and take the necessary steps to achieve the strategic milestones, as underlined by the survey results, is integral to the long-term success of corporations. Responding to this question, only 2 of the 229 survey participants state that the circular economy is “not relevant” to the development of the company. Additionally, Figure 2 indicates a correlation between the strategic relevance attributed to the circular economy for the company’s success and the progress in implementing the circular economy in the respective company. The assessment shows that the higher the score of strategic relevance is, the further the progress of implementation.

In the discussion of barrier prioritization, the survey results indicate that companies primarily miss political support in the form of incentives and subsidies. This call for increased financial support indicates that a transformation to circularity goes hand in hand with significant investments, costs, and risks. In the following, one might ask what specific form of incentive system and subsidies are needed. The other main challenges of the company survey show that, for example, incentives for the use of sustainable and recyclable raw materials or for the use of secondary raw materials could be a potential solution. Another approach would be to subsidize product prices.

In addition to the missing incentives and subsidies, the survey shows that there are also key problem areas along the supply chain. The need for setting up and coordinating return logistics to close circular material loops poses major challenges to the manufacturing industry. The respondents face a lack of suitable infrastructure as well as a lack of suppliers. Furthermore, the high complexity and uncertainty of return rates make managing reverse logistics a major challenge. This culminates in the fact that the supply of recyclates on the market is also too low. The lack of pressure from the supply chain toward circular economy is also illustrated by the question about the drivers of circular economy. Only if supply chains are designed sustainably, can they promote circular economy.

Looking at barriers that were indicated to be of less significance, it becomes clear that companies do not believe that internal reservations and organizational structures present significant challenges on the way to circular economy. The survey participants also see few problems in rethinking to a long-term strategy and taking certain risks. So, although internal reservations and a long-term planning horizon are not obstacles for companies, at present, management pressure is hardly perceived as a driver of the circular economy. This, together with the fact that regulatory pressure and social and cultural pressure are perceived to be significantly higher than the internal managerial pressure, indicates that companies are currently dependent on external requirements, regulations, and incentives for the implementation of the circular economy. The compatibility of a circular business model with the corporate strategy which is considered a big issue in the literature is also seen as a minor problem (Agrawal et al., 2021; Pieroni et al., 2021). The only internal challenge category receiving a high ranking is “barriers in product material and design,” listed in first place. It includes the highly ranked barriers “replacement of problematic materials by sustainable materials” and “recyclable and demountable design.”

The comparison between barriers and drivers of the circular economy reveals a contradiction between market demand and perceived customer behavior: while the “customer request toward the circular economy” is seen as the most important driver of strategic relevance of the circular economy for business success, the lack in change in consumer behavior is one of the biggest barriers.

In addition to “satisfaction with current consumption patterns,” two more external market barriers related to the end customer are among the top-rated barriers. On the one hand, the participants consider the resulting increase in the price of a product as non-justifiable and on the other hand a lower value perception for remanufactured products is seen as a clear hurdle. In combination with slowly changing consumption habits, this poses an economic risk to companies (Bhandari et al., 2019; Hermann and Vetter, 2021).

In sum, the hurdles on the path to the circular economy are very complex, which leads to the last overarching challenge. Companies are confronted with complexity in the transformation to the circular economy, which arises from the holistic restructuring of functioning processes. They have to face a multitude of interdependent variables that need to be managed in a results-oriented manner and coordinated efficiently during a transformation: customer buying behavior, investments and costs, technological feasibility, employee skills, changes in the organizational model, cultural aspects of a transformation and many more (Sousa-Zomer et al., 2018; Agrawal et al., 2021). The participating companies attribute great importance to this totality of complex interwoven factors.

In the broader context of Austria’s economy-wide circularity efforts, this paper’s findings offer a nuanced understanding of the strategic changes required. The current Austrian circularity gap, which stands at 62.6% (Circle Economy and ARA, 2019), is a challenge that aligns with the barriers identified in the survey. The Circularity Gap Report emphasizes the importance of economic incentives, a taxation shift toward consumption and materials usage, and the necessity of influencing international value chains to deliver circular inputs (Circle Economy and ARA, 2019). These challenges corroborate the significant barriers identified by Austrian manufacturing companies. To mitigate this gap, a comprehensive national strategy is needed that addresses both the micro-level barriers identified in this paper and maintains a holistic approach. Consequently, this paper provides an additional perspective to inform a targeted roadmap for the promotion of the circular economy.

This study contributes to substantiating and expanding the existing literature regarding the most significant barriers to business. The results of this study show partial similarities with comparable studies from other regions and industries while also providing new insights. The highest ranking of the barrier “Insufficient political support in the form of incentives or subsidies” corresponds with the importance assigned to barriers concerning policies and governmental regulations identified in the literature (Ormazabal et al., 2018; Caldera et al., 2019; Kumar et al., 2019). Specifically, Kumar et al. identified the “lack of governmental incentives” and “inadequate policies and legislations” as big barriers (Kumar et al., 2019). Caldera et al. pointed to the “lack of effective legislation” and a “weak regulatory environment” as significant barriers (Caldera et al., 2019). Ormazabal et al. highlighted the “lack of support from public organizations” as a major barrier (Ormazabal et al., 2018). In terms of supply chain issues, our survey points out the significance of “Limited availability of suppliers,” which is consistent with the high relevance of infrastructural and resource barriers identified in the literature (Masi et al., 2018; Kumar et al., 2019). Kumar et al. identified the “lack of appropriate partners in supply chains” as a key barrier (Kumar et al., 2019). Masi et al. noted the “limited availability and quality of recycling material” as a significant issue (Masi et al., 2018). In the context of barriers in product material and design, which is the highest-ranked barrier cluster according to the results of the underlying study, the importance is confirmed by the major barrier identified in another survey conducted in the UK by Masi et al. “limited attention to the end-of-life phase in current product design,” thus underscoring the need for greater consideration of this aspect in design processes. In the context of barriers in the transformation process to a circular economy, our findings highlight the major hurdle of a lack of expertise identified in the literature. The present study found that a lack of expertise hinders the transformation to a circular business model, a conclusion supported by the findings of (Ormazabal et al., 2018; Agyemang et al., 2019; Kumar et al., 2019). Kumar et al. identified a “lack of personnel with expertise on the circular economy” as a significant barrier. Agyemang et al. noted a broad “lack of expertise,” and Ormazabal et al. cited both a “lack of leaders’ commitment” and a “lack of qualified people” as contributing factors. These results underline the importance of expertise in successfully adopting a circular economy.

Our study results provide differentiated insights into the financial and management-related barriers in the context of the circular economy. While high initial investment costs have been identified as a significant or even the most significant barrier in the literature (Masi et al., 2018; Ormazabal et al., 2018; Agyemang et al., 2019; Caldera et al., 2019; Kumar et al., 2019), even though our survey results showed that financial barriers are ranked as the fourth most important cluster, it is not so much the direct investment costs that companies find challenging. Instead, the financing options for these investments and the unpredictability of long-term returns are the key issues. Our study results help to paint a more detailed picture of the challenges and barriers to implementing a circular economy.


5.1. Limitations

While this study provides a comprehensive overview of the circular economy in Austria, its scope is limited to the perspectives of the surveyed companies, which vary in size and field of activity. Most respondents were from larger companies, with 62.9% having over 250 employees. Also, the study focused on the manufacturing sector, with over 50% from the mechanical engineering sector, the automotive industry, or the steel industry. The study’s findings may not fully capture the complexities of the circular economy in other sectors or smaller companies due to the predominance of larger companies and certain sectors in the sample. Furthermore, the specific challenges and opportunities within each sector and company size may not have been fully explored due to the broad scope of the study.



5.2. Further research

As the study focuses on larger manufacturing companies, future studies could examine the circular economy in the context of smaller companies or other sectors in Austria. In addition, more detailed studies could be conducted to examine the specific challenges and opportunities within each sector and company size and provide a more nuanced understanding of the circular economy in different contexts. In addition, based on the present analysis, it would be of interest to see to what extent and through which strategic changes, orientations and business model innovations pioneering companies are currently overcoming these barriers and thus advancing the circular economy.



5.3. Implications for managers and practitioners

Looking at the current implementation of the circular economy in Austria, Schöggl et al. found that companies focus mainly on avoiding toxic substances and increasing efficiency (Schöggl et al., 2022). In product design, companies are currently primarily concerned with recycling-oriented product design. Strategic approaches such as “Design for X” are rarely used. This is also confirmed by the results of the study, which classify the “Barriers in product material and design” cluster as the most relevant. The greatest challenge here is “Replacing problematic materials with sustainable materials.” This again shows the operational and cost-driven focus of the companies, which see the most significant barrier in the substitution of materials rather than in the long-term and strategic design of products. In this context, it would be instrumental in promoting the circular economy by strategically promoting sufficiency through durable and extendable design and product life extension services (Niessen et al., 2023).

The strategic orientation of Austrian manufacturing firms up to the present time has been analyzed. It is observed that these firms have already initiated the incorporation of strategies and planning for a circular economy. Nonetheless, these companies are reluctant to publicize their strategies or share them with others. Moreover, based on an assessment by Schöggl et al., companies currently perceive their capacity for innovation within the circular economy as inadequate. The principal challenges identified in this study include “insufficient political support in the form of incentives and subsidies,” “limited availability of suppliers,” “complexity of coordination along the supply chain,” and “inadequate infrastructure for a functioning traceability system.” To mitigate these barriers, it is suggested that companies could transcend their boundaries and form industrial clusters to achieve a symbiotic effect. Through such a symbiosis, the firms could potentially increase the quantifiability of their goals, foster innovation by sharing knowledge and expertise, bolster their political and strategic standing in advocating for the circular economy, enhance the availability of secondary raw material suppliers, and establish and streamline the infrastructure necessary for a functional circular supply chain (Albino and Fraccascia, 2015; Fraccascia et al., 2019).




6. Conclusion

The circular economy is a practical response to challenges such as resource scarcity and climate change. Despite broad recognition of its benefits, implementation is slow. R-strategies, circular business models, and product life extension measures are rarely applied. The result is a circularity gap, which indicates a lack of circular loops in different processes. When efforts do occur, they tend to focus on short-term, immediately feasible actions rather than transformative, structural changes. To further understand these limitations, the study investigates the specific barriers hindering the transition to a circular economy within Austria’s manufacturing industry. A literature review identified 57 key barriers, categorized into 10 clusters to capture their complexity. These were subsequently prioritized and assessed within the Austrian manufacturing context.

The results of the corresponding survey present that the main barriers are external challenges, which cannot be handled by the companies by themselves, the biggest barriers are a lack of support and financial incentives from governments and policymakers. In Austria, this stagnation is accentuated by a policy focus on recycling, neglecting other facets of the circular economy. Accordingly, closing the circularity gap requires increased policy support that supports the full range of circular strategies, not just a focus on waste management and recycling. The participants of the survey indicate that an internal willingness for a change in the direction of sustainability is given, but there is a need for incentives and subsidies from the political side to enable or accelerate the transformation process. According to the survey, this financial support should be used to restructure the supply chains to implement return logistics. There are also major barriers in product design and in the selection of materials. The sustainable design of products would often be technically possible but leads to an increase in the price of the product, which customers are not willing to pay.

The major barriers to the Austrian manufacturing industry can be summed up with 5 key points. Companies are facing a lack of financial support; a restructuring of the supply chain is needed; the product design process must be geared toward sustainability and market-side barriers must be handled. These barriers lead to the fifth overlapping challenge. Companies are confronted with complexity in the transformation toward a circular economy, which arises from the holistic restructuring of functioning processes.

The strategic relevance of the circular economy for long-term corporate success, underscored by the survey results, suggests its importance, despite the identified barriers, the survey shows that many companies have circular economy initiatives on their agenda, with several projects either under implementation or already completed. A detailed analysis of the literature as well as the survey results show that barriers to the implementation of the circular economy are as various as the chances and benefits of implementing a circular approach. These findings offer valuable insights for stakeholders and lay the groundwork for future research in the dynamic arena of the circular economy.
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